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ABSTRACT 

Minicells are used to deliver biologically active compounds 
including radioisotopes, polypeptides, nucleic acids, Small 
molecules, drug molecules, and chemotherapeutic agents. In 
Some cases, the minicell displays ligands or binding moieties 
that target the minicell to a desired host cell. 
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MINICELL BASED DELVERY OF 
BIOLOGICALLY ACTIVE COMPOUNDS 

RELATED APPLICATIONS 

0001. This application is a divisional of U.S. application 
Ser. No. 1 1/725,196, filed Mar. 16, 2007, which is a divisional 
of U.S. application Ser. No. 1 1/580,095, filed Oct. 11, 2006, 
now U.S. Pat. No. 7,871,815, which is a divisional of U.S. 
application Ser. No. 10/156,902, filed May 28, 2002, now 
U.S. Pat. No. 7,183,105, which is a divisional of U.S. appli 
cation Ser. No. 10/154,951, filed May 24, 2002, which claims 
the benefit of U.S. Provisional Application Nos. 60/359,843, 
filed Feb. 25, 2002, and 60/293,566, filed May 24, 2001, all of 
which are incorporated herein by reference in their entirety. 

FIELD OF THE INVENTION 

0002 The invention is drawn to compositions and meth 
ods for the production of achromosomal archeabacterial, 
eubacterial and anucleate eukaryotic cells that are used as, 
e.g., therapeutics and/or diagnostics, reagents in drug discov 
ery and functional proteomics, research tools, and in other 
applications as well. 

BACKGROUND OF THE INVENTION 

0003. The following description of the background of the 
invention is provided to aid in understanding the invention, 
but is not admitted to describe or constitute prior art to the 
invention. The contents of the articles, patents, and patent 
applications, and all other documents and electronically 
available information mentioned or cited in this application, 
are hereby incorporated by reference in their entirety to the 
same extent as if each individual publication was specifically 
and individually indicated to be incorporated by reference. 
Applicants reserve the right to physically incorporate into this 
application any and all materials and information from any 
Such articles, patents, patent applications, or other docu 
mentS. 

0004 Minicells are achromosomal cells that are products 
of aberrant cell division, and contain RNA and protein, but 
little or no chromosomal DNA. Clark-Curtiss and Curtiss III, 
Analysis of Recombinant DNA Using Escherichia coli Mini 
cells, 101 Methods in Enzymology 347 (1983); Reeve and 
Mendelson, Minicells of Bacillus subtilis. A new system for 
transport studies in absence of macromolecular biosynthesis, 
352 Biochim. Biophys. Acta 298–305 (1974). Minicells are 
capable of plasmid-directed synthesis of discrete polypep 
tides in the absence of synthesis directed by mRNA from the 
bacterial chromosome. Meagher et al., Protein Expression in 
E. coli Minicells by Recombinant Plasmids, 10 Cell 521,523 
(1977); Roozen et al., Synthesis of Ribonucleic Acid and 
Protein in Plasmid-Containing Minicells of Escherichia coli 
K-12, 107(1).J. of Bacteriology 21 (1971); and Curtiss III, 
Research on bacterial conjugation with minicells and mini 
cell-producing E. coli strains, In: Microbial Drug Resistance, 
Editors Susumu Mitsuhashi & Hajime Hashimoto, p. 169 
(Baltimore: University Park Press 1976). Early descriptions 
of minicells include those of Adler et al., Genetic control of 
cell division in bacteria, 154 Science 417 (1966), and Adler et 
al. (Miniature Escherichia coli cells deficient in DNA, 57 
Proc. Nat. Acad. Sci (Wash.) 321 (1967)). However, discov 
ery of the production of minicells can arguably be traced to 
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the 1930's (Frazer and Curtiss III, Production, Properties and 
Utility of Bacterial Minicells, 69 Curr. Top. Microbiol. 
Immunol. 1-3 (1975)). 
0005 Prokaryotic (a.k.a. eubacterial) minicells have been 
used to produce various eubacterial proteins. See, e.g., 
Michael Gaael, et al., The kdpF Subunit Is Part of the 
K+-translocating Kdp Complex of Escherichia coli and Is 
Responsible for Stabilization of the Complex in vitro, 274 
(53) Jn. of Biological Chemistry 37901 (1999); Harlow, et al., 
Cloning and Characterization of the gsk Gene Encoding Gua 
nosine Kinase of Escherichia coli, 177(8).J. of Bacteriology 
2236 (1995); Carol L. Pickett, et al., Cloning, Sequencing, 
and Expression of the Escherichia coli Cytolethal Distinding 
Toxin Genes, 62(3) Infection & Immunity 1046 (1994); 
Raimund Eck & Rörn Belter, Cloning and characterization of 
a gene coding for the catechol 1.2 dioxygenase of Arthro 
bacter sp. m.A3, 123 Gene 87 (1993); Andreas Schlössser, et 
al, Subcloning, Nucleotide Sequence, and Expression of 
trkG, a Gene That Encodes an Integral Membrane Protein 
Involved in Potassium Uptake via the Trk System of Escheri 
chia coli, 173(10).J. of Bacteriology 3170 (1991); Mehrdad 
Jannatipour, et al., Translocation of Vibrio harveyi N,N'-Di 
acetylchitobiase to the Outer Membrane of Escherichia coli 
169(8) J. of Bacteriology 3785 (1987); and Jacobs et al., 
Expression of Mycobacterium leprae genes from a Strepto 
coccus mutans promoter in Escherichia coli K-12, 83 (6) 
Proc. Natl. Acad. Sci. USA 1926 (1986); 
0006 Various bacteria have been used, or proposed to be 
used, as gene delivery vectors to mammalian cells. For 
reviews, see Grillot-Courvalin et al., Bacteria as gene delivery 
vectors for mammalian cells, 10 Current Opinion in Biotech 
nology 477 (1999); Johnsen et al., Transfer of DNA from 
Genetically Modified Organisms (GMOs), Biotechnological 
Institute, 1-70 (2000); Sizemore et al., Attenuated Shigella as 
a DNA delivery vehicle for DNA-mediated immunization, 
270(5234) Science 299 (1995); Patrice Courvalin, et al., Gene 
transfer from bacteria to mammalian cells, 318 C. R. Acad. 
Sci. 1207 (1995); Sizemore, et al. Attenuated bacteria as a 
DNA delivery vehicle for DNA-mediated immunization, 
15(8) Vaccine 804 (1997). 
0007 U.S. Pat. No. 4,190,495, which issued Feb. 26, 
1980, to Curtiss is drawn to minicell producing strains of E. 
coli that are stated to be useful for the recombinant expression 
of proteins. 
0008 U.S. Pat. No. 4,311,797, which issued Jan. 19, 1982 
to Khachatourians is stated to be drawn to a minicell based 
vaccine. The vaccine is stated to induce the production of 
antibodies against enteropathogenic E. coli cells in cattle and 
is stated to be effective against coliform enteritis. 
0009 Eubacterial minicells expressing immunogens from 
other prokaryotes have been described. Purcellet al., Molecu 
lar cloning and characterization of the 15-kilodalton major 
immunogen of Treponema pallidum, Infect. Immun. 
57:3708, 1989. 
(0010. In “Biotechnology: Promise . . . and Peril' (IDRC 
Reports 9:4-7, 1980) authors Fleury and Shirkie aver that 
George Khachatourians at the Unveristy of Saskatchewan, 
Canada, “is working on a vaccine against cholera using mini 
cells. The minciells are said to contain “genes from the 
pathogenic agent, and the “pathogen antigens are carried on 
the Surface of the minicells” (p. 5, paragraph brigding the 
central and right columns). 
0011 Lundstrom et al., Secretion of Semliki Forest virus 
membrane glycoprotein E1 from Bacillus subtilis, Virus Res. 
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2:69-83, 1985, describe the expression of the E1 protein of the 
eukaryotic virus, Semliki Forest virus (SFV), in Bacillus 
minicells. The SFV E1 protein used in these studies is not the 
native E1 protein. Rather, it is a fusion protein in which the 
N-terminal signal sequence and C-terminal transmembrane 
domain have been removed and replaced with signal 
sequences from a gene from Bacillus amyloliquefaciens. The 
authors aver that “E1 is properly translocated through the cell 
membrane and secreted” (p. 81, 1.1. 19-20), and note that “it 
has been difficult to express viral membrane proteins in 
prokaryotes” (p. 81, 1. 27). 
0012 U.S. Pat. No. 4,237,224, which issued Dec. 2, 1980, 

to Cohen and Boyer, describes the expression of X. Laevis 
DNA in E. coli minicells. 
0013 U.S. patent application Ser. No. 60/293,566 (attor 
ney docket Nos. 078853-0401 and 089608-02.01), is entitled 
“Minicell Compositions and Methods, and was filed May 
24, 2001, by Sabbadini, Roger A., Berkley, Neil L., and 
Klepper, Robert E., and is hereby incorporated in its entirety 
by reference. 
Jespersen et al. describes the use of “proteoliposomes to 
generate antibodies to the AMPA receptor. Jespersen L. K. 
Kuusinen A, Orellana A, Keinanen K, Engberg J. Use of 
proteoliposomes to generate phage antibodies against native 
AMPA receptor. Eur J Biochem. 2000 March; 267(5): 1382-9 

SUMMARY OF THE INVENTION 

0014. The invention is drawn to compositions and meth 
ods for the production and use of minicells, including but not 
limited to eubacterial minicells, in applications such as diag 
nostics, therapeutics, research, compound screening and drug 
discovery, as well as agents for the delivery of nucleic acids 
and other bioactive compounds to cells. 
0.015 Minicells are derivatives of cells that lack chromo 
somal DNA and which are sometimes referred to as anucleate 
cells. Because eubacterial and archeabacterial cells, unlike 
eukaryotic cells, do not have a nucleus (a distinct organelle 
that contains chromosomes), these non-eukaryotic minicells 
are more accurately described as being “without chromo 
somes” or “achromosomal,” as opposed to “anucleate.” 
Nonetheless, those skilled in the art often use the term 
“anucleate” when referring to bacterial minicells in addition 
to other minicells. Accordingly, in the present disclosure, the 
term “minicells' encompasses derivatives of eubacterial cells 
that lack a chromosome; derivatives of archeabacterial cells 
that lack their chromosome(s), and anucleate derivatives of 
eukaryotic cells. It is understood, however, that some of the 
relevant art may use the terms “anucleate minicells' or 
anucleate cells' loosely to refer to any of the preceeding types 
of minicells. 
0016. In one aspect, the invention is drawn to a eubacterial 
minicell comprising a membrane protein that is not naturally 
found in a prokaryote, i.e., a membrane protein from a 
eukaryote or an archeabacterium. Such minicells may, but 
need not, comprise an expression element that encodes and 
expresses the membrane protein that it comprises. The mem 
brane protein may be one found in any non-eubacterial mem 
brane, including, by way of non-limiting example, a cellular 
membrane, a nuclear membrane, a nucleolar membrane, a 
membrane of the endoplasmic reticulum (ER), a membrane 
of a Golgi body, a membrane of a lysosome a membrane of a 
peroxisome, a caveolar membrane, an outer membrane of a 
mitochondrion or a chloroplast, and an inner membrane of a 
mitochondrion or a chloroplast. By way of non-limiting 
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example, a membrane protein may be a receptor, Such as a 
G-protein coupled receptor; an enzyme. Such as ATPase or 
adenylate cyclase, a cytochrome; a channel; a transporter; or 
a membrane-bound nucleic acid binding factor, such as a 
transcription and/or translation factor, signaling components; 
components of the electon transport chain (ETC); or cellular 
antigens. A membrane fusion protein, which is generated in 
vitro using molecular cloning techniques, does not occur in 
nature and is thus a membrane protein that is not naturally 
found in a prokaryote, even if the fusion protein is prepared 
using amino acid sequences derived from eubacterial pro 
teins. 

0017 Minicells that have segregated from parent cells 
lack chromosomal and/or nuclear components, but retain the 
cytoplasm and its contents, including the cellular machinery 
required for protein expression. Although chromosomes do 
not segregate into minicells, extrachromosomal and/or episo 
mal genetic expression elements will segregate, or may be 
introduced into mincells after segregation from parent cells. 
Thus, in one aspect, the invention is drawn to minicells com 
prising an expression element, which may be an inducible 
expression element, that comprises expression sequences 
operably linked to an open reading frame (ORF) that encodes 
the non-eubacterial membrane protein. In a related aspect, the 
invention is drawn to minicell-producing host cells having an 
expression element, which may be an inducible expression 
element, that comprises expression sequences operably 
linked to an ORF that encodes a non-eubacterial membrane 
protein. In a related aspect, the invention is drawn to a method 
of making a eubacterial minicell comprising a membrane 
protein that is not naturally found in a prokaryote, the method 
comprising growing minicell-producing host cells, the host 
cells having an expression element, which may be an induc 
ible expression element, that comprises expression sequences 
operably linked to an ORF that encodes a non-eubacterial 
membrane protein; and preparing minicells from the host 
cells. Optionally, at any point in the method, an inducing 
agent is provided in order to induce expression of an ORF that 
encodes a non-eubacterial membrane protein. 
0018. In one aspect, the invention is drawn to display 
produced membrane-associated protein(s) on the Surface of 
the minicell. For purposes of this document, the term "dis 
play' is defined as exposure of the structure of interest on the 
outer surface of the minicell. By way of non-limiting 
example, this structure may be an internally expressed mem 
brane protein or chimeric construct to be inserted in or asso 
ciated with the minicell membrane such that the extracellular 
domain or domain of interest is exposed on the outer Surface 
of the minicell (expressed and displayed on the surface of the 
minicell or expressed in the parental cell to be displayed on 
the Surface of the segregated minicell). In any scenario, the 
“displayed protein or protein domain is available for inter 
action with extracellular components. A membrane-associ 
ated protein may have more than one extracellular domain, 
and a minicell of the invention may display more than one 
membrane-associated protein. 
0019. A membrane protein displayed by eubacterial mini 
cells may be a receptor. Receptors include, by way of non 
limiting example, G-coupled protein receptors, hormone 
receptors, and growth factor receptors. Minicells displaying a 
receptor may, but need not, bind ligands of the receptor. In 
therapeutic applications of this aspect of the invention, the 
ligand is an undesirable compound that is bound to its recep 
tor and, in Some aspects, is internalized or inactivated by the 
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minicells. In drug discovery applications of this aspect of the 
invention, the ligand for the receptor may be detectably 
labeled so that its binding to its receptor may be quantified. In 
the latter circumstance, the minicells may be used to identify 
and isolate, from a pool of compounds, one or more com 
pounds that inhibit or stimulate the activity of the receptor. 
That is, these minicells can be used in screening assays, 
including assays Such as those used in high throughput 
screening (HTS) systems and other drug discovery methods, 
for the purpose of preparing compounds that influence the 
activity of a receptor of interest. 
0020. The displayed domain of a membrane protein may 
be an enzymatic domain Such as on having oxidoreductase, 
transferase, hydrolase, lyase, isomerase ligase, lipase, kinase, 
phosphatase, protease, nuclease and/or synthetase activity. 
Contacting Such minicells with the appropriate Substrate of 
the enzyme allows the substrate to be converted to reactant. 
When either the substrate or reactant is detectable, the reac 
tion catalyzed by the membrane-bound enzyme may be quan 
tified. In the latter instance, the minicells may be used to 
identify and isolate, from a pool of compounds, one or more 
compounds that inhibit or stimulate the activity of the enzyme 
represented by the displayed enzymatic moiety. That is, these 
minicells can be used in screening assays, including assays 
Such as those used in high throughput Screening (HTS) sys 
tems and other drug discovery methods, for the purpose of 
preparing compounds that influence the activity of an enzyme 
or enzymatic moiety of interest. 
0021. The membrane protein displayed by minicells may 
be a fusion protein, i.e., a protein that comprises a first 
polypeptide having a first amino acid sequence and a second 
polypeptide having a second amino acid sequence, wherein 
the first and second amino acid sequences are not naturally 
present in the same polypeptide. At least one polypeptide in a 
membrane fusion protein is a “transmembrane domain” or 
“membrane-anchoring domain'. The transmembrane and 
membrane-anchoring domains of a membrane fusion protein 
may be selected from membrane proteins that naturally occur 
in a eucaryote. Such as a fungus, a unicellular eucaryote, a 
plant and an animal. Such as a mammal including a human. 
Such domains may be from a viral membrane protein natu 
rally found in a virus such as a bacteriophage or a eucaryotic 
virus, e.g., an adenovirus or a retrovirus. Such domains may 
be from a membrane protein naturally found in anarchaebac 
terium such as a thermophile. 
0022. The displayed domain of a membrane fusion protein 
may be an enzymatic domain such as one having oxidoreduc 
tase, transferase, hydrolase, lyase, isomerase ligase, lipase, 
kinase, phosphatase, protease, nuclease and/or synthetase 
activity. Contacting Such minicells with the appropriate Sub 
strate of the enzyme allows the substrate to be converted to 
reactant. When either the substrate or reactant is detectable, 
the reaction catalyzed by the membrane-bound enzyme may 
be quantified. In the latter instance, the minicells may be used 
to identify and isolate, from a pool of compounds, one or 
more compounds that inhibit or stimulate the activity of the 
enzyme represented by the displayed enzymatic moiety. That 
is, these minicells can be used in Screening assays, including 
assays such as those used in high throughput screening (HTS) 
systems and other drug discovery methods, for the purpose of 
preparing compounds that influence the activity of an enzyme 
or enzymatic moiety of interest. 
0023 The displayed domain of a membrane fusion protein 
may be a binding moiety. By way of non-limiting example, 
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binding moieties used for particular purposes may be a bind 
ing moiety directed to a compound or moiety displayed by a 
specific cell type or cells found predominantly in one type of 
tissue, which may be used to target minicells and their con 
tents to specific cell types or tissues; or a binding moiety that 
is directed to a compound or moiety displayed by a pathogen, 
which may be used in diagnostic or therapeutic methods; a 
binding moiety that is directed to an undesirable compound, 
such as a toxin, which may be used to bind and preferably 
internalize and/or neutralize the undesirable compound; a 
diseased cell; or the binding moiety may be a domain that 
allows for the minicells to be covalently or non-covalently 
attached to a Support material, which may be used in compo 
sitions and methods for compound screening and drug dis 
covery. By “diseased cell it is meant pathogen-infected cells, 
malfunctioning cells, and dysfunctional cells, e.g., cancer 
cells. 

0024. In various aspects, the minicells of the invention 
comprise one or more biologically active compounds. The 
term “biologically active' (synonymous with “bioactive”) 
indicates that a composition or compound itselfhas a biologi 
cal effect, or that it modifies, causes, promotes, enhances, 
blocks, reduces, limits the production or activity of, or reacts 
with orbinds to an endogenous molecule that has a biological 
effect. A “biological effect” may be but is not limited to one 
that stimulates or causes an immunoreactive response; one 
that impacts a biological process in an animal; one that 
impacts a biological process in a pathogen or parasite; one 
that generates or causes to be generated a detectable signal; 
and the like. Biologically active compositions, complexes or 
compounds may be used in therapeutic, prophylactic and 
diagnostic methods and compositions. Biologically active 
compositions, complexes or compounds act to cause or 
stimulate a desired effect upon an animal. Non-limiting 
examples of desired effects include, for example, preventing, 
treating or curing a disease or condition in an animal Suffering 
therefrom; limiting the growth of or killing a pathogen in an 
animal infected thereby, augmenting the phenotype or geno 
type of an animal; stimulating a prophylactic immunoreactive 
response in an animal; or diagnosing a disease or disorder in 
an animal. 
0025. In the context of therapeutic applications of the 
invention, the term “biologically active' indicates that the 
composition, complex or compound has an activity that 
impacts an animal Suffering from a disease or disorder in a 
positive sense and/or impacts a pathogen or parasite in a 
negative sense. Thus, a biologically active composition, com 
plex or compound may cause or promote a biological or 
biochemical activity within an animal that is detrimental to 
the growth and/or maintenance of a pathogen or parasite; or of 
cells, tissues or organs of an animal that have abnormal 
growth or biochemical characteristics, such as cancer cells. 
0026. In the context of diagnostic applications of the 
invention, the term “biologically active' indicates that the 
composition, complex or compound can be used for in vivo or 
ex vivo diagnostic methods and in diagnostic compositions 
and kits. For diagnostic purposes, a preferred biologically 
active composition or compound is one that can be detected, 
typically (but not necessarily) by virtue of comprising a 
detectable polypeptide. Antibodies to an epitope found on 
composition or compound may also be used for its detection. 
0027. In the context of prophylactic applications of the 
invention, the term “biologically active' indicates that the 
composition or compound induces or stimluates an immu 
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noreactive response. In some preferred embodiments, the 
immunoreactive response is designed to be prophylactic, i.e., 
prevents infection by a pathogen. In other preferred embodi 
ments, the immunoreactive response is designed to cause the 
immune system of an animal to react to the detriment of cells 
of an animal. Such as cancer cells, that have abnormal growth 
or biochemical characteristics. In this application of the 
invention, compositions, complexes or compounds compris 
ing antigens are formulated as a vaccine. 
0028. It will be understood by those skilled in the art that 
a given composition, complex or compound may be biologi 
cally active in therapeutic, diagnostic and prophylactic appli 
cations. A composition, complex or compound that is 
described as being “biologically active in a cell is one that 
has biological activity in vitro (i.e., in a cell culture) or in vivo 
(i.e., in the cells of an animal). A "biologically active com 
ponent of a composition or compound is a portion thereof 
that is biologically active once it is liberated from the com 
position or compound. It should be noted, however, that Such 
a component may also be biologically active in the context of 
the composition or compound. 
0029. In one aspect, the minicells of the invention com 
prise a therapeutic agent. Such minicells may be used to 
delivertherapeutic agents. In a preferred embodiment, a mini 
cell comprising atherapeutic agent displays a binding moiety 
that specifically binds a ligand present on the Surface of a cell, 
so that the minicells may be “targeted to the cell. The thera 
peutic agent may be any type of compound or moiety, includ 
ing without limitation small molecules, polypeptides, anti 
bodies and antibody derivatives and nucleic acids. The 
therapeutic agent may be a drug; a prodrug, i.e., a compound 
that becomes biologically active in vivo after being intro 
duced into a subject in need of treatment; or an immunogen. 
0030. In one aspect, the minicells of the invention com 
prise a detectable compound or moiety. As is understood by 
those of skill in the art, a compound or moiety that is “detect 
able' produces a signal that can detected by spectroscopic, 
photochemical, biochemical, immunochemical, electromag 
netic, radiochemical, or chemical means such as fluores 
cence, chemifluoresence, or chemiluminescence, electro 
chemilumenscence, or any other appropriate means. A 
detectable compound may be a detectable polypeptide, and 
Such polypeptides may, but need not, be incorporated into 
fusion membrane proteins of the minicell. Detectable 
polypeptides or amino acid sequences, includes, by way of 
non-limiting example, a green fluorescent protein (GFP), a 
luciferase, a beta-galactosidase, a His tag, an epitope, or a 
biotin-binding protein Such as streptavidin or avidin. The 
detectable compound or moiety may be a radiolabeled com 
pound or a radioisotope. A detectable compound or moiety 
may be a small molecule such as, by way of non-limiting 
example, a fluorescent dye; a radioactive ioStope; or a com 
pound that may be detected by X-rays or electromagnetic 
radiation. Image enhancers as those used for CAT and PET 
scans (e.g., calcium, gallidium) may be used. In another non 
limiting example, detectable labels may also include loss of 
catalytic Substrate or gain of catalytic product following 
catalysis by a minicell displayed, solule cytoplasmic, or 
secreted enzyme. 
0031. In one aspect, the invention is drawn to a minicell 
comprising one or more bioactive nucleic acids or templates 
thereof. By way of non-limiting example, a bioactive nucleic 
acid may be an antisense oligonucleotide, an aptamer, an 
antisense transcript, a ribosomal RNA (rRNA), a transfer 
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RNA (tRNA), a molecular decoy, or an enzymatically active 
nucleic acid, Such as a ribozyme. Such minicells can, but need 
not, comprise a displayed polypeptide or protein on the Sur 
face of the minicell. The displayed polypeptide or protein 
may be a binding moiety directed to a compound or moiety 
displayed by a particular type of cell, or to a compound or 
moiety displayed by a pathogen. Such minicells can further, 
but need not, comprise an expression element having eubac 
terial, archael, eucaryotic, or viral expression sequences oper 
ably linked to a nucleotide sequence that serves as a template 
for a bioactive nucleic acid. 

0032. In one aspect, the invention is drawn to immuno 
genic minicells, i.e., minicells that display an immunogen, 
vaccines comprising immunogenic minicells, antibodies and 
antibody derivatives directed to immunogens displayed on 
immunogenic minicells, and method of making and using 
immunogenic minicells and antibodies and antibody deriva 
tives produced therefrom in prophylactic, diagnostic, thera 
peutic and research applications. A preferred immunogen 
displayed by a minicell is an immunogenic polypeptide, 
which is preferably expressed from an expression element 
contained within the minicell in order to maximize the 
amount of immunogen displayed by the immunogenic mini 
cells. The immunogenic polypeptide can be derived from any 
organism, obligate intracellular parasite, organelle or virus 
with the provisio that, in prophylactic applications, the immu 
nogenic polypeptide is not derived from a prokaryote, includ 
ing a eubacterial virus. The source organism for the immu 
nogen may be a pathogen. A minicell displaying an 
immunogen derived from a pathogen is formulated into a 
vaccine and, in a prophylactic application, used to treat or 
prevent diseases and disorders caused by or related to the 
eukaryotic or archeabacterial pathogen. 
0033. In a separate aspect, the invention is drawn to mini 
cells that display an immunogen derived from a nonfunc 
tional, dysfunctional and/or diseased cell. By way of non 
limiting example, the minicells display an immunogenic 
polypeptide derived from a hyperproliferative cell, i.e., a cell 
that is tumorigenic, or part of a tumor or cancer. As another 
non-limiting example, a cell that is infected with a virus oran 
obligate intracellular parasite (e.g., Rickettsiae) displays an 
immunogenic polypeptide that is encoded by the genome of 
the infected cell but is aberrenatly expressed in an infected 
cell. A vaccine comprising a minicell displaying an immuno 
gen derived from a nonfunctional, dysfunctional and/or dis 
eased cell is used in methods of treating or preventing hyper 
proliferative diseases or disorders, including without 
limitation a cell comprising an intracellular pathogen. 
0034. In one aspect, the invention is drawn to methods of 
using minicells, and expression systems optimized therefore, 
to manufacture, on a large scale, proteins using recombinant 
DNA technology. In a related aspect, the invention is drawn to 
the production, via recombinant DNA technology, and/or 
segration of exogenous proteins in minicells. The minicells 
are enriched for the exogenous protein, which is desirable for 
increased yield and purity of the protein. In addition to protein 
purification, the minicells can be used for crystallography, the 
study of intracellular or extracellular protein-protein interac 
tions, the study of intracellular or extracellular protein 
nucleic acid interactions, the study of intracellular or extra 
cellular protein-membrane interactions, and the study of 
other biological, chemical, or physiological event(s). 
0035. In one aspect, the invention is drawn to minicells 
having a membrane protein that has an intracellular domain. 
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By way of non-limiting example, the intracellular domain is 
exposed on the inner Surface of the minicell membrane ori 
ented towards the cytoplasmic compartment. The intracellu 
lar protein domain is available for interaction with intracel 
lular components. Intracellular components may be naturally 
present in the minicells or their parent cells, or may be intro 
duced into minicells after segregation from parent cells. A 
membrane-associated protein may have more than one intra 
cellular domain, and a minicell of the invention may display 
more than one membrane-associated protein. 
0036. In one aspect, the invention is drawn to a minicell 
comprising a membrane protein that is linked to a conjugat 
able compound (a.k.a. “attachable compound'). The conju 
gatable compound may be of any chemical nature and have 
one or more therapeutic or detectable moities. By way of 
non-limiting example, a protein having a transmembrane or 
membrane anchoring domain is displayed and has the capac 
ity to be specifically cross-linked on its extracellular domain. 
Through this approach, any conjugatable compound of inter 
est may be quickly and easily attached to the outer Surface of 
minicells containing this expressed membrane-spanning 
domain. In aspects of the invention wherein minicells are 
used for drug delivery in vivo, a preferred conjugatable com 
pound is polyethylene glycol (PEG), which provides for 
“stealth' minicells that are not taken as well and/or as quickly 
by the reticuloendothelial system (RES). Other conjugatable 
compounds include polysaccharides, polynucleotides, 
lipopolysaccharides, lipoproteins, glycosylated proteins, 
synthetic chemical compounds, and/or chimeric combina 
tions of these examples listed. 
0037. In various aspects of the invention, the minicell dis 
plays a polypeptide or other compound or moiety on its Sur 
face. By way of non-limiting example, a non-eubacterial 
membrane protein displayed by eubacterial minicells may be 
a receptor. Minicells displaying a receptor may, but need not, 
bind ligands of the receptor. In therapeutic applications of this 
aspect of the invention, the ligand is an undesirable com 
pound that is bound to its receptor and, in some aspects, is 
internalized by the minicells. In drug discovery applications 
of this aspect of the invention, the ligand for the receptor may 
be detectably labeled so that its binding to its receptor may be 
quantified. In the latter circumstance, the minicells may be 
used to identify and isolate, from a pool of compounds, one or 
more compounds that inhibit or stimulate the activity of the 
receptor. That is, these minicells can be used in screening 
assays, including assays such as those used in high through 
put Screening (HTS) systems and other drug discovery meth 
ods, for the purpose of preparing compounds that influence 
the activity of a receptor of interest. 
0038. The non-eubacterial membrane protein displayed 
by minicells may be a fusion protein, i.e., a protein that 
comprises a first polypeptide having a first amino acid 
sequence and a second polypeptide having a second amino 
acid sequence, wherein the first and second amino acid 
sequences are not naturally present in the same polypeptide. 
At least one polypeptide in a membrane fusion protein is a 
“transmembrane domain or “membrane-anchoring 
domain'. The transmembrane and membrane-anchoring 
domains of a membrane fusion protein may be selected from 
membrane proteins that naturally occur in a eukaryote. Such 
as a fungus, a unicellular eukaryote, a plant and an animal, 
Such as a mammal including a human. Such domains may be 
from a viral membrane protein naturally found in a virus Such 
as a bacteriophage or a eukaryotic virus, e.g., an adenovirus or 
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a retrovirus. Such domains may be from a membrane protein 
naturally found in an archaebacterium Such as a thermophile. 
0039. The displayed domain of a membrane fusion protein 
may be an enzymatic domain Such as one having the activity 
of a lipase, a kinase, a phosphatase, a reductase, a protease, or 
a nuclease. Contacting Such minicells with the appropriate 
substrate of the enzyme allows the substrate to be converted to 
reactant. When either the substrate or reactant is detectable, 
the reaction catalyzed by the membrane-bound enzyme may 
be quantified. In the latter instance, the minicells may be used 
to identify and isolate, from a pool of compounds, one or 
more compounds that inhibit or stimulate the activity of the 
enzyme represented by the displayed enzymatic moiety. That 
is, these minicells can be used in Screening assays, including 
assays Such as those used in high throughput Screening (HTS) 
systems and other drug discovery methods, for the purpose of 
preparing compounds that influence the activity of an enzyme 
or enzymatic moiety of interest. 
0040. The displayed domain of a membrane fusion protein 
may be a binding moiety. By way of non-limiting example, 
binding moieties used for particular purposes may be a bind 
ing moiety directed to a compound or moiety displayed by a 
specific cell type or cells found predominantly in one type of 
tissue, which may be used to target minicells and their con 
tents to specific cell types or tissues; or a binding moiety that 
is directed to a compound or moiety displayed by a pathogen, 
which may be used in diagnostic or therapeutic methods; a 
binding moiety that is directed to an undesirable compound, 
such as a toxin, which may be used to bind and preferably 
internalize and/or neutralize the undesirable compound; a 
diseased cell; or the binding moiety may be a domain that 
allows for the minicells to be covalently or non-covalently 
attached to a Support material, which may be used in compo 
sitions and methods for compound screening and drug dis 
covery. 
0041. In one aspect, the invection provides compositions 
and methods for preparing a soluble and/or secreted protein 
where the protein remains in the cytoplasm of the minicellor 
is secreted following native secretory pathways for endog 
enous screted proteins or is secreted using chimeric fusion to 
secretory signaling sequences. By way of non-limiting 
example, secreted or cytoplasmic soluble proteins may be 
produced for purification, targeted therapeutic applications 
where the protein produced is a therapeutic agent and is 
produced at the desired site of detection for screening or 
diagnostic purposes where the protein is produced in 
response to a simulous and/or localization event, or to stimu 
late targeted minicell-cell fusion or interaction events where 
the protein produced stimulates cell-cell fusion upon targeted 
stimulation. 
0042. In one aspect, the invention provides compositions 
and methods for preparing antibodies and/orantibody deriva 
tives that recognize an immunogenic epitope present on the 
native form of a membrane protein, but which is not immu 
nogenic when the membrane protein is denatured or when 
prepared as a synthetic oligopeptide. Such antibodies and 
antibody derivatives are said to be “conformation sensitive.” 
Unlike most antibodies and antibody derivatives prepared by 
using a denatured membrane protein or an oligopeptide 
derived from the membrane protein, conformation sensitive 
antibodies and antibody derivatives specifically bind mem 
brane proteins in their native state (i.e., in a membrane) with 
high affinity. Conformation sensitive antibodies and antibody 
derivatives are used to target compounds and compositions, 
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including a minicell of the invention, to a cell displaying the 
membrane protein of choice. Conformation sensitive anti 
bodies and antibody derivatives are also used to prevent 
receptors from binding their natural ligands by specifically 
binding to the receptor with a high affinity and thereby lim 
iting access of the ligand to the receptor. Conformation sen 
sitive antibodies and antibody derivatives can be prepared 
that are specific for a specific isoform or mutant of a mem 
brane protein, which can be useful in research and medical 
applications. 
0043. In one aspect, the invention provides biosensors 
comprising minicells including, not limited to, the minicells 
of the invention. An exemplary biosensor of the invention is a 
BIAcore chip, i.e., a chip onto which minicells are attached, 
where the minicells undergo some change upon exposure to a 
preselected compound, and the change is detected using Sur 
face plasmon resonance. A biosensor comprising minicells 
can be used in methods of detecting the presence of an unde 
sirable compound. Undesirable compounds include but are 
not limited to, toxins; pollutants; explosives, such as those in 
landmines or illegally present, illegal narcotics; components 
of biological or chemical weapons. In a related aspect, the 
invention provides a device comprising a microchip opera 
tively associated with a biosensor comprising a minicell. The 
device can further comprise an actuator that performs a 
responsive function when the sensor detects a preselected 
level of a marker. 

0044. In one aspect, the invention provides minicells that 
may be used as research tools and/or kits comprising such 
research tools. The minicells of the invention may be used as 
is, or incorporated into research tools useful for Scientific 
research regarding all amino acid comprising compounds 
including, but not limited to membrane-associated proteins, 
chimeric membrane fusion proteins, and soluble proteins. 
Such scientific research includes, by way of non-limiting 
example, basic research, as well as pharmacological, diag 
nostic, and pharmacogenetic studies. Such studies may be 
carried out in vivo or in vitro. 

0045. In one aspect, the invention is drawn to archaebac 
terial minicells. In a related aspect, the invention is drawn to 
archaebacterial minicells comprising at least one exogenous 
protein, that is, a protein that is not normally found in the 
parent cell, including without limitation fusion proteins. The 
archaebacterial minicells of the invention optionally com 
prise an expression element that directs the production of the 
exogenous protein(s). 
0046. In other aspects, the invention is drawn to methods 
of preparing the minicells, protoplasts, and PoroplastsTM of 
the invention for various applications including but not lim 
ited to diagnostic, therapeutic, research and screening appli 
cations. In a related aspect, the invention is drawn to pharma 
ceutical compositions, reagents and kits comprising 
minicells. 

0047. In each aspect and embodiment of the invention, 
unless stated otherwise, embodiments wherein the minicell is 
a eubacterial minicell, a poroplast, a spheroplast or a proto 
plast exist. 
0048. In a first aspect, the invention provides a minicell 
comprising a membrane protein selected from the group con 
sisting of a eukaryotic membrane protein, an archeabacterial 
membrane protein and an organellar membrane protein. In 
another embodiment, wherein the minicell comprises a bio 
logically active compound. By way of non-limiting example, 

May 31, 2012 

the biologically active compound is a radioisotope, a 
polypeptide, a nucleic acid or a small molecule. 
0049. In another embodiment, the minicell comprises a 
expression construct, wherein the first expression construct 
comprises expression sequences operably linked to an ORF 
that encodes a protein. In another embodiment, the ORF 
encodes the membrane protein. In another embodiment, the 
expression sequences that are operably linked to an ORF are 
inducible and/or repressible. 
0050. In another aspect, the minicell comprises a second 
expression construct, wherein the second expression con 
struct comprises expression sequences operably linked to a 
gene. In another embodiment, the expression sequences that 
are operably linked to a gene are inducible and/or repressible. 
In a related embodiment, the gene product of the gene regu 
lates the expression of the ORF that encodes the protein. A 
factor that “regulates the expression of a gene or a gene 
product directly or indirectly initiates, enhances, quickens, 
slows, terminates, limits or completely blocks expression of a 
gene. In different embodiments, the gene product of the gene 
is a nucleic acid or a polypeptide. The polypeptide can be of 
any type, including but not limited to a membrane protein, a 
soluble protein or a secreted protein. A membrane protein can 
be a membrane fusion protein comprising a first polypeptide, 
which comprises at least one transmembrane domain or at 
least one membrane anchoring domain; and a second 
polypeptide. 
0051. In one aspect, the invention provides a minicell 
comprising a membrane fusion protein, the fusion protein 
comprising a first polypeptide, the first polypeptide compris 
ing at least one transmembrane domain or at least one mem 
brane anchoring domain; and a second polypeptide, wherein 
the second polypeptide is not derived from a eubacterial pro 
tein and is neither a His tag nor a glutathione-S-transferase 
polypeptide. In various embodiments, the minicell is a eubac 
terial minicell, a poroplast, a spheroplast or a protoplast. In 
one embodiment, the minicell comprises a biologically active 
compound. 
0052. In one aspect, the invention provides a minicell 
comprising a membrane conjugate, wherein the membrane 
conjugate comprises a membrane protein chemically linked 
to a conjugated compound. In one embodiment, the conju 
gated compound is selected from the group consisting of a 
nucleic acid, a polypeptide, a lipid and a small molecule. 
0053. In one aspect, the invention provides a method for 
making minicells, comprising (a) culturing a minicell-pro 
ducing parent cell, wherein the parent cell comprises an 
expression construct, wherein the expression construct com 
prises a gene operably linked to expression sequences that are 
inducible and/or repressible, and wherein induction or repres 
sion of the gene causes or enhances the production of mini 
cells; and (b) separating the minicells from the parent cell, 
thereby generating a composition comprising minicells, 
wherein an inducer or repressor is present within the parent 
cells during one or more steps and/or between two or more 
steps of the method. In one embodiment, the method further 
comprises (c) purifying the minicells from the composition. 
0054 Relevant gene products are factors involved in or 
modulating DNA replication, cellular division, cellular par 
titioning, septation, transcription, translation, or protein fold 
ing. The minicells are separated from parent cells by pro 
cesses such as centrifugation, ultracentrifugation, density 
gradation, immunoaffinity, immunoprecipitation and other 
techniques described herein. 
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0055. In one embodiment, the minicell is a poroplast, and 
the method further comprises (d) treating the minicells with 
an agent, or incubating the minicells under a set of conditions, 
that degrades the outer membrane of the minicell. The outer 
membrane is degraded by treatment with an agent selected 
from the group consisting of EDTA, EGTA, lactic acid, citric 
acid, gluconic acid, tartaric acid, polyethyleneimine, polyca 
tionic peptides, cationic leukocyte peptides, aminoglyco 
sides, aminoglycosides, protamine, insect cecropins, reptil 
ian magainins, polymers of basic amino acids, polymixin B, 
chloroform, nitrilotriacetic acid and sodium hexametaphos 
phate; by exposure to conditions selected from the group 
consisting of osmotic shock and insonation; and by other 
methods described herein. 

0056. In one embodiment, further comprising removing 
one or more contaminants from the composition. Represen 
tative contaminants are LPS and peptidoglycan. In a repre 
sentative embodiment, LPS is removed by contacting the 
composition to an agent that binds or degrades LPS. At least 
about 50%, preferably about 65% to about 75%, more pref 
erably 95%, most preferably 99% or >99% of LPS is removed 
from an initial preparation of minicells. In a related embodi 
ment, the minicell-producing parent cell comprises a muta 
tion in a gene required for lipopolysaccharide synthesis. 
0057. In on embodiment, the minicell is a spheroplast, and 
the method further comprises (d) treating the minicells with 
an agent, or incubating the minicells under a set of conditions, 
that disrupts or degrades the outer membrane; and (e) treating 
the minicells with an agent, or incubating the minicells under 
a set of conditions, that disrupts or degrades the cell wall. The 
agent that disrupts or degrades the cell wall can be. e.g., a 
lysozyme, and the set of conditions that disrupts or degrades 
the cell wall can be, e.g., incubation in a hypertonic solution. 
0058. In one embodiment, the minicell is a protoplast, and 
the method further comprises (d treating the minicells with an 
agent, or incubating the minicells under a set of conditions, 
that disrupt or degrade the outer membrane; (e) treating the 
minicells with an agent, or incubating the minicells under a 
set of conditions, that disrupts or degrades the cell wall, in 
order to generate a composition that comprises protoplasts; 
and (f) purifying protoplasts from the composition. In one 
embodiment, the method further comprises preparing a 
denuded minicell from the minicell. In one embodiment, the 
method further comprises covalently or non-covalently link 
ing one or more components of the minicell to a conjugated 
moiety. 
0059. In one aspect, the invention provides a L-form mini 
cell comprising (a) culturing an L-form eubacterium, 
wherein the eubacterium comprises one or more of the fol 
lowing: (i) an expression element that comprises a gene oper 
ably linked to expression sequences that are inducible and/or 
repressible, wherein induction or repression of the gene regu 
lates the copy number of an episomal expression construct; 
(ii) a mutation in an endogenous gene, wherein the mutation 
regulates the copy number of an episomal expression con 
struct; (iii) an expression element that comprises a gene oper 
ably linked to expression sequences that are inducible and/or 
repressible, wherein induction or repression of the gene 
causes or enhances the production of minicells; and (iv) a 
mutation in an endogenous gene, wherein the mutation causes 
or enhances minicell production; (b) culturing the L-form 
minicell-producing parent cell in media under conditions 
wherein minicells are produced; and (c) separating the mini 
cells from the parent cell, thereby generating a composition 

May 31, 2012 

comprising L-form minicells, wherein an inducer or repres 
sor is present within the minicells during one or more steps 
and/or between two or more steps of the method. In one 
embodiment, the method further comprises (d) purifying the 
L-form minicells from the composition. 
0060. In one aspect, the invention provides a method of 
producing a protein, comprising (a) transforming a minicell 
producing parent cell with an expression element that com 
prises expression sequences operably linked to a nucleic acid 
having an ORF that encodes the protein; (b) culturing the 
minicell-producing parent cell under conditions wherein 
minicells are produced; and (c) purifying minicells from the 
parent cell, (d) purifying the protein from the minicells, 
wherein the ORF is expressed during step (b), between steps 
(b) and (c), and during step (c). 
0061. In one embodiment, the expression elements segre 
gate into the minicells, and the ORF is expressed between 
steps (c) and (d). In one embodiment, the protein is a soluble 
protein contained within the minicells, and the method further 
comprises (e) lysing the minicells. 
0062. In one embodiment, the protein is a secreted protein, 
and the method further comprises (e) collecting a composi 
tion in which the minicells are suspended or with which the 
minicells are in contact. 
0063. In one embodiment, the expression sequences to 
which the ORF is operably linked are inducible, wherein the 
method further comprises adding an inducing agent between 
steps (a) and (b); during step (b); and between steps (b) and 
(c). 
0064. In one embodiment, the expression sequences to 
which the ORF is operably linked are inducible, wherein the 
expression elements segregate into the minicells, the method 
further comprises adding an inducing agent after step (c). 
0065. In one embodiment, the method further comprises 
(e) preparing poroplasts from the minicells, wherein the ORF 
is expressed during step (b); between steps (b) and (c); during 
step (c); between step (c) and step (d) when the expression 
elements segregate into the minicells; and/or after step (d) 
when the expression elements segregate into the minicells. 
0066. In one embodiment, the method further comprises 
(f) purifying the protein from the poroplasts. 
0067. In one embodiment, the method further comprises 
(e) preparing spheroplasts from the minicells, wherein the 
ORF is expressed during step (b), between steps (b) and (c), 
during step (c), between steps (c) and (d) and/or after step (d). 
0068. In one embodiment, the method further comprises 
(f) purifying the protein from the spheroplasts. 
0069. In one embodiment, the method further comprises 
(e) preparing protoplasts from the minicells, wherein the ORF 
is expressed during step (b), between steps (b) and (c), during 
step (c), between steps (c) and (d) and/or after step (d). 
0070. In one embodiment, the method further comprises 
(f) purifying the protein from the protoplasts. 
0071. In one embodiment, the method further comprises 
(e) preparing membrane preparations from the minicells, 
wherein the ORF is expressed during step (b), between steps 
(b) and (c), during step (c), between steps (c) and (d) and/or 
after step (d). 
0072. In one embodiment, the method further comprises 
(f) purifying the protein from the membrane preparations. 
0073. In one embodiment, the minicell-producing parent 
cell is an L-form bacterium. 
0074. In one aspect, the invention provides a method of 
producing a protein, comprising (a) transforming a minicell 
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with an expression element that comprises expression 
sequences operably linked to a nucleic acid having an ORF 
that encodes the protein; and (b) incubating the minicells 
under conditions wherein the ORF is expressed. 
0075. In one embodiment, the method further comprises 
(c) purifying the protein from the minicells. 
0076. In one aspect, the invention provides a method of 
producing a protein, comprising (a) transforming a minicell 
producing parent cell with an expression element that com 
prises expression sequences operably linked to a nucleic acid 
having an ORF that encodes a fusion protein comprising the 
protein and a polypeptide, wherein a protease-sensitive 
amino acid sequence is positioned between the protein and 
the polypeptide; (b) culturing the minicell-producing parent 
cell under conditions wherein minicells are produced; (c) 
purifying minicells from the parent cell, wherein the ORF is 
expressed during step (b); between steps (b) and (c); and/or 
after step (c) when the expression elements segregate into the 
minicells; and (d) treating the minicells with a protease that 
cleaves the sensitive amino acid sequence, thereby separating 
the protein from the polypeptide. 
0077. In one aspect, the invention provides a poroplast, the 
poroplast comprising a vesicle, bonded by a membrane, 
wherein the membrane is an eubacterial inner membrane, 
wherein the vesicle is surrounded by a eubacterial cell wall, 
and wherein the eubacterial inner membrane is accessible to 
a compound in Solution with the poroplast. In one embodi 
ment, the poroplast is a cellular poroplast. The compound has 
a molecular weight of at least 1 kD. preferably at least about 
0.1 to about 1 kD, more preferably from about 1, 10 or 25 kD 
to about 50 kD, and most preferably from about 75 or about 
100 kD to about 150 or 300 kD. 

0078. In one embodiment, the poroplast comprises an 
exogenous nucleic acid, which may be an expression con 
struct. In one embodiment, the expression construct com 
prises an ORF that encodes an exogenous protein, wherein 
the ORF is operably linked to expression sequences. In one 
embodiment, the exogenous protein is a fusion protein, a 
soluble protein or a secreted protein. In one embodiment, the 
exogenous protein is a membrane protein, and is preferably 
accessible to compounds in Solution with the poroplast. In 
one embodiment, poroplasts are placed in a hypertonic solu 
tion, wherein 90% or more of an equivalent amount of sphero 
plasts or protoplasts lyse in the solution under the same con 
ditions. 

0079. In one embodiment, the membrane protein is 
selected from the group consisting of a eukaryotic membrane 
protein, an archeabacterial membrane protein, and an 
organellar membrane protein. In one embodiment, the mem 
brane protein is a fusion protein, the fusion protein compris 
ing a first polypeptide, the first polypeptide comprising at 
least one transmembrane domain or at least one membrane 
anchoring domain; and a second polypeptide, wherein the 
second polypeptide is displayed by the poroplast. In one 
embodiment, the second polypeptide is displayed on the 
external side of the eubacterial inner membrane. The second 
polypeptide can be an enzyme moiety, a binding moiety, a 
toxin, a cellular uptake sequence, an epitope, a detectable 
polypeptide, and a polypeptide comprising a conjugatable 
moiety. An enzyme moiety is a polypeptide derived from, by 
way of non-limiting example, a cytochrome P450, an oxi 
doreductase, a transferase, a hydrolase, a lyase, an isomerase, 
a ligase or a synthetase. 
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0080. In one embodiment, the poroplast comprises a 
membrane component that is chemically linked to a conju 
gated compound. 
I0081. In one embodiment, the expression construct com 
prises one or more DNA fragments from a genome or cDNA. 
In one embodiment, the exogenous protein has a primary 
amino acid sequence predicted from a nucleic acid sequence. 
I0082 In one aspect, the invention provides a solid support 
comprising a minicell. In various embodiments, the Solid 
Support is a dipstick, a bead oramictrotiter multiwell plate. In 
one embodiment, the minicell comprises a detectable com 
pound, which may be a colorimetric, fluorescent or radioac 
tive compound. 
I0083. In one embodiment, the minicell displays a mem 
brane component selected from the group consisting of (i) a 
eukaryotic membrane protein, (ii) an archeabacterial mem 
brane protein, (iii) an organellar membrane protein, (iv) a 
fusion protein comprising at least one transmembrane 
domain or at least one membrane anchoring domain, and (v) 
a membrane conjugate comprising a membrane component 
chemically linked to a conjugated compound. 
I0084. In one embodiment, the membrane component is a 
receptor. In a related embodiment, the solid support further 
comprises a co-receptor. In one embodiment, the minicell 
displays a binding moiety. 
I0085. In one aspect, the invention provides a solid support 
comprising a minicell, wherein the minicell displays a fusion 
protein, the fusion protein comprising a first polypeptide that 
comprises at least one transmembrane domain or at least one 
membrane anchoring domain, and a second polypeptide. In 
various embodiments, the second polypeptide comprises a 
binding moiety or an enzyme moiety. 
I0086. In one aspect, the invention provides a solid support 
comprising a minicell, wherein the minicell comprises a 
membrane conjugate comprising a membrane component 
chemically linked to a conjugated compound. In one embodi 
ment, the conjugated compound is a spacer. In one embodi 
ment, the spacer is covalently linked to the Solid Support. In 
one embodiment, the conjugated compound is covalently 
linked to the solid support. 
I0087. In one aspect, the invention provides a minicell 
comprising a biologically active compound, wherein the 
minicell displays a ligand or binding moiety, wherein the 
ligand orbinding moiety is part of a fusion protein comprising 
a first polypeptide that comprises at least one transmembrane 
domain or at least one membrane anchoring domain and a 
second polypeptide that comprises a binding moiety, and the 
minicell is a poroplast, spheroplast or protoplast. 
I0088. In one aspect, the invention provides a eubacterial 
minicell comprising a biologically active compound, wherein 
the minicell displays a binding moiety, wherein the binding 
moiety is selected from the group consisting of (a) a eukary 
otic membrane protein; (b) anarcheabacterial membrane pro 
tein; (c) an organellar membrane protein; and (d) a fusion 
protein, the fusion protein comprising a first polypeptide, the 
first polypeptide comprising at least one transmembrane 
domain or at least one membrane anchoring domain; and a 
second polypeptide, wherein the second polypeptide is not 
derived from a eubacterial protein and is neither a His tag nor 
a glutathione-S-transferase polypeptide, and wherein the 
polypeptide comprises a binding moiety. 
I0089. In one embodiment, the binding moiety is selected 
from the group consisting of an antibody, an antibody deriva 
tive, a receptor and an active site of a non-catalytic derivative 
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of an enzyme. In a preferred embodiment, the binding moiety 
is a single-chain antibody. In one embodiment, one of the 
ORFs encodes a protein that comprises the binding moiety. 
0090. In one embodiment, the binding moiety is directed 
to a ligand selected from the group consisting of an epitope 
displayed on a pathogen, an epitope displayed on an infected 
cell and an epitope displayed on a hyperproliferative cell. 
0091. In one embodiment, the invention further comprises 
a first and second nucleic acid, wherein the first nucleic acid 
comprises eukaryotic expression sequences operably linked 
to a first ORF, and a second nucleic acid, wherein the second 
nucleic acid comprises eubacterial expression sequences 
operably linked to a second ORF. 
0092. In one embodiment, the eubacterial expression 
sequences are induced and/or derepressed when the binding 
moiety is in contact with a target cell. In a variant embodi 
ment, the eukaryotic expression sequences are induced and/or 
derepressed when the nucleic acid is in the cytoplasm of a 
eukaryotic cell. In related embodiments, the protein encoded 
by the first ORF comprises eukaryotic secretion sequences 
and/or the protein encoded by the second ORF comprises 
eubacterial Secretion sequences. 
0093. In one aspect, the invention provides a method of 
associating a radioactive compound with a cell, wherein the 
cell displays a ligand specifically recognized by a binding 
moiety, comprising contacting the cell with a minicell that 
comprises the radioactive compound and displays the binding 
moiety. In a diagnostic embodiment, the amount of radiation 
emitted by the radioactive isotope is sufficient to be detect 
able. In a therapeutic embodiment, the amount of radiation 
emitted by the radioactive isotope is sufficient to be cytotoxic. 
In one embodiment, the ligand displayed by the cell is 
selected from the group consisting of an epitope displayed on 
a pathogen, an epitope displayed on an infected cell and an 
epitope displayed on a hyperproliferative cell. In one embodi 
ment, the binding moiety is selected from the group consist 
ing of an antibody, an antibody derivative, a channel protein 
and a receptor, and is preferably a single-chain antibody. In 
other embodiments, the binding moiety is an aptamer or a 
Small molecule. In one embodiment, the ligand is selected 
from the group consisting of a cytokine, hormone, and a small 
molecule. 
0094. In one aspect, the invention provides a method of 
delivering a biologically active compound to a cell, wherein 
the cell displays a ligand specifically recognized by a binding 
moiety, comprising contacting the cell with a minicell that 
displays the binding moiety, wherein the minicell comprises 
the biologically active compound, and wherein the contents 
of the minicell are delivered into the cell from a minicell 
bound to the cell. In one embodiment, the biologically active 
compound is selected from the group consisting of a nucleic 
acid, a lipid, a polypeptide, a radioactive compound, an ion 
and a small molecule. 

0.095. In one embodiment, the membrane of the minicell 
comprises a system for transferring a molecule from the inte 
rior of a minicell into the cytoplasm of the cell. A represen 
tative system for transferring a molecule from the interior of 
a minicell into the cytoplasm of the cell is a Type III secretion 
system. 
0096. In one embodiment, the minicell further comprises a 

first and second nucleic acid, wherein the first nucleic acid 
comprises eukaryotic expression sequences operably linked 
to a first ORF, and a second nucleic acid, wherein the second 
nucleic acid comprises eubacterial expression sequences 
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operably linked to a second ORF. In one embodiment, one of 
the ORFs encodes a protein that comprises the binding moi 
ety. In one embodiment, the eubacterial expression sequences 
are induced and/or derepressed when the binding moiety is in 
contact with a target cell. In one embodiment, the eukaryotic 
expression sequences are induced and/or derepressed when 
the nucleic acid is in the cytoplasm of a eukaryotic cell. In one 
embodiment, the protein encoded by the first ORF comprises 
eukaryotic secretion sequences and/or the protein encoded by 
the second ORF comprises eubacterial secretion sequences. 
In one embodiment, the ligand is selected from the group 
consisting of a cytokine, hormone, and a small molecule. 
0097. In one aspect, the invention provides a minicell dis 
playing a synthetic linking moiety, wherein the synthetic 
linking moiety is covalenty or non-covalently attached to a 
membrane component of the mincell. 
0098. In one aspect, the invention provides a sterically 
stabilized minicell comprising a displayed moiety that has a 
longer half-life in vivo than a wild-type minicell, wherein the 
displayed moiety is a hydrophilic polymer that comprises a 
PEG moiety, a carboxylic group of a polyalkylene glycol or 
PEG Stearate. 

0099. In one aspect, the invention provides a minicell hav 
ing a membrane comprising an exogenous lipid, wherein a 
minicell comprising the exogenous lipid has a longer half-life 
in Vivo than a minicell lacking the exogenous lipid, and 
wherein the minicell is selected from the group consisting of 
a eubacterial minicell, a poroplast, a spheroplast and a proto 
plast. In one embodiment, the exogenous lipid is a derivitized 
lipid which may, by way of non-limiting example, be phos 
phatidylethanolamine derivatized with PEG, DSPE-PEG, 
PEG stearate; PEG-derivatized phospholipids, a PEG ceram 
ide or DSPE-PEG. 

0100. In one embodiment, the exogenous lipid is not 
present in a wild-type membrane, or is present in a different 
proportion than is found in minicells comprising a wild-type 
membrane. The exogenous lipid can be a ganglioside, Sphin 
gomyelin, monosialoganglioside GM1, galactocerebroside 
Sulfate, 1.2-sn-dimyristoylphosphatidylcholine, phosphati 
dylinositol and cardiolipin. 
0101. In one embodiment, the linking moiety is non-co 
valently attached to the minicell. In one embodiment, one of 
the linking moiety and the membrane component comprises 
biotin, and the other comprises avidin or streptavidin. In one 
embodiment, the synthetic linking moiety is a cross-linker. In 
one embodiment, the cross-linker is a bifunctional cross 
linker. 

0102. In one aspect, the invention provides a method of 
transferring a membrane protein from a minicell membrane 
to a biological membrane comprising contacting a minicell to 
the biological membrane, wherein the minicell membrane 
comprises the membrane protein, and allowing the mincell 
and the biological membrane to remain in contact for a period 
of time sufficient for the transfer to occur. 

0103) In one embodiment, the biological membrane is a 
cytoplasmic membrane or an organellar membrane. In one 
embodiment, the biological membrane is a membrane 
selected from the group consisting of a membrane of a patho 
gen, a membrane of an infected cell and a membrane of a 
hyperproliferative cell. In one embodiment, the biological 
membrane is the cytoplasmic membrane of a recipient cell, 
which may be a cultured cell and a cell within an organism. In 
one embodiment, the biological membrane is present on a cell 
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that has been removed from an animal, the contacting occurs 
in vitro, after which the cell is returned to the organism. 
0104. In one embodiment, the membrane protein is an 
enzyme. In this embodiment, the membrane protein having 
enzymatic activity is selected from the group consisting of a 
cytochrome P450 and a fusion protein, the fusion protein 
comprising a first polypeptide, the first polypeptide compris 
ing at least one polypeptide, wherein the second polypeptide 
has enzymatic acitivity. 
0105. In one embodiment, the membrane protein is a 
membrane fusion protein, the membrane fusion protein com 
prising a first polypeptide, the first polypeptide comprising at 
least one transmembrane domain or at least one membrane 
anchoring domain; and a second polypeptide. 
0106. In one embodiment, the second polypeptide is a 
biologically active polypeptide. In one embodiment, the 
minicell displays ligand or a binding moiety. 
0107. In one aspect, the invention provides a minicell that 
comprises an expression construct comprising an ORF 
encoding a membrane protein operably linked to expression 
sequences, wherein the expression sequences are induced 
and/or derepressed when the minicell is in contact with a 
target cell. 
0108. In one embodiment, the biological membrane is a 
cytoplasmic membrane or an organellar membrane. In one 
embodiment, the biological membrane is a membrane 
selected from the group consisting of a membrane of a patho 
gen, a membrane of an infected cell and a membrane of a 
hyperproliferative cell. In one embodiment, the minicell dis 
plays a ligand or a binding moiety selected from the group 
consisting of an antibody, an antibody derivative, an aptamer 
and a small molecule. In one embodiment, the membrane 
protein is a membrane fusion protein, the membrane fusion 
protein comprising a first polypeptide, the first polypeptide 
comprising at least one transmembrane domain or at least one 
membrane anchoring domain; and a second polypeptide. In 
one embodiment, the ligand is selected from the group con 
sisting of a cytokine, hormone, and a small molecule. 
0109. In one aspect, the invention provides a pharmaceu 

tical composition comprising a minicell, wherein the minicell 
displays a membrane protein, wherein the membrane protein 
is selected from the group consisting of a eukaryotic mem 
brane protein, an archeabacterial membrane protein and an 
organellar membrane protein. In one embodiment, the mem 
brane protein is selected from the group consisting of a recep 
tor, a channel protein, a cellular adhesion factor and an inte 
grin. In one embodiment, the pharmaceutical formulation 
further comprises an adjuvant. In one embodiment, the mem 
brane protein comprises a polypeptide epitope displayed by a 
hyperproliferative cell. In one embodiment, the membrane 
protein comprises an epitope displayed by a eukaryotic 
pathogen, an archeabacterial pathogen, a virus or an infected 
cell. 
0110. In one aspect, the invention provides a pharmaceu 

tical composition comprising a minicell, wherein the minicell 
displays a membrane protein that is a fusion protein, the 
fusion protein comprising (i) a first polypeptide, the first 
polypeptide comprising at least one transmembrane domain 
or at least one membraneanchoring domain; and (ii) a second 
polypeptide, wherein the second polypeptide is not derived 
from a eubacterial protein. In one embodiment, the pharma 
ceutical formulation further comprises an adjuvant. In one 
embodiment, the second polypeptide comprises a polypep 
tide epitope displayed by a hyperproliferative cell. In one 
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embodiment, the membrane protein comprises an epitope 
displayed by a eukaryotic pathogen, an archeabacterial 
pathogen, a virus or an infected cell. 
0111. In one aspect, the invention provides a pharmaceu 
tical composition comprising a minicell, wherein the minicell 
displays a membrane conjugate, wherein the membrane con 
jugate comprises a membrane component chemically linked 
to a conjugated compound. In one embodiment, the mem 
brane protein is selected from the group consisting of a recep 
tor, a channel protein, a cellular adhesion factor and an inte 
grin. In one embodiment, the pharmaceutical further 
comprises an adjuvant. In one embodiment, the membrane 
component is a polypeptide comprising at least one trans 
membrane domain or at least one membrane anchoring 
domain, or a lipid that is part of a membrane. In one embodi 
ment, the conjugated compound is a polypeptide, and the 
chemical linkage between the membrane compound and the 
conjugated compound is not a peptide bond. In one embodi 
ment, the conjugated compound is a nucleic acid. In one 
embodiment, the conjugated compound is an organic com 
pound. In one embodiment, the organic compound is selected 
from the group consisting of a narcotic, a toxin, a Venom, a 
sphingolipid and a soluble protein. 
0112. In one aspect, the invention provides a method of 
making a pharmaceutical composition comprising a minicell, 
wherein the minicell displays a membrane protein, wherein 
the membrane protein is selected from the group consisting of 
a eukaryotic membrane protein, an archeabacterial mem 
brane protein and an organellar membrane protein. In one 
embodiment, the method further comprises adding an adju 
vant to the pharmaceutical formulation. In one embodiment, 
the method further comprises desiccating the formulation. In 
one embodiment, the method further comprises adding a 
suspension buffer to the formulation. In one embodiment, the 
method further comprises making a chemical modification of 
the membrane protein. In one embodiment, the chemical 
modification is selected from the group consisting of glyco 
Sylation, deglycosylation, phosphorylation, dephosphoryla 
tion and proteolysis. In one aspect, the invention provides a 
method of making a pharmaceutical composition comprising 
a minicell, wherein the minicell displays a membrane protein 
that is a fusion protein, the fusion protein comprising (i) a first 
polypeptide, the first polypeptide comprising at least one 
transmembrane domain or at least one membrane anchoring 
domain; and (ii) a second polypeptide, wherein the second 
polypeptide is not derived from a eubacterial protein. 
0113. In one aspect, the invention provides a method of 
making a pharmaceutical formulation comprising a minicell, 
wherein the minicell displays a membrane conjugate, 
wherein the membrane conjugate comprises a membrane 
component chemically linked to a conjugated compound. In 
one embodiment, the method further comprises adding an 
adjuvant to the pharmaceutical formulation. In one embodi 
ment, the membrane component is a polypeptide comprising 
at least one transmembrane domain or at least one membrane 
anchoring domain, oralipid that is part of a membrane. In one 
embodiment, the conjugated compound is a polypeptide, and 
the chemical linkage between the membrane compound and 
the conjugated compound is not a peptide bond. In one 
embodiment, the conjugated compound is a nucleic acid. In 
one embodiment, the conjugated compound is an organic 
compound. In one embodiment, the organic compound is 
selected from the group consisting of a narcotic, a toxin, a 
Venom, and a sphingolipid. 
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0114. In one aspect, the invention provides a method of 
detecting an agent that is specifically bound by a binding 
moiety, comprising contacting a minicell displaying the bind 
ing moiety with a composition known or Suspected to contain 
the agent, and detecting a signal that is modulated by the 
binding of the agent to the binding moiety. In one embodi 
ment, the agent is associated with a disease. In one embodi 
ment, the minicell comprises a detectable compound. In one 
embodiment, the binding moiety is antibody or antibody 
derivative. In one embodiment, the composition is an envi 
ronmental sample. In one embodiment, the composition is a 
biological sample. In one embodiment, the biological sample 
is selected from the group consisting of blood, serum, plasma, 
urine, saliva, a biopsy sample, feces and a skin patch. 
0115. In one aspect, the invention provides a method of in 
situ imaging of a tissue or organ, comprising administering to 
an organism a minicell comprising an imaging agent and a 
binding moiety and detecting the imaging agent in the organ 
ism. 

0116. In one embodiment, the minicell is a eubacterial 
minicell, a poroplast, a spheroplast or a protoplast. In one 
embodiment, the binding moiety is an antibody or antibody 
derivative. In one embodiment, the binding moiety specifi 
cally binds a cell Surface antigen. In one embodiment, the cell 
Surface antigen is an antigen displayed by a tumorigenic cell, 
a cancer cell, and an infected cell. In one embodiment, the cell 
Surface antigen is a tissue-specific antigen. In one embodi 
ment, the method of imaging is selected from the group 
consisting of magnetic resonance imaging, ultrasound imag 
ing; and computer axaial tomography (CAT). In one aspect, 
the invention provides a device comprising a microchip 
operatively associated with a biosensor comprising a mini 
cell, wherein the microchip comprises or contacts the mini 
cell, and wherein the minicell displays a binding moiety. 
0117. In one embodiment, the invention provides a 
method of detecting a Substance that is specifically bound by 
a binding moiety, comprising contacting the device of claim 
16 with a composition known or Suspected to contain the 
Substance, and detecting a signal from the device, wherein the 
signal changes as a function of the amount of the Substance 
present in the composition. In one embodiment, the compo 
sition is a biological sample or an environmental sample. 
0118. In one aspect, the invention provides a method of 
identifying an agent that specifically binds a target com 
pound, comprising contacting a minicell displaying the target 
compound with a library of compounds, and identifying an 
agent in the library that binds the target compound. In one 
embodiment, the library of compounds is a protein library. In 
one embodiment, the protein library is selected from the 
group consisting of a phage display library, a phagemid dis 
play library, abaculovirus library, a yeast display library, and 
a ribosomal display library. In one embodiment, the library of 
compounds is selected from the group consisting of a library 
of aptamers, a library of synthetic peptides and a library of 
Small molecules. 
0119. In one embodiment, the target compound is a target 
polypeptide. In one embodiment, the minicell comprises an 
expression construct comprising expression sequences oper 
ably linked to an ORF encoding the target polypeptide. In one 
embodiment, the target polypeptide is a membrane protein. In 
one embodiment, the membrane protein is a receptor or a 
channel protein. In one embodiment, the membrane protein is 
an enzyme. In one embodiment, the target compound is a 
membrane fusion protein, the membrane fusion protein com 
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prising a first polypeptide, wherein the first polypeptide com 
prises at least one transmembrane domain or at least one 
membrane anchoring domain; and a second polypeptide, 
wherein the second polypeptide comprises amino acid 
sequences derived from a target polypeptide. In one embodi 
ment, the method further comprises comparing the activity of 
the target compound in the presence of the agent to the activ 
ity of the target compound in the absence of the agent. 
I0120 In one embodiment, the activity of the target com 
pound is an enzyme activity. In one embodiment, the activity 
of the target compound is a binding activity. In one embodi 
ment, the invention further comprises comparing the binding 
of the agent to the target compound to the binding of a known 
ligand of the target compound. In one embodiment, a com 
petition assay is used for the comparing. 
I0121. In one aspect, the invention provides a device com 
prising microchips operatively associated with a biosensor 
comprising a set of minicells in a prearranged pattern, 
wherein the each of the microchips comprise or contact a 
minicell, wherein each of the minicell displays a different 
target compound, and wherein binding of a ligand to a target 
compound results in an increased or decreased signal. In one 
embodiment, the invention provides a method of identifying 
an agent that specifically binds a target compound, compris 
ing contacting the device with a library of compounds, and 
detecting a signal from the device, wherein the signal changes 
as a function of the binding of an agent to the target com 
pound. In one embodiment, the invention provides a method 
of identifying an agent that specifically blocks the binding of 
a target compound to its ligand, comprising contacting the 
device with a library of compounds, and detecting a signal 
from the device, wherein the signal changes as a function of 
the binding of an agent to the target compound. 
I0122. In one aspect, the invention provides a method of 
making a antibody that specifically binds a protein domain, 
wherein the domain is in its native conformation, wherein the 
domain is contained within a protein displayed on a minicell, 
comprising contacting the minicell with a cell, wherein the 
cell is competent for producing antibodies to an antigen con 
tacted with the cell, in order to generate an immunogenic 
response in which the cell produces the antibody. 
I0123. In one embodiment, the protein displayed on a mini 
cell is a membrane protein. In one embodiment, the mem 
brane protein is a receptor or a channel protein. In one 
embodiment, the domain is found within the second polypep 
tide of a membrane fusion protein, wherein the membrane 
fusion protein comprises a first polypeptide, wherein the first 
polypeptide comprises at least one transmembrane domain or 
at least one membrane anchoring domain. In one embodi 
ment, the contacting occurs in vivo. In one embodiment, the 
antibody is a polyclonal antibody or a monoclonal antibody. 
In one embodiment, the contacting occurs in an animal that 
comprises an adjuvant. 
0.124. In one aspect, the invention provides the method of 
making an antibody derivative that specifically binds a pro 
tein domain, wherein the domain is in its native conformation, 
wherein the domain is displayed on a minicell, comprising 
contacting the minicell with a protein library, and identifying 
an antibody derivative from the protein library that specifi 
cally binds the protein domain. In one embodiment, the pro 
tein library is selected from the group consisting of a phage 
display library, a phagemid display library, and a ribosomal 
display library. 
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0.125. In one aspect, the invention provides a method of 
making an antibody or antibody derivative that specifically 
binds an epitope, wherein the epitope is selected from the 
group consisting of (i) an epitope composed of amino acids 
found within a membrane protein, (ii) an epitope present in an 
interface between a membrane protein and a membrane com 
ponent, (iii) an epitope present in an interface between a 
membrane protein and one or more other proteins and (iv) an 
epitope in a fusion protein, the fusion protein comprising a 
first polypeptide, the first polypeptide comprising at least one 
transmembrane domain or at least one membrane anchoring 
domain, and a second polypeptide, the second polypeptide 
comprising the epitope; comprising contacting a minicell 
displaying the epitope with a protein library, or to a cell, 
wherein the cell is competent for producing antibodies to an 
antigen contacted with the cell, in order to generate an immu 
nogenic response in which the cell produces the antibody. 
0126. In one embodiment, the cell is contacted in vivo. In 
various embodiments, the antibody is a polyclonal antibody 
or a monoclonal antibody. In one embodiment, the protein 
library is contacted in vitro. In one embodiment, the protein 
library is selected from the group consisting of a phage dis 
play library, a phagemid display library, and a ribosomal 
display library. 
0127. In one aspect, the invention provides a method of 
determining the rate of transfer of nucleic acid from a minicell 
to a cell, comprising (a) contacting the cell to the minicell, 
wherein the minicell comprises the nucleic acid, for a mea 
sured period of time; (b) separating minicells from the cells; 
(c) measuring the amount of nucleic acid in the cells, wherein 
the amount of nucleic acid in the cells over the set period of 
time is the rate of transfer of a nucleic acid from a minicell. 
0128. In one aspect, the invention provides a method of 
determining the amount of a nucleic acid transferred to a cell 
from a minicell, comprising (a) contacting the cell to the 
minicell, wherein the minicell comprises an expression ele 
ment having eukaryotic expression sequences operably 
linked to an ORF encoding a detectable polypeptide, wherein 
the minicell displays a binding moiety, and wherein the bind 
ing moiety binds an epitope of the cell; and (b) detecting a 
signal from the detectable polypeptide, wherein a change in 
the signal corresponds to an increase in the amount of a 
nucleic acid transferred to a cell. 
0129. In one embodiment, the cell is a eukaryotic cell. By 
way of non-limiting example, a eukaryotic cell can be a plant 
cell, a fungal cell, a unicellular eukaryote, an animal cell, a 
mammalian cell, a rat cell, a mouse cell, a primate cell or a 
human cell. 
0130. In one embodiment, the binding moiety is an anti 
body or antibody derivative. In one embodiment, the binding 
moiety is a single-chain antibody. In one embodiment, the 
binding moiety is an aptamer. In one embodiment, the bind 
ing moiety is an organic compound. In one embodiment, the 
detectable polypeptide is a fluorescent polypeptide. 
0131. In one aspect, the invention provides a method of 
detecting the expression of an expression element in a cell, 
comprising (a) contacting the cell to a minicell, wherein the 
minicell comprises an expression element having cellular 
expression sequences operably linked to an ORF encoding a 
detectable polypeptide, wherein the minicell displays a bind 
ing moiety, and wherein the binding moiety binds an epitope 
of the cell; (b) incubating the cell and the minicell for a period 
of time effective for transfer of nucleic acid from the minicell 
to the cell; and (c) detecting a signal from the detectable 
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polypeptide, wherein an increase in the signal corresponds to 
an increase in the expression of the expression element. 
0.132. In one embodiment, the cell is a eukaryotic cell and 
the expression sequences are eukaryotic expression 
sequences. In one embodiment, the eukaryotic cell is a mam 
malian cell. In one embodiment, the binding moiety is an 
antibody or antibody derivative. In one embodiment, the 
binding moiety is a single-chain antibody. In one embodi 
ment, the binding moiety is an aptamer. In one embodiment, 
the binding moiety is an organic compound. 
I0133. In a related aspect, the invention provides methods 
of detecting the transfer of a fusion protein from the cytosol to 
an organelle of a eukaryotic cell, comprising (a) contacting 
the cell to a minicell, wherein (i) the minicell comprises an 
expression element having eukaryotic expression sequences 
operably linked to an ORF encoding a fusion protein, wherein 
the fusion protein comprises a first polypeptide that com 
prises organellar delivery sequences, and a second polypep 
tide that comprises a detectable polypeptide; and (ii) the 
minicell displays a binding moiety that binds an epitope of the 
cell, or an epitope of an organelle; (b) incubating the cell and 
the minicell for a period of time effective for transfer of 
nucleic acid from the minicell to the cell and production of the 
fusion protein; and (c) detecting a signal from the detectable 
polypeptide, wherein a change in the signal corresponds to an 
increase in the amount of the fusion protein transferred to the 
organelle. 
I0134. In one aspect, the invention provides a minicell 
comprising at least one nucleic acid, wherein the minicell 
displays a binding moiety directed to a target compound, 
wherein the binding moiety is selected from the group con 
sisting of (i) a eukaryotic membrane protein; (ii) an archea 
bacterial membrane protein; (iii) an organellar membrane 
protein; and (iv) a fusion protein, the fusion protein compris 
ing a first polypeptide, the first polypeptide comprising at 
least one transmembrane domain or at least one membrane 
anchoring domain; and a second polypeptide, wherein the 
second polypeptide is not derived from a eubacterial protein 
and is neither a His tag nor a glutathione-S-transferase 
polypeptide, and wherein the polypeptide comprises a bind 
ing moiety. 
I0135) In one embodiment, the nucleic acid comprises an 
expression construct comprising expression sequences oper 
ably linked to an ORF encoding a protein selected from the 
group consisting of (i) the eukaryotic membrane protein, (ii) 
the archeabacterial membrane protein, (iii) the organellar 
membrane protein; and (iv) the fusion protein. 
0.136. In one embodiment, the nucleic acid comprises an 
expression construct comprising expression sequences oper 
ably linked to an ORF, wherein the ORF encodes a therapeu 
tic polypeptide. In one embodiment, the therapeutic polypep 
tide is a membrane polypeptide. In one embodiment, the 
therapeutic polypeptide is a soluble polypeptide. In one 
embodiment, the soluble polypeptide comprises a cellular 
secretion sequence. In one embodiment, the expression 
sequences are inducible and/or repressible. 
0.137 In one embodiment, the expression sequences are 
induced and/or derepressed when the binding moiety dis 
played by the minicell binds to its target compound. In one 
embodiment, the nucleic acid comprises an expression con 
struct comprising expression sequences operably linked to an 
ORF, wherein the ORF encodes a polypeptide having an 
amino acid sequence that facilitates cellular transfer of a 
biologically active compound contained within or displayed 
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by the minicell. In one embodiment, the membrane of the 
minicell comprises a system for transferring a molecule from 
the interior of a minicell into the cytoplasm of the cell. In one 
embodiment, the system for transferring a molecule from the 
interior of a minicell into the cytoplasm of the cell is a Type III 
secretion system. 
0.138. In one aspect, the invention provides a method of 
introducing a nucleic acid into a cell, comprising contacting 
the cell with a minicell that comprises the nucleic acid, 
wherein the minicell displays a binding moiety, wherein the 
binding moiety is selected from the group consisting of (i) a 
eukaryotic membrane protein; (ii) an archeabacterial mem 
brane protein; (iii) an organellar membrane protein; and (iv) a 
fusion protein, the fusion protein comprising a first polypep 
tide, the first polypeptide comprising at least one transmem 
brane domain or at least one membrane anchoring domain; 
and a second polypeptide, wherein the second polypeptide is 
not derived from a eubacterial protein and is neithera His tag 
nor a glutathione-S-transferase polypeptide, and wherein the 
polypeptide comprises a binding moiety; and wherein the 
binding moiety binds an epitope of the cell. 
0.139. In one embodiment, the nucleic acid comprises an 
expression construct comprising expression sequences oper 
ably linked to an ORF encoding a protein selected from the 
group consisting of (i) the eukaryotic membrane protein, (ii) 
the archeabacterial membrane protein, (iii) the organellar 
membrane protein; and (iv) a fusion protein. 
0140. In one embodiment, the nucleic acid comprises an 
expression construct comprising expression sequences oper 
ably linked to an ORF, wherein the ORF encodes a therapeu 
tic polypeptide. In one embodiment, the expression 
sequences are inducible and/or derepressible. In one embodi 
ment, the expression sequences are induced or derepressed 
when the binding moiety displayed by the minicell binds its 
target compound. In one embodiment, the expression 
sequences are induced orderepressed by a transactivation or 
transrepression event. In one embodiment, the nucleic acid 
comprises an expression construct comprising expression 
sequences operably linked to an ORF, wherein the ORF 
encodes a polypeptide having an amino acid sequence that 
facilitates cellular transfer of a biologically active compound 
contained within or displayed by the minicell. 
0141. In one aspect, the invention provides a minicell 
comprising a nucleic acid, wherein the nucleic acid comprises 
eukaryotic expression sequences and eubacterial expression 
sequences, each of which is independently operably linked to 
an ORF. 
0142. In one embodiment, the minicell displays a binding 
moiety. In one embodiment, the eubacterial expression 
sequences are induced and/or derepressed when the binding 
moiety is in contact with a target cell. In one embodiment, the 
eukaryotic expression sequences are induced and/or dere 
pressed when the nucleic acid is in the cytoplasm of a eukary 
otic cell. In one embodiment, the protein encoded by the ORF 
comprises eubacterial or eukaryotic secretion sequences. 
0143. In one aspect, the invention provides a minicell 
comprising a first and second nucleic acid, wherein the first 
nucleic acid comprises eukaryotic expression sequences 
operably linked to a first ORF, and a second nucleic acid, 
wherein the second nucleic acid comprises eubacterial 
expression sequences operably linked to a second ORF. 
0144. In one embodiment, the minicell displays a binding 
moiety. In one embodiment, the eubacterial expression 
sequences are induced and/or derepressed when the binding 
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moiety is in contact with a target cell. In one embodiment, the 
eukaryotic expression sequences are induced and/or dere 
pressed when the nucleic acid is in the cytoplasm of a eukary 
otic cell. In one embodiment, the protein encoded by the first 
ORF comprises eukaryotic secretion sequences and/or the 
protein encoded by the second ORF comprises eubacterial 
secretion sequences. 
0145. In one aspect, the invention provides a method of 
introducing into and expressing a nucleic acid in an organism, 
comprising contacting a minicell to a cell of the organism, 
wherein the minicell comprises the nucleic acid. 
0146 In one embodiment, the minicell displays a binding 
moiety. In one embodiment, the nucleic acid comprises a 
eukaryotic expression construct, wherein the eukaryotic 
expression construct comprises eukaryotic expression 
sequences operably linked to an ORF. In one embodiment, the 
ORF encodes a protein selected from the group consisting of 
a membrane protein, a soluble protein and a protein compris 
ing eukaryotic secretion signal sequences. In one embodi 
ment, the nucleic acid comprises a eubacterial expression 
construct, wherein the eubacterial expression construct com 
prises eubacterial expression sequences operably linked to an 
ORF. In one embodiment, the minicell displays a binding 
moiety, wherein the eubacterial expression sequences are 
induced and/or derepressed when the binding moiety is in 
contact with a target cell. In one embodiment, the protein 
encoded by the ORF comprises eubacterial secretion 
sequences. In one aspect, the invention provides a minicell 
comprising a crystal of a membrane protein. In one embodi 
ment, the minicell is a eubacterial minicell, a poroplast, a 
spheroplast or a protoplast. In one embodiment, the mem 
brane protein is a receptor. In one embodiment, the receptor is 
a G-protein coupled receptor. In one embodiment, the crystal 
is displayed. 
0.147. In a related aspect, the invention provides a minicell 
membrane preparation comprising a crystal of a membrane 
protein. 
0.148. In one embodiment, the membrane protein is a 
fusion protein, the fusion protein comprising a first polypep 
tide, the first polypeptide comprising at least one transmem 
brane domain or at least one membrane anchoring domain, 
and a second polypeptide. In one embodiment, the crystal is a 
crystal of the second polypeptide. In one embodiment, the 
crystal is displayed. 
0149. In one aspect, the invention provides a method of 
determining the three-dimensional structure of a membrane 
protein, comprising preparing a crystal of the membrane pro 
tein in a minicell, and determining the three-dimensional 
structure of the crystal. 
0150. In one aspect, the invention provides a method for 
identifying ligand-interacting atoms in a defined three-di 
mensional structure of a target protein, comprising (a) pre 
paring one or more variant proteins of a target protein having 
a known or predicted three-dimensional structure, wherein 
the target protein binds a preselected ligand; (b) expressing 
and displaying a variant protein in a minicell; and (c) deter 
mining if a minicell displaying the variant protein binds the 
preselected ligand with increased or decreased affinity as 
compared to the binding of the preselected ligand to the target 
protein. 
0151. In one embodiment, the ligand is a protein that 
forms a multimer with the target protein, and the ligand inter 
acting atoms are atoms in the defined three-dimensional 
structure are atoms that are involved in protein-protein inter 
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actions. In one embodiment, the ligand is a compound that 
induces a conformational change in the target protein, and the 
defined three-dimensional structure is the site of the confor 
mational change. In one embodiment, the method for identi 
fying ligands of a target protein, further comprising identify 
ing the chemical differences in the variant proteins as 
compared to the target protein. In one embodiment, the inven 
tion further comprises mapping the chemical differences onto 
the defined three-dimensional structure, and correlating the 
effect of the chemical differences on the defined three-dimen 
sional structure. In one embodiment, the target protein is a 
wild-type protein. In one aspect, the invention provides a 
minicell library, comprising two or more minicells, wherein 
each minicell comprises a different exogenous protein. In one 
embodiment, the minicell is a eubacterial minicell, a poro 
plast, a spheroplast or a protoplast. In one embodiment, the 
exogenous protein is a displayed protein. In one embodiment, 
the exogenous protein is a membrane protein. In one embodi 
ment, the membrane protein is a receptor. In one embodiment, 
the protein is a soluble protein that is contained within or 
secreted from the minicell. In one embodiment, minicells 
within the library comprise an expression element that com 
prises expression sequences operably linked to a nucleic acid 
having an ORF that encodes the exogenous protein. In one 
embodiment, the nucleic acid has been mutagenized; the 
mutagenesis can be site-directed or random. In one embodi 
ment, an active site of the exogenous protein has a known or 
predicted three-dimensional structure, and the a portion of the 
ORF encoding the active site has been mutagenized. In one 
embodiment, each of the minicells comprises an exogenous 
protein that is a variant of a protein having a known or pre 
dicted three-dimensional structure. 

0152. In one aspect, the invention provides a minicell 
library, comprising two or more minicells, wherein each 
minicell comprises a different fusion protein, each of the 
fusion protein comprising a first polypeptide that is a constant 
polypeptide, wherein the constant polypeptide comprises at 
least one transmembrane domain or at least one membrane 
anchoring domain, and a second polypeptide, wherein the 
second polypeptide is a variable amino acid sequence that is 
different in each fusion proteins. In one embodiment, mini 
cells within the library comprise an expression element that 
comprises expression sequences operably linked to a nucleic 
acid having an ORF that encodes the fusion protein. In one 
embodiment, the second polypeptide of the fusion protein is 
encoded by a nucleic acid that has been cloned. In one 
embodiment, each of the second polypeptide of each of the 
fusion proteins comprises a variantofanamino acid sequence 
from a protein having a known or predicted three-dimen 
sional structure. 

0153. In one aspect, the invention provides a minicell 
library, comprising two or more minicells, wherein each 
minicell comprises a constant protein that is present in each 
minicell and a variable protein that differs from minicell to 
minicell. In one embodiment, one of the constant and variable 
proteins is a receptor, and the other of the constant and Vari 
able proteins is a co-receptor. In one embodiment, each of the 
constant and variable proteins is different from each other and 
is a factor in a signal transduction pathway. In one embodi 
ment, one of the constant and variable proteins is a G-protein, 
and the other of the constant and variable proteins is a G-pro 
tein coupled receptor. 
0154. In one embodiment, one of the constant and variable 
proteins comprises a first transrepression domain, and the 
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other of the constant and variable comprises a second tran 
Srepression domain, wherein the transrepression domains 
limit or block expression of a reporter gene when the constant 
and variable proteins associate with each other. 
0.155. In one embodiment, one of the constant and variable 
proteins comprises a first transactivation domain, and the 
other of the constant and variable comprises a second trans 
activation domain, wherein the transactivation domains 
stimulate expression of a reporter gene when the constant and 
variable proteins associate with each other. 
0156. In one aspect, the invention provides a method of 
identifying a nucleic acid that encodes a protein that binds to 
or chemically alters a preselected ligand, comprising (a) sepa 
rately contacting the ligand with individual members of a 
minicell library, wherein minicells in the library comprise 
expression elements, wherein the expression elements com 
prise DNA inserts, wherein an ORF in the DNA insert is 
operably linked to expression sequences, in order to generate 
a series of reaction mixes, each reaction mix comprising a 
different member of the minicell library; (b) incubating the 
reaction mixes, thereby allowing a protein that binds to or 
chemically alters the preselected ligand to bind or chemically 
alter the preselected ligand; (c) detecting a change in a signal 
from reaction mixes in which the ligand has been bound or 
chemically altered; (d) preparing DNA from reaction mixes 
in which the ligand has been bound or chemically altered; 
wherein the DNA is a nucleic acid that encodes a protein that 
binds to or chemically alters the preselected ligand. 
0157. In one embodiment, the minicell is a eubacterial 
minicell, a poroplast, a spheroplast or a protoplast. In one 
embodiment, the preselected ligand is a biologically active 
compound. In one embodiment, the preselected ligand is a 
therapeutic drug. In one embodiment, a protein that binds or 
chemically alters the preselected ligand is a target protein for 
compounds that are therapeutic for a disease that is treated by 
administering the drug to an organism in need thereof. In one 
embodiment, the preselected ligand is detectably labeled, the 
mincell comprises a detectable compound, and/or a chemi 
cally altered derivative of the protein is detectably labeled. 
0158. In one aspect, the invention provides a method of 
determining the amino acid sequence of a protein that binds or 
chemically alters a preselected ligand, comprising: (a) con 
tacting the ligand with a minicell library, wherein minicells in 
the library comprise expression elements, wherein the 
expression elements comprise DNA inserts, wherein an ORF 
in the DNA insert is operably linked to expression sequences: 
(b) incubating the mixture of ligand and minicells, under 
conditions which allow complexes comprising ligands and 
minicells to form and/or chemical reactions to occur; (c) 
isolating or identifying the complexes from the ligand and the 
mixture of ligand and minicells; (d) preparing DNA from an 
expression element found in one or more of the complexes, or 
in a minicell thereof; (e) determining the nucleotide sequence 
of the ORF in the DNA; and (f) generating an amino sequence 
by in silico translation, wherein the amino acid sequence is or 
is derived from a protein that binds or chemically alters a 
preselected ligand. 
0159. In one embodiment, the minicell is a eubacterial 
minicell, a poroplast, a spheroplast or a protoplast. In one 
embodiment, the DNA is prepared by isolating DNA from the 
complexes, or in a minicell thereof. In one embodiment, the 
DNA is prepared by amplifying DNA from the complexes, or 
in a minicell thereof. In one embodiment, the protein is a 
fusion protein. In one embodiment, the protein is a membrane 
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or a soluble protein. In one embodiment, the protein com 
prises secretion sequences. In one embodiment, the prese 
lected ligand is a biologically active compound. In one 
embodiment, the preselected ligand is a therapeutic drug. In 
one embodiment, the preselected ligand is a therapeutic drug, 
and the protein that binds the preselected ligand is a target 
protein for compounds that are therapeutic for a disease that 
is treated by administering the drug to an organism in need 
thereof. 
0160. In one aspect, the invention provides a method of 
identifying a nucleic acid that encodes a protein that inhibits 
or blocks an agent from binding to or chemically altering a 
preselected ligand, comprising: (a) separately contacting the 
ligand with individual members of a minicell library, wherein 
minicells in the library comprise expression elements, 
wherein the expression elements comprise DNA inserts, 
wherein an ORF in the DNA insert is operably linked to 
expression sequences, in order to generate a series of reaction 
mixes, each reaction mix comprising a different member of 
the minicell library; (b) incubating the reaction mixes, 
thereby allowing a protein that binds to or chemically alters 
the preselected ligand to bind or chemically alter the prese 
lected ligand; (c) detecting a change in a signal from reaction 
mixes in which the ligand has been bound or chemically 
altered; (d) preparing DNA from reaction mixes in which the 
change in signal ligand has been bound or chemically altered; 
wherein the DNA is a nucleic acid that encodes a protein that 
inhibits or blocks the agent from binding to or chemically 
altering the preselected ligand 
0161. In one embodiment, the minicell is a eubacterial 
minicell, a poroplast, a spheroplast or a protoplast. In one 
embodiment, the DNA has a nucleotide sequence that 
encodes the amino acid sequence of the protein that inhibits or 
blocks the agent from binding to or chemically altering the 
preselected ligand. In one embodiment, a protein that binds or 
chemically alters the preselected ligand is a target protein for 
compounds that are therapeutic for a disease that is treated by 
administering the drug to an organism in need thereof. 
0162. In one aspect, the invention provides a method of 
identifying an agent that effects the activity of a protein, 
comprising contacting a library of two or more candidate 
agents with a minicell comprising the protein or a polypeptide 
derived from the protein, assaying the effect of candidate 
agents on the activity of the protein, and identifying agents 
that effect the activity of the protein. 
0163. In one embodiment, the protein or the polypeptide 
derived from the protein is displayed on the surface of the 
minicell. In one embodiment, the protein is a membrane 
protein. In one embodiment, the membrane protein is selected 
from the group consisting of a receptor, a channel protein and 
an enzyme. In one embodiment, the activity of a protein is a 
binding activity or an enzymatic activity. In one embodiment, 
the library of compounds is a protein library. In one embodi 
ment, the protein library is selected from the group consisting 
of a phage display library, a phagemid display library, and a 
ribosomal display library. In one embodiment, the library of 
compounds is a library of aptamers. In one embodiment, the 
library of compounds is a library of small molecules. 
0164. In one aspect, the invention provides a method of 
identifying an agent that effects the activity of a protein 
domain containing a library of two or more candidate agents 
with a minicell displaying a membrane fusion protein, the 
fusion protein comprising a first polypeptide, the first 
polypeptide comprising at least one transmembrane domain 
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or at least one membrane anchoring domain, and a second 
polypeptide, wherein the second polypeptide comprises the 
protein domain. 
0.165. In one aspect, the invention provides a method of 
identifying undesirable side-effects of a biologically active 
compound that occur as a result of binding of the compound 
to a protein, wherein binding a compound to the protein is 
known to result in undesirable side effects, comprising con 
tacting a minicell that comprises the protein to the biologi 
cally active compound. In one embodiment, the invention 
provides comprises characterizing the binding of the biologi 
cally active compound to the protein. In one embodiment, the 
invention provides comprises characterizing the effect of the 
biologically active compound on the activity of the protein. 
0166 In one aspect, the invention provides a method for 
identifying an agent that effects the interaction of a first 
signaling protein with a second signaling protein, comprising 
(a) contacting a library of compounds with a minicell, 
wherein the minicell comprises: (i) a first protein comprising 
the first signaling protein and a first trans-acting regulatory 
domain; (ii) a second protein comprising the second signaling 
protein and a second trans-acting regulatory domain; and (iii) 
a reporter gene, the expression of which is modulated by the 
interaction between the first trans-acting regulatory domain 
and the second trans-acting regulatory domain; and (b) 
detecting the gene product of the reporter gene. 
0167. In one embodiment, the trans-acting regulatory 
domains are transactivation domains. In one embodiment, the 
trans-acting regulatory domains are transrepression domains. 
0.168. In one embodiment, the reporter gene is induced by 
the interaction of the first trans-acting regulatory domain and 
the second trans-acting regulatory domain. In one embodi 
ment, the agent that effects the interaction of the first signal 
ing protein with the second signaling protein is an agent that 
causes or promotes the interaction. In one embodiment, the 
reporter gene is repressed by the interaction of the first trans 
acting regulatory domain and the second trans-acting regula 
tory domain. In one embodiment, the agent that effects the 
interaction of the first signaling protein with the second sig 
naling protein is an agent that inhibits or blocks the interac 
tion. 

0169. In one embodiment, the first signaling protein is a 
GPCR. In one embodiment, the GPCR is an Edg receptor or 
a ScAMPER 

0170 In one embodiment, the second signalling protein is 
a G-protein. In related embodiments, G-protein is selected 
from the group consisting of G-alpha-i, G-alpha-S, G-alpha 
q, G-alpha-12/13 and Go. In one embodiment, the library of 
compounds is a protein library. In one embodiment, the pro 
tein library is selected from the group consisting of a phage 
display library, a phagemid display library, and a ribosomal 
display library. In one embodiment, the library of compounds 
is a library of aptamers. In one embodiment, the library of 
compounds is a library of Small molecules. 
0171 In one aspect, the invention provides a method for 
identifying an agent that effects the interaction of a first 
signaling protein with a second signaling protein, comprising 
contacting a library of two or more candidate agents with a 
minicell, wherein the minicell comprises (a) a first fusion 
protein comprising the first signaling protein and a first 
detectable domain; and (b) a second fusion protein compris 
ing the second signaling protein and a second detectable 
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domain, wherein a signal is generated when the first and 
second signaling proteins are in close proximity to each other, 
and detecting the signal. 
0172. In one embodiment, the signal is fluorescence. In 
one embodiment, the first detectable domain and the second 
detectable domain are fluorescent and the signal is generated 
by FRET. In one embodiment, the first and second detectable 
domains are independently selected from the group consist 
ing of a green fluorescent protein, a blue-shifted green fluo 
rescent protein, a cyan-shifted green fluorescent protein; a 
red-shifted green fluorescent protein; a yellow-shifted green 
fluorescent protein, and a red fluorescent protein, wherein the 
first fluorescent domain and the second fluorescent domain 
are not identical. 
0173. In one aspect, the invention provides a method of 
bioremediation, the method comprising contacting a compo 
sition that comprises an undesirable Substance with a mini 
cell, wherein the minicell alters the chemical structure and/or 
binds the undesirable substance. 
0.174. In one aspect, the invention provides a method of 
bioremediation, the method comprising contacting a compo 
sition that comprises an undesirable Substance with a mini 
cell, wherein the mincell comprises an agent that alters the 
chemical structure of the undesirable substance. In one 
embodiment, the agent that alters the chemical structure of 
the undesirable Substance is an inorganic catalyst. In one 
embodiment, the agent that alters the chemical structure of 
the undesirable Substance is an enzyme. In one embodiment, 
the enzyme is a soluble protein contained within the minicell. 
In one embodiment, the enzyme is a secreted protein. In one 
embodiment, the enzyme is a membrane protein. In one 
embodiment, the membrane enzyme is selected from the 
group consisting of a cytochrome P450, an oxidoreductase, a 
transferase, a hydrolase, a lyase, an isomerase, a ligase and a 
synthetase. In one embodiment, the agent that alters the 
chemical structure of the undesirable substance is a fusion 
protein comprising a first polypeptide that comprises a trans 
membrane domain or at least one membrane-anchoring 
domain, and a second polypeptide, wherein the second 
polypeptide is an enzyme moiety. 
0.175. In one aspect, the invention provides a method of 
bioremediation, the method comprising contacting a compo 
sition that comprises an undesirable Substance with a mini 
cell, wherein the mincell comprises an agent that binds an 
undesirable substance. In one embodiment, the undesirable 
substance binds to and is internalized by the minicell or is 
otherwise inactivated by selective absorption. In one embodi 
ment, the agent that binds the undesirable Substance is a 
secreted soluble protein. In one embodiment, the secreted 
protein is a transport accessory protein. In one embodiment, 
the agent that binds the undesirable Substance is a membrane 
protein. In one embodiment, the undesirable Substance is 
selected from the group consisting of a toxin, a pollutant and 
a pathogen. In one embodiment, the agent that binds the 
undesirable Substance is a fusion protein comprising a first 
polypeptide that comprises a transmembrane domain or at 
least one membrane-anchoring domain, and a second 
polypeptide, wherein the second polypeptide is a binding 
moiety. In one embodiment, wherein the binding moiety is 
selected from the group consisting of an antibody, an anti 
body derivative, the active site of a non-enzymatically active 
mutant enzyme, a single-chain antibody and an aptamer. 
0176). In one aspect, the invention provides a minicell 
producing parent cell, wherein the parent cell comprises one 
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or more of the following (a) an expression element that com 
prises a gene operably linked to expression sequences that are 
inducible and/or repressible, wherein induction or repression 
of the gene regulates the copy number of an episomal expres 
sion construct; (b) a mutation in an endogenous gene, wherein 
the mutation regulates the copy number of an episomal 
expression construct; (c) an expression element that com 
prises a gene operably linked to expression sequences that are 
inducible and/or repressible, wherein induction or repression 
of the gene causes or enhances the production of minicells; 
and (d) a mutation in an endogenous gene, wherein the muta 
tion causes or enhances minicell production. 
0177. In one embodiment, the invention comprises an epi 
Somal expression construct. In one embodiment, the inven 
tion further comprises a chromosomal expression construct. 
In one embodiment, the expression sequences of the expres 
sion construct are inducible and/or repressible. In one 
embodiment, the minicell-producing parent cell comprises a 
biologically active compound. In one embodiment, the gene 
that causes or enhances the production of minicells has a gene 
product that is involved in or regulates DNA replication, 
cellular division, cellular partitioning, septation, transcrip 
tion, translation, or protein folding. 
0178. In one aspect, the invention provides a minicell 
producing parent cell, wherein the parent cell comprises an 
expression construct, wherein the expression construct com 
prises expression sequences operably linked to an ORF that 
encodes a protein, and a regulatory expression element, 
wherein the regulatory expression element comprises expres 
sion sequences operably linked to a regulatory gene that 
encodes a factor that regulates the expression of the ORF. In 
one embodiment, the expression sequences of the expression 
construct are inducible and/or repressible. In one embodi 
ment, the expression sequences of the regulatory expression 
construct are inducible and/or repressible. In one embodi 
ment, one or more of the expression element or the regulatory 
expression element is located on a chromosome of the parent 
cell. In one embodiment, one or more of the expression ele 
ment or the regulatory expression element is located on an 
episomal expression construct. In one embodiment, both of 
the expression element and the regulatory expression element 
are located on an episomal expression construct, and one or 
both of the expression element and the regulatory expression 
element segregates into minicells produced from the parent 
cell. In one embodiment, the minicell-producing parent cell 
comprises a biologically active compound. In one embodi 
ment, the biologically active compound segregates into mini 
cells produced from the parent cell. In one embodiment, the 
ORF encodes a membrane protein or a soluble protein. In one 
embodiment, the protein comprises secretion sequences. In 
one embodiment, the gene product of the gene regulates the 
expression of the ORF. In one embodiment, the gene product 
is a transcription factor. In one embodiment, the gene product 
is a RNA polymerase. In one embodiment, the parent cell is 
MC-TT. 

0179. In one aspect, the invention provides a minicell 
comprising a biologically active compound, wherein the 
minicell displays a binding moiety, wherein the minicell 
selectively absorbs and/or internalizes an undesirable com 
pound, and the minicell is a poroplast, spheroplast or proto 
plast. In one embodiment, the binding moiety is selected from 
the group consisting of an antibody, an antibody derivative, a 
receptor and an active site of a non-catalytic derivative of an 
enzyme. In one embodiment, the binding moiety is a single 
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chain antibody. In one embodiment, the binding moiety is 
directed to a ligand selected from the group consisting of an 
epitope displayed on a pathogen, an epitope displayed on an 
infected cell and an epitope displayed on a hyperproliferative 
cell. In one embodiment, the biologically active compound is 
selected from the group consisting of a radioisotope, a 
polypeptide, a nucleic acid and a small molecule. In one 
embodiment, a ligand binds to and is internalized by the 
minicellor is otherwise inactivated by selective absorption. In 
one embodiment, the invention provides a pharmaceutical 
composition comprising the minicell. In one aspect, the 
invention provides a method of reducing the free concentra 
tion of a Substance in a composition, wherein the Substance 
displays a ligand specifically recognized by a binding moiety, 
comprising contacting the composition with a minicell that 
displays the binding moiety, wherein the binding moiety 
binds the substance, thereby reducing the free concentration 
of the Substance in the composition. In one embodiment, the 
Substance is selected from the group consisting of a nucleic 
acid, a lipid, a polypeptide, a radioactive compound, an ion 
and a small molecule. In one embodiment, the binding moiety 
is selected from the group consisting of an antibody, an anti 
body derivative, a channel protein and a receptor. 
0180. In one embodiment, the composition is present in an 
environment including but not limited to water, air or soil. In 
one embodiment, the composition is a biological sample from 
an organism, including but not limited to blood, serum, 
plasma, urine, saliva, a biopsy sample, feces, tissue and a skin 
patch. In one embodiment, the Substance binds to and is 
internalized by the minicell or is otherwise inactivated by 
selective absorption. In one embodiment, the biological 
sample is returned to the organism after being contacting to 
the minicell. 
0181 For a better understanding of the present invention, 
reference is made to the accompanying detailed description 
and its scope will be pointed out in the appended claims. All 
references cited herein are hereby incorporated by reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0182 FIG. 1 is a Western blot in which Edg-1-6xHis and 
Edg-3-6xHis proteins expressed in minicells produced from 
MC-TT cells. 
0183 FIG.2 shows induction of MalE(L)-NTR in isolated 
minicells. 

ABBREVIATIONS AND DEFINITIONS 

0184 For brevity's sake, the single-letter amino acid 
abbreviations are used in some instances herein. Table 1 
describes the correspondence between the 1- and 3-letter 
amino acid abbreviations. 

TABLE 1. 

THREE-AND ONE-LETTERABBREVIATIONS 
FORAMINOACIDS 

Three-letter One-letter 
Amino acid abbreviation symbol 

Alanine Ala A. 
Arginine Arg R 
Asparagine ASn N 
Aspartic Acid Asp D 
Cysteine Cys C 
Glutamine Gln Q 
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TABLE 1-continued 

THREE-AND ONE-LETTERABBREVIATIONS 
FORAMINOACIDS 

Three-letter One-letter 
Amino acid abbreviation symbol 

Glutamic acid Glu E 
Glycine Gly G 
Histidine His H 
Isoleucine Ile I 
Leucine Leu L 
Lysine Lys K 
Methionine Met M 
Phenylalanine Phe F 
Proline Pro P 
Serine Ser S 
Threonine Thr T 
Tryptophan Trp W 
Tyrosine Tyr Y 
Valine Wall V 

0185. A "conjugatable compound' or “attachable com 
pound is capable of being attached to another compound. 
The terms “conjugated to' and “cross-linked with indicate 
that the conjugatable compound is in the state of being 
attached to another compound. A "conjugate' is the com 
pound formed by the attachment of a conjugatable compound 
or conjugatable moiety to another compound. 
0186 “Culturing signifies incubating a cell or organism 
under conditions wherein the cell or organism can carry out 
Some, if not all, biological processes. For example, a cell that 
is cultured may be growing or reproducing, or it may be 
non-viable but still capable of carrying out biological and/or 
biochemical processes such as replication, transcription, 
translation, etc. 
0187. An agent is said to have been “purified if its con 
centration is increased, and/or the concentration of one or 
more undesirable contaminants is decreased, in a composi 
tion relative to the composition from which the agent has been 
purified. Purification thus encompasses enrichment of an 
agentina composition and/or isolation of an agent therefrom. 
0188 A “solid support' is any solid or semisolid compo 
sition to which an agent can be attached or contained within. 
Common forms of solid support include, but are not limited 
to, plates, tubes, and beads, all of which could be made of 
glass or another Suitable material, e.g., polystyrene, nylon, 
cellulose acetate, nitrocellulose, and other polymers. Semi 
Solids and gels that minicells are suspended within are also 
considered to be solid Supports. A Solid Support can be in the 
form of a dipstick, flow-through device, or other suitable 
configuration. 
0189 A“mutation' is a change in the nucleotide sequence 
of a gene relative to the sequence of the “wild-type gene. 
Reference wild-type eubacterial strains are those that have 
been cultured in vitro by scientists for decades; for example, 
a wild-type strain of Escherichia coli iss E. coli K-12. Muta 
tions include, but are not limited to, point mutations, dele 
tions, insertions and translocations. 
0190. A “trans-acting regulatory domain is a regulatory 
part of a protein that is expressed from a gene that is not 
adjacent to the site of regulatory effect. Trans-acting domains 
can activate or stimulate (transactivate), or limit or block 
(transrepress) the gene in question. 
0191) A “reporter gene' refers to a gene that is operably 
linked to expression sequences, and which expresses a gene 
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product, typically a detectable polypeptide, the production 
and detection of which is used as a measure of the robustness 
and/or control of expression. 
(0192. A “detectable compound” or “detectable moiety” 
produces a signal that can be detected by spectroscopic, pho 
tochemical, biochemical, immunochemical, electromag 
netic, radiochemical, or chemical means such as fluores 
cence, chemifluoresence, or chemiluminescence, or any other 
appropriate means. A “radioactive compound' or “radioac 
tive composition' has more than the natural (environmental) 
amount of one or more radioisotopes. 
0193 By “displayed it is meant that a portion of the 
membrane protein is present on the Surface of a cell or mini 
cell, and is thus in contact with the external environment of 
the cell or minicell. The external, displayed portion of a 
membrane protein is an “extracellular domain or a "dis 
played domain. A membrane protein may have more than 
one displayed domain, and a minicell of the invention may 
display more than one membrane protein. 
0.194. A “domain or “protein domain is a region of a 
molecule or structure that shares common physical and/or 
chemical features. Non-limiting examples of protein domains 
include hydrophobic transmembrane or peripheral mem 
brane binding regions, globular enzymatic or receptor 
regions, and/or nucleic acid binding domains. 
0.195 A “transmembrane domain spans a membrane, a 
“membrane anchoring domain is positioned within, but does 
not traverse, a membrane. An “extracellular or “displayed 
domain is present on the exterior of a cell, or minicell, and is 
thus in contact with the external environment of the cell or 
minicell. 
0196. A “eukaryote” is as the term is used in the art. A 
eukaryote may, by way of non-limiting example, be a fungus, 
a unicellular eukaryote, a plant or an animal. An animal may 
be a mammal. Such as a rat, a mouse, a rabbit, a dog, a cat, a 
horse, a cow, a pig, a simian or a human. 
0.197 A“eukaryotic membrane' is a membrane found in a 
eukaryote. A eukaryotic membrane may, by way of non 
limiting example, a cytoplasmic membrane, a nuclear mem 
brane, a nucleolar membrane, a membrane of the endoplas 
mic reticulum (ER), a membrane of a Golgi body, a 
membrane of a lysosome a membrane of a peroxisome, a 
caveolar membrane, or an inner or outer membrane of a 
mitochondrion, chloroplast or plastid. 
0198 The term “endogenous” refers to something that is 
normally found in a cell as that cell exists in nature. 
0199 The term “exogenous” refers to something that is 
not normally found in a cell as that cell exists in nature. 
0200. A “gene' comprises (a) nucleotide sequences that 
either (i) act as a template for a nucleic acid gene product, or 
(ii) that encode one or more open reading frames (ORFs); and 
(b) expression sequences operably linked to (1) or (2). When 
a gene comprises an ORF, it is a "structural gene.” 
0201 By “immunogenic,” it is meant that a compound 

elicits production of antibodies or antibody derivatives and, 
additionally or alternatively, a T-cell mediated response, 
directed to the compound or a portion thereof. The compound 
is an “immunogen.” 
0202. A “ligand is a compound, composition or moiety 
that is capable of specifically bound by a binding moiety, 
including without limitation, a receptor and an antibody or 
antibody derivative. 
0203. A “membrane protein' is a protein found in whole 
or in part in a membrane. Typically, a membrane protein has 
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(1) at least one membrane anchoring domain, (2) at least one 
transmembrane domain, or (3) at least one domain that inter 
acts with a protein having (1) or (2). 
0204 An “ORF or “open reading frame' is a nucleotide 
sequence that encodes an amino acid sequence of a known, 
predicted or hypothetical polypeptide. An ORF is bounded on 
its 5' end by a start codon (usually ATG) and on its 3' end by 
a stop codon (i.e., TAA or TGA). An ORF encoding a 10 
amino acid sequence comprises 33 nucleotides (3 for each of 
10 amino acids and 3 for a stop codon). ORFs can encode 
amino acid sequences that comprise from 10, 25, 50, 125, 
150, 175, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800, 
900 or more amino acids 
(0205 The terms “Eubacteria” and “prokaryote” are used 
herein as these terms are used by those in the art. The terms 
“eubacterial' and “prokaryotic' encompasses Eubacteria, 
including both gram-negative and gram-positive bacteria, 
prokaryotic viruses (e.g., bacteriophage), and obligate intra 
cellular parasites (e.g., Rickettsia, Chlamydia, etc.). 
0206. An “active site' is any portion or region of a mol 
ecule required for, or that regulates, an activity of the mol 
ecule. In the case of a protein, an active site can be a binding 
site for a ligand or a Substrate, an active site of enzyme, a site 
that directs or undergoes conformational change in response 
to a signal, or a site of post-translational modification of a 
protein. 
0207. In a poroplast, the eubacterial outer membrane 
(OM) and LPS have been removed. In a spheroplast, portions 
of a disrupted eubacterial OM and/or disrupted cell wall 
either may remain associated with the inner membrane of the 
minicell, but the membrane is nonetheless porous because the 
permeability of the disrupted OM has been increased. A 
membrane is the to be “disrupted when the membrane's 
structure has been treated with an agent, or incubated under 
conditions, that leads to the partial degradation of the mem 
brane, thereby increasing the permeability thereof. In con 
trast, a membrane that has been “degraded' is essentially, for 
the applicable intents and purposes, removed. In preferred 
embodiments, irrespective of the condition of the OM and cell 
wall, the eubacterial inner membrane is not disrupted, and 
membrane proteins displayed on the inner membrane are 
accessible to compounds that are brought into contact with 
the minicell, poroplast, spheroplast, protoplast or cellular 
poroplast, as the case may be. 
0208 Host cells (and/or minicells) harboring an expres 
sion construct are components of expression systems. 
0209. An "expression vector” is an artificial nucleic acid 
molecule into which an exogenous ORF encoding a protein, 
or a template of a bioactive nucleic acid can be inserted in 
Such a manner So as to be operably linked to appropriate 
expression sequences that direct the expression of the exog 
enous gene. Preferred expression vectors are episomal vec 
tors that can replicate independently of chromosomal repli 
cation. 
0210. By the term “operably linked it is meant that the 
gene products encoded by the non-vector nucleic acid 
sequences are produced from an expression element in vivo. 
0211. The term “gene product” refers to either a nucleic 
acid (the product of transcription, reverse transcription, or 
replication) or a polypeptide (the product of translation) that 
is produced using the non-vector nucleic acid sequences as a 
template. 
0212. An “expression construct” is an expression vector 
into which a nucleotide sequence of interest has been inserted 
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in a manner so as to be positioned to be operably linked to the 
expression sequences present in the expression vector. Pre 
ferred expression constructs are episomal. 
0213. An “expression element” is a nucleic acid having 
nucleotide sequences that are present in an expression con 
struct but not its cognate expression vector. That is, an expres 
sion element for a polypeptide is a nucleic acid that comprises 
an ORF operably linked to appropriate expression sequences. 
An expression element can be removed from its expression 
construct and placed in other expression vectors or into chro 
mosomal DNA. 
0214 "Expression sequences are nucleic acid sequences 
that bind factors necessary for the expression of genes that 
have been inserted into an expression vector. An example of 
an expression sequence is a promoter, a sequence that binds 
RNA polymerase, which is the enzyme that produces RNA 
molecules using DNA as a template. An example of an 
expression sequence that is both inducible and repressible is 
L-arabinose operon (araC). See Schleif R. Regulation of the 
L-arabinose operon of Escherichia coli. Trends Genet. 2000 
December; 16(12):559-65. 
0215. In the present disclosure, “a nucleic acid' or “the 
nucleic acid refers to a specific nucleic acid molecule. In 
contrast, the term “nucleic acid refers to any collection of 
diverse nucleic acid molecules, and thus signifies that any 
number of different types of nucleic acids are present. By way 
of non-limiting example, a nucleic acid may be a DNA, a 
dsRNA, a tRNA (including a rare codon usage tRNA), an 
mRNA, a ribosomal RNA (rRNA), a peptide nucleic acid 
(PNA), a DNA:RNA hybrid, an antisense oligonucleotide, a 
ribozyme, or an aptamer. 

DETAILED DESCRIPTION OF THE INVENTION 

0216. The invention described herein is drawn to compo 
sitions and methods for the production of achromosomal 
archeabacterial. eubacterial and anucleate eukaryotic cells 
that are used for diagnostic and therapeutic applications, for 
drug discovery, and as research tools. 
0217. The general advantage of minicells over cell-based 
expression systems (e.g., eucaryotic cells or bacterial expres 
sion systems) is that one may express heterologous mem 
brane bound proteins or over express endogenous membrane 
bound proteins, cytoplasmic or secreted Soluble proteins, or 
Small molecules on the cytoplasmic or extracellular Surfaces 
of the minicells that would otherwise be toxic to live cells. 
Minicells are also advantageous for proteins that require a 
particular lipid environment for proper functioning because it 
is very manipulatable in nature. Other advantages include the 
stability of the minicells due to the lack of toxicity, the high 
level of expression that can be achieved in the minicell, and 
the efficient flexible nature of the minicell expression system. 
Such minicells could be used for in vivo targeting or for 
selective absorption (i.e., molecular'sponges') and that these 
molecules can be expressed and “displayed at high levels. 
Minicells can also be used to display proteins for low, 
medium, high, and ultra high throughput Screening, crystal 
formation for structure determination, and for in vitro 
research use only applications such as transfection. Minicells 
expressing proteins or Small molecules, radioisotopes, 
image-enhancing reagents can be used for in vivo diagnostics 
and for in vitro diagnostic and assay platforms. Also, soluble 
and/or membrane associated signaling cascade elements may 
be reconstituted in minicells producing encapsulated divices 
to follow extracellular stimulation events using cytoplasmic 
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reporter events, e.g. transactivation resulting from dimeriza 
tion of dimerization dependant transcriptional activation or 
repression of said reporter. 
0218 Regarding protein expression, minicells can be 
engineered to express one or more recombinant proteins in 
order to produce more protein per Surface area of the particle 
(at least 10x more protein per unit Surface area of protein). 
The proteins or small molecules that are “displayed on the 
minicell Surfaces can have therapeutic, discovery or diagnos 
tic benefit either when injected into a patient or used in a 
selective absorption mode during dialysis. In vitro assays 
include drug screening and discovery, structural proteomics, 
and other functional proteomics applications. Proteins that 
are normally soluble can be tethered to membrane anchoring 
domains or membrane proteins can be expressed for the pur 
pose of displaying these proteins on the Surfaces of the mini 
cell particle in therapeutic, discovery, and diagnostic modes. 
The types of proteins that can be displayed include but are not 
limited to receptors (e.g., GPCRs, sphingolipid receptors, 
neurotransmitter receptors, sensory receptors, growth factor 
receptors, hormone receptors, chemokine receptors, cytokine 
receptors, immunological receptors, and complement recep 
tors, FC receptors), channels (e.g., potassium channels, 
Sodium channels, calcium channels.), pores (e.g., nuclear 
pore proteins, water channels), ion and other pumps (e.g., 
calcium pumps, proton pumps), exchangers (e.g., Sodium/ 
potassium exchangers, sodium/hydrogen exchangers, potas 
sium/hydrogen exchangers), electron transport proteins (e.g., 
cytochrome oxidase), enzymes and kinases (e.g., protein 
kinases, ATPases, GTPases, phosphatases, proteases.), struc 
tural/linker proteins (e.g., Caveolins, clathrin), adapter pro 
teins (e.g., TRAD, TRAP, FAN), chemotactic/adhesion pro 
teins (e.g., ICAM11, selectins, CD34, VCAM-1, LFA-1, 
VLA-1), and chimeric/fussion proteins (e.g., proteins in 
which a normally soluble protein is attached to a transmem 
brane region of another protein). As a non-limiting example, 
the small molecules that can be tethered and displayed on the 
Surfaces of the minicells can be carbohydrates (e.g., 
monosaccharides), bioactive lipids (e.g., lysosphingolipids, 
PAF, lysophospholipids), drugs (e.g., antibiotics, ion channel 
activators/inhibitors, ligands for receptors and/or enzymes), 
nucleic acids (e.g., synthetic oligonucleotides), fluorophores, 
metals, or inorganic and organic Small molecules typically 
found in combinatorial chemistry libraries. Minicells may 
either contain (encapsulate) or display on their Surfaces radio 
nuclides or image-enhancing reagents both of which could be 
used for therapeutic and/or diagnostic benefit in vivo or for in 
vitro assays and diagnostic platforms. 
0219 For in vivo therapeutic uses, minicells can express 
proteins and/or display Small molecules on their Surfaces that 
would either promote an immune response and passage 
through the RES system (e.g., to eliminate the minicell and its 
target quickly), or to evade the RES (e.g., to increase the 
bioavailability of the minicell). Toxicity is reduced or elimi 
nated because the therapeutic agent is not excreted or pro 
cessed by the liver and thus does not damage the kidneys or 
liver, because the minicell-based therapeutic is not activated 
until entry into the target cell (e.g., in the case of cancer 
therapeutics or genetherapy). Minicells are of the appropriate 
size (from about 0.005, 0.1, 0.15 or 0.2 micrometers to about 
0.25, 0.3,0.35, 0.4,0.45 or 0.5 micrometers) to facilitate deep 
penetration into the lungs in the cases where administration of 
the minicell-based therapeutic or diagnostic is via an inhalant 
(Strong, A. A., et al. 1987. An aerosol generator System for 
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inhalation delivery of pharmacological agents. Med. Instrum. 
21:189-194). This is due to the fact that minicells can be 
aerosolized. Without being limited to the following examples, 
inhalant therapeutic uses of minicells could be applied to the 
treatment of anaphylactic shock, viral infection, inflamma 
tory reactions, gene therapy for cystic fibrosis, treatment of 
lung cancers, and fetal distress syndrome. 
0220 Minicells can also display expressed proteins that 
are enzymes that may have therapeutic and/or diagnostic 
uses. The enzymes that are displayed may be soluble enzymes 
that are expressed as fusion proteins with a transmembrane 
domain of another protein. Display of Such enzymes could be 
used for in vitro assays or for therapeutic benefit. 
0221 Gene therapy applications afforded by minicells 
generally involve the ability of minicells to deliver DNA to 
target cells (either for replacement therapy, modifation of cell 
function or to kill cells). Expression plasmids can be deliv 
ered to target cells that would encode proteins that could be 
cytoplasmic or could have intracellular signal sequences that 
would target the protein to a particular organelle (e.g., mito 
chondria, nuclei, endoplasmic reticulum, etc.). In the case 
where minicells are engulfed by the taget cell, the minicells 
themselves could have these intracellular targeting sequences 
expressed on their surfaces so that the minicells could be 
delivered to intracellular targets. 
0222 Minicells used for the following therapeutic, dis 
covery, and diagnostic applications can be prepared as 
described in this application and then stored and/or packaged 
by a variety of ways, including but not limited to lyophiliza 
tion, freezing, mixing with preservatives (e.g., antioxidants, 
glycerol), or otherwise stored and packaged in a fashion simi 
lar to methods used for liposome and proteoliposome formu 
lations. 

0223. The small size of minicells (from about 0.005, 0.1, 
0.15 or 0.2 micrometers to about 0.25, 0.3, 0.35, 0.4,0.45 or 
0.5 micrometers) makes them suitable for many in vitro diag 
nostic platforms, including the non-limiting examples of lat 
eral flow, ELISA, HTS, especially those applications requir 
ing microspheres or nanospheres that display many target 
proteins or other molecules. The use of protoplast or poro 
plast minicells may be especially useful in this regard. Assay 
techniques are dependent on cell or particle size, protein (or 
molecule to be tested) amount displayed on the surface of the 
cell or particle, and the sensitivity of the assay being mea 
Sured. In current whole-cell systems, the expression of the 
protein of interest is limiting, resulting in the higher cell 
number requirement to satisfy the sensitivity of most assays. 
However, the relatively large size of cells prevents the incor 
poration of large numbers of cells in these assays, e.g. 96,384. 
and Smaller well formats. In contrast, minicells, protoplasts, 
and poroplasts are Smaller in size and can be manipulated to 
express high levels of the preselected protein, and can be 
incorporated into Small well assay formats. 
0224 I. Types of Minicells 
0225 Minicells are derivatives of cells that lack chromo 
somal DNA and which are sometimes referred to as anucleate 
cells. Because eubacterial and achreabacterial cells, unlike 
eukaryotic cells, do not have a nucleus (a distinct organelle 
that contains chromosomes), these non-eukaryotic minicells 
are more accurately described as being “without chromo 
somes” or “achromosomal,” as opposed to “anucleate.” 
Nonetheless, those skilled in the art often use the term 
“anucleate” when referring to bacterial minicells in addition 
to other minicells. Accordingly, in the present disclosure, the 
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term “minicells' encompasses derivatives of eubacterial cells 
that lack a chromosome; derivatives of archeabacterial cells 
that lack their chromosome(s) (Laurence et al., Nucleoid 
Structure and Partition in Methanococcus jannaschii: An 
Archaeon With Multiple Copies of the Chromosome, Genet 
ics 152:1315-1323, 1999); and anucleate derivatives of 
eukaryotic cells. It is understood, however, that some of the 
relevant art may use the terms “anucleate minicells' or 
anucleate cells' loosely to refer to any of the preceeding types 
of minicells. 
0226 I.A. Eubacterial Minicells 
0227. One type of minicell is a eubacterial minicell. For 
reviews of eubacterial cell cycle and division processes, see 
Rothfield et al., Bacterial Cell Division, Annu. Rev. Genet., 
33:423-48, 1999: Jacobs et al., Bacterial cell division: A 
moveable feast, Proc. Natl. Acad. Sci. USA, 96:5891-5893, 
May, 1999: Koch, The Bacterium's Way for Safe Enlarge 
ment and Division, Appl. and Envir. Microb., Vol. 66, No. 9, 
pp. 3657-3663: Bouche and Pichoff. On the birth and fate of 
bacterial division sites. Mol Microbiol, 1998. 29: 19-26; 
Khachatourians et al., Cell growth and division in Escheri 
chia coli: a common genetic control involved in cell division 
and minicell formation. J Bacteriol, 1973. 116: 226-229; 
Cooper. The Escherichia coli cell cycle. Res Microbiol, 1990. 
141: 17-29; and Danachie and Robinson, “Cell Division: 
Parameter Values and the Process, in: Escherichia Coli and 
Salmonella Tiphimurium. Cellular and Molecular Biology, 
Neidhardt, Frederick C. Editor in Chief, American Society 
for Microbiology, Washington, D.C., 1987, Volume 2, pages 
1578-1592, and references cited therein; and Lutkenhaus et 
al., “Cell Division. Chapter 101 in: Escherichia coli and 
Salmonella typhimurium. Cellular and Molecular Biology, 
2' Ed., Neidhardt, Frederick C., Editor in Chief, American 
Society for Microbiology, Washington, D.C., 1996, Volume 
2, pages 1615-1626, and references cited therein. When DNA 
replication and/or chromosomal partitioning is altered, mem 
brane-bounded vesicles "pinch off from parent cells before 
transfer of chromosomal DNA is completed. As a result of 
this type of dysfunctional division, minicells are produced 
which contain an intact outer membrane, inner membrane, 
cell wall, and all of the cytoplasm components but do not 
contain chromosomal DNA. See Table 2. 
0228 I.B. Eukaryotic Minicells 
0229. The term “eukaryote' is defined as is used in the art, 
and includes any organism classified as Eucarya that are 
usually classified into four kingdoms: plants, animals, fungi 
and protists. The first three of these correspond to phyloge 
netically coherent groups. However, the eucaryotic protists 
do not form a group, but rather are comprised of many phy 
logenetically disparate groups (including slime molds, mul 
tiple groups of algae, and many distinct groups of protozoa). 
See, e.g., Olsen, G. http://www.bact.wisc.edu/microtext 
book/. A type of animal of particular interest is a mammal, 
including, by way of non-limiting example a rat, a mouse, a 
rabbit, a dog, a cat, a horse, a cow, a pig, a simian and a human. 
0230 Chromosomeless eukaryotic minicells (i.e., anucle 
ate cells) are within the scope of the invention. Platelets are a 
non-limiting example of eukaryotic minicells. Platelets are 
anucleate cells with little or no capacity for de novo protein 
synthesis. The tight regulation of protein synthesis in platelets 
(Smith et al., Platelets and stroke, Vasc Med 4:165-72, 1999) 
may allow for the over-production of exogenous proteins and, 
at the same time, under-production of endogenous proteins. 
Thrombin-activated expression elements such as those that 
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are associated with Bcl-3 (Weyrich et al., Signal-dependent 
translation of a regulatory protein, Bcl-3, in activated human 
platelets, Cel Biology 95:5556-5561, 1998) may be used to 
modulate the expresion of exogneous genes in platelets. 
0231. As another non-limiting example, eukaryotic mini 
cells are generated from tumor cell lines (Gyongyossy-Issa 
and Khachatourians, Tumour minicells: single, large vesicles 
released from cultured mastocytoma cells (1985) Tissue Cell 
17:801-809; Melton, Cell fusion-induced mouse neuroblas 
tomas HPRT revertants with variant enzyme and elevated 
HPRT protein levels (1981) Somatic Cell Genet 7:331-344). 
0232 Yeast cells are used to generate fungal minicells. 
See, e.g., Lee et al., Ibdlp, a possible spindle pole body 
associated protein, regulates nuclear division and bud sepa 
ration in Saccharomyces cerevisiae, Biochim Biophys Acta 
3:239-253, 1999: Kopecka et al. A method of isolating 
anucleated yeast protoplasts unable to synthesize the glucan 
fibrillar component of the wall J Gen Microbiol 81:111-120, 
1974; and Yoo et al., Fission yeast Hrp1, a chromodomain 
ATPase, is required for proper chromosome segregation and 
its overexpression interferes with chromatin condensation, 
NuclAcids Res 28:2004-2011, 2000. Cell division in yeast is 
reviewed by Gould and Simanis, The control of septum for 
mation in fission yeast, Genes & Dev 11:2939-51, 1997). 
0233. I.C. Archeabacterial Minicells 
0234. The term “archeabacterium' is defined as is used in 
the art and includes extreme thermophiles and other Archaea. 
Woese, C. R. L. Magrum. G. Fox. 1978. Archeabacteria. 
Journal of Molecular Evolution. 11:245-252. Three types of 
Archeabacteria are halophiles, thermophiles and methano 
gens. By physiological definition, the Archaea (informally, 
archaes) are single-cell extreme thermophiles (including 
thermoacidophiles), Sulfate reducers, methanogens, and 
extreme halophiles. The thermophilic members of the 
Archaea include the most thermophilic organisms cultivated 
in the laboratory. The aerobic thermophiles are also acido 
philic; they oxidize sulfur in their environment to sulfuric 
acid. The extreme halophiles are aerobic or microaerophilic 
and include the most salt tolerant organisms known. The 
Sulfate-reducing Archaea reduce Sulfate to Sulfide in extreme 
environment. Methanogens are strict anaerobes, yet they gave 
rise to at least two separate aerobic groups: the halophiles and 
a thermoacidophilic lineage (Olsen, G. http://www.bact. 
wisc.edu/microtextbook/). Non-limiting examples of halo 
philes include Halobacterium cutirubrum and Halogerax 
mediterranei. Non-limiting examples of methanogens 
include Methanococcus voltae, Methanococcus vanniela, 
Methanobacterium thermoautotrophicum, Methanococcus 
voltae, Methanothermus fervidus; and Methanosarcina bark 
eri. Non-limiting examples of thermophiles include Azoto 
bacter vinelandii; Thermoplasma acidophilum, Pyrococcus 
horikoshii, Pyrococcus furiosus; and Crenarchaeota (ex 
tremely thermophilic archaebacteria) species such as Sulfolo 
bus solfataricus and Sulfolobus acidocaldarius. 
0235 Archeabacterial minicells are within the scope of 
the invention. Archeabacteria have homologs of eubacterial 
minicell genes and proteins, such as the MiniD polypeptide 
from Pyrococcus firiosus (Hayashi et al., EMBO J. 2001 
20:1819-28, Structural and functional studies of MinD 
ATPase: implications for the molecular recognition of the 
bacterial cell division apparatus). It is thus possible to create 
Archeabacterial minicells by methods such as, by way of 
non-limiting example, overexpressing the product of a min 
gene isolated from a prokaryote oran archeabacterium; or by 
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disrupting expression of a min gene in an archeabacterium of 
interest by, e.g., the introduction of mutations thereof oranti 
sense molecules thereto. See, e.g., Laurence et al., Nucleoid 
Structure and Partition in Methanococcus jannaschii: An 
Archaeon With Multiple Copies of the Chromosome, Genet 
ics 152:1315-1323, 1999. 
0236. In one aspect, the invention is drawn to archael 
minicells. By physiological definition, the Archaea (infor 
mally, archaes) are single-cell extreme thermophiles (includ 
ing thermoacidophiles), Sulfate reducers, methanogens, and 
extreme halophiles. The thermophilic members of the 
Archaea include the most thermophilic organisms cultivated 
in the laboratory. The aerobic thermophiles are also acido 
philic; they oxidize sulfur in their environment to sulfuric 
acid. The extreme halophiles are aerobic or microaerophilic 
and include the most salt tolerant organisms known. The 
Sulfate-reducing Archaea reduce Sulfate to Sulfide in extreme 
environment. Methanogens are strict anaerobes, yet they gave 
rise to at least two separate aerobic groups: the halophiles and 
a thermoacidophilic lineage (Olsen, G. http://www.bact. 
wisc.edu/microtextbook/). 
0237 I.D. Minicells Produced from Diverse Organisms 
0238. There are genes that can be disrupted to cause mini 
cell production that are conserved among the three King 
doms. For example, SMC (structural maintenance of chor 
mosomes) proteins are conserved among prokaryotes, 
archeabacteria and eukaryotes (Hirano, SMC-mediated chro 
mosome and mechanics: a conserved scheme from bacteria to 
vertebrates?, Genes and Dev. 13:11-19, 1999; Holmes et al., 
Closing the ring: Links between SMC proteins and chromo 
Some partitioning, condensation, and Supercoiling, PNAS 
97:1322-1324, 2000; Michiko and Hiranol, EMBO J 
17:7139-7148, 1998, ATP-dependent aggregation of single 
stranded DNA by a bacterial SMC homodimer, 1998). Muta 
tions in B. subtilis Smc genes result in the production of 
minicells (Britton et al., Characterization of a eubacterial smc 
protein involved in chromosome partitioning, Genes and Dev. 
12:1254-1259, 1998; Moriya et al., A Bacillus subtilis gene 
encoding proteinhomologous to eukaryotic SMC motor pro 
tein is necessary for chromosome partition Mol Microbiol 
29: 179-87, 1998). Disruption of smc genes in various cells is 
predicted to result in minicell production therefrom. 
0239. As another example, mutations in the yeast genes 
encoding TRF topoisomerases result in the production of 
minicells, and a human homolog of yeast TRF genes has been 
stated to exist (Castano et al. A novel family of TRF (DNA 
topoisomerase I-related function) genes required for proper 
nuclear segregation, Nucleic Acids Res 24:2404-10, 1996). 
Mutations in a yeast chromodomain ATPase, Hrp1, result in 
abnormal chromosomal segregation; (Yoo et al., “Fission 
yeast Hrp1, a chromogomain ATPase, is required for proper 
chromosome segregation and its overexpression interferes 
with chromatin condensation. Nuc. Acids Res. 28:2004 
2001). Disruption of TRF and/or Hrp1 function is predicted to 
cause minicell production in various cells. Genes involved in 
septum formation in fission yeast (see, e.g., Gould et al., “The 
control of septum formation in fission yeast. Genes and Dev. 
11:2939-2951, 1997) can be used in like fashion. 
0240. As another example, mutations in the diviVA gene 
of Bacillus subtilis results in minicell production (Table 2). 
When expressed in E. coli or the yeast Schizosaccharomyces 
pombe, a B. subtilis DiviVA-GFP protein is targeted to cell 
division sites therein, even though clear homologs of DiviVA 
do not seem to exist in E. coli or S. pombe (David et al., 
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Promiscuous targeting of Bacillus subtilis cell division pro 
tein DivVA to division sites in Escherichia coli and fission 
yeast, EMBOJ 19:2719-2727, 2000.) Over- or under-expres 
sion of B. subtilis DiviVA or a homolog thereof may be used 
to reduce minicell production in a variety of cells. 
0241 II. Production of Minicells 
0242 Eubacterial minicells are produced by parent cells 
having a mutation in, and/or overexpressing, or under 
expressing a gene involved in cell division and/or chromo 
Somal partitioning, or from parent cells that have been 
exposed to certain conditions, that result in abberant fission of 
bacterial cells and/or partitioning in abnormal chromosomal 
segregation during cellular fission (division). The term "par 
ent cells” or “parental cells' refers to the cells from which 
minicells are produced. Minicells, most of which lack chro 
mosomal DNA (Mulder et al., The Escherichia coli minB 
mutation resembles gyrB in Defective nucleoid segregation 
and decreased negative Supercoiling of plasmids. Mol Gen 
Genet, 1990, 221: 87-93), are generally, but need not be, 
Smaller than their parent cells. Typically, minicells produced 
from E. coli cells are generally spherical in shape and are 
about 0.1 to about 0.3 um in diameter, whereas whole E. coli 
cells are about from about 1 to about 3 um in diameter and 
from about 2 to about 10 um in length. Micrographs of E. coli 
cells and minicells that have been stained with DAPI (4:6– 
diamidino-Z-phenylindole), a compound that binds to DNA, 
show that the minicells do not stain while the parent E. coli are 
brightly stained. Such micrographs demonstrate the lack of 
chromosomal DNA in minicells. (Mulder et al., Mol. Gen. 
Genet. 221:87-93, 1990). 
0243 As shown in Table 2, minicells are produced by 
several different mechanisms such as, by way of non-limiting 
example, the over expression of genes involved in chromo 
Somal replication and partitioning, mutations in Such genes, 
and exposure to various environmental conditions. “Overex 
pression” refers to the expression of a polypeptide or protein 
encoded by a DNA introduced into a host cell, wherein the 
polypeptide or protein is either not normally present in the 
host cell, or wherein the polypeptide or protein is present in 
the host cell at a higher level than that normally expressed 
from the endogenous gene encoding the polypeptide or pro 
tein. For example, in E. coli cells that overexpress the gene 
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product FtsZ. (The FtsZ gene encodes a protein that is 
involved in regulation of divisions; see Cook and Rothfield, 
Early stages in development of the Escherichia coli cell 
division site. Mol Microbiol, 1994. 14: p. 485-495; and Lut 
kenhaus, Regulation of cell division in E. coli. Trends Genet, 
1990. 6: p. 22-25), there is an increase in the formation of 
minicells (Begget al., Roles of Fts.A and FtsZ, in the activation 
of division sites. J. Bacteriology, 1997. 180: 881-884). Mini 
cells are also produced by E. coli cells having a mutation in 
one or more genes of the min locus, which is a group of genes 
that encode proteins that are involved in cell division (de Boer 
et al., Central role for the Escherichia coli minC gene product 
in two different cell division-inhibition systems. Proc. Natl. 
Acad. Sci. USA, 1990. 87: 1129-33; Akerlund et al., Cell 
division in Escherichia coli minB mutants. Mol Microbiol, 
1992. 6: 2073-2083). 
0244 Prokaryotes that have been shown to produce mini 
cells include species of Escherichia, Shigella, Bacillus, Lac 
tobacillus, and Campylobacter. Bacterial minicell-producing 
species of particular interest are E. coli and Bacillus subtilis. 
E. coli is amenable to manipulation by a variety of molecular 
genetic methods, with a variety of well-characterized expres 
sion systems, including many episomal expression systems, 
factors and elements useful in the present invention. B. sub 
tilis, also amenable to genetic manipulation using episomal 
expression elements, is an important industrial organism 
involved in the production of many of the world's industrial 
enzymes (proteases, amylases, etc.), which it efficiently pro 
duces and secretes. 
0245. In the case of other eubacterial species, homologs of 
E. coli or B. Subilis genes that cause minicell production 
therein are known or can be identified and characterized as is 
known in the art. For example, the min regions of the chro 
mosome of Strepococcus pneumoniae and Neisseria gonor 
rhoeae have been characterized (Massidda et al., Unconven 
tional organization of the division and cell wall gene cluster of 
Streptococcus pneumoniae, Microbiology 144:3069-78, 
1998; and Ramirez-Arcos et al., Microbiology 147:225-237, 
2001 and Szeto et al., Journal of Bacteria 183(21):6253, 
2001, respectively). Those skilled in the art are able to isolate 
minicell producing (min) mutants, or prepare compounds 
inhibitory to genes that induce a minicell production (e.g., 
antisense to min transcripts). 

TABLE 2 

Eubacterial Strains. Mutations and Conditions that Promote Minicell Formation 

Species 

Campylobacterieitini 

Bacilius subtiis 

Bacilius cereus 

Shigella flexneri (2a) 
S. dysenteriae (1) 

Strain Notes References 

may occur naturally late Brocket al., 1987 
in growth cycle 
Mutations in divVB locus Barak et al., 1999 
(inc. minC, miniD 
ripX mutations Sciochetti et al., 1999; 

Lemon et al., 2001 
Smc mutations Moriya et al., 1998; 

Britton et al., 1998 
oriC deletions Moriya et al., 1997: 

Hassan et al., 1997 
prfA mutations Pederson and Setlow, 2001 
Mutations in divVA locus Cha et al., 1997 

B.S. 168 ts initiation mutation TsB143 Sargent, 1975 
WSBC Induced by exposure to Maier et al., 1999 
10030 long-chain polyphosphate 
MC-1 Gemski et al., 1980 
MC-V Gemski et al., 1980 
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TABLE 2-continued 
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Eubacterial Strains. Mutations and Conditions that Promote Minicell Formation 

Species Strain 

Lactobacilius spp. 

Neisseria gonorrhoeae 

Escherichia coi 

CA8000 

DS410 

P678-54 

Legionella Pneumophila 

Citations for Table 2: 

Notes 

Variant minicell-producing 
strains isolated from grains 
deletion or overepression 
of min homologues 
MinA mutations 

MinB mutations and deletions 

cya, crp mutations 
MukA1 mutation 
MukE, mukE mutations 
hns mutation 

X1972, X, 1776 and X 2076 
Temperature-sensitive cell 
division mutations 

Induced by overexpression 
of minB protein 
Induced by overexpression of 
minE protein or derivatives 
Induced by oveproduction of 
ftSZ gene 
Induced by overexpression 
ofsdiA gene 
Induced by overexpression of min 
genes from Neisseria gonorrhoeae 
Induced by exposure to EGTA 
Induced by exposure to amplicillin 

Adler et al., Proc. Nati. Acad. Sci. 57: 321-326 (1967) 
Akerlund et al., Moi. Microbiol. 6: 2073-2083 (1992) 
Allen et al., Biochem. Biophys. Res. Communi. 47: 1074-1079 (1972) 

Cohen et al., Genetics 56; 550-551 (1967) 
Curtiss, Roy III, U.S. Pat. No. 4,190.495; Is 

Heighway et al., Nucleic Acids Res. 17:689 
Hiraga et al., J. Bacteriol. 177:3589-3592 ( 
Hollenberg et al., Gene 1: 33-47 (1976) 
Kumar et al., Moi. Gen. Genei. 176; 449-45 
Lemon et al., Proc. Nati. Acad Sci. USA 98 
Maier et al., Appi. Environ. Microbioi. 65:3 
Moriya et al., DNA Res 4: 115-26 (1997) 

Barak et al., J. Bacteriol. 180: 5237-5333 (1998) 
Britton et al., Genes Dev. 12: 1254-9 (1998) 
Brocket al., Can. J. Microbiol. 33:465-470 (1987) 
Cha et al., J. Bacteriol. 179; 1671-1683 (1997) 

sued Feb. 26, 1980 
Davie et al., J. Bacteriol. 170: 2106-2112 (1988) 
Elliott et al., J. Med. Microbiol, 19:383-390 (1985) 
Frazer et al., Curr: Top. Immunol. 69: 1-84 (1975) 
Gemski et al., infect. Immun. 30: 297-302 (1980) 
Hassan et al., J. Bacteriol. 179: 2494-502 (1997) 

3-6901 (1989) 
1995) 

O (1979) 
: 212-7 (2001) 
942-3949 (1999) 

Moriya et al., Moi. Microbiol. 29: 179-87 (1998) 
Markiewicz et al., FEMS Microbioi. Lett. 70: 119-123 (1992) 
Pederson and Setlow, J. Bacteriol. 182: 165 0-8 (2001) 
Pichoffet al., Moi. Microbiol. 18:321-329 (1995) 
Pidoux et al., J.App. Bacteriol. 69: 311-320 (1990) 
Ramirez-Arcos et al. Microbiol. 147: 225-237 (2001) 
Sargent M. G., J. Bacteriol. 123: 1218-1234 (1975) 
Sciochetti et al., J. Bacteriol. 181: 6053-62 (1999) 
Schaumberg et al., J. Bacteriol. 153: 1063-1065 (1983) 
Szeto et al., Jour: of Bacter: 183 (21): 6253 (2001) 
Wachi et al., Biochimie 81:909-913 (1999) 
Wang et al., Ceil 42:941-949 (1985) 
Yamanaka et al., Moi. Gen. Genet. 250: 241 -251 (1996) 
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0246 II.A. Optimized Minicell Construction 
0247 Minicells are produced by several different eubac 

terial strains and mechanisms including the overexpression of 
endogenous or exogenous genes involved in cell division, 
chromosomal replication and partitioning, mutations in Such 
genes, and exposure to various chemical and/or physical con 
ditions. For example, in E. coli cells that overexpress the gene 
product FtsZ (theftsZ gene encodes a protein that is involved 
in regulation of cell division; see Cook and Rothfield, Early 
stages in development of the Escherichia coli cell-division 
site. Mol Microbiol, 1994. 14: p. 485-495; and Lutkenhaus, 
Regulation of cell division in E. coli. Trends Genet, 1990. 6: 
p. 22-25), there is an increase in the formation of minicells 
(Begg et al., Roles of Fts.A and FtsZ. in the activation of 
division sites.J. Bacteriology, 1997. 180: 881-884). Minicells 
are also produced by E. coli cells having a mutation in one or 
more genes of the min locus, which is a group of genes that 
encode proteins that are involved in cell division (de Boer et 
al., Central role for the Escherichia coli minC gene product in 
two different cell division-inhibition systems. Proc. Natl. 
Acad. Sci. USA, 1990. 87: 1129-33; Akerlund et al., Cell 
division in Escherichia coli minB mutants. Mol Microbiol, 
1992. 6: 2073-2083). 
0248 Eubacterial cells that have been shown to produce 
minicells include, but are not limited to species of Escheri 
chia, Shigella, Bacillus, Lactobacillus, Legionella and 
Campylobacter. Bacterial minicell-producing species of par 
ticular interest are E. coli and Bacillus subtilis. These organ 
isms are amenable to manipulation by a variety of molecular 
and genetic methods, with a variety of well-characterized 
expression systems, including many episomal and chromo 
Somal expression systems, as well as other factors and ele 
ments useful in the present invention. 
0249. The following sections describe genes that may be 
manipulated so as to stimulate the production of minicells. 
The invention may include any of these non-limiting 
examples for the purpose of preparing minicells. Further 
more, these genes and gene products and conditions, may be 
used in methodologies to identify other gene(s), gene prod 
ucts, biological events, biochemical events, or physiological 
events that induce or promote the production of minicells. 
These methodologies include, but are not limited to genetic 
selection, protein, nucleic acid, or combinatorial chemical 
library screen, one- or two-hybrid analysis, display selection 
technologies, e.g. phage or yeast display, hybridization 
approaches, e.g. array technology, and other high- or low 
throughput approaches. 
(0250 II.A.1. Homologs 
0251 Homologs of these genes and gene products from 
other organisms may also be used. As used herein, a 
“homolog” is defined is a nucleic acid or protein having a 
nucleotide sequence or amino acid sequence, respectively, 
that is “identical.” “essentially identical.” “substantially iden 
tical “homologous' or “similar” (as described below) to a 
reference sequence which may, by way of non-limiting 
example, be the sequence of an isolated nucleic acid or pro 
tein, or a consensus sequence derived by comparison of two 
or more related nucleic acids or proteins, or a group of iso 
forms of a given nucleic acid or protein. Non-limiting 
examples of types of isoforms include isoforms of differing 
molecular weight that result from, e.g., alternate RNA splic 
ing or proteolytic cleavage; and isoforms having different 
post-translational modifications, such as glycosylation; and 
the like. 
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0252) Two sequences are said to be “identical” if the two 
sequences, when aligned with each other, are exactly the 
same with no gaps, Substitutions, insertions or deletions. 
0253) Two sequences are said to be “essentially identical 
if the following criteria are met. Two amino acid sequences 
are "essentially identical” if the two sequences, when aligned 
with each other, are exactly the same with no gaps, insertions 
or deletions, and the sequences have only conservative amino 
acid Substitutions. Conservative amino acid Substitutions are 
as described in Table 3. 

TABLE 3 

CONSERVATIVE AMINOACID SUBSTITUTIONS 

Type of Amino 
Acid Side Chain 

Groups of Amino Acids that Are Conservative 
Substitutions Relative to Each Other 

Short side chain Glycine, Alanine, Serine, Threonine and Methionine 
Hydrophobic Leucine, Isoleucine and Valine 
Polar Glutamine and Asparagine 
Acidic Glutamic Acid and Aspartic Acid 
Basic Arginine, Lysine and Histidine 
Aromatic Phenylalanine, Tryptophan and Tyrosine 

0254 Two nucleotide sequences are “essentially identi 
cal if they encode the identical or essentially identical amino 
acid sequence. As is known in the art, due to the nature of the 
genetic code, some amino acids are encoded by several dif 
ferent three base codons, and these codons may thus be Sub 
stituted for each other without altering the amino acid at that 
position in an amino acid sequence. In the genetic code, TTA, 
TTG, CTT, CTC, CTA and CTG encode Leu: AGA, AGG, 
CGT, CGC, CGA and CGG encode Arg: GCT, GCC, GCA 
and GCG encode Ala; GGT, GGC, GGA and GGG encode 
Gly: ACT, ACC, ACA and ACG encode Thr; GTT, GTC, GTA 
and GTG encode Val; TCT, TCC, TCA and TCG encode Ser; 
CCT, CCC, CCA and CCG encode Pro: ATA, ATC and ATA 
encode Ile; GAA and GAG encode Glu; CAA and CAG 
encode Gln: GAT and GAC encode Asp; AAT and AAC 
encode ASn; AGT and AGC encode Ser; TAT and TAC encode 
Tyr; TGT and TGC encode Cys; AAA and AAG encode Lys: 
CAT and CAC encode His; TTT and TTC encode Phe, TGG 
encodes Trp; ATG encodes Met; and TGA, TAA and TAG are 
translation stop codons. 
0255. Two amino acid sequences are “substantially iden 
tical” if, when aligned, the two sequences are, (i) less than 
30%, preferably s20%, more preferably s 15%, most pref 
erably s 10%, of the identities of the amino acid residues vary 
between the two sequences; (ii) the number of gaps between 
or insertions in, deletions of and/or substitutions of, is is 10%, 
more preferably s5%, more preferably s3%, most prefer 
ably s 1%, of the number of amino acid residues that occur 
over the length of the shortest of two aligned sequences. 
0256 Two sequences are said to be “homologous' if any 
of the following criteria are met. The term “homolog” 
includes without limitation orthologs (homologs having 
genetic similarity as the result of sharing a common ancestor 
and encoding proteins that have the same function in different 
species) and paralog (similar to orthologs, yet gene and pro 
tein similarity is the result of a gene duplication). 
0257. One indication that nucleotide sequences are 
homologous is if two nucleic acid molecules hybridize to 
each other under stringent conditions. Stringent conditions 
are sequence dependent and will be different in different 
circumstances. Generally, stringent conditions are selected to 
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be about 5°C. lower than the thermal melting point (Tm) for 
the specific sequence at a defined ionic strength and pH. The 
Tm is the temperature (under defined ionic strength and pH) 
at which 50% of the target sequence hybridizes to a perfectly 
matched probe. Typically, Stringent conditions will be those 
in which the salt concentration is about 0.02 Mat pH 7 and the 
temperature is at least about 60° C. 
0258 Another way by which it can be determined if two 
sequences are homologous is by using an appropriate algo 
rithm to determine if the above-described criteria for substan 
tially identical sequences are met. Sequence comparisons 
between two (or more) polynucleotides or polypeptides are 
typically performed by algorithms such as, for example, the 
local homology algorithm of Smith and Waterman (Adv. 
Appl. Math. 2:482, 1981); by the homology alignment algo 
rithm of Needleman and Wunsch (J. Mol. Biol. 48:443, 
1970); by the search for similarity method of Pearson and 
Lipman (Proc. Natl. Acad. Sci. U.S.A. 85:2444, 1988); and 
by computerized implementations of these algorithms (GAP, 
BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics 
Software Package, version 10.2 Genetics Computer Group 
(GCG), 575 Science Dr. Madison, Wis.); BLASTP 
BLASTN, and FASTA (Altschulet al., J. Mol. Biol. 215:403 
410, 1990); or by visual inspection. 
0259 Optimal alignments are found by inserting gaps to 
maximize the number of matches using the local homology 
algorithm of Smith and Waterman (1981) Adv. Appl. Math. 
2:482-489. “Gap' uses the algorithm of Needleman and Wun 
sch (1970J Mol. Biol. 48:443-453) to find the alignment of 
two complete sequences that maximizes the number of 
matches and minimizes the number of gaps. In such algo 
rithms, a “penalty of about 3.0 to about 20 for each gap, and 
no penalty for end gaps, is used. 
0260 Homologous proteins also include members of clus 

ters of orthologous groups of proteins (COGS), which are 
generated by phylogenetic classification of proteins encoded 
in complete genomes. To date, COGs have been delineated by 
comparing protein sequences encoded in 43 complete 
genomes, representing 30 major phylogenetic lineages. Each 
COG consists of individual proteins or groups of paralogs 
from at least 3 lineages and thus corresponds to an ancient 
conserved domain (see Tatusov et al. A genomic perspective 
on protein families. Science, 278: 631-637, 1997: Tatusov et 
al., The COG database: new developments in phylogenetic 
classification of proteins from complete genomes, Nucleic 
Acids Res. 29:22-28, 2001; Chervitz et al., Comparisin of the 
Complete Sets of Worm and Yeast: Orthology and Diver 
gence, Science 282:2022-2028, 1998; and http://www.ncbi. 
nlm.nih.gov/COG/). 
0261 The entirety of two sequences may be identical, 
essentially identical, Substantially identical, or homologous 
to one another, orportions of such sequences may be identical 
or Substantially identical with sequences of similar length in 
other sequences. In either case, Such sequences are similar to 
each other. Typically, stretches of identical or essentially 
within similar sequences have a length of 212, preferably 
224, more preferably 248, and most preferably 296 resi 
dues. 

0262 II.A.2. Escherichia coli Genes 
0263. Exemplary genes and gene products from E. coli the 
expression and/or sequence of which can be manipulated so 
as to stimulate minicell production in E. coli or any other 
organism, as can homologs thereoffrom any species, include 
without limitation, the bolA gene (Aldea, M., et al. 1988. 
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Identification, cloning, and expression of bolA, an ftsZ-de 
pendent morphogene of Escherichia coli. J. Bacteriol. 170: 
5196-5176: Aldea, M., et al. 1990. Division genes in Escheri 
chia coli are expressed coordinately to cell septum 
requirements by gearbox promoters. EMBO J.9:3787-3794); 
the chp.A gene (Masuda, Y., et al. 1993. chp.A and chpB. 
Escherichia coli chromosomal homologs of the pem locus 
responsible for stable maintenance of plasmid R100. J. Bac 
teriol. 175:6850-6856); the chpB gene (Masuda, Y., et al. 
1993. chp.A and chpB, Escherichia coli chromosomal 
homologs of the pem locus responsible for stable mainte 
nance of plasmid R100. J. Bacteriol. 175:6850-6856); the 
chpR (chpAI) gene (Masuda, Y., et al. 1993. chp.A and chpB. 
Escherichia coli chromosomal homologs of the pem locus 
responsible for stable maintenance of plasmid R100. J. Bac 
teriol. 175:6850-6856); the chpS (chpBI)gene (Masuda, Y., et 
al. 1993. chp.A and chpB, Escherichia coli chromosomal 
homologs of the pem locus responsible for stable mainte 
nance of plasmid R100. J. Bacteriol. 175:6850-6856); the crg 
gene (Redfield, R.J., and A. M. Campbell. 1987. Structurae of 
cryptic lambda prophages. J. Mol. Biol. 198:393-404); the 
crp gene (Kumar, S., et al. 1979. Control of minicell produc 
ing cell division by cAMP-receptor protein complex in 
Escherichia coli. Mol. Gen. Genet. 176:449-450); the cya 
gene (Kumar, S., et al. 1979. Control of minicell producing 
cell division by cAMP-receptor protein complex in Escheri 
chia coli. Mol. Gen. Genet. 176:449-450); the dicA gene 
(Labie, C., et al. 1989. Isolation and mapping of Escherichia 
coli mutations conferring resistance to division inhibition 
protein DicB. J. Bacteriol. 171:4315-4319); the dicl3 gene 
(Labie, C., et al. 1989. Isolation and mapping of Escherichia 
coli mutations conferring resistance to division inhibition 
protein DicB. J. Bacteriol. 171:4315-4319; Labie, C., et al. 
1990. Minicell-forming mutants of Escherichia coli: suppres 
sion of both DicB- and MinD-dependent division inhibition 
by inactivation of the minC gene product. J. Bacteriol. 1990. 
172:5852-5858); the dicC gene (Bejar, S., et al. 1988. Cell 
division inhibition gene dic3 is regulated by a locus similar to 
lambdoid bacteriophage immunity loci. Mol. Gen. Genet. 
212:11-19); the dicF gene (Tetart, F., and J. P. Bouche. 1992. 
Regulation of the expression of the cell-cycle gene ftsZ. by 
DicFantisense RNA. Division does not require a fixed num 
ber of FtsZ. molecules. Mol. Microbiol. 6:615-620); the dif 
gene (Kuempel, P. L., et al. 1991. dif, a recA-independent 
recombination site in the terminus region of the chromosome 
of Escherichia coli. New Biol. 3:799-811); the dkSA gene 
(Yamanaka, K., et al. 1994. Cloning, sequencing, and char 
acterization of multicopy Suppressors of a mukB mutation in 
Escherichia coli. Mol. Microbiol. 13:301-312); the dnaK 
gene (Paek, K. H., and G. C. Walker. 1987. Escherichia coli 
dnaK null mutants are inviable at high temperature. J. Bacte 
riol. 169:283-290); the dna gene (Hoffman, H.J., et al. 1992. 
Activity of the Hsp70 chaperone complex DnaK, DnaJ, and 
GrpE in initiating phage lambda DNA replication by 
sequestering and releasing lambda P protein. Proc. Natl. 
Acad. Sci. 89:12108-12111); the fesA gene (Kudo, T., et al. 
1977. Characteristics of a cold-sensitive cell division mutant 
Escherichia coli K-12. Agric. Biol. Chem. 41.97-107); the fic 
gene (Utsumi, R., et al. 1982. Involvement of cyclic AMP and 
its receptor protein in filamentation of an Escherichia colific 
mutant. J. Bacteriol. 151:807-812: Komano, T., et al. 1991. 
Functional analysis of the fic gene involved in regulation of 
cell division. Res. Microbiol. 142:269-277); the fis gene 
(Spaeny-Dekking, L. et al. 1995. Effects of N-terminal dele 



US 2012/0135503 A1 

tions of the Escherichia coli protein F is on the growth rate, 
tRNA (2Ser) expression and cell morphology. Mol. Gen. 
Genet. 246:259-265); the ftsA gene (Bi, E., and J. Lutken 
haus. 1990. Analysis offtsZ. mutations that confer resistance 
to the cell division inhibitor SulA (SfiA). J. Bacterial. 172: 
5602-5609; Dai, K, and J. Lutkenhaus. 1992. The proper 
ration of FtsZ to Fts.A is required for cell division to occur in 
Escherichia coli. J. Bacteriol. 174:6145-6151); theftsE gene 
(Taschner, P. E. et al. 1988. Division behavior and shape 
changes in isogenic ftsZ. ftsO. ftSA, pbpB, and fish, cell 
division mutants of Escherichia coli during temperature shift 
experiments. J. Bacteriol. 170: 1533-1540); the fish gene 
(Ogura, T. et al. 1991. Structure and function of theftsH gene 
in Escherichia coli. Res. Microbiol. 142:279-282); the fits.I 
gene (Begg, K.J., and W. D. Donachie. 1985. Cell shape and 
division in Escherichia coli: experiments with shape and 
division mutants. J. Bacteriol. 163:615-622); the fis] gene 
(Ogura, T. et al. 1991. Structure and function of theftsH gene 
in Escherichia coli. Res. Microbiol. 142:279-282); the fisL 
gene (Guzman, et al. 1992. FtsI, an essential cytoplasmic 
membrane protein involved in cell division in Escherichia 
coli. J. Bacteriol. 174:7716-7728); the fisN gene (Dai, K. et 
al. 1993. Cloning and characterization of fisn, an essential 
cell division gene in Escherichia coli isolated as a multicopy 
suppressor of ftsA12(Ts). J. Bacteriol. 175:3790-3797); the 
ftsO gene (Wang, X. D. et al. 1991. A factor that positively 
regulates cell division by activating transcription of the major 
cluster of essential cell division genes of Escherichia coli. 
EMBO.J. 10:3362-3372); theftsW gene (Khattar, M. M. et al. 
1994. Identification of FtsW and characterization of a new 
ftsW division mutant of Escherichia coli. J. Bacteriol. 176: 
7140-7147); the fisX (ftsS) gene (Salmond, G. P. and S. 
Plakidou. 1984. Genetic analysis of essential genes in theftsB. 
region of the Escherichia coli genetic map and identification 
of a new cell division gene, ftsS. Mol. Gen. Genet. 197:304 
308); thefts Y gene (Gill, D. R. and G. P. Salmond. 1990. The 
identification of the Escherichia colifts Y gene product: an 
unusual protein. Mol. Microbiol. 4:575-583); the fisZ gene 
(Ward, J. E., and J. Lutkenhaus. 1985. Overproduction of 
FtsZ induces minicell formation. Cell. 42:941-949; Bi, E., 
and J. Lutkenhaus. 1993. Cell division inhibitors SulA and 
MinCD prevent formation of the FtsZring. J. Bacteriol. 175: 
1118-1125); the gyrB gene (Mulder, E., et al. 1990. The 
Escherichia coli minB mutation resembles gyrB in defective 
nucleoid segregation and decreased negative Supercoiling of 
plasmids. Mol. Gen. Genet. 221:87–93); the hlfB (fish)gene 
(Herman, C., et al. 1993. Cell growth and lambda phage 
development controlled by the same essential Escherichia 
coli gene, fish/hflB. Proc. Natl. Acad. Sci. 90:10861-10865); 
the hfugene (Takada, A., et al. 1999. Negative regulatory role 
of the Escherichia coli hf gene in cell division. Biochem. 
Biophys. Res. Commun. 266:579-583; the hip A gene (Scher 
rer, R., and H. S. Moyed. 1988. Conditional impairment of 
cell division and altered lethality in hipA mutants of Escheri 
chia coli K-12. J. Bacteriol. 170:3321-3326); the hipB gene 
(Hendricks, E. C., et al. 2000. Cell division, guillotining of 
dimer chromosomes and SOS induction in resolution mutants 
(dif, xerC and xerD) of Escherichia coli. Mol. Microbiol. 
36:973-981); the hns gene (Kaidow, A., et al. 1995. Anucleate 
cell production by Escherichia coli deltahns mutant lacking 
a histone-like protein, H-NS. J. Bacteriol. 177:3589-3592); 
the htrB gene (Karow, M., et al. 1991. Complex phenotypes of 
null mutations in the htr genes, whole products are essential 
for Escherichia coli growth at elevated temperatures. Res. 
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Microbiol. 142:289-294); the lpxC (envA)gene (Beall, B., 
and J. Lutkenhaus. 1987. Sequence analysis, transcriptional 
organization, and insertional mutagenesis of the enVA gene of 
Escherichia coli. J. Bacteriol. 169:5408-5415: Young, K., et 
al. 1995. The envA permeability/cell division gene of 
Escherichia coli encodes the second enzyme of lipid A bio 
synthesis. UDP-3-O-(R-3-hydroxymyristoyl)-N-acetylglu 
cosamine deacetylase. J. Biol. Chem. 270:30384-30391); the 
malE gene (Pichoff, S., et al. 1997. MinCD-independent inhi 
bition of cell division by a protein that fuses MalE to the 
topological specificity factor MinE. J. Bacteriol. 179:4616 
4619); the minA gene (Davie, E., et al. 1984. Genetic basis of 
minicell formation in Escherichia coli K-12. J. Bacteriol. 
158:1202-1203); the minB gene (Davie, E., et al. 1984. 
Genetic basis of minicell formation in Escherichia coli K-12. 
J. Bacteriol. 158:1202-1203); the minC gene (de Boer, P.A., 
et al. 1990. Central role for the Escherichia coli minC gene 
product in two different cell division-inhibition systems. 
Proc. Natl. Acad. Sci. 87:1129-1133); the minD gene (Labie, 
C., et al. 1990. Minicell-forming mutants of Escherichia coli: 
suppression of both DicB- and MinD-dependent division 
inhibition by inactivation of the minC gene product. J. Bac 
teriol. 172:5852-5855; Hayashi, I., et al. 2001. Structural and 
functional studies of MinD ATPase: implications for the 
molecular recognition of the bacterial cell division apparatus. 
EMBO.J. 20:1819-1828); the minEgene (de Boer, P.A., et al. 
1989. A division inhibitor and a topological specificity factor 
coded for by the minicell locus determine proper placement 
of the division septum in E. coli. Cell. 56:641-649); the mreB 
gene (Doi, M., et al. 1988. Determinations of the DNA 
sequence of the mreB gene and of the gene products of the 
mre region that function in formation of the rod shape of 
Escherichia coli cells. J. Bacteriol. 170:4619-4624); the 
mreC gene (Wachi, M., et al. 1989. New mre genes mreC and 
mreD, responsible for formation of the rod shape of Escheri 
chia coli cells. J. Bacteriol. 171:6511-6516); the mreD gene 
(Wachi, M., et al. 1989. New mre genes mreC and mreD. 
responsible for formation of the rod shape of Escherichia coli 
cells. J. Bacteriol. 171:6511-6516); the mukA gene (Hiraga, 
S., et al. 1989. Chromosome partitioning in Escherichia coli: 
novel mutants producing anucleate cells. J. Bacteriol. 171: 
1496-1505); the mukB gene (Hiraga, S., et al. 1991. Mutants 
defective in chromosome partitioning in E. coli. Res. Micro 
biol. 142: 189-194); the mukE gene (Yamanaka, K., et al. 
1996. Identification of two new genes, mukB and mukP, 
involved in chromosome partitioning in Escherichia coli. 
Mol. Gen. Genet. 250:241-251, Yamazoe, M., et al. 1999. 
Complex formation of MukB, MukBE and MukP proteins 
involved in chromosome partitioning in Escherichia coli. 
EMBO J. 18:5873-5884); the muki gene (Yamanaka, K., et 
al. 1996. Identification of two new genes, mukBE and muk, 
involved in chromosome partitioning in Escherichia coli. 
Mol. Gen. Genet. 250:241-251, Yamazoe, M., et al. 1999. 
Complex formation of MukB, MukBE and MukP proteins 
involved in chromosome partitioning in Escherichia coli. 
EMBO.J. 18:5873-5884); the parC gene (Kato, J., et al. 1988. 
Gene organization in the region containing a new gene 
involved in chromosome partition in Escherichia coli. J. Bac 
teriol. 170:3967-3977); the parE gene (Roberts, R. C., et al. 
1994. The parl DE operon of the broad-host-range plasmid 
RK2 specifies growth inhibition associated with plasmid loss. 
J. Mol. Biol. 237:35-51); the pbp A gene (Rodriguez, M. C., 
and M.A. de Pedro. 1990. Initiation of growth in pbpAts and 
rodAts mutants of Escherichia coli. FEMS Microbiol. Lett. 
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60:235-239); the pcnB gene (Makise, M., et al. 1999. Identi 
fication of a high-copy-number plasmid suppressor of a lethal 
phenotype caused by mutant DnaA protein which has 
decreased intrinsic ATPase activity. Biol. Pharm. Bull. 
22:904-909); the parF (plsC in E. coli) gene product from 
Salmonella (Luttinger, A. L., et al. 1991. A cluster of genes 
that affects nucleoid segregation in Salmonella typhimurium. 
New Biol. 3:687-697); the rpoS gene (Cam, K., et al. 1995. 
Sigma S-dependent overexpression offtsZ, in an Escherichia 
coli K-12 rpoB mutant that is resistant to the division inhibi 
tors DicB and DicF RNA. Mol. Gen. Genet. 248:190-194): 
the rcsB gene (Gervais, F. G. et al. 1992. The rcsB gene, a 
positive regulator of collanic acid biosynthesis in Escherichia 
coli, is also an activator offtsZ expression. J. Bacteriol. 174: 
3964-3971); the rcsF gene (Gervais, F. G., and G. R. Drapeau. 
1992. Identification, cloning, and characterization of rcsF, a 
new regulator gene for exopolysaccharide synthesis that Sup 
presses the division mutation ftsZ84 in Escherichia coli K-12. 
J. Bacteriol. 174:8016-8022); the rodA gene (Rodriguez, M. 
C., and M.A. de Pedro. 1990. Initiation of growth in pbpAts 
and rodAts mutants of Escherichia coli. FEMS Microbiol. 
Lett. 60:235-239); the sdiA (sulB, sfiB) gene (Wang, X. D., et 
al. 1991. A factor that positively regulates cell division by 
activating transcription of the major cluster of essential cell 
division genes of Escherichia coli. EMBO.J. 10:3363-3372); 
the sefA (fabZ) gene (Mohan, S., et al. 1994. An Escherichia 
coli gene (FabZ) encoding (3R)-hydroxymyristoyl acyl car 
rier protein dehydrase. Relation to fabA and suppression of 
mutations in lipid A biosynthesis. J. Biol Chem. 269:32896 
32903); the sfiC gene (D. Ari, R., and O. Huisman. 1983. 
Novel mechanism of cell division inhibition associated with 
the SOS response in Escherichia coli. J. Bacteriol. 156:243 
250); the SulA gene (Bi, E., and J. Lutkenhaus. 1990. Inter 
action between the minlocus and ftsZ. J. Bacteriol. 172:5610 
5616; Bi, E., and J. Lutkenhaus. 1993. Cell division inhibitors 
SulA and MinCD prevent formation of the FtsZring. J. Bac 
teriol. 175: 1118-1125); the stfZ gene (Dewar, S.J., and W. D. 
Donachie. 1993. Antisense transcription of theftsZ-ftsA gene 
junction inhibits cell division in Escherichia coli. J. Bacteriol. 
175:7097-7101); the tolCgene (Hiraga, S., et al. 1989. Chro 
mosome partitioning in Escherichia coli: novel mutants pro 
ducing anucleate cells. J. Bacteriol. 171:1496-1505; Hiraga, 
S., et al. 1991. Mutants defective in chromosome partitioning 
in E. coli. Res. Microbiol. 142: 189-194); and the Zip A gene 
(Hale, C.A., and P.A. de Boer. 1997. Direct binding of FtsZ. 
to Zip A, an essential component of the septal ring structure 
that mediates cell division in E. coli. Cell. 88:175-185). 
0264. The guanosine 5'-diphosphate 3' diphosphate 
(ppGpp) or guanosine 5'-triphosphate 3' diphosphate (pp 
pGpp) nucleotides, collectively (p)ppGpp, found in E. coli or 
in other members of the Eubacteria, Eucarya or Archaea may 
be employed to produce minicells (Vinella, D., et al. 1993. 
Penicillin-binding protein 2 inactivation in Escherichia coli 
results in cell division inhibition, which is relieved by FtsZ. 
overexpression. J. Bacteriol. 175:6704-6710; Navarro, F., et 
al. Analysis of the effect of ppGpp on the ftsOAZ operon in 
Escherichia coli. Mol. Microbiol. 29:815-823). The levels, or 
rate of production of (p)ppGpp may be increased or 
decreased. By way of non-limiting example, increased 
(p)ppGpp production results from induction of the stringent 
response. The stringent response in E. coli is a physiological 
response elicited by a failure of the capacity for tRNA ami 
noacylation to keep up with the demands of protein synthesis. 
This response can be provoked either by limiting the avail 
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ability of amino acids or by limiting the ability to aminoacy 
late tRNA even in the presence of abundant cognate amino 
acids. Many features of the stringent response behave as if 
they are mediated by accumulation of (p)ppGpp. The accu 
mulation of (p)ppGpp can also be provoked by nutritional or 
other stress conditions in addition to a deficiency of aminoa 
cyl-tRNA. See Cashel et al., “The Stringent Response.” 
Chapter 92 in: Escherichia coli and Salmonella typhimurium: 
Cellular and Molecular Biology, 2nd Ed., Neidhardt, Freder 
ick C. Editor in Chief, American Society for Microbiology, 
Washington, D.C., 1996, Volume 1, pages 1458-1496, and 
references cited therein. 
0265. By way of non-limiting example, factors that may 
provoke the stringent response include the lyt gene or gene 
product (Harkness, R. E., et al. 1992. Genetic mapping of the 
lytA and lytBloci of Escherichia coli, which are involved in 
penicillintolerance and control of the stringent response. Can 
J. Microbiol. 38:975-978), the relA gene or gene product 
(Vinella, D., and R. D. Ari. 1994. Thermoinducible filamen 
tation in Escherichia coli due to an altered RNA polymerase 
beta subunit is suppressed by high levels of ppGpp. J. Bacte 
riol. 176:96-972), the relB gene or gene product (Christensen, 
S. K., et al. 2001. RelE, a global inhibitor of translation, is 
activated during nutritional stress. Proc. Natl. Acad. Sci. 
98:14328-14333), the relC (rplK) gene or gene product 
(Yang, X., and E. E. Ishiguro. 2001. Involvement of the N 
Terminus of Ribosomal Protein L11 in Regulation of the 
RelA Protein of Escherichia coli. J. Bacteriol. 183:6532 
6537), the relX gene or gene product (St. John, A. C., and A. 
L. Goldberg. 1980. Effects of starvation for potassium and 
other inorganic ions on protein degradation and ribonucleic 
acid synthesis in Escherichia coli. J. Bacteriol. 143: 1223 
1233), the spoT gene or gene product (Vinella, D., et al. 1996. 
Mecillinam resistance in Escherichia coli is conferred by loss 
of a second activity of the AroK protein. J. Bacteriol. 178: 
3818-3828), the gpp gene or gene product (Keasling, J. D., et 
al. 1993. Guanosine pentaphosphate phosphohydrolase of 
Escherichia coli is a long-chain exopolyphosphatase. Proc. 
Natl. Acad. Sci. 90:7029-7033), the ndk gene or gene product 
(Kim, H. Y., et al. 1998. Alginate, inorganic polyphosphate, 
GTP and ppGpp synthesis co-regulated in Pseudomonas 
aeruginosa: implications for stationary phase Survival and 
synthesis of RNA/DNA precursors. Mol. Microbiol. 27:717 
725), the rpoB gene or gene product (Vinella, D., and R. D' 
Ari. 1994. Thermoinducible filamentation in Escherichia coli 
due to an altered RNA polymerase beta subunit is suppressed 
by high levels of ppGpp. J. Bacteriol. 176:96-972), the rpoC 
gene or gene product (Bartlett, M. S., et al. 1998. RNA poly 
merase mutants that destabilize RNA polymerase-promoter 
complexes alter NTP-sensing by mm P1 promoters. J. Mol. 
Biol. 279:331-345), the rpoD gene or gene product (Hernan 
dez, V.J., and M. Cashel. 1995. Changes in conserved region 
3 of Escherichia coli sigma 70 mediate ppGpp-dependent 
functions in vivo. 252:536-549), glnF gene or gene product 
(Powell, B.S., and D. L. Court. 1998. Control offtsZ expres 
Sion, cell division, and glutamine metabolism in Luria-Ber 
tani medium by the alarmone ppGpp in Escherichia coli. J. 
Bacteriol. 180:1053-1062), or glnD gene or gene product 
(Powell, B.S., and D. L. Court. 1998. Control offtsZ expres 
Sion, cell division, and glutamine metabolism in Luria-Ber 
tani medium by the alarmone ppGpp in Escherichia coli. J. 
Bacteriol. 180:1053-1062). These genes or gene products, 
and/or expression thereof, may be manipulated to create 
minicells. 
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0266 II.A.3. Bacillus subtilis Genes 
0267 Exemplary genes and gene products from B. subti 

lis, the expression and/or sequence of which can be manipu 
lated so as to stimulate minicell production in B. subtilis or 
any other organism, as can homologs thereof from any spe 
cies, include without limitation, the divi (div D)gene (Van 
Alstyne, D., and M. I. Simon. 1971. Division mutants of 
Bacillus subtilis: isolation of PBS1 transduction of division 
specific markers. J. Bacteriol. 108:1366-1379); the diviB 
(dds, ftsO) gene (Harry, E. J., et al. 1993. Characterization of 
mutations in diviB of Bacillus subtilis and cellular localiza 
tion of the DiviB protein. Mol. Microbiol. 7:611-621; Harry 
E. J., et al. 1994. Expression of diviB of Bacillus subtilis 
during vegetative growth. J. Bacteriol. 176:1172-1179); the 
diviC gene product from B. subtilis or homologues of this 
gene or gene product found in other members of the Eubac 
teria, Eucarya or Archaea may be employed to produce mini 
cells (Levin, P.A., and R. Losick. 1994. Characterization of a 
cell division gene from Bacillus subtilis that is required for 
Vegetative and sporulation septum formation. J. Bacteriol. 
176:1451-1459: Katis, V. L., et al. 1997. The Bacillus subtilis 
division protein DiviC is a highly abundant membrane-bound 
protein that localizes to the division site; the diviI (divO) gene 
(Van Alstyne, D., and M. I. Simon. 1971. Division mutations 
of Bacillus subtilis: isolation and PBS1 transduction of divi 
sion-specific markers. J. Bacteriol. 108:1366-1379); the 
diviVA (divD) gene (Cha, J.-H., and G. C. Stewart. 1997. The 
divVA minicell locus of Bacillus subtilis. J. Bacteriol. 179: 
1671-1683); the diviVC (div A) gene (Van Alstyne, D., and 
M. I. Simon. 1971. Division mutations of Bacillus subtilis: 
isolation and PBS1 transduction of division-specific markers. 
J. Bacteriol. 108:1366-1379); the divV (divB) gene (Van 
Alstyne, D., and M. I. Simon. 1971. Division mutations of 
Bacillus subtilis: isolation and PBS1 transduction of division 
specific markers. J. Bacteriol. 108:1366-1379); the erzA 
(ytwP) gene (Levin, P. A., et al. 1999. Identification and 
regulation of a negative regulator of FtsZ. ring formation in 
Bacillus subtilis. Proc. Natl. Acad. Sci. 96:9642-9647); the 
fts.A (spoIN) gene (Feucht, A., et al. 2001. Cytological and 
biochemical characterization of the FtsA cell division protein 
of Bacillus subtilis. Mol. Microbiol. 40:115-125); the fish 
gene (Yoshida, K., et al. 1994. Cloning and nucleotide 
sequencing of a 15 kb region of the Bacillus subtilis genome 
containing the iol operon. Microbiology. 140:2289-2298); 
the fish gene (Deuerling. E., et al. 1995. The fish gene of 
Bacillus subtilis is transiently induced after osmotic and tem 
perature upshift. J. Bacteriol. 177:4105-41 12; Wehrl, W., et 
al. 2000. The FtsH protein accumulates at the septum of 
Bacillus subtilis during cell division and sporulation. J. Bac 
teriol. 182:3870-3873); the fisk gene (Sciochetti, S.A., et al. 
2001. Identification and characterization of the difSite from 
Bacillus subtilis. J. Bacteriol. 183:1058-1068); the fisL 
(yIID)gene (Daniel, R.A., et al. 1998. Characterization of the 
essential cell division genefts (yIID) of Bacillus subtilis and 
its role in the assembly of the division apparatus. Mol. Micro 
biol. 29:593-604); the ftsW gene (Ikeda, M., et al. 1989. 
Structural similarity among Escherichia coli FtsW and RodA 
proteins and Bacillus subtilis SpoVE protein, which function 
in cell division, cell elongation, and spore formation, respec 
tively. J. Bacteriol. 171:6375-6378); theftsX gene (Reizer, J., 
et al. 1998. A novel protein kinase that controls carbon 
catabolite repression in bacteria. Mol. Microbiol. 27:1157 
1169); the fisZ gene (Beall, B., and J. Lutkenhaus). FtsZ, in 
Bacillus subtilis is required for vegetative septation and for 
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asymmetric septation during sporulation. Genes and Dev. 
5:447-45); the gcaD gene (Hove-Jensen, B. 1992. Identifica 
tion oftmS-26 as an allele of the gcal) gene, which encodes 
N-acetylglucosamine 1-phosphate uridyltransferase in Bacil 
lus subtilis.J. Bacteriol. 174:6852-6856); the gid (ylyC) gene 
(Kunst, F., et al. 1997. The complete genome sequence of the 
gram-positive bacterium Bacillus subtilis. Nature. 390:237 
238); the gidA gene (Ogasawara, N., and H. Yoshikawa. 1992. 
Genes and their organization in the replication origin region 
of the bacterial chromosome. Mol. Microbiol. 6:629-634; 
Nakayashiki, T., and H. Inokuchi. 1998. Novel temperature 
sensitive mutants of Escherichia coli that are unable to grow 
in the absence of wild-type tRNA6Leu. J. Bacteriol. 180: 
2931-2935); the gidB gene (Ogasawara, N., and H. 
Yoshikawa. 1992. Genes and their organization in the repli 
cation origin region of the bacterial chromosome. Mol. 
Microbiol. 6:629-634; Nakayashiki, T., and H. Inokuchi. 
1998. Novel temperature-sensitive mutants of Escherichia 
coli that are unable to grow in the absence of wild-type 
tRNA6Leu. J. Bacteriol. 180:2931-2935); the lytC (cwlB) 
gene (Blackman, S.A., et al. 1998. The role of autolysins 
during vegetative growth of Bacillus subtilis 168. Microbiol 
ogy. 144:73-82); the lytD (cwlG) gene (Blackman, S.A., et al. 
1998. The role of autolysins during vegetative growth of 
Bacillus subtilis 168. Microbiology. 144:73–82); the lytE 
(cwlF) gene (Ishikawa, S., et al. 1998. Regulation of a new 
cell wall hydrolase gene, cwlF, which affects cell separation 
in Bacillus subtilis. J. Bacteriol. 180:23549-2555); the lytE 
(cwlE, yhdD) gene (Ohnishi, R., et al. 1999. Peptidoglycan 
hydrolase lyt plays a role in cell separation with CwlF dur 
ing vegetative growth of Bacillus subtilis. J. Bacteriol. 181: 
3178-1384); the maf gene (Butler, Y. X., et al. 1993. Ampli 
fication of the Bacillus subtilis maf gene results in arrested 
septum formation. J. Bacteriol. 175:3139-3145); the minC 
gene (Varley, A. W., and G. C. Stewart. 1992. The diviVB 
region of the Bacillus subtilis chromosome encodes 
homologs of Escherichia coli septum placement (minCD) 
and cell shape (mreBCD) determinants. J. Bacteriol. 174: 
6729-6742: Barak, I., et al. 1998. MinCD proteins control the 
septation process during sporulation of Bacillus subtilis. J. 
Bacteriol. 180:5327-5333); the minD gene (Varley, A. W., 
and G. C. Stewart. 1992. The diviVB region of the Bacillus 
subtilis chromosome encodes homologs of Escherichia coli 
septum placement (minCD) and cell shape (mreBCD) deter 
minants. J. Bacteriol. 174:6729-6742: Barak, I., et al. 1998. 
MinCD proteins control the septation process during sporu 
lation of Bacillus subtilis. J. Bacteriol. 180:5327-5333); the 
pbpB gene (Daniel, R. A., and J. Errington. 2000. Intrinsic 
instability of the essential cell division protein FtsL of Bacil 
lus subtilis and a role for DiviB protinein FtsL turnover. Mol. 
Microbiol. 35:278-289); the ponA gene (Pederson, L. B., et 
al. Septal localization of penicillin-binding protein 1 in Bacil 
lus subtilis. J. Bacteriol. 181:3201-3211); the prfA gene 
(Popham, D. L., and P. Setlow. 1995. Cloning, nucleotide 
sequence, and mutagenesis of the Bacillus subtilis ponA 
operon, which codes for penicillin-binding protein (PBP) 1 
and a PBP-related factor. J. Bacteriol. 177:326-335); the rodB 
gene (Burdett, I. D. 1979. Electron microscope study of the 
rod-to-coccus shape change in a temperature-sensitive rod 
mutant of Bacillus subtilis.J. Bacteriol. 137:1395-1405; Bur 
dett, I. D. 1980. Quantitative studies of rod-coccus morpho 
genesis in a temperature-sensitive rod-mutant of Bacillus 
subtilis. J. Gen. Microbil. 121:93-103); the secA gene (Sa 
daie, Y., et al. 1991. Sequencing reveals similarity of the 
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wild-type div+ gene of Bacillus subtilis to the Escherichia 
coli secA gene. Gene.98: 101-105); the smc gene (Britton, R. 
A. etal. 1998. Characterization of a prokaryotic SMC protein 
involved in chromosome partitioning. Genes Dev. 12:1254 
1259; Moriya, S., et al. 1998. A Bacillus subtilis gene-encod 
ing protein homologous to eukaryotic SMC motor protein is 
necessary for chromosome partition. Mol. Microbiol. 
29:179-187: Hirano, M., and T. Hirano. 1998. ATP-depen 
dent aggregation of single-stranded DNA by a bacterial SMC 
homodimer. EMBO J. 17:7139-7148); the spoIIE gene 
(Feucht, a... et al. 1996. Bifunctional protein required for 
asymmetric cell division and cell-specific transcription in 
Bacillus subtilis. Genes Dev. 10:794-803; Khvorova, A., et al. 
1998. The spoIIE locus is involved in the Spo0A-dependent 
switch in the localization of FtsZrings in Bacillus subtilis.J. 
Bacteriol. 180: 1256-1260; Lucet, I., et al. 2000. Direct inter 
action between the cell division protein FtsZ and the cell 
differentiation protein SpoIIE, EMBO J. 19:1467-1475); the 
spo0A gene (Ireton, K., et al. 1994. spo0J is required for 
normal chromosome segregation as well as the initiation of 
sporulation in Bacillus subtilis.J. Bacteriol. 176:5320-5329); 
the spoVF gene (Lee, S., and C. W. Price. 1993. The minCD 
locus of Bacillus subtilis lacks the mine determinant that 
provides topological specificity to cell division. Mol. Micro 
biol. 7:601-610); the spo0J gene (Lin, D. C., et el. 1997. 
Bipolar localization of a chromosome partition protein in 
Bacillus subtilis. Proc. Natl. Acad. Sci. 94:4721-4726; 
Yamaichi, Y., and H. Niki. 2000. Active segregation by the 
Bacillus subtilis partitioning system in Escherichia coli. 
Proc. Natl. Acad. Sci. 97:14656-14661); the smc gene 
(Moriya, S., et al. 1998. A Bacillus subtilis gene-encoding 
proteinhomologous to eukaryotic SMC motor protein is nec 
essary for chromosome partition. Mol. Microbiol. 29: 179 
187); the ripX gene (ciochetti, S. A. et al. 1999. The ripX 
locus of Bacillus subtilis encodes a site-specific recombinase 
involved in proper chromosome partitioning. J. Bacteriol. 
181:6053-6062); and the spoIIE gene (Wu, L. J., and J. 
Errington. 1994. Bacillus subtilis spoIIIE protein required for 
DNA segregation during asymmetric cell division. Science. 
264:572-575); the gene corresponding to the B. subtilis 
mutant alleal ts-31 (Errington, J., and A. D. Richard. Cell 
division during growth and sporulation. In A. L. Sonenshein, 
J. A. Hoch., and R. Losick (eds.). Bacillus subtilis and its 
closest relatives: from genes to cells. American Society for 
Microbiology, Washington D.C.); the gene corresponding to 
the B. subtilis mutant aleal ts-526 (Id.); the yacA gene 
(Kunst, F., et al. 1997. The complete genome sequence of the 
gram-positive bacterium Bacillus subtilis. Nature. 390:237 
238); the yfhF gene (Kunst, F., et al. 1997. The complete 
genome sequence of the gram-positive bacterium Bacillus 
subtilis. Nature. 390:237-238); theyfhK gene (Kunst, F., et al. 
1997. The complete genome sequence of the gram-positive 
bacterium Bacillus subtilis. Nature. 390:237-238); the yoB 
gene (Kunst, F., et al. 1997. The complete genome sequence 
of the gram-positive bacterium Bacillus subtilis. Nature. 390: 
237-238); and the ywbC gene (Smith, T. J., et al. 2000. 
Autolysins of Bacillus subtilis: multiple enzymes with mul 
tiple functions. Microbiology. 146:249-262). 
0268 II.A.3. Saccharomyes cervisiae Genes 
0269 Exemplary genes and gene products from S. cerevi 
siae the expression and/or sequence of which can be manipu 
lated so as to stimulate minicell production in any organism, 
as can homologs thereof from any species, include without 
limitation, the trf gene product family (TRF1, TRF2, TRF3, 
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TRF4, and TRF5) from Saccharomyces cerevisiae (Sadoff, B. 
U., et al. 1995. Isolation of mutants of Saccharomyces cer 
evisiae requiring DNA topoisomerase I. Genetics. 141:465 
479; Castano, I. B., et al. 1996. A novel family of TRF (DNA 
topoisomerase I-related function) genes required for proper 
nuclear segregation. Nucleic Acids Res. 2404-2410); the 
1 BD1 gene product from Saccharomyces cerevisiae (Lee, J., 
et al. 1999. Ibd1p, a possible spindle pole body associated 
protein, regulates nuclear division and bud separation in Sac 
charomyces cerevisiae. Biochim. Biophys. Acta. 1449:239 
253); the plol gene product from Saccharomyces cerevisiae 
(Cullen, C. F., et al. 2000. A new genetic method for isolating 
functionally interacting genes: high plol (+)-dependent 
mutants and their Suppressors define genes in mitotic and 
septation pathways in fission yeast. Genetics. 155:1541 
1534); the cdc7 locus product(s) from Saccharomyces cerevi 
siae or homologues of this found in other members of the 
Eubacteria, Eucarya or Archaea may be employed to produce 
minicells (Biggins, S. et al. 2001. Genes involved in sister 
chromatid separation and segregation in the budding yeast 
Saccharomyces cerevisiae. Genetics. 159:453-470); the 
cdc15 locus product(s) from Saccharomyces cerevisiae or 
homologues of this found in other members of the Eubacteria, 
Eucarya or Archaea may be employed to produce minicells 
(Mah, A. S., et al. 2001. Protein kinase Cdc15 activates the 
Dbf2-Mob1 kinase complex. Proc. Natl. Acad. Sci. 98.7325 
7330); the cdc11 locus product(s) from Saccharomyces cer 
evisiae or homologues of this found in other members of the 
Eubacteria, Eucarya or Archaea may be employed to produce 
minicells (Fares, H., et al. 1996. Identification of a develop 
mentally regulated septin and involvement of the septins in 
spore formation in Saccharomyces cerevisiae. J. Cell Biol. 
132:399-411); the spg 1 locus product(s) from Saccharomy 
ces cerevisiae or homologues of this found in other members 
of the Eubacteria, Eucarya or Archaea may be employed to 
produce minicells (Cullen, C. F., et al. 2000. A new genetic 
method for isolating functionally interacting genes: high plol 
(+)-dependent mutants and their suppressors define genes in 
mitotic and septation pathways in fission yeast. Genetics. 
155:1521-1534); the sid2 locus product(s) from Saccharomy 
ces cerevisiae or homologues of this found in other members 
of the Eubacteria, Eucarya or Archaea may be employed to 
produce minicells (Cullen, C. F., et al. 2000. A new genetic 
method for isolating functionally interacting genes: high plol 
(+)-dependent mutants and their suppressors define genes in 
mitotic and septation pathways in fission yeast. Genetics. 
155:1521-1534); the cdc8 gene product from Saccharomyces 
cerevisiae (Cullen, C. F., et al. 2000. A new genetic method 
for isolating functionally interacting genes: high plol (+)- 
dependent mutants and their suppressors define genes in 
mitotic and septation pathways in fission yeast. Genetics. 
155:1521-1534); the rhol gene product from Saccharomyces 
cerevisiae (Cullen, C. F., et al. 2000. A new genetic method 
for isolating functionally interacting genes: high plol (+)- 
dependent mutants and their suppressors define genes in 
mitotic and septation pathways in fission yeast. Genetics. 
155:1521-1534); the mpd1 gene product from Saccharomy 
ces cerevisiae (Cullen, C. F., et al. 2000. A new genetic 
method for isolating functionally interacting genes: high plol 
(+)-dependent mutants and their suppressors define genes in 
mitotic and septation pathways in fission yeast. Genetics. 
155:1521-1534); the mpd2 gene product from Saccharomy 
ces cerevisiae (Cullen, C. F., et al. 2000. A new genetic 
method for isolating functionally interacting genes: high plol 
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(+)-dependent mutants and their suppressors define genes in 
mitotic and septation pathways in fission yeast. Genetics. 
155:1521-1534); the Smy2 gene product from Saccharomy 
ces cerevisiae (Cullen, C. F., et al. 2000. A new genetic 
method for isolating functionally interacting genes: high plol 
(+)-dependent mutants and their suppressors define genes in 
mitotic and septation pathways in fission yeast. Genetics. 
155:1521-1534); the cdc16 gene product from Saccharomy 
ces cerevisiae (Heichman, K.A., and J. M. Roberts. 1996. The 
yeast CDC16 and CDC27 genes restrict DNA replication to 
once per cell cycle. Cell. 85:39-48); the dma1 gene product 
from Saccharomyces cerevisiae (Murone, M., and V. Simanis. 
1996. The fission yeast dma1 gene is a component of the 
spindle assembly checkpoint, required to prevent septum for 
mation and premature exit from mitosis if spindle function is 
compromised. EMBO.J. 15:6605-6616); the plo 1 gene prod 
uct from Saccharomyces cerevisiae (Cullen, C. F., et al. 2000. 
A new genetic method for isolating functionally interacting 
genes: high plol (+)-dependent mutants and their Suppressors 
define genes in mitotic and septation pathways in fission 
yeast. Genetics. 155:1521-1534); the byr3 gene product from 
Saccharomyces cerevisiae (Cullen, C. F., et al. 2000. A new 
genetic method for isolating functionally interacting genes: 
high plol (+)-dependent mutants and their Suppressors define 
genes in mitotic and septation pathways in fission yeast. 
Genetics. 155:1521-1534); the byr4 gene product from Sac 
charomyces cerevisiae (Cullen, C. F., et al. 2000. A new 
genetic method for isolating functionally interacting genes: 
high plol (+)-dependent mutants and their suppressors define 
genes in mitotic and septation pathways in fission yeast. 
Genetics. 155:1521-1534); the pds1 gene product from Sac 
charomyces cerevisiae (Yamamoto, A., et al. 1996. Pds 1p, an 
inhibitor of anaphase in budding yeast, plays a critical role in 
the APC and checkpoint pathway(s). J. Cell Biol. 133:99 
110); the esp1 gene product from Saccharomyces cerevisiae 
(Rao, H., et al. 2001. Degradation of a cohesin subunit by the 
N-end rule pathway is essential for chromosome stability. 
Nature. 410:955-999); the yes4 gene product from Saccha 
romyces cerevisiae (Biggins, S., et al. 2001. Genes involved 
in sister chromatid separation and segregation in the budding 
yeast Saccharomyces cerevisiae. Genetics. 159:453-470); the 
cse4 gene product from Saccharomyces cerevisiae (Stoler, S. 
et al. 1995. A mutation in CSE4, an essential gene encoding a 
novel chromatin-associated protein in yeast, causes chromo 
Some nondisjunction and cell cycle arrest at mitosis. Genes 
Dev. 9:573-586); the ipl1 gene product from Saccharomyces 
cerevisiae (Biggins, S., and A. W. Murray. 2001. The budding 
yeast protein kinase Ipl1/Aurora allows the absence of ten 
sion to activate the spindle checkpoint. Genes Dev. 15:3118 
3129); the smt3 gene product from Saccharomyces cerevisiae 
(Takahashi, Y., et al. 1999. Smt3, a SUMO-1 homolog, is 
conjugated to Cdc3, a component of septin rings at the 
mother-bud neck in budding yeast. Biochem. Biophys. Res. 
Commun. 259:582-587); the prp 16 gene product from Sac 
charomyces cerevisiae (Hotz, H. R., and B. Schwer. 1998. 
Mutational analysis of the yeast DEAH-box splicing factor 
Prp 16. Genetics. 149:807-815); the prp 19 gene product from 
Saccharomyces cerevisiae (Chen, C. H., et al. 2001. Identifi 
cation and characterization of two novel components of the 
Prp19p-associated complex, Ntc30p and Ntc20p. J. Biol. 
Chem. 276:488-494); the wss 1 gene product from Saccharo 
myces cerevisiae (Biggins, S., et al. 2001. Genes involved in 
sister chromatid separation and segregation in the budding 
yeast Saccharomyces cerevisiae. Genetics. 159:453-470); the 
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histone H4 gene product from Saccharomyces cerevisiae 
(Smith, M. M., et al. 1996. A novel histone H4 mutant defec 
tive in nuclear division and mitotic chromosome transmis 
sion. Mol. Cell Biol. 16:1017-1026); the histone H3 gene 
product from Saccharomyces cerevisiae (Smith, M. M., et al. 
1996. A novel histone H4 mutant defective in nuclear division 
and mitotic chromosome transmission. Mol. Cell Biol. 
16:1017-1026); the cse4 gene product from Saccharomyces 
cerevisiae (Stoler, S., et al. 1995. A mutation in CSE4, an 
essential gene encoding a novel chromatin-associated protein 
in yeast, causes chromosome nondisjunction and cell cycle 
arrest at mitosis. Genes Dev. 9:573-586); the spt4 gene prod 
uct from Saccharomyces cerevisiae (Basrai. M. A., et al. 
1996. Faithful chromosome transmission requires Spt4p, a 
putative regulator of chromatin structure in Saccharomyces 
cerevisiae. Mol. Cell Biol. 16:2838–2847); the spts gene 
product from Saccharomyces cerevisiae (Yamaguchi.Y., etal. 
2001. SPT genes: key players in the regulation of transcrip 
tion, chromatin structure and other cellular processes. J. Bio 
chem. (Tokyo). 129:185-191); the sptó gene product from 
Saccharomyces cerevisiae (Clark-Adams, C. D., and F. Win 
ston. 1987. The SPT6 gene is essential for growth and is 
required for delta-mediated transcription in Saccharomyces 
cerevisiae. Mol. Cell Biol. 7:679-686); the ndc 10 gene prod 
uct from Saccharomyces cerevisiae (Chiang, P. W., et al. 
1998. Isolation of murine SPT5 homologue: completion of 
the isolation and characterization of human and murine 
homologues of yeast chromatin structural protein complex 
SPT4, SPT5, and SPT6. Genomics. 47:426-428); the ctf13 
gene product from Saccharomyces cerevisiae (Doheny et al., 
Identification of essential components of the S. cerevisiae 
kinetochore, Cell 73:761-774, 1993); the spol gene product 
from Saccharomyces cerevisiae (Tavormina et al. 1997. Dif 
ferential requirements for DNA replication in the activation 
of mitotic checkpoints in Saccharomyces cerevisiae. Mol. 
Cell Biol. 17:3315-3322); the cwp1 gene product from Sac 
charomyces cerevisiae (Tevzadze, G. G., et al. 2000. Spot, a 
phospholipase B homolog, is required for spindle pole body 
duplication during meiosis in Saccharomyces cerevisiae. 
Chromosoma. 109:72-85); the dhp1 gene product from 
Schizosaccharomyces pombe (Shobuike, T., et al. 2001. The 
dhp1 (+) gene, encoding a putative nuclear 5'-->3' exoribonu 
clease, is required for proper chromosome segregation in 
fission yeast. Nucleic Acids Res. 29:1326-1333); the rat1 
gene product from Saccharomyces cerevisiae (Shobuike, T., 
et al. 2001. The dhp1 (+) gene, encoding a putative nuclear 
5'->3' exoribonuclease, is required for proper chromosome 
segregation in fission yeast. Nucleic Acids Res. 29:1326 
1333); the hsk1 gene product from Saccharomyces cerevisiae 
(Masai, H., et al. 1995.hsk1 +, a Schizosaccharomyces pombe 
gene related to Saccharomyces cerevisiae CDC7, is required 
for chromosomal replication. EMBO J. 14:3094-3104); the 
dfp1 gene product from Saccharomyces cerevisiae (Takeda, 
T. et al. 1999. A fission yeast gene, him 1 (+)/d?p1 (+), encod 
ing a regulatory Subunit for Hsk1 kinase, plays essential roles 
in S-phase initiation as well as in S-phase checkpoint control 
and recovery from DNA damage. Mol. Cell Biol. 19:5535 
5547); the dbf4 gene product from Saccharomyces cerevisiae 
(Weinreich, M., and B. Stillman. 1999. CdcTp-Dbf\p kinase 
binds to chromatin during S phase and is regulated by both the 
APC and the RAD53 checkpoint pathway. EMBO J. 
18:5334-5346); the radiš3 gene product from Saccharomyces 
cerevisiae (Sun, Z. et al. Spk1/RadS3 is regulated by Mec 1 - 
dependent protein phosphorylation in DNA replication and 
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damage checkpoint pathways. Genes Dev. 10:395-406); the 
ibd1 gene product from Saccharomyces cerevisiae (Lee, J., et 
al. 1999. Ibd1p, a possible spindle pole body associated pro 
tein, regulates nuclear division and bud separation in Saccha 
romyces cerevisiae. Biochim. Biophys. Acta. 1449:239-253); 
and the hrp1 gene product from Saccharomyces cerevisiae 
(Henry, M., et al. 1996. Potential RNA binding proteins in 
Saccharomyces cerevisiae identified as Suppressors of tem 
perature-sensitive mutations in NPL3. Genetics. 142: 103 
115). 
(0270 II.B. Gene Expression in Minicells 
0271 II.B. 1. In General 
0272. In some aspects of the invention, it may be desirable 
to alter the expression of a gene and the production of the 
corresponding gene product. As is known in the art, and is 
used herein, a "gene product may be a protein (polypeptide) 
or nucleic acid. Gene products that are proteins include with 
out limitation enzymes, receptors, transcription factors, ter 
mination factors, expression factors, DNA-binding proteins, 
proteins that effect nucleic acid structure, or subunits of any 
of the preceding. Gene products that are nucleic acids 
include, but are not limited to, ribosomal RNAs (rRNAs), 
transfer RNAs (tRNAs), antisense RNAs, nucleases (includ 
ing but not limited to catalytic RNAs, ribonucleases, and the 
like). 
0273 Depending on the function of a gene product, and on 
the type of application of the invention, it may be desirable to 
increase protein production, decrease protein production, 
increase protein nucleic acid production and/or increase 
nucleic acid production. Provided herein are non-limiting 
examples of genes and gene products that may be manipu 
lated, individually or in combination, in order to modulate the 
expression of gene products to be included into minicells or 
parent strains from which minicells are derived. The expres 
sion elements so modulated may be chromosomal and/or 
episomal, and may be expressed constitutively or in a regu 
lated fashion, i.e., repressible and/or inducible. Furthermore, 
gene products under the regulation may be either monocis 
tronic or polycistronic with other genes or with themselves. 
0274 II.B.2. Protein Production 
0275. By way of non-limiting example, increased protein 
production may occur through increased gene dosage (in 
creased copy number of a given gene under the control of the 
native or artificial promotor where this gene may be on a 
plasmidor in more than one copy on the chromosome), modi 
fication of the native regulatory elements, including, but not 
limited to the promotor or operator region(s) of DNA, or 
ribosomal binding sites on RNA, relevant repressors/silenc 
ers, relevant activators/enhancers, or relevant antisense 
nucleic acid or nucleic acid analog, cloning on a plasmid 
under the control of the native or artificial promotor, and 
increased or decreased production of native or artificial pro 
motor regulatory element(s) controlling production of the 
gene or gene product 
0276 By way of non-limiting example, decreased protein 
production may occur through modification of the native 
regulatory elements, including, but not limited to the promo 
tor or operator region(s) of DNA, or ribosomal binding sites 
on RNA, relevant repressors/silencers, relevant activators/ 
enhancers, or relevant antisense nucleic acid or nucleic acid 
analog, through cloning on a plasmid under the control of the 
native regulatory region containing mutations or an artificial 
promotor, either or both of which resulting in decreased pro 
tein production, and through increased or decreased produc 
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tion of native or artificial promotor regulatory element(s) 
controlling production of the gene or gene product. 
0277 As used herein with regards to proteins, “intramo 
lecular activity” refers to the enzymatic function or structure 
dependent function. By way of non-limiting example, alter 
ation of intramolecular activity may be accomplished by 
mutation of the gene, in vivo or invitro chemical modification 
of the protein, inhibitor molecules against the function of the 
protein, e.g. competitive, non-competitive, or uncompetitive 
enzymatic inhibitors, inhibitors that prevent protein-protein, 
protein-nucleic acid, or protein-lipid interactions, e.g. expres 
sion or introduction of dominant-negative or dominant-posi 
tive protein or other protein fragment(s), carbohydrate(s), 
fatty acid(s), lipid(s), and nucleic acid(s) that may act directly 
or allosterically upon the protein, and/or modification of pro 
tein, carbohydrate, fatty acid, lipid, or nucleic acid moieties 
that modify the gene or gene product to create the functional 
protein. 
0278. As used herein with regards to proteins, “intermo 
lecular function” refers to the effects resulting from an inter 
molecular interaction between the protein or nucleic acid and 
another protein, carbohydrate, fatty acid, lipid, nucleic acid, 
or other molecule(s) in or on the cell or the action of a product 
or products resulting from Such an interaction. By way of 
non-limiting example, intermolecular or intramolecular func 
tion may be the act or result of intermolecular phosphoryla 
tion, biotinylation, methylation, acylation, glycosylation, 
and/or other signaling event; this function may be the result of 
a protein-protein, protein-nucleic acid, or protein-lipid com 
plex, and/or carrier function, e.g. the capacity to bind, either 
covalently or non-covalently small organic or inorganic mol 
ecules, protein(s), carbohydrate(s), fatty acid(s), lipid(s), and 
nucleic acid(s); this function may be to interact with the 
membrane to recruit other molecules to this compartment of 
the cell; this function may be to regulate the transcription 
and/or translation of the gene, other protein, or nucleic acid; 
and this function may be to stimulate the function of another 
process that is not yet described or understood. 
0279 II.B.3. Nucleic Acid Production 
0280. By way of non-limiting example, increased nucleic 
acid production may occur through increased gene dosage 
(increased copy number of a given gene under the control of 
the native or artificial promotor where this gene may be on a 
plasmidorin more than one copy on the chromosome), modi 
fication of the native regulatory elements, including, but not 
limited to the promotor or operator region(s) of DNA, or 
ribosomal binding sites on RNA, relevant repressors/silenc 
ers, relevant activators/enhancers, or relevant antisense 
nucleic acid or nucleic acid analog, cloning on a plasmid 
under the control of the native or artificial promotor, and 
increased or decreased production of native or artificial pro 
motor regulatory element(s) controlling production of the 
gene or gene product. 
0281. By way of non-limiting example, decreased nucleic 
acid production may occur through modification of the native 
regulatory elements, including, but not limited to the promo 
tor or operator region(s) of DNA, or ribosomal binding sites 
on RNA, relevant repressors/silencers, relevant activators/ 
enhancers, or relevant antisense nucleic acid or nucleic acid 
analog, through cloning on a plasmid under the control of the 
native regulatory region containing mutations or an artificial 
promotor, either or both of which resulting in decreased pro 
tein production, and through increased or decreased produc 
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tion of native or artificial promotor regulatory element(s) 
controlling production of the gene or gene product. 
0282. As used herein with regards to nucleic acids, 
“intramolecular activity” refers to a structure-dependent 
function. By way of non-limiting example, alteration of 
intramolecular activity may be accomplished by mutation of 
the gene, in vivo or in vitro chemical modification of the 
nucleic acid, inhibitor molecules against the function of the 
nucleic acid, e.g. competitive, non-competitive, or uncom 
petitive enzymatic inhibitors, inhibitors that prevent protein 
nucleic acid interactions, e.g. expression or introduction of 
dominant-negative or dominant-positive protein or other 
nucleic acid fragment(s), or other carbohydrate(s), fatty acid 
(s), and lipid(s) that may act directly or allosterically upon the 
nucleic acid or nucleic acid-protein complex, and/or modifi 
cation of nucleic acid moieties that modify the gene or gene 
product to create the functional nucleic acid. 
0283 As used herein with regards to nucleic acids, “inter 
molecular function” refers to the effects resulting from an 
intermolecular interaction between the nucleic acid and 
another nucleic acid, protein, carbohydrate, fatty acid, lipid, 
or other molecule(s) in or on the cell or the action of a product 
or products resulting from Such an interaction. By way of 
non-limiting example, intermolecular function may be the act 
or result of intermolecular or intramolecular phosphoryla 
tion, biotinylation, methylation, acylation, glycosylation, 
and/or other signaling event; this function may be the result of 
a protein-nucleic acid, and/or carrier function, e.g. the capac 
ity to bind, either covalently or non-covalently small organic 
orinorganic molecules, protein(s), carbohydrate(s), fatty acid 
(S), lipid(s), and other nucleic acid(s); this function may be to 
interact with the membrane to recruit other molecules to this 
compartment of the cell; this function may be to regulate the 
transcription and/or translation of the gene, other nucleic 
acid, or protein; and this function may be to stimulate the 
function of another process that is not yet described or under 
stood. 
0284 II.C. Genes and Gene Products for Regulation of 
Expression 
0285. As is known in the art, a variety of genes, gene 
products and expression elements may be manipulated, indi 
vidually or in combination, in order to modulate the expres 
sion of genes and/or production gene products. These 
include, by way of non-limiting example, RNA polymerases, 
ribosomes (ribosomal proteins and ribosomal RNAs), trans 
fer RNAs (tRNAs), amino transferases, regulatory elements 
and promoter regions, transportation of inducible and inhibi 
tory compounds, catabolite repression, general deletions and 
modifications, cytoplasmic redox state, transcriptional termi 
nators, mechanisms for ribosomal targeting, proteases, chap 
erones, export apparatus and membrane targeting, and 
mechanisms for increasing stability and solubility. Each of 
these is discussed in more detail in the following sections. 
0286 II.C.I. RNA Polymerases 
0287 Included in the design of the invention are tech 
niques that increase the efficiency of gene expression and 
protein production in minicells. By way of non-limiting 
example, these techniques may include modification of an 
endogenous and/or introduction of an exogenous RNA poly 
merase. Arpo gene, or any other gene that encodes a RNA 
polymerase subunit product from E. coli, or homologs of this 
gene or its gene product found in other prokaryotes, eukary 
otes, archaebacteria or organelles (mitochondria, chloro 
plasts, plastids and the like) may be employed to increase the 
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efficiency of gene expression and protein production in parent 
cells prior to minicell formation and/or in segregated mini 
cells. 
0288 The production or activity of a desired gene product 
may be increased by increasing the level and/or activity of an 
RNA polymerase that transcribes the gene product’s cognate 
gene. The production or activity of a desired protein gene 
product may be increased by decreasing the level and/or 
activity of an RNA polymerase that transcribes a gene product 
that inhibits the production or function of the desired gene 
product. 
0289. As one example, manipulation of the rpoA (phs, 
seZ) gene or gene product from E. coli, or homologs of this 
gene or gene product found in other members of the Prokary 
otes, Eukaryotes, Archaebacteria and/or organelles (e.g., 
mitochondria, chloroplasts, plastids and the like) may be 
employed to increase the efficiency of gene expression and 
protein production in parent cells prior to minicell formation 
and/or in segregated minicells. In addition to rpoA. E. coli. 
genes that encode RNA polymerase subunits include rpoB 
(ftsR, groN, nitB, rif, ron, stil, sty, tabl), sagB, mbrD), rpoC 
(tab)), rpoD (alt), rpoB, rpoH (fam, hin, htpR), rpoN (glnF, 
ntra), rpoS (abrD. dpeB, kat, nur), and rpoZ (spoS). See 
Berlyn et al., “Linkage Map of Escherichia coli K-12, Edition 
9. Chapter 109 in: Escherichia coli and Salmonella typhimu 
rium. Cellular and Molecular Biology, 2nd Ed., Neidhardt, 
Frederick C. Editor in Chief, American Society for Microbi 
ology, Washington, D.C., 1996, Volume 2, pages 1715-1902, 
and references cited therein; and Sanderson et al., “Linkage 
Map of Salmonella typhimurium, Edition VIII Chapter 110 
in: Escherichia coli and Salmonella typhimurium. Cellular 
and Molecular Biology, 2nd Ed., Neidhardt, Frederick C. 
Editor in Chief, American Society for Microbiology, Wash 
ington, D.C., 1996, Volume 2, pages 1903-1999, and refer 
ences cited therein. 
0290 Production of a desired gene product may be pref 
erentially or selectively enhanced by the introduction of an 
exogenous RNA polymerase that specifically recognizes 
expression sequences that are operably linked to the corre 
sponding gene. By way of non-limiting example, the use of a 
T7 RNA polymerase to selectively express genes present on 
expression elements that segregate into minicells is described 
herein. 

0291 II.C.2. Ribosomes 
0292 Included in the design of the invention are tech 
niques that increase the efficiency of gene expression and 
protein production in minicells. By way of non-limiting 
example, these techniques may include modification of 
endogenous, and/or addition of exogenous, ribosomes or 
ribosomal subunits. The techniques may be employed to 
increase the efficiency of gene expression and protein pro 
duction in parent cells prior to minicell formation and/or in 
segregated minicells. 
0293 As is known in the art, a ribosome includes both 
proteins (polypeptides) and RNA (rRNA). Thus, in the case of 
a gene that encodes a component of a ribosome, the gene 
product may be a protein oran RNA. For a review, see Noller 
et al., “Ribosomes. Chapter 13 in: Escherichia coli and 
Salmonella typhimurium. Cellular and Molecular Biology, 
2nd Ed., Neidhardt, Frederick C., Editor in Chief, American 
Society for Microbiology, Washington, D.C., 1996, Volume 
1, pages 167-186, and references cited therein. For the sake of 
convenience, both ribosomal proteins and rRNAs are encom 
passed by the term “ribosomal subunits.” 
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0294 The production or activity of a desired protein gene 
product may be increased by increasing the leveland/or activ 
ity of a ribosomal Subunit that causes or enhances the trans 
lation of the desired protein. The production or activity of a 
desired protein gene product may be increased by decreasing 
the level and/or activity of a ribosomal subunit that causes or 
enhances translation of a protein that has a negative impact on 
the production or activity of the desired protein. 
0295 Exemplary ribosomal genes and gene products that 
may be manipulated include without limitation the E. coli 
genes rim B, rimC, riml), rimE, rim F (res), rimG, rim H. rimI, 
rim.J (tcp), rim K, riml; rplArplB, rplC, rplD. rplE. rplF. rplI. 
rpl.J. rplK, rplL. rplM, rplN. rplO. rplP. rplO. rplR, rplS. rplT. 
rplU, rplV. rplW. rplX, rply; rps A, rpsB, rpsC, rpsB (eps, spc, 
spcA), rpsF (SdgH), rpsG, rpsH. rpsI. rps.J (nusE), rpsK, rpsL 
(stra), rps.M. rpsN. rpsO. rpsP. rpsQ, rpsR, rps.S. rps.T. rpsU. 
rps V: rrfA, rrfB, rrfC, rrfl), rrfE, rrfF (rrflobeta, rrvD), rrfG, 
rrfH; rrlA, rrlB, rrlC, rrlD, rrlE, rrlG, rrlH: rrnA, rrnB (csqE, 
rrnB1), rrnC (cqsb), rrn D (cqsD), rrn (rrn D1), rrnG, rrnH; 
rrSA, rrsB, rrSC, rrsD, rrsh, rrSG, rrSH, and their cognate gene 
products. 
0296 Homologs of ribosomal genes or gene products 
found in other members of the Prokaryotes, Eukaryotes, 
Archaebacteria and organelles (including but not limited to 
mitochondria, chloroplasts, plastids, and the like) may be 
employed to increase the efficiency of gene expression and 
protein production in parent cells prior to minicell formation 
and/or segregated minicells. See, for example, Barkan, A. and 
M. Goldschmidt-Clermont, Participation of nuclear genes in 
chloroplast gene expression, (2000) Biochimie 82:559-572; 
Willhoeft, U., H. Bu?, and E. Tannich, Analysis of cDNA 
Expressed sequence tags from Entamoeba histolytica: Iden 
tification of two highly abundant polyadenylated transcripts 
with no overt open reading frames, (March 1999) Protist 
150:61-70; Emelyanov, V., Evolutionary relationship of Rick 
ettsiae and mitochondria (February 2001) FEBS Letters 501: 
11-18; and Gray, M. G. Burger and B. Lang, Mitochondrial 
Evolution (March 1999) Science 283: 1476-1481. Ribosomal 
RNA sequences from a multitude of organisms and organelles 
are available through the Ribosomal Database Project 
(Maidak et al. A new version of the RDP (Ribosomal Data 
base Project) (1999) Nucleic Acids Research 27:171-173). An 
index of ribosomal proteins classified by families on the basis 
of sequence similarities is available on-line at http://www. 
expasy.ch/cgi-bin/lists?ribosomp.txt, see also (Ramakrish 
nan et al., Ribosomal protein structures: insights into the 
architecture, machinery and evolution of the ribosome, TIBS 
23:208-212, 1998. 
0297 II.C.3. Transfer RNAs (tRNAs) 
0298 Included in the design of the invention are tech 
niques that increase the efficiency of gene expression and 
protein production in minicells. By way of non-limiting 
example, these techniques may include utilization and/or 
modification of endogenous and/or exogenous transfer RNAS 
(tRNAs). Manipulation of the tRNA genes or gene products 
from E. coli, or homologs of tRNA genes or gene products 
found in other members of the Prokaryotes, Eukaryotes, 
Archaebacteria and organelles (including but not limited to 
mitochondria, chloroplasts, plastids, and the like) may be 
employed to increase the efficiency of gene expression and 
protein production in parent cells prior to minicell formation 
and/or in segregated minicells. 
0299| Exemplary E. coli tRNA genes include, but are not 
limited to, the alaT (talA) gene, the alal J (talD) gene, the alaV 
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gene, the alaW (alaWC.) gene, the alaX (alaWB) gene, the 
argQ (alaVö) gene, the argu (dnaY. pin) gene, the alal J (talD) 
gene, the argV (argV2) gene, the argW gene, the argX gene, 
the argY (argVB) gene, the argZ (argVC.) gene, the asnT gene, 
the asnU gene, the asnV gene, the aspT gene, the aspU gene, 
the cysT gene, the glnU (SupB) gene, the glnV (SupE) gene, 
the glnW (SupB) gene, the gltT (tgtB) gene, the gltU (tgtC) 
gene, the gltV (tgtE) gene, the gltW gene, the glyT (Suma) 
gene, the glyU (Sufl), SumA, SumB, SupT) gene, the gly V 
(ins, mutA) gene, the glyW (ins, mutC) gene, the glyX gene, 
the glyY gene, the hisR (hisT) gene, the ileT gene, the ileU 
gene, the ileV gene, the ilex gene, the leuP (leuVB) gene, the 
leuc (leuVö) gene, the leu? (leuVö) gene, the leuT gene, the 
leu U gene, the leuV (leuVC.) gene, the leuW (feeB) gene, the 
leux (supP) gene, the leuZ gene, the lysT gene, the lysV 
(SupN) gene, the lysW gene, the metT (metTC) gene, the 
metU (metTB) gene, the metV (metz?) gene, the metW gene, 
the metY gene, the pheU (pheR, phew) gene, the phev gene, 
the proK (proV) gene, the proL (proW) gene, the proM 
(proU) gene, the serT (divE) gene, the serU (ftsM, supD. 
supH) gene, the serv (supD) gene, the serW gene, the serX 
(serW) gene, the thrT gene, the thrU gene, the thrV gene, the 
thrW gene, the trpT (supU) gene, the tyrT (supC) gene, the 
tyrU (supM) gene, the atyrV (tyrT, tyrTB) gene, the valT 
gene, the valu (valUC.) gene, the valV (val) gene, the valW 
(val) gene, the valX gene, and the valX gene (Komine et al., 
Genomic Organization and Physical Mapping of the Transfer 
RNA Genes in Escherichia coli K12. J. Mol. Biol. 212:579 
598, 1990; Berlyn et al., “Linkage Map of Escherichia coli 
K-12, Edition 9. Chapter 109 in: Escherichia Coli and Sal 
monella Tiphimurium: Cellular and Molecular Biology 2" 
Ed., Neidhardt, Frederick C., Editor in Chief, American Soci 
ety for Microbiology, Washington, D.C., 1996, Volume 2, 
pages 1715-1902, and references cited therein; Sanderson et 
al., “Linkage Map of Salmonella typhimurium, Edition VIII' 
Chapter 110. Id., pages 1903-1999, and references cited 
therein; and Hershey, “Protein Synthesis.” Chapter 40 in: 
Escherichia Coli and Salmonella Tiphimurium. Cellular and 
Molecular Biology, Neidhardt, Frederick C. Editor in Chief, 
American Society for Microbiology, Washington, D.C., 
1987, Volume 2, pages 613-647, and references cited therein). 
0300 Also included in the modification of transfer RNA 
molecules are the transfer RNA processing enzymes. Exem 
plary E. coli genes encoding tRNA processing enzymes 
include, but are not limited to the rind gene (Blouin RT, 
Zaniewski R, Deutscher MP Ribonuclease D is not essential 
for the normal growth of Escherichia coli or bacteriophage T4 
or for the biosynthesis of a T4 suppressor tRNA, J Biol Chem. 
258: 1423-1426, 1983) and thernpAB genes (Kirsebom LA, 
Baer MF. Altman S., Differential effects of mutations in the 
protein and RNA moieties of RNase P on the efficiency of 
suppression by various tRNA suppressors, J Mol Biol. 204: 
879-888, 1988). 
0301 Also included in the modification of transfer RNA 
molecules are modifications in endogenous timRNAS and/or 
the introduction of exogenous timRNAs to minicells and/or 
their parent cells. The timRNA (a.k.a. 10S RNA) molecules 
have properties of tRNAs and mRNAs combined in a single 
molecule. Examples oftmRNAs are described in Zwieb et al. 
(Survey and Summary: Comparative Sequence Analysis of 
tmRNA, Nucl. Acids Res. 27:21063-2071, 1999). 
0302 II.C.4. Aminoacyl Synthetases 
0303 Included in the design of the invention are tech 
niques that increase the efficiency of gene expression and 
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protein production in minicells. By way of non-limiting 
example, these techniques may include utilization and/or 
modification of endogenous and/or exogenous aminoacyl 
synthetases and proteins that effect their production and/or 
activity. Aminoacyl synthetases are involved in “charging” a 
tRNA molecule, i.e., attaching a tRNA to its cognate amino 
acid. (Martinis et al., Aminoacyl-tRNA Synthetases: General 
Features and Relationships. Chapter 58 in: Escherichia coli 
and Salmonella typhimurium. Cellular and Molecular Biol 
ogy, 2nd Ed., Neidhardt, Frederick C. Editor in Chief, Ameri 
can Society for Microbiology, Washington, D.C., 1996, Vol 
ume 1, pages 887-901) and references cited therein; 
(Grunberg-Manago, Regulation of the Expression of Ami 
noacyl-tRNA Synthetases and Translation. Chapter 91 in: 
Escherichia coli and Salmonella typhimurium. Cellular and 
Molecular Biology, 2nd Ed., Neidhardt, Frederick C. Editor 
in Chief, American Society for Microbiology, Washington, 
D.C., 1996, Volume 1, pages 1432-1457), and references 
cited therein; and (Hershey, “Protein Synthesis.” Chapter 40 
in: Escherichia Coli and Salmonella Tiphimurium. Cellular 
and Molecular Biology, Neidhardt, Frederick C. Editor in 
Chief, American Society for Microbiology, Washington, 
D.C., 1987, Volume 1, pages 613-647), and references cited 
therein. 
0304. By way of non-limiting example, manipulation of 
the aat gene or gene product from E. coli, or homologs of this 
gene or gene product found in other members of the Prokary 
otes, Eukaryotes, Archaebacteria and/or organelles (e.g., 
mitochondria, chloroplasts, plastids and the like) may be 
employed to increase the efficiency of gene expression and 
protein production in parent cells prior to minicell formation 
and/or in segregated minicells (Bochner, B. R., and Savageau, 
M.A. 1979. Inhibition of growth by imidazol(on)e propionic 
acid: evidence in vivo for coordination of histidine catabo 
lism with the catabolism of other amino acids. Mol. Gen. 
Genet. 168(1):87–95). 
0305. In addition to aat, other exemplary E. coli genes 
encoding aminoacyl synthestases include alaS (act, ala-act, 
lovB) (Buckel et al., Suppression of temperature-sensitive 
aminoacyl-tRNA synthetase mutations by ribosomal muta 
tions: a possible mechanism. Mol. Gen. Genet. 149:51–61, 
1976); argS (lovB) (Eriani et al., Isolation and characteriza 
tion of the gene coding for Escherichia coli arginyl-tRNA 
synthetase. Nucleic Acids Res. 17:5725-36, 1989); asnS (lics, 
tSS) (Yamamoto et al., Identification of a temperature-sensi 
tive asparaginyl-transfer ribonucleic acid synthetase mutant 
of Escherichia coli. J. Bacteriol. 132:127-31, 1977); aspS 
(tls) (Eriani et al., Aspartyl-tRNA synthetase from Escheri 
chia coli: cloning and characterisation of the gene, homolo 
gies of its translated amino acid sequence with asparaginyl 
and lysl-tRNA syntheases. Nucleic Acids Res. 18:7109-18, 
1990); cysS (Eriani et al., Cysteinyl-tRNA synthetase: deter 
mination of the last E. coli aminoacyl-tRNA synthetase pri 
mary structure. Nucleic Acids Res. 19:265-9, 1991); glnS 
(Yamao et al., Escherichia coli glutaminyl-tRNA synthetase. 
I. Isolation and DNA sequence of the glnS gene. J. Biol. 
Chem. 257:11639-43, 1982); gltE (Lapointe et al., Ther 
mosensitive mutants of Escherichia coli K-12 altered in the 
catalytic Subunit and in a Regulatory factor of the glutamy 
transfer ribonucleic acid synthetase. J. Bacteriol. 122:352-8. 
1975); gltM (Lapointe et al., Thermosensitive mutants of 
Escherichia coli K-12 altered in the catalytic Subunit and in a 
Regulatory factor of the glutamy-transfer ribonucleic acid 
synthetase. J. Bacteriol. 122:352-8, 1975); gltX (Lapointe et 
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al., Thermosensitive mutants of Escherichia coli K-12 altered 
in the catalytic Subunit and in a Regulatory factor of the 
glutamy-transfer ribonucleic acid synthetase. J. Bacteriol. 
122:352-8, 1975); glyG (glySa) (Webster et al., Primary 
structures of both subunits of Escherichia coli glycyl-tRNA 
synthetase, J. Biol. Chem. 252:10637-41, 1983); glyS (act, 
gly, glySB) (Id.); hisS (Parker et al., Mapping hisS, the struc 
tural gene for histidyl-transfer ribonucleic acid synthetase, in 
Escherichia coli. J. Bacteriol. 138:264:7, 1979); ileS (Singer 
et al., Synthesis of the isoleucyl- and valyl-tRNA synthetases 
and the isoleucine-Valine biosythetic enzymes in a threonine 
deaminase regulatory mutant of Escherichia coli K-12. J. 
Mol. Biol. 175:39-55, 1984); leuS (Morgan et al., Regulation 
of biosythesis of aminoacyl-transfer RNA synthestases and of 
transfer-RNA in Escherichia coli. Arch. Biol. Med. Exp. 
(Santiago.) 12:415-26, 1979); lysS (herC, asal D) (Clarket al., 
Roles of the two lysyl-tRNA synthetases of Escherichia coli: 
analysis of nucleotide sequences and mutant behavior. J. Bac 
teriol. 172:3237-43, 1990); lysU (Clark et al., Roles of the 
two lysyl-tRNA synthetases of Escherichia coli: analysis of 
nucleotide sequences and mutant behavior, J. Bacteriol. 172: 
3237-43, 1990); metG (Dardel et al., Molecular cloning and 
primary structure of the Escherichia coli methionyl-tRNA 
synthetase gene.J. Bacteriol. 160: 1115-22, 1984); pheS (phe 
act) (Elseviers et al., Molecular cloning and regulation of 
expression of the genes for initiation factor 3 and two ami 
noacyl-tRNA synthetases, J. Bacteriol. 152:357-62, 1982); 
pheT (Comer et al., Genes for the alpha and beta subunits of 
the phenylalanyl-transfer ribonucleic acid synthetase of 
Escherichia coli. J. Bacteriol. 127:923-33, 1976); proS (drp) 
(Bohman et al., A temperature-sensitive mutant in prolinyl 
tRNA ligase of Escherichia coli K-12 Mo. Gen. Genet. 177: 
603-5, 1980); serS (Hartlein et al., Cloning and characteriza 
tion of the gene for Escherichia coliseryl-tRNA synthetase. 
Nucleic Acids Res. 15:1005-17, 1987); thrS (Frohler et al., 
Genetic analysis of mutations causing borrellidin resistance 
by overproduction of threonyl-transfer ribonucleic acid syn 
thetase. J. Bacteriol. 143:1135-41, 1980); trpS (Hall et al., 
Cloning and characterization of the gene for Escherichia coli 
tryptophanyl-transfer ribonucleic acid synthetase. J. Bacte 
riol. 148:941-9, 1981); tyrS (Buonocore et al., Properties of 
tyrosyl transfer ribonucleic acid synthetase from two tyrS 
mutants of Escherichia coli K-12. J. Biol. Chem. 247:4843-9, 
1972); and valS (Baer et al., Regulation of the biosynthesis of 
aminoacyl-transferribonucleic acid synthetases and of trans 
fer ribonucleic acid in Escherichia coli. V. Mutants with 
increased levels of valyl-transfer ribonucleic acid synthetase. 
J. Bacteriol. 139:165-75, 1979). 
0306 II.C.5. Regulatory Elements and Promoter Regions 
0307 Included in the design of the invention are tech 
niques that increase the efficiency of gene expression and 
protein production in minicells. By way of non-limiting 
example, these techniques may include utilization and/or 
modification of regulatory elements and promoter regions. 
Such manipulations may result in increased or decreased 
production, and/or changes in the intramolecular and inter 
molecular functions, of a protein in a segregated minicell or 
its parent cell prior to minicell formation; in the latter 
instance, the protein may be one that is desirably retained in 
segregated minicells. 
0308 The production or activity of a desired gene product 
may be increased by increasing the level and/or activity of a 
promoter or other regulatory region that acts to stimulate or 
enhance the production of the desired gene product. The 
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production or activity of a desired gene product may be 
increased by decreasing the leveland/or activity of a promoter 
or other regulatory region that acts to stimulate or enhance the 
production of a gene product that acts to reduce or eliminate 
the level and/or activity of the desired gene product. 
0309 II.C.5.a. Escherichia coli 
0310 Regulatory elements, promoters and other expres 
sion elements and expression factors from E. coli include but 
are not limited to acrR (Ma, D., et al. 1996. The local repres 
sor AcrR plays a modulating role in the regulation of acrAB 
genes of Escherichia coli by global stress signals. Mol. 
Microbiol. 19:101-112); amplD (Lindquist, S., et al. 1989. 
Signalling proteins in enterobacterial AmpC beta-lactamase 
regulation. Mol. Microbiol. 3:1091-1102: Holtje, J. V., et al. 
1994. The negative regulator of beta-lactamase induction 
AmpD is a N-acetyl-anhydromuramyl-L-alanine amidase. 
FEMS Microbiol. Lett. 122:159-164); appR (Diaz-Guerra, 
L., et al. 1989. appR gene product activates transcription of 
microcin C7 plasmid genes. J. Bacteriol. 171:2906-2908: 
Touati, E., et al. 1991. Are appR and kat the same Escheri 
chia coli gene encoding a new sigma transcription initiation 
factor? Res. Microbiol. 142:29-36); appy (Atlung, T., et al. 
1989. Isolation, characterization, and nucleotide sequence of 
appy, a regulatory gene for growth-phase-dependent gene 
expression in Escherichia coli. J. Bacteriol. 171:1683-1691); 
araC (Casadaban, M. J., et al. 1976. Regulation of the regu 
latory gene for the arabinose pathway, araC. J. Mol. Biol. 
104:557-566); arcA (Iuchi, S., and E. C. Lin. 1988. arcA 
(dye), a global regulatory gene in Escherichia coli mediating 
repression of enzymes in aerobic pathways. Proc. Natl. Acad. 
Sci. 85:1888-1892; Iuchi, S., et al. 1989. Differentiation of 
arcA, arch3, and cpXA mutant phenotypes of Escherichia coli 
by sex pilus formation and enzyme regulation. J. Bacteriol. 
171:2889-2893); argR (xerA, Rarg) (Kelln, R. A., and V. L. 
Zak. 1978. Arginine regulon controlina Salmonella typhimu 
rium—Escherichia coli hybrid merodiploid. Mol. Gen Genet. 
161:333-335; Vogel, R. H., et al. 1978. Evidence for transla 
tional repression of arginine biosynthetic enzymes in 
Escherichia coli: altered regulation in a streptomycin-resis 
tant mutant. Mol. Gen. Genet. 162:157-162); ascG (Hall, B. 
G., and L. Xu. Nucleotide sequence, function, activation, and 
evolution of the cryptic asc operon of Escherichia coli K12. 
Mol. Biol. Evol.9:688-706); aslB (Bennik, M. H., et al. 2000. 
Defining a rob regulon in Escherichia coli by using transpo 
son mutagenesis. J. Bacteriol. 182:3794-3801); asnC 
(Kolling, R., and H. Lother. 1985. AsnC: an autogenously 
regulated activator of asparagine synthetase A transcription in 
Escherichia coli. J. Bacteriol. 164:310-315); atoC (Jenkins, 
L. S., and W. D. Nunn. 1987. Regulation of the ato operon by 
the atoC gene in Escherichia coli. J. Bacteriol. 169:2096 
2102); baeR (Nagasawa, S., et al. 1993. Novel members of the 
two-component signal transduction genes in Escherichia 
coli. J. Biochem. (Tokyo). 114:350-357); baeS (Id. Id.); barA 
(Nagasawa, S., et al. 1992. A novel sensor-regulator protein 
that belongs to the homologous family of signal-transduction 
proteins involved in adaptive responses in Escherichia coli. 
Mol. Microbiol. 6:799-807; Ishige, K., et al. 1994. A novel 
device of bacterial signal transducers. EMBO J. 13:5195 
5202): basS (Nagasawa, S., et al. 1993. Novel members of the 
two-component signal transduction genes in Escherichia 
coli. J. Biochem. (Tokyo). 114:350-357); betI (Lamark, T., et 
al. 1996. The complex bet promoters of Escherichia coli: 
regulation by oxygen (ArcA), choline (BetI), and osmotic 
stress. J. Bacteriol. 178:1655-1662): bglG (bglC, bglS) 
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(Schnetz, K., and B. Rak. 1988. Regulation of the bgloperon 
of Escherichia coli by transcriptional antitermination. EMBO 
J. 7:3271-3277; Schnetz, K., and B. Rak. 1990. Beta-gluco 
side permease represses the bgloperon of Escherichia coli by 
phosphorylation of the antiterminator protein and also inter 
acts with glucose-specific enzyme III, the key element in 
catabolite control. Proc. Natl. Acad. Sci. 87:5074-5078); birA 
(bioR, dhbB) (Barker, D. F., and A. M. Campbell. 1981. 
Genetic and biochemical characterization of the birA gene 
and its product: evidence for a direct role of biotin holoen 
Zyme synthetase in repression of the biotin operon in Escheri 
chia coli. J. Mol. Biol. 146:469-492; Barker, D. F., and A. M. 
Campbell. 1981. The birA gene of Escherichia coli encodes a 
biotin holoenzyme synthetase. J. Mol. Biol. 146:451-467; 
Howard, P. K., et al. 1985. Nucleotide sequence of the birA 
gene encoding the biotin operon repressor and biotin holoen 
Zyme synthetase functions of Escherichia coli. Gene. 35:321 
331); btuR (Lundrigan, M.D., et al. 1987. Separate regulatory 
systems for the repression of metB and btuB by vitamin B12 
in Escherichia coli. Mol. Gen. Genet. 206:401–407; Lund 
rigan, M. D., and R. J. Kadner. 1989. Altered cobalamin 
metabolism in Escherichia coli btuR mutants affects btuB 
gene regulation. J. Bacteriol. 171:154-161); cadC (Watson, 
N., et al. 1992. Identification of elements involved in tran 
Scriptional regulation of the Escherichia coli cad operon by 
external pH. J. Bacteriol. 174:530-540); cellD (Parker, L. L., 
and B. G. Hall. 1990. Characterization and nucleotide 
sequence of the cryptic cel operon of Escherichia coli K12. 
Genetics. 124:455-471); chaB (Berlyn, M. K. B., et al. 1996. 
Linkage map of Escherichia coli K-12, Edition 9. In F. C. 
Neidhardt, R. Curtiss, J. L. Ingraham, E. C. C. Lin, K. B. Low, 
B. Magasanik, W. S. Reznikoff, M. Riley, M. Schaechter, and 
H. E. Umbarger (eds.). Escherichia coli and Salmonella typh 
imurium: cellular and molecular biology, 2nd ed. American 
Society for Microbiology, Washington D.C.); chaC (Berlyn, 
M. K. B., et al. 1996. Linkage map of Escherichia coli K-12, 
Edition 9. In F.C. Neidhardt, R. Curtiss, J. L. Ingraham, E. C. 
C. Lin, K. B. Low, B. Magasanik, W. S. Reznikoff. M. Riley, 
M. Schaechter, and H. E. Umbarger (eds.). Escherichia coli 
and Salmonella typhimurium. Cellular and molecular biol 
ogy, 2nded. American Society for Microbiology, Washington 
D.C.); cpxR (Danese, P.N., et al. 1995. The Cpx two-com 
ponent signal transduction pathway of Escherichia coli regu 
lates transcription of the gene specifying the stress-inducible 
periplasmic protease, DegP. Genes Dev.9:387-398); crl (Arn 
qvist, A., et al. 1992. The Crl protein activates cryptic genes 
for curliformation and fibronectin binding in Escherichia coli 
HB101. Mol. Microbiol. 6:2443-2452); cspA (Bae, W., et al. 
1999. Characterization of Escherichia colicspE, whose prod 
uct negatively regulates transcription ofcSpA, the gene for the 
major cold shock protein. Mol. Microbiol. 31:1429-1441): 
cspE (Id.); csrA (Liu, M.Y., et al. 1995. The product of the 
pleiotropic Escherichia coli gene cSrA modulates glycogen 
biosynthesis via effects on mRNA stability. J. Bacteriol. 177: 
2663-2672): cynR (Anderson, P. M., et al. 1990. The cyanase 
operon and cyanate metabolism. FEMS Microbiol. Rev. 
7:247-252: Sung, Y.C., and J. A. Fuchs. 1992. The Escheri 
chia coli K-12 cynoperonis positively regulated by a member 
of the lysR family. J. Bacteriol. 174:3645-3650): cysB 
(Jagura-Burdzy, G., and D. Hulanicka. 1981. Use of gene 
fusions to study expression of cysB, the regulatory gene of the 
cysteine regulon. J. Bacteriol. 147:744-751); cytR (Hammer 
Jespersen, K., and A. Munch-Ptersen. 1975. Multiple regula 
tion of nucleoside catabolizing enzymes: regulation of the 
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deo operon by the cytR and deoR gene products. Mol. Gen. 
Genet. 137:327-335): dadO (alnR) (Wild, J., and B. Obrepal 
ska. 1982. Regulation of expression of the dadA gene encod 
ing D-amino acid dehydrogenase in Escherichia coli: analy 
sis of dad A-lac fusions and direction of dadA transcription. 
Mol. Gen. Genet. 186:405-410); dadR (alnR) (Wild, J., et al. 
1985. Identification of the dadX gene coding for the predomi 
nant isozyme of alanine racemase in Escherichia coli K12. 
Mol. Gen. Genet. 198:315-322); deoR (nucR, tsc, nupG) 
(Hammer-Jespersen, K., and A. Munch-Ptersen. 1975. Mul 
tiple regulation of nucleoside catabolizing enzymes: regula 
tion of the deo operon by the cytR and deoR gene products. 
Mol. Gen. Genet. 137:327-335): dgoR (Berlyn, M. K. B., et 
al. 1996. Linkage map of Escherichia coli K-12, Edition 9. In 
F.C. Neidhardt, R. Curtiss, J. L. Ingraham, E. C. C. Lin, K. B. 
Low, B. Magasanik, W. S. Reznikoff, M. Riley, M. 
Schaechter, and H. E. Umbarger (eds.). Escherichia coli and 
Salmonella typhimurium. cellular and molecular biology, 
2nd ed. American Society for Microbiology, Washington 
D.C.); dicA (Bejar, S., et al. 1988. Cell division inhibition 
gene dicB is regulated by a locus similar to lambdoid bacte 
riophage immunity loci. Mol. Gen. Genet. 212:11-19); dnaK 
(gro, groP groPAB, groPC, groPF, grpC, grpF, Seg) (Bochner, 
B. R., et al. 1986. Escherichia coli DnaK protein possesses a 
5'-nucleotidase activity that is inhibited by Apppp.A. J. Bac 
teriol. 168:931-935): dniR (Kajie, S., et al. 1991. Molecular 
cloning and DNA sequence of dniR, a gene affecting anaero 
bic expression of the Escherichia coli hexaheme nitrite reduc 
tase. FEMS Microbiol. Lett. 67:205-211); dsdC (Heincz, M. 
C., and E. McFall. 1978. Role of the dsdC activator in regu 
lation of D-serine deaminase synthesis. J. Bacteriol. 136:96 
103): ebgR (Hall, B.G., and N. D. Clarke. 1977. Regulation 
of newly evolved enzymes. III Evolution of the ebg repressor 
during selection for enhanced lactase activity. Genetics. 
85:193-201); envY (Lundrigan, M. D., and C. F. Earhart. 
1984. Gene envY of Escherichia coli K-12 affects ther 
moregulation of major porin expression. J. Bacteriol. 157: 
262-268): envZ (ompB, perA, tpo) (Russo, F. D., and T. J. 
Silhavy. 1991. EnvZ controls the concentration of phospho 
rylated Ompk to mediate osmoregulation of the porin genes. 
J. Mol. Biol. 222:567-580); evgA (Nishino, K., and A. 
Yamaguichi. 2001. Overexpression of the response regulator 
evgA of the two-component signal transduction system 
modulates multidrug resistance conferred by multidrug resis 
tance transporters. J. Bacteriol. 183: 1455-1458); evgS (Id.); 
exuR (Portalier, R., et al. 1980. Regulation of Escherichia coli 
K-12 hexuronate system genes: exu regulon. J. Bacteriol. 
143:1095-1107); fadR (dec, ole, thaB) (Simons, R. W., et al. 
1980. Regulation of fatty acid degradation in Escherichia 
coli: isolation and characterization of strains bearing inser 
tion and temperature-sensitive mutations in gene fadR. J. 
Bacteriol. 142:621-632); fed (Van Hove, B., et al. 1990. 
Novel two-component transmembrane transcription control: 
regulation of iron dicitrate transport in Escherichia coli K-12. 
J. Bacteriol. 172:6749-6758); fecR(Id.); flhlA (Maupin, J. A., 
and K. T. Shanmugam. 1990. Genetic regulation of formate 
hydrogenlyase of Escherichia coli: role of the fhlA gene 
product as a transcriptional activator for a new regulatory 
gene, fhlB. J. Bacteriol. 172:4798-4806; Rossmann, R., et al. 
1991. Mechanism of regulation of the formate-hydrogenil 
yase pathway by oxygen, nitrate, and pH: definition of the 
formate regulon. Mol. Microbiol. 5:2807-2814); flhlB 
(Maupin, J. A., and K. T. Shanmugam. 1990. Genetic regula 
tion of formate hydrogenlyase of Escherichia coli: role of the 
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fhla gene product as a transcriptional activator for a new 
regulatory gene, flhlB. J. Bacteriol. 172:4798-4806); fimB 
(pil) (Palesen, L., et al. 1989. Regulation of the phase switch 
controlling expression of type 1 fimbriae in Escherichia coli. 
Mol. Microbiol. 3:925-931); fimE (pilH) (Id.); flhC (flaI) 
(Liu, X., and P. Matsumura. 1994. The FlhD/FlhC complex, a 
transcriptional activator of the Escherichia coli flagellar class 
II operons. J. Bacteriol. 176:7345-7351); flhD (flhB) (Id.); 
fliA (fla), rpoR) (Komeda, Y., et al. 1986. Transcriptional 
control of flagellar genes in Escherichia coli K-12. J. Bacte 
riol. 168:1315-1318); fnr (fraB, nirA, nirR) (Jones, H. M., 
and R. P. Gunsalus. 1987. Regulation of Escherichia coli 
fumarate reductase (fra ABCD) operon expression by respi 
ratory electron acceptors and the finr gene product. J. Bacte 
riol. 169:3340-3349); fruR (fruC, shl) (Geerse, R. H., at al. 
The PEP: fructose phosphotransferase system in Salmonella 
typhimurium: FPr combines enzyme IIIFru and pseudo-HPr 
activities. Mol. Gen. Genet. 216:517-525); fucR(Zhu, Y., and 
E. C. Lin. 1986. An evolvant of Escherichia coli that employs 
the L-fucose pathway also for growth on L-galactose and 
D-arabinose. J. Mol. Evol. 23:259-266); fur (Bagg, A., and J. 
B. Neilands. 1987. Ferric uptake regulation protein acts as a 
repressor, employing iron (II) as a cofactor to bind the opera 
tor of an iron transport operon in Escherichia coli. Biochem 
istry 26:5471-5477); gadR gene product from Lactococcus 
lactis (Sanders, J. W., et al. 1997. A chloride-inducible gene 
expression cassette and its use in induced lysis of Lactococ 
cus lactis. Appl. Environ. Microbiol. 63:4877-4882); galR 
(von Wilcken-Bergmann, B., and B. Muller-Hill. 1982. 
Sequence of galR gene indicates a common evolutionary 
origin of lac and gal repressor in Escherichia coli. Proc. Natl. 
Acad. Sci. 79:2427-2431); galS (mglD) (Weickert., M.J., and 
S. Adhya. 1992. Isorepressor of the gal regulon in Escherichia 
coli. J. Mol. Biol. 226:69-83); gall J (Berlyn, M. K. B., et al. 
1996. Linkage map of Escherichia coli K-12, Edition 9. In F. 
C. Neidhardt, R. Curtiss, J. L. Ingraham, E. C. C. Lin, K. B. 
Low, B. Magasanik, W. S. Reznikoff, M. Riley, M. 
Schaechter, and H. E. Umbarger (eds.). Escherichia coli and 
Salmonella typhimurium. cellular and molecular biology, 
2nd ed. American Society for Microbiology, Washington 
D.C.); gatR (Nobelmann, B., and J. W. Lengeler. 1996. 
Molecular analysis of the gatgenes from Escherichia coli and 
of their roles in galactitol transport and metabolism. J. Bac 
teriol. 178:6790-6795); gcVA (Wilson, R. L., et al. 1993. 
Positive regulation of the Escherichia coli glycine cleavage 
enzyme system. J. Bacteriol. 175:902-904); glgS (Hengge 
Aronis, R., et al. 1993. Osmotic regulation of rpoS-dependent 
genes in Escherichia coli. J. Bacteriol. 175:259-265; Yang, 
H., et al. 1996. Coordinate genetic regulation of glycogen 
catabolism and biosynthesis in Escherichia coli via the CsrA 
gene product. J. Bactgeriol. 178:1012-1017); glnB (Bueno, 
R., et al. 1985. Role of glnB and glnD gene products in 
regulation of the gln ALG operon of Escherichia coli. J. Bac 
teriol. 164:816-822); glnG (gln, intrC) (Pahel, G., and B. 
Tyler. 1979. A new gln A-linked regulatory gene for 
glutamine synthetase in Escherichia coli. Proc. Natl. Acad. 
Sci. 76:4544-4548); glnL (glnR, intrB) (MacNeil, T., et al. The 
products of glnL and glnG are bifunctional regulatory pro 
teins. Mol. Gen. Genet. 188:325–333); glpR (Silhavy, T.J., et 
al. 1976. Periplasmic protein related to the sn-glycerol-3- 
phosphate transport system of Escherichia coli. J. Bacteriol. 
126:951-958); gltF (Castano, I., et al. gltF, a member of the 
gltEBDF operon of Escherichia coli, is involved in nitrogen 
regulated gene expression. Mol. Microbiol. 6:2733-2741); 
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gntR (Peekhaus, N., and T. Conway. 1998. Positive and nega 
tive transcriptional regulation of the Escherichia coli glucon 
ate regulon gene gntT by GntR and the cyclic AMP (cAMP)- 
cAMP receptor protein complex. J. Bacteriol. 18.0:1777 
1785); hha (Neito, J. M., et al. The hha gene modulates 
haemolysin expression in Escherichia coli. Mol. Microbiol. 
5:1285-1293); himD (hip) (Goosen, N., et al. 1984. Regula 
tion of Mu transposition. II. The Escherichia coli Himl) pro 
tein positively controls two repressor promoters and the early 
promoter of bacteriophage Mu. Gene. 32:419-426); hrpB 
gene product from Pseudomonas Solanacearum (Van Gijse 
gem, F., et al. 1995. The hrp gene locus of Pseudomonas 
Solanacearum, which controls the production of a type III 
secretion system, encodes eight proteins related to compo 
nents of the bacterial flagellar biogenesis complex. Mol. 
Microbiol. 15:1095-1114): hybF (Berlyn, M. K. B., et al. 
1996. Linkage map of Escherichia coli K-12, Edition 9. In F. 
C. Neidhardt, R. Curtiss, J. L. Ingraham, E. C. C. Lin, K. B. 
Low, B. Magasanik, W. S. Reznikoff, M. Riley, M. 
Schaechter, and H. E. Umbarger (eds.). Escherichia coli and 
Salmonella typhimurium. cellular and molecular biology, 
2nd ed. American Society for Microbiology, Washington 
D.C.); hycA (Hopper, S., et al. 1994. Regulated expression in 
vitro of genes coding for formate hydrogenlyase components 
of Escherichia coli. J. Biol. Chem. 269:19597-19604): hydG 
(Leonhartsberger, S. et al. 2001. The hydH/G genes from 
Escherichia coli code for a zinc and lead responsive two 
component regulatory system. J. Mol. Biol. 307:93-105); 
hydH (Id.); icia (Thony, B., et al. 1991. icia, an Escherichia 
coli gene encoding a specific inhibitor of chromosomal ini 
tiation of replication in vitro. Proc. Natl. Acad. Sci. 88:4066 
4070): iclR (Maloy, S. R., and W. D. Nunn. 1982. Genetic 
regulation of the glyoxylate shunt in Escherichia coli K-12.J. 
Bacteriol. 149:173-180); ileR (avr, flrA) (Johnson, D.I., and 
R. L. Somerville. 1984. New regulatory genes involved in the 
control of transcription initiation at the thr and ilv promoters 
of Escherichia coli K-12. Mol. Gen. Genet. 195:70-76); ilvR 
(Id.); ilvU (Fayerman, J. T., et al. 1979. ilvU, a locus in 
Escherichia coli affecting the derepression of isoleucyl 
tRNA synthetase and the RPC-5 chromatographic profiles of 
tRNAIle and tRNAVal. J. Bio. Chem. 254:9429-9440); ilvY 
(Wek, R. C., and G. W. Hatfield. 1988. Transcriptional acti 
Vation at adjacent operators in the divergent-overlappingilvy 
and ilvC promoters of Escherichia coli. J. Mol. Biol. 203: 
643-663); inaA (White, S., et al. 1992. pH dependence and 
gene structure of inaA in Escherichia coli. J. Bacteriol. 174: 
1537-1543); inaR(Id.);kdgR (Nemoz, G. etal. 1976. Physi 
ological and genetic regulation of the aldohexuronate trans 
port system in Escherichia coli. J. Bacteriol. 127:706-718); 
lad (Riggs, A. D., and S. Bourgeois. 1968. On the assay, 
isolation and characterization of the lac repressor. J. Mol. 
Biol. 34:361-364); leuo (Shi, X., and G. N. Bennett. 1995. 
Effects of multicopy Leuc) on the expression of the acid 
inducible lysine decarboxylase gene in Escherichia coli. J. 
Bacteriol. 177:810-814; Klauck, E., et al. 1997. The LysR 
like regulator Leuc) in Escherichia coli is involved in the 
translational regulation of rpoS by affecting the expression of 
the small regulatory DsrA-RNA. Mol. Microbiol. 25:559 
569); leuR (Theal, G., et al. 1979. Regulation of the biosyn 
thesis of aminoacyl-tRNA synthetases and of tRNA in 
Escherichia coli. IV. Mutants with increased levels of leucyl 
or seryl-tRNA synthetase. Mol. Gen. Genet. 169:205-211): 
leuY (Morgan, S., et al. 1979. Regulation of biosynthesis of 
aminoacyl-transfer RNA synthetases and of transfer-RNA in 
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Escherichia coli. Arch. Biol. Med. Exp. (Santiago) 12:415 
426); lexA (Mount, D.W. 1977. A mutant of Escherichia coli 
showing constitutive expression of the lysogenic induction 
and error-prone DNA repair pathways. Proc. Natl. Acad. Sci. 
74:300-304; Little, J. W., et al. 1980. Cleavage of the Escheri 
chia coli lexA protein by the recA protease. Proc. Natl. Acad. 
Sci. 77:3225-3229): lldR (lctR) (Dong, J. M., et al. 1993. 
Three overlapping let genes involved in L-lactate utilization 
by Escherichia coli. J. Bacteriol. 175:6671-6678); lpp (Bro 
sius, J. Expression vectors employing lambda-, trp-, lac-, and 
lpp-derived promoters. 1988. Biotechnology. 10:205-225); 
lrh A (genR) (Bongaerts, J., et al. 1995. Transcriptional regu 
lation of the proton translocating NADH dehydrogenase 
genes (nuoA-N) of Escherichia coli by electron acceptors, 
electron donors and gene regulators. Mol. Microbiol. 16:521 
534); lirp (ihb, livR, lss, lstR, opp, rblA, mbf) (Ito, K., et al. 
Multiple control of Escherichia coli lysyl-tRNA synthetase 
expression involves a transcriptional repressor and a transla 
tional enhancer element. Proc. Natl. Acad. Sci. 90:302-306); 
lysR (Gicquel-Sanzey, B. and P. Cossart. 1982. Homologies 
between different procaryotic DNA-binding regulatory pro 
teins and between their sites of action. EMBO J. 1:591-595; 
Stragier, P. etal. 1983. Regulation of diaminopimelate decar 
boxylase synthesis in Escherichia coli. II. Nucleotide 
sequence of the lySA gene and its regulatory region. J. Mol. 
Biol. 168:321-331); mall (Reidl, J., et al. 1989. Mall, a novel 
protein involved in regulation of the maltose system of 
Escherichia coli, is highly homologous to the repressor pro 
teins GalR, CytR, and LacI. J. Bacteriol. 171:4888-4499); 
malT (malA) (Bebarbouille, M., and M. Schwartz. Mutants 
which make more malT product, the activator of the maltose 
regulon in Escherichia coli. Mol. Gen. Genet. 178:589-595): 
marA (cpXB, SOXO) (Ariza, R. R., et al. Repressor mutations 
in the marr AB operon that activate oxidative stress genes and 
multiple antibiotic resistance in Escherichia coli. J. Bacteriol. 
176:143-148); marB (Berlyn, M. K. B., et al. 1996. Linkage 
map of Escherichia coli K-12, Edition 9. In F. C. Neidhardt, 
R. Curtiss, J. L. Ingraham, E. C. C. Lin, K. B. Low, B. 
Magasanik, W. S. Reznikoff, M. Riley, M. Schaechter, and H. 
E. Umbarger (eds.). Escherichia coli and Salmonella typh 
imurium: cellular and molecular biology, 2nd ed. American 
Society for Microbiology, Washington D.C.); marr (Ariza, 
R. R., et al. Repressor mutations in the marr AB operon that 
activate oxidative stress genes and multiple antibiotic resis 
tance in Escherichia coli. J. Bacteriol. 176:143-148); melR 
(Williams, J., et al. 1994. Interactions between the Escheri 
chia coli MelR transcription activator protein and operator 
sequences at the melAB promoter. Biochem. J. 300:757 
763); metJ (Smith, A. A., et al. 1985. Isolation and character 
ization of the product of the methionine-regulatory gene metJ 
of Escherichia coli K-12. Proc. Natl. Acad. Sci. 82: 6104 
6108: Shoeman, R., et al. 1985. Regulation of methionine 
synthesis in Escherichia coli: effect of metJ gene product and 
S-adenosylmethionine on the in vitro expression of the metB, 
metL and metJ genes. Biochem. BiophyS. Res. Commun. 
133:731-739); metR (Maxon, M. E., et al. 1989. Regulation 
of methionine synthesis in Escherichia coli: effect of the 
MetR protein on the expression of the metB and metR genes. 
Proc. Natl. Acad. Sci. 86:85-89); mglR (R-MG) (Berlyn, M. 
K. B., et al. 1996. Linkage map of Escherichia coli K-12, 
Edition 9. In F.C. Neidhardt, R. Curtiss, J. L. Ingraham, E. C. 
C. Lin, K. B. Low, B. Magasanik, W. S. Reznikoff. M. Riley, 
M. Schaechter, and H. E. Umbarger (eds.). Escherichia coli 
and Salmonella typhimurium. Cellular and molecular biol 
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ogy, 2nded. American Society for Microbiology, Washington 
D.C.); mhpR (Ferrandez, A., et al. 1997. Genetic character 
ization and expression in heterologous hosts of the 3-(3- 
hydroxyphenyl)propionate catabolic pathway of Escherichia 
coli K-12. J. Bacteriol. 179:2573-2581); mhpS (Berlyn, M. 
K. B., et al. 1996. Linkage map of Escherichia coli K-12, 
Edition 9. In F.C. Neidhardt, R. Curtiss, J. L. Ingraham, E. C. 
C. Lin, K. B. Low, B. Magasanik, W. S. Reznikoff. M. Riley, 
M. Schaechter, and H. E. Umbarger (eds.). Escherichia coli 
and Salmonella typhimurium. Cellular and molecular biol 
ogy, 2nded. American Society for Microbiology, Washington 
D.C.); micF (stic) (Aiba, H., et al. 1987. Function of micF as 
an antisense RNA in osmoregulatory expression of the ompl 
gene in Escherichia coli. J. Bacteriol. 169:3007-3012); mprA 
(emrR) (del Castillo, I., etal. 1990. mprA, an Escherichia coli 
gene that reduces growth-phase-dependent synthesis of 
microcins B17 and C7 and blocks osmoinduction of proU 
when cloned on a high-copy-number plasmid. J. Bacteriol. 
172:437–445); mtlR (Figge, R. M., et al. 1994. The mannitol 
repressor (MtlR) of Escherichia coli. J. Bacteriol. 176:840 
847): nagC (nagR) (Plumbridge, J. A. 1991. Repression and 
induction of the nag regulon of Escherichia coli K-12: the 
roles of nagC and nagA in maintenance of the uninduced 
state. Mol. Microbiol. 5:2053-3062): narL (fraR, narR) 
(Stewart, V.1982. Requirement of Fnrand NarL functions for 
nitrate reductase expression in Escherichia coli K-12. J. Bac 
teriol. 151:1320-1325; Miller, J. B., et al. 1987. Molybde 
num-sensitive transcriptional regulation of the chlD locus of 
Escherichia coli. J. Bacteriol. 169:1853-1860; Iuchi, S., and 
E. C. Lin. 1987. Molybdenum effector of fumarate reductase 
repression and nitrate reductase induction in Escherichia coli. 
J. Bacteriol. 169:3720-3725); narP (Rabin, R.S., and V. Stew 
art. 1993. Dual response regulators (NarL and NarP) interact 
with dual sensors (NarX and NarO) to control nitrate- and 
nitrite-regulated gene expression in Escherichia coli K-12. J. 
Bacteriol. 175:3259-3268): inhaR (gene product from E. coli 
(Rahav-Manor, O., et al. 1992. NhaR, a protein homologous 
to a family of bacterial regulatory proteins (LysR), regulates 
nhaA, the Sodium proton antiporter gene in Escherichia coli. 
J. Biol. Chem. 267: 10433-10438); ompR (cry, envZ, ompb) 
(Taylor, R. K., et al. Identification of OmpR: a positive regu 
latory protein controlling expression of the major outer mem 
brane matrix porin proteins of Escherichia coli K-12. J. Bac 
teriol. 147:255-258); oxyR (mor, momR) (VanBogelen, R. A. 
et al. 1987. Differential induction of heat shock, SOS, and 
oxidation stress regulons and accumulation of nucleotides in 
Escherichia coli. J. Bacteriol. 169:26-32); pdhR (Haydon, D. 
J., et al. A mutation causing constitutive synthesis of the 
pyruvate dehydrogenase complex in Escherichia coli is 
located within the pdhR gene. FEBS Lett. 336:43-47); phnF 
(Wanner, B. L., and W. W. Metcalf. 1992. Molecular genetic 
studies of a 10.9-kb operon in Escherichia coli for phospho 
nate uptake and biodegradation. FEMS Microbiol. Lett. 
79:133-139); phoB (phoRc, phot) (Pratt, C. 1980. Kinetics 
and regulation of cell-free alkaline phosphatase synthesis. J. 
Bacteriol. 143:1265-1274); phoP (Kasahara, M., et al. 1992. 
Molecular analysis of the Escherichia coli phoP-phoQ 
operon. J. Bacteriol. 174:492-498); phoO (Id.); phoR 
(R1pho, nmpB, phoR1) (Bracha, M., and E. Yagil. 1969. 
Genetic mapping of the phoR regulator gene of alkaline phos 
phatase in Escherichia coli. J. Gen. Microbiol. 59:77-81); 
phoU (pho T) (Nakata, A., et al. 1984. Regulation of the phos 
phate regulon in Escherichia coli K-12: regulation of the 
negative regulatory gene phoU and identification of the gene 
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product. J. Bacteriol. 159:979-985); poaR (Berlyn, M. K. B., 
et al. 1996. Linkage map of Escherichia coli K-12, Edition 9. 
In F.C. Neidhardt, R. Curtiss, J. L. Ingraham, E. C. C. Lin, K. 
B. Low, B. Magasanik, W. S. Reznikoff, M. Riley, M. 
Schaechter, and H. E. Umbarger (eds.). Escherichia coli and 
Salmonella typhimurium. cellular and molecular biology, 
2nd ed. American Society for Microbiology, Washington 
D.C.); pox A (Chang, Y.Y., and J. E. Cronan Jr. 1982. Mapping 
nonselectable genes of Escherichia coli by using transposon 
Tn 10: location of a gene affecting pyruvate oxidase. J. Bac 
teriol. 151:1279-1289); proQ (Milner, J. L., and J. M. Wood. 
1989. Insertion proCR220::Tn5 alters regulation of proline 
porter II, a transporter of proline and glycine betaine in 
Escherichia coli. J. Bacteriol. 171:947-951); psp-A (Weiner, 
L., et al. 1991. Stress-induced expression of the Escherichia 
coliphage shock protein operon is dependent on sigma 54 and 
modulated by positive and negative feedback mechanisms. 
Genes Dev. 5:1912-1923); pspB (Weiner, L., et al. 1991. 
Stress-induced expression of the Escherichia coli phage 
shock protein operon is dependent on sigma 54 and modu 
lated by positive and negative feedback mechanisms. Genes 
Dev. 5:1912-1923); pspC (Weiner, L., et al. 1991. Stress 
induced expression of the Escherichia coli phage shock pro 
tein operon is dependent on sigma 54 and modulated by 
positive and negative feedback mechanisms. Genes Dev. 
5:1912-1923); pssl (Sparrow, C. P., and C. R. Raetz. 1983. A 
trans-acting regulatory mutation that causes overproduction 
of phosphatidylserine synthase in Escherichia coli. J. Biol. 
Chem. 258:9963-9967); purR (Meng, L. M., et al. 1990. 
Autoregulation of PurR repressor synthesis and involvement 
of purR in the regulation of purB, purO, purL, purMN and 
guaBA expression in Escherichia coli. Eur. J. Biochem. 187: 
373-379); put A (poaA) gene product from Salmonella 
enterica serotype Typhimurium (Menzel, R., and J. Roth. 
1981. Regulation of the genes for proline utilization in Sal 
monella typhimurium: autogenous repression by the putA 
gene product. J. Mol. Biol. 148:21-44); pyrI (Cunin, R., et al. 
1985. Structure-function relationship in allosteric aspartate 
carbamoyltransferase from Escherichia coli. I. Primary struc 
ture of a pyrI gene encoding a modified regulatory Subunit. J. 
Mol. Biol. 186:707-713); rbsR (Lopilato, J. E., et al. 1984. 
D-ribose metabolism in Escherichia coli K-12: genetics, 
regulation, and transport. J. Bacteriol. 158:665-673); rcSA 
(Gottesman, S., et al. 1985. Regulation of capsular polysac 
charide synthesis in Escherichia coli K-12: characterization 
of three regulatory genes. J. Bacteriol. 162:1111-1119); rcsB 
(Id.); rcsC (Id.); rcsF (Grevais, F. G., and G. R. Drapeau. 
1992. Identification, cloning, and characterization of rcsF, a 
new regulator gene for exopolysaccharide synthesis that Sup 
presses the division mutation ftsZ84 in Escherichia coli K-12. 
J. Bacteriol. 174:8016-8022); relB (Christensen, S. K., et al. 
2001. RelE, a global inhibitor of translation, is activated 
during nutritional stress. Proc Natl. Acad. Sci. 98:14328 
14333); rfaH (sfrB) (Pradel, E., and C. A. Schnaitman. 1991. 
Effect of rfaH (SfrB) and temperature on expression of rfa 
genes of Escherichia coli K-12. J. Bacteriol. 173:6428-6431); 
rhaR(Tobin, J. F., and R. F. Schleif. 1987. Positive regulation 
of the Escherichia coli L-rhamnose operon is mediated by the 
products of tandemly repeated regulatory genes. J. Mol. Biol. 
196:789-799); rhaS (Id.); rink (Berlyn, M. K. B., et al. 1996. 
Linkage map of Escherichia coli K-12, Edition 9. In F. C. 
Neidhardt, R. Curtiss, J. L. Ingraham, E. C. C. Lin, K. B. Low, 
B. Magasanik, W. S. Reznikoff, M. Riley, M. Schaechter, and 
H. E. Umbarger (eds.). Escherichia coli and Salmonella typh 
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imurium: cellular and molecular biology, 2nd ed. American 
Society for Microbiology, Washington D.C.); rob (Skarstad, 
K., et al. A novel binding protein of the origin of the Escheri 
chia coli chromosome. J. Biol. Chem. 268:535-5370): rseA 
(mclA) (Missiakas, D., et al. 1997. Modulation of the 
Escherichia coli sigmaE (RpoB) heat-shock transcription 
factor activity by the RiseA, RiseB and RseC proteins. Mol. 
Microbiol. 24:355-371; De Las Penas, A. 1997. The sigmaE 
mediated response to extracytoplasmic stress in Escherichia 
coli is transduced by RSeA and RseB, two negative regulators 
of sigmaE. Mol. Microbiol. 24:373-385): rseB (Id.): rseC 
(Id.); rspA (Huisman, G. W., and T. Kolter. 1994. Sensing 
starvation: a homoserine lactone—dependent signaling path 
way in Escherichia coli. Science. 265:537-539); rspB 
(Shafqat, J., et al. An ethanol-inducible MDR ethanol dehy 
drogenase/acetaldehyde reductase in Escherichia coli: struc 
tural and enzymatic relationships to the eukaryotic protein 
forms. Eur. J. Biochem. 263:305-311): rss A (Berlyn, M. K. 
B. etal. 1996. Linkage map of Escherichia coli K-12, Edition 
9. In F. C. Neidhardt, R. Curtiss, J. L. Ingraham, E. C. C. Lin, 
K. B. Low, B. Magasanik, W. S. Reznikoff, M. Riley, M. 
Schaechter, and H. E. Umbarger (eds.). Escherichia coli and 
Salmonella typhimurium. cellular and molecular biology, 
2nd ed. American Society for Microbiology, Washington 
D.C.); rssB (Muffler, A., et al. 1996. The response regulator 
RssB controls stability of the sigma(S) subunit of RNA poly 
merase in Escherichia coli. EMBO J. 15:1333-1339); sbaA 
(Berlyn, M. K. B., et al. 1996. Linkage map of Escherichia 
coli K-12, Edition 9. In F. C. Neidhardt, R. Curtiss, J. L. 
Ingraham, E. C. C. Lin, K. B. Low, B. Magasanik, W. S. 
Reznikoff, M. Riley, M. Schaechter, and H. E. Umbarger 
(eds.). Escherichia coli and Salmonella typhimurium: cellu 
lar and molecular biology, 2nd ed. American Society for 
Microbiology, Washington D.C.); sclaC (Id.); sciiA (Sitnikov, 
D. M., etal. 1996. Control of cell division in Escherichia coli: 
regulation of transcription of I involves both rpoS and SdiA 
mediated autoinduction. Proc. Natl. Acad. Sci. 93:336-341); 
serR (Theall, G., et al. 1979. Regulation of the biosynthesis of 
aminoacyl-tRNA synthetases and of tRNA in Escherichia 
coli. IV. Mutants with increased levels of leucyl- or seryl 
tRNA synthetase. Mol. Gen. Genet. 169:205-211); sfSA 
(Takeda, K., et al. 2001. Effects of the Escherichia coli sfSA 
gene on mal genes expression and a DNA binding activity of 
SfSA. Biosci. Biotechnol. Biochem. 65:213-217); sfsB (nlp, 
sfsl) (Berlyn, M. K. B., et al. 1996. Linkage map of Escheri 
chia coli K-12, Edition 9. In F. C. Neidhardt, R. Curtiss, J. L. 
Ingraham, E. C. C. Lin, K. B. Low, B. Magasanik, W. S. 
Reznikoff, M. Riley, M. Schaechter, and H. E. Umbarger 
(eds.). Escherichia coli and Salmonella typhimurium: cellu 
lar and molecular biology, 2nd ed. American Society for 
Microbiology, Washington D.C.); soxR (Tsaneva, I. R., and 
B. Weiss. 1990. SoxR, a locus governing a superoxide 
response regulon in Escherichia coli K-12. J. Bacteriol. 172: 
4197-4205); soxS (Wu, J., and B. Weiss. 1991. Two diver 
gently transcribed genes, SOXR and SOXS, control a SuperoX 
ide response regulon of Escherichia coli. J. Bacteriol. 173: 
2864-2871); srlR (gutR) (Csonka, L. N., and A. J. Clark. 
1979. Deletions generated by the transposon Tn 10 in the Srl 
recA region of the Escherichia coli K-12 chromosome. 
Genetics. 93:321-343); tdcA (Ganduri, Y. L., et al. 1993. 
TdcA, a transcriptional activator of the tdcABC operon of 
Escherichia coli, is a member of the LysR family of proteins. 
Mol. Gen. Genet. 240:395-402); tdcR(Hagewood, B.T., etal. 
1994. Functional analysis of the tdcABC promoter of 

39 
May 31, 2012 

Escherichia coli: roles of TdcA and TacR. J. Bacteriol. 176: 
6241-6220); thrS (Springer, M., et al. 1985. Autogenous con 
trol of Escherichia coli threonyl-tRNA synthetase expression 
in vivo. J. Mol. Biol. 185:93-104); torR (Simon, G., et al. 
1994. The torR gene of Escherichia coli encodes a response 
regulator protein involved in the expression of the trimethy 
lamine N-oxide reductase genes. J. Bacteriol. 176:5601 
5606); treR (Horlacher, R., and W. Boos. 1997. Characteriza 
tion of TreR, the major regulator of the Escherichia coli 
trehalose system. J. Biol. Chem. 272: 13026-13032); trpR 
(Gunsalus, R. P., and C. Yanofsky. 1980. Nucleotide sequence 
and expression of Escherichia coli trpR, the structural gene 
for the trp aporepressor. Proc. Natl. Acad. Sci. 77:7117 
7121); tyrR (Camakaris, H., and J. Pittard. 1973. Regulation 
of tyrosine and phenylalanine biosynthesis in Escherichia 
coli K-12: properties of the tyrR gene product. J. Bacteriol. 
115:1135-1144); uhp A (Kadner, R. J., and D. M. Shattuck 
Eidens. 1983. Genetic control of the hexose phosphate trans 
port system of Escherichia coli: mapping of deletion and 
insertion mutations in the uhp region. J. Bacteriol. 155: 1052 
1061); uidR (gusR) (Novel, M., and G. Novel. 1976. Regu 
lation of beta-glucuronidase synthesis in Escherichia coli 
K-12: pleiotropic constitutive mutations affecting uXu and 
uidA expression. J. Bacteriol. 127:418-432); uspA (Berlyn, 
M. K. B., et al. 1996. Linkage map of Escherichia coli K-12, 
Edition 9. In F.C. Neidhardt, R. Curtiss, J. L. Ingraham, E. C. 
C. Lin, K. B. Low, B. Magasanik, W. S. Reznikoff. M. Riley, 
M. Schaechter, and H. E. Umbarger (eds.). Escherichia coli 
and Salmonella typhimurium. Cellular and molecular biol 
ogy, 2nded. American Society for Microbiology, Washington 
D.C.); uxuR (Novel, M., and G. Novel. 1976. Regulation of 
beta-glucuronidase synthesis in Escherichia coli K-12: pleio 
tropic constitutive mutations affecting uXu and uidA expres 
sion.J. Bacteriol. 127:418-432); wrbA (Yang, W., et al. 1993. 
A stationary-phase protein of Escherichia coli that affects the 
mode of association between the trp repressor protein and 
operator-bearing DNA. Proc. Natl. Acad. Sci. 90:5796 
5800): xapR (pndR) (Seeger, C., et al. 1995. Identification 
and characterization of genes (Xap A, XapB, and XapR) 
involved in Xanthosine catabolism in Escherichia coli. J. Bac 
teriol. 177:5506-5516); and xylR (Inouye, S., et al. 1987. 
Expression of the regulatory geneXylS on the TOL plasmid is 
positively controlled by the xylR gene product. Proc. Natl. 
Acad. Sci. 84:5182-5186); 
0311 Regulatory elements, promoters and other expres 
sion elements and factors from prokaryotes other than E. coli 
and B. subtilis include without limitation ahyRI gene product 
from Aeromonas hydrophila and Aeromonas salmonicida 
(Swift, S., et al. 1997. Quorum sensing in Aeromonas hydro 
phila and Aeromonas salmonicida: identification of the 
LuxRI homologs AhyRI and AsaRI and their cognate N-acyl 
homoserine lactone signal molecules. J. Bacteriol. 179:5271 
5281); angR gene product from Vibrio anguillarum (Salinas, 
P. C., et al. 1989. Regulation of the iron uptake system in 
Vibrio anguillarum: evidence for a cooperative effect 
between two transcriptional activators. Proc. Natl. Acad. Sci. 
86:3529-3522); aph A gene product from Vibrio cholerae 
(Kovacikova, G., and K. Skorupski. 2001. Overlapping bind 
ing sites for the virulence gene regulators Apha, AphB and 
cAMP-CRP at the Vibrio cholerae tcpPH promoter. Mol. 
Microbiol. 41:393-407); aphB gene product from Vibrio 
cholerae (Kovachikova, G., and K. Skorupski. 2000. Differ 
ential activation of the tcpPH promoter by AphB determines 
biotype specificity of virulence gene expression in Vibrio 
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cholerae. J. Bacteriol. 182:3228-3238); comE gene product 
from Streptococcus pneumoniae (Ween, O., et al. 1999. Iden 
tification of DNA binding sites for ComE, a key regulator of 
natural competence in Streptococcus pneumoniae. Mol. 
Microbiol. 33:817-827); esal gene product from Pantoea 
Stewartii subsp. Stewartii (von Bodman, S. B., et al. 1998. A 
negative regulator mediates quorum-sensing control of 
exopolysaccharide production in Pantoea Stewartii Subsp. 
stewartii. Proc. Natl. Acad. Sci. 95:7687-7692); esaR gene 
product from Pantoea stewartii Subsp. Stewarti (Id.); exp 
gene product from Erwinia chrysanthemi (Nasser, W., et al. 
1998. Characterization of the Erwinia chrysanthemi expl 
expR locus directing the synthesis of two N-acyl-homoserine 
lactone signal molecules. Mol. Microbiol. 29:1391-1405); 
expR gene product from Erwinia chrysanthemi (Id.), gacA 
gene product from Pseudomonas aeruginosa (Pessi, G., and 
D. Haas. 2001. Dual control of hydrogen cyanide biosynthe 
sis by the global activator GacA in Pseudomonas aeruginosa 
PAO1. FEMS Microbiol. Lett. 200:73-78); hapR gene prod 
uct from Vibrio cholerae (Jobling, M. G., and R. K. Holmes. 
Characterization of hapR, a positive regulator of the Vibrio 
cholerae HA/protease gene hap, and its identification as a 
functional homologue of the Vibrio harveyiluxR gene. Mol. 
Microbiol. 26:1023-1034); hlyR gene product from Vibrio 
cholerae (von Mechow, S., et al. 1985. Mapping of a gene that 
regulates hemolysin production in Vibrio cholerae. J. Bacte 
riol. 163:799-802); hupR gene product from Vibrio vulnificus 
(Litwin, C. M., and J. Quackenbush. 2001. Characterization 
of a Vibrio vulnificus LysR homologue, HupR, which regu 
lates expression of the haem uptake outer membrane protein, 
Hup A. Microb. Pathog. 31:295-307); lasR gene product from 
Pseudomonas aerugenosa (Gambella, M. J., and B. H. 
Igleweski. 1991. Cloning and characterization of the 
Pseudomonas aeruginosa lasR gene, a transcriptional activa 
tor of elastase expression. J. Bacteriol. 173:3000-3009); leuO 
gene product from Salmonella enterica serovar Tiphimurium 
(Fang, M., and H. Y. Wu. 1998. A promoter relay mechanism 
for sequential gene activation. J. Bacteriol. 180:626-633): 
luxI gene product from Vibrio cholerae (Engebrecht, J., and 
M. Silverman. Nucleotide sequence of the regulatory locus 
controlling expression of bacterial genes for biolumines 
cence. Nucleic Acids Res. 15:10455-10467); luxO gene prod 
uct from Vibrio cholerae (Bassler, B.L., et al. 1994. Sequence 
and function of LuxO, a negative regulator of luminescence in 
Vibrio harveyi. Mol. Microbiol. 12:403-412); luxR gene 
product from Vibrio cholerae (Engebrecht, J., and M. Silver 
man. Nucleotide sequence of the regulatory locus controlling 
expression of bacterial genes for bioluminescence. Nucleic 
Acids Res. 15:10455-10467); phzR gene product from 
Pseudomonas aureofaciens (Pierson, L. S., et al. 1994. 
Phenazine antibiotic biosynthesis in Pseudomonas aureofa 
ciens 30-84 is regulated by PhzR in response to cell density.J. 
Bacteriol. 176:3966-3974); rhlR gene product from 
Pseudomonas aeruginosa (Ochsner, U. A. et al. 1994. Isola 
tion and characterization of a regulatory gene affecting rham 
nolipid biosurfactant synthesis in Pseudomonas aeruginosa. 
J. Bacteriol. 176:2044-2054); rsmA gene product from 
Erwinia carotovora subsp. carotovora (Cui, Y., et al. 1995. 
Identification of a global repressor gene, rSmA, of Erwinia 
carotovora Subsp. carotovora that controls extracellular 
enzymes, N-(3-oxohexanoyl)-L-homoserine lactone, and 
pathogenicity in soft-rotting Erwinia spp. J. Bacteriol. 177: 
5108-5115): rsmB gene product from Erwinia carotovora 
subsp. carotovora (Cui, Y., et al. 1999. rsmC of the soft 
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rotting bacterium Erwinia carotovora Subsp. carotovora 
negatively controls extracellular enzyme and harpin(Ecc) 
production and virulence by modulating levels of regulatory 
RNA (rsmB) and RNA-binding protein (RsmA). J. Bacteriol. 
181:6042-6052); sirA gene product from Salmonella 
enterica serovar Tiphimurium (Goodier, R. I., and B. M. 
Ahmer. 2001. SirA orthologs affects both motility and viru 
lence. J. Bacteriol. 183:2249-2258); taf gene product from 
Vibrio cholerae (Salinas, P. C., et al. 1989. Regulation of the 
iron uptake system in Vibrio anguillarum: evidence for a 
cooperative effect between two transcriptional activators. 
Proc. Natl. Acad. Sci. 86:3529-3522); tcpP geneproduct from 
Vibrio cholerae (Hase, C. C., and J.J. Mekalanos. 1998. TcpP 
protein is a positive regulator of virulence gene expression in 
Vibrio cholerae. Proc. Natl. Acad. Sci. 95:730-734): toxR 
gene product from Vibrio cholerae (Miller, V. L., and J. J. 
Mekalanos. 1984. Synthesis of cholera toxin is positively 
regulated at the transcriptional level by toxR. Proc. Natl. 
Acad. Sci. 81:3471-4375); toxS gene product from Vibrio 
cholerae (Miller, V. L., et al. 1989. Identification of toxS, a 
regulatory gene whose product enhances toxR-mediated acti 
vation of the cholera toxin promoter. J. Bacteriol. 171: 1288– 
1293); toxT from Vibrio cholerae (Kaufman, M. R., et al. 
1993. Biogenesis and regulation of the Vibrio cholerae toxin 
coregulated pilus: analogies to other virulence factor secre 
tory systems. Gene. 126:43-49); traM gene product from 
Agrobacterium tumefaciens (Faqua, C., et al. 1995. Activity 
of the Agrobacterium Tiplasmid conjugal transfer regulator 
TraRisinhibited by the product of the traMgene.J. Bacteriol. 
177:1367-1373); traR gene product from Agrobacterium 
tumefaciens (Piper, K. R., et al. 1993. Conjugation factor of 
Agrobacterium tumefaciens regulates Tiplasmid transfer by 
autoinduction. Nature. 362:448-450); VicH gene product 
from Vibrio cholerae (Tendeng, C., et al. 2000. Isolation and 
characterization of VicH, encoding a new pleiotropic regula 
tor in Vibrio cholerae. J. Bacteriol. 182:2026-2032); vspR 
gene product from Vibrio cholerae (Yildiz, F. H., et al. 2001. 
VpsR, a Member of the Response Regulators of the Two 
Component Regulatory Systems, Is Required for Expression 
of vps Biosynthesis Genes and EPS(ETr)-Associated Pheno 
types in Vibrio cholerae O1 E1 Tor. J. Bacteriol. 183: 1716 
1726). 
0312 II.C.5.b. Bacillus subtilis 
0313 Regulatory elements, promoters and other expres 
sion elements and expression elements from B subtilis 
include but are not limited to abrB (Perego, M., et al. 1988. 
Structure of the gene for the transition state regulator, abrB: 
regulator synthesis is controlled by the spo0A sporulation 
gene in Bacillus subtilis. Mol. Microbiol. 2:698-699); acoR 
(Ali, N. O., et al. 2001. Regulation of the acetoin catabolic 
pathway is controlled by Sigma L in Bacillus subtilis. J. Bac 
teriol. 183:2497-2504); ahrC (Klinger, U., et al. 1995. A 
binding site for activation by the Bacillus subtilis AhrC pro 
tein, a repressor/activator of arginine metabolism. Mol. Gen. 
Genet. 248:329-340); alaR (Sohenshein, A. L., J. A. Hoch, 
and R. Losick (eds.) 2002. Bacillus subtilis and its closest 
relatives: from genes to cells. American Society for Microbi 
ology, Washington D.C.); alsR (Renna, M. C., et al. 1993. 
Regulation of the Bacillus subtilis alsS, alsD, and alsR genes 
involved in post-exponential-phase production of acetoin. J. 
Bacteriol. 175:3863-3875); ansR (Sun, D., and P. Setlow. 
1993. Cloning and nucleotide sequence of the Bacillus sub 
tilis ansR gene, which encodes a repressor of the ans operon 
coding for L-asparaginase and L-aspartase. J. Bacteriol. 175: 
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2501-2506); arak (Sa-Nogueira, I., and L. J. Mota. 1997. 
Negative regulation of L-arabinose metabolism in Bacillus 
subtilis: characterization of the araR (araC) gene.J. Bacteriol. 
179:1598-1608); arfM (Marino, M., et al. 2001. Modulation 
of anaerobic energy metabolism of Bacillus subtilis by arfM 
(ywiD). J. Bacteriol. 183:6815-6821): arsR (Rosenstein, R., 
et al. 1992. Expression and regulation of the antimonite, 
arsenite, and arsenate resistance operon of Staphylococcus 
xylosus plasmid pSX267. J. Bacteriol. 174:3676-3683); azlB 
(Belitsky, B. R., et al. 1997. An Irp-like gene of Bacillus 
subtilis involved in branched-chain amino acid transport. J. 
Bacteriol. 179:54485457); birA (Bower, S., et al. 1995. Clon 
ing and characterization of the Bacillus subtilis birA gene 
encoding a repressor of the biotin operon. J. Bacteriol. 177: 
2572–2575); bkdR (Bebarbouille, M., et al. 1999. Role of 
bkdR, a transcriptional activator of the sig-dependent iso 
leucine and valine degradation pathway in Bacillus subtilis.J. 
Bacteriol. 181:2059-2066); bltR (Ahmed, M., et al. 1995. 
Two highly similar multidrug transporters of Bacillus subtilis 
whose expression is differentially regulated. J. Bacteriol. 
177:3904-3910); bmrR (Ahmed, M., et al. 1994. A protein 
that activates expression of a multidrug efflux transporter 
upon binding the transporter substrates. J. Biol. Chem. 269: 
28506-28513); ccpA (Henkin, T. M., et al. 1991. Catabolite 
repression of alpha-amylase gene expression in Bacillus sub 
tilis involves a trans-acting gene product homologous to the 
Escherichia coli lacI and galR repressors. Mol. Microbiol. 
5:575-584); ccpB (Chauvaux, S., et al. 1998. CepE, a novel 
transcription factor implicated in catabolite repression in 
Bacillus subtilis. J. Bacteriol. 180:491–497); ccpC (Jourlin 
Castelli, C., et al. 2000. CopC, a novel regulator of the LysR 
family required for glucose repression of the citB gene in 
Bacillus subtilis.J. Mol. Biol. 295:865-878); cggR (Fillinger, 
S., et al. 2000. Two glyceraldehyde-3-phosphate dehydroge 
nases with opposite physiological roles in a nonphotosyn 
thetic bacterium. J. Biol. Chem. 275:14031-14037); cheB 
(Bischoff, D. S., and G. W. Ordal. 1991. Sequence and char 
acterization of Bacillus subtilis CheB, a homolog of Escheri 
chia coli Chey, and its role in a different mechanism of 
chemotaxis. J. Biol. Chem. 266:12301-12305); chey (Bis 
choff, D. S., et al. 1993. Purification and characterization of 
Bacillus subtilis Chey. Biochemistry 32:9256-9261); citR 
(Jin, S., and A. L. Sonenshein. 1994. Transcriptional regula 
tion of Bacillus subtilis citrate synthase genes. J. Bacteriol. 
176:4680-4690); citT (Yamamoto, H., et al. 2000. The CitST 
two-component system regulates the expression of the Mg 
citrate transporter in Bacillus subtilis. Mol. Microbiol. 
37:898-912); codY (Slack, F. J., et al. 1995. A gene required 
for nutritional repression of the Bacillus subtilis dipeptide 
permease operon. Mol. Microbiol. 15:689-702); comA (Na 
kano, M. M., and P. Zuber. 1989. Cloning and characteriza 
tion of SrfB, a regulatory gene involved in Surfactin produc 
tion and competence in Bacillus subtilis. J. Bacteriol. 171: 
5347-5353); comK (Msadek, T., et al. 1994. Mech3 of Bacillus 
subtilis, a member of the ClpCATPase family, is a pleiotropic 
regulator controlling competence gene expression and 
growth at high temperature. Proc. Natl. Acad. Sci. 91:5788 
5792); comO (Weinrauch, Y., et al. 1991. Sequence and prop 
erties of comQ, a new competence regulatory gene of Bacillus 
subtilis.J. Bacteriol. 173:5685-5693); cssR (Hyyrylainen, H. 
L., et al. 2001. A novel two-component regulatory system in 
Bacillus subtilis for the survival of severe secretion stress. 
Mol. Microbiol. 41:1159-1172): ctsR (Kruger, E., and M. 
Hecker. 1998. The first gene of the Bacillus subtilis clpC 
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operon, ctsR, encodes a negative regulator of its own operon 
and other class III heat shock genes. J. Bacteriol. 180:6681 
6688); dctR (Sohenshein, A. L., J. A. Hoch, and R. Losick 
(eds.) 2002. Bacillus subtilis and its closest relatives: from 
genes to cells. American Society for Microbiology, Washing 
ton D.C.); degA (Bussey, L. B., and R. L. Switzer. 1993. The 
degA gene product accelerates degradation of Bacillus sub 
tilis phosphoribosylpyrophosphate amidotransferase in 
Escherichia coli. J. Bacteriol. 175:6348-6353); degU 
(Msadek, T., et al. 1990. Signal transduction pathway con 
trolling synthesis of a class of degradative enzymes in Bacil 
lus subtilis: expression of the regulatory genes and analysis of 
mutations in degS and degU. J. Bacteriol. 172:824-834): 
deoR (Saxild, H. H., et al. 1996. Dra-nupC-pdp operon of 
Bacillus subtilis: nucleotide sequence, induction by deoxyri 
bonucleosides, and transcriptional regulation by the deoR 
encoded DeoR repressor protein. J. Bacteriol. 178:424-434): 
exuR (Sohenshein, A. L. J. A. Hoch, and R. Losick (eds.) 
2002. Bacillus subtilis and its closest relatives: from genes to 
cells. American Society for Microbiology, Washington D.C.); 
frn (Cruz Ramos, H., et al. 1995. Anaerobic transcription 
activation in Bacillus subtilis: identification of distinct FNR 
dependent and -independent regulatory mechanisms. EMBO 
J. 14:5984-5994); fruR (Saier, M. H. Jr. 1996. Cyclic AMP 
independent catabolite repression in bacteria. FEMS Micro 
biol. Lett. 138:97-103); fur (Chen, L., et al. 1993. Metal 
loregulation in Bacillus subtilis: isolation and 
characterization of two genes differentially repressed by 
metal ions. J. Bacteriol. 175:5428-5437); gabR (Sohenshein, 
A. L., J. A. Hoch, and R. Losick (eds.) 2002. Bacillus subtilis 
and its closest relatives: from genes to cells. American Soci 
ety for Microbiology, Washington D.C.); gerE (Holand, S.K., 
et al. 1987. The possible DNA-binding nature of the regula 
tory proteins, encoded by spoIID and gerE, involved in the 
sporulation of Bacillus subtilis.J. Gen. Microbiol. 133:2381 
2391); gleR (Stulke, J., et al. 2001. Characterization of glu 
cose-repression-resistant mutants of Bacillus subtilis: identi 
fication of the gleR gene. Arch. Microbiol. 175:441-449): 
gloT (Paulsen, I.T., et al. 1998. Characterization of glucose 
specific catabolite repression-resistant mutants of Bacillus 
subtilis: identification of a novel hexose: H+ symporter. J. 
Bacteriol. 180:498–504); glnR (Schreier, H. J., et al. 1989. 
Regulation of Bacillus subtilis glutamine synthetase gene 
expression by the product of the glnR gene. J. Mol. Biol. 
210:51-63); glpP (Holmberg, C., and B. Rutberg. 1991. 
Expression of the gene encoding glycerol-3-phosphate dehy 
drogenase (glpD) in Bacillus subtilis is controlled by antiter 
mination. Mol. Microbiol. 5:2891-2900); gltC(Bohannon, D. 
E. and A. L. Sonenshein. 1989. Positive regulation of 
glutamate biosynthesis in Bacillus subtilis. J. Bacteriol. 171: 
4718-4727); gltR (Belitsky, B. R., and A. L. Sonenshein. 
1997. Altered transcription activation specificity of a mutant 
form of Bacillus subtilis GltR, a LysR family member. J. 
Bacteriol. 179:1035-1043); gntR (Fujita, Y., and T. Fujita. 
1987. The gluconate operon gnt of Bacillus subtilis encodes 
its own transcriptional negative regulator. Proc. Natl. Acad. 
Sci. 84:4524-4528): gutR (Ye, R., et al. 1994. Glucitol induc 
tion in Bacillus subtilis is mediated by a regulatory factor, 
GutR. J. Bacteriol. 176:3321-3327); hpr (Perego, M., and J. 
A. Hoch. 1988. Sequence analysis and regulation of the hpr 
locus, a regulatory gene for protease production and sporula 
tion in Bacillus subtilis. J. Bacteriol. 170:2560-2567); hrcA 
(Schulz, A., and W. Schumann. 1996.hrc.A, the first gene of 
the Bacillus subtilis dnaK operon encodes a negative regula 
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tor of class I heat shock genes. J. Bacteriol. 178:1088–1093); 
hutp (Oda, M., et al. 1992. Analysis of the transcriptional 
activity of the but promoter in Bacillus subtilis and identifi 
cation of a cis-acting regulatory region associated with 
catabolite repression downstream from the site of transcrip 
tion. Mol. Microbiol. 6:2573-2582); hxlR (Sohenshein, A. L., 
J. A. Hoch, and R. Losick (eds.) 2002. Bacillus subtilis and its 
closest relatives: from genes to cells. American Society for 
Microbiology, Washington D.C.); iolR (Yoshida, K.I., et al. 
1999. Interaction of a repressor and its binding sites for regu 
lation of the Bacillus subtilis iol divergon. J. Mol. Biol. 285: 
917-929); kdgR (Pujic, P., et al. 1998. ThekdgRKAT operon 
of Bacillus subtilis: detection of the transcript and regulation 
by thekdgRand ccpA genes. Microbiology. 144:3111-3 118); 
kipR (Sohenshein, A. L., J. A. Hoch, and R. Losick (eds.) 
2002. Bacillus subtilis and its closest relatives: from genes to 
cells. American Society for Microbiology, Washington D.C.); 
lacR (Errington, J., and C. H. Vogt. 1990. Isolation and char 
acterization of mutations in the gene encoding an endogenous 
Bacillus subtilis beta-galactosidase and its regulator. J. Bac 
teriol. 172:488-490); levR (Bebarbouille, M., et al. 1991. The 
transcriptional regulator LevR of Bacillus subtilis has 
domains homologous to both sigma 54- and phosphotrans 
ferase system-dependent regulators. Proc. natl. Acad. Sci. 
88:2212-2216); lexA (Lovett, C. M. Jr., and J. W. Roberts. 
1985. Purification of a RecA protein analogue from Bacillus 
subtilis. J. Biol. Chem. 260:3305-3313); licR (Tobisch, S., et 
al. 1997. Identification and characterization of a new beta 
glucoside utilization system in Bacillus subtilis. J. Bacteriol. 
179:496-506); licT (Le Coq, D., et al. 1995. New beta-glu 
coside (bgl) genes in Bacillus subtilis: the bglP gene product 
has both transport and regulatory functions similar to those of 
BglF, its Escherichia coli homolog. J. Bacteriol. 177:1527 
1535); limra (Kumano, M., et al. 1997. A 32 kb nucleotide 
sequence from the region of the lincomycin-resistance gene 
(22 degrees-25 degrees) of the Bacillus subtilis chromosome 
and identification of the site of the lin-2 mutation. Microbi 
ology. 143:2775-2782): lirp A gene product from Pyrococcus 
firiosus (Brinkman, A. B., et al. 2000. An Lrp-like transcrip 
tional regulator from the archaeon Pyrococcus firiosus is 
negatively autoregulated. J. Biol. Chem. 275:381 60-38169); 
lrpB (Sohenshein, A. L., J. A. Hoch, and R. Losick (eds.) 
2002. Bacillus subtilis and its closest relatives: from genes to 
cells. American Society for Microbiology, Washington D.C.); 
lrpC (Beloin, C., et al. 1997. Characterization of an Irp-like 
(lrpC) gene from Bacillus subtilis. Mol. Gen. Genet. 256:63 
71); lytR (Huang, X., and J. D. Helmann. 1998. Identification 
of target promoters for the Bacillus subtilis sigma X factor 
using a consensus-directed search. J. Mol. Biol. 279:165 
173); lytT (Sohenshein, A. L., J. A. Hoch, and R. Losick (eds.) 
2002. Bacillus subtilis and its closest relatives: from genes to 
cells. American Society for Microbiology, Washington D.C.); 
manR gene product from Listeria monocytogenes (Dalet, K., 
et al. 2001. A sigma(54)-dependent PTS permease of the 
mannose family is responsible for sensitivity of Listeria 
monocytogenes to mesentericin Y105. Microbiology. 147: 
3263-3269); mintR (Que, Q., and J. D. Helmann. 2000. Man 
ganese homeostasis in Bacillus subtilis is regulated by MntR, 
a bifunctional regulator related to the diphtheria toxin repres 
sor family of proteins. Mol. Microbiol. 35:1454-1468); 
mSmR gene product from Streptococcus mutans (Russell, R. 
R., et al. 1992. A binding protein-dependent transport system 
in Streptococcus mutans responsible for multiple Sugar 
metabolism.J. Biol. Chem. 267:4631-4637); mta (Baranova, 
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N. N., et al. 1999. Mta, a global MerR-type regulator of the 
Bacillus subtilis multidrug-efflux transporters. Mol. Micro 
biol. 31:1549-1559); mtlR (Henstra, S.A., et al. 1999. The 
Bacillus Stearothermophilus mannitol regulator, MtlR, of the 
phosphotransferase system. A DNA-binding protein, regu 
lated by HPrand iichmtl-dependent phosphorylation. J. Biol. 
Chem. 274:4754-4763); mtrB (Gollnick, P., et al. 1990. The 
mtr locus is a two-gene operon required for transcription 
attenuation in the trp operon of Bacillus subtilis. Proc. Natl. 
Acad. Sci. 87:8726-8730); inhaX (Sohenshein, A. L., J. A. 
Hoch, and R. Losick (eds.) 2002. Bacillus subtilis and its 
closest relatives: from genes to cells. American Society for 
Microbiology, Washington D.C.); toxR gene product from 
Vibrio cholerae (Miller, V. L., and J. J. Mekalanos. 1984. 
Synthesis of cholera toxin is positively regulated at the tran 
scriptional level by toxR. Proc. Natl. Acad. Sci. 81:3471 
3475); padR gene product from Pediococcus pentosaceus 
(Barthelmebs, L., et al. 2000. Inducible metabolism of phe 
nolic acids in Pediococcus pentosaceus is encoded by an 
autoregulated operon which involves a new class of negative 
transcriptional regulator. J. Bacteriol. 182:6724-6731); paiA 
(Sohenshein, A. L., J. A. Hoch, and R. Losick (eds.) 2002. 
Bacillus subtilis and its closest relatives: from genes to cells. 
American Society for Microbiology, Washington D.C.); paiB 
(Id.); perA (Id.); phoP (Birkey, S. M., et al. 1994. A pho 
regulon promoter induced under sporulation conditions. 
Gene. 147: 95-100); pkSA (Sohenshein, A. L., J. A. Hoch, and 
R. Losick (eds.) 2002. Bacillus subtilis and its closest rela 
tives: from genes to cells. American Society for Microbiol 
ogy, Washington D.C.); pucR (Schultz, A. C., et al. 2001. 
Functional analysis of 14 genes that constitute the purine 
catabolic pathway in Bacillus subtilis and evidence for a 
novel regulon controlled by the PucR transcription activator. 
J. Bacteriol. 183:3293-3302); purR (Weng, M., et al. 1995. 
Identification of the Bacillus subtilis pur operon repressor. 
Proc. Natl. Acad. Sci. 92:7455-7459); pyrR (Martinussen, J., 
et al. 1995. Two genes encoding uracil phosphoribosyltrans 
ferase are present in Bacillus subtilis. J. Bacteriol. 177:271 
274); rbsR (Rodionov, D. A., et al. 2001. Transcriptional 
regulation of pentose utilisation systems in the Bacillus/ 
Clostridium group of bacteria. FEMS Microbiol. Lett. 205: 
305-314); resD (Suin, G., et al. 1996. Regulators of aerobic 
and anaerobic respiration in Bacillus subtilis. J. Bacteriol. 
178:1374-1385); rocR (Gardan, R., et al. 1997. Role of the 
transcriptional activator RocR in the arginine-degradation 
pathway of Bacillus subtilis. Mol. Microbiol. 24:825-837): 
rsiX (Tortosa, P. et al. 2000. Characterization of ylbF, a new 
gene involved in competence development and sporulation in 
Bacillus subtilis. Mol. Microbiol. 35:1110-1119); sacT (De 
barbouille, M., et al. 1990. The sacT gene regulating the 
sacPA operon in Bacillus subtilis shares strong homology 
with transcriptional antiterminators. J. Bacteriol. 172:3966 
3973); sacV (Wong, S. L., et al. 1988. Cloning and nucleotide 
sequence of senN, a novel Bacillus natto (B. subtilis) gene 
that regulates expression of extracellular protein genes. J. 
Gen. Microbiol. 134:3269-3276); sacY (Steinmetz, M., etal 
1989. Induction of saccharolytic enzymes by sucrose in 
Bacillus subtilis: evidence for two partially interchangeable 
regulatory pathways. J. Bacteriol. 171:1519-1523); senS 
(Wang, L. F., and R. H. Dori. 1990. Complex character of 
senS, a novel gene regulating expression of extracellular 
protein genes of Bacillus subtilis. J. Bacteriol. 172: 1939 
1947); sinR (Bai, U., et al. 1993. SinI modulates the activity 
of SinR, a developmental switch protein of Bacillus subtilis, 
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by protein-protein interaction. Genes Dev. 7:139-148); slr 
(Asayama, M., et al. 1998. Translational attenuation of the 
Bacillus subtilis spoOB cistron by an RNA structure encom 
passing the initiation region. Nucleic Acids Res. 26:824 
830); splA (Fajardo-Cavazos, P., and W. L. Nicholson. 2000. 
The TRAP-like SplA protein is a trans-acting negative regu 
lator of spore photoproduct lyase synthesis during Bacillus 
subtilis sporulation. J. Bacteriol. 182:555-560); spo0A 
(Smith, I., et al. 1991. The role of negative control in sporu 
lation. Res. Microbiol. 142:831-839); spo0F (Lewandoski, 
M., et al. 1986. Transcriptional regulation of the spoOF gene 
of Bacillus subtilis. J. Bacteriol. 168:870-877); spoIIID 
(Kunkel, B., et al. 1989. Temporal and spatial control of the 
mother-cell regulatory gene spoIIID of Bacillus subtilis. 
Genes. Dev. 3:1735-1744); spoVT (Bagyan, I, et al. 1996. A 
compartmentalized regulator of developmental gene expres 
sion in Bacillus subtilis. J. Bacteriol. 178:4500-4507); tenA 
(Pang, A. S., et al. 1991. Cloning and characterization of a 
pair of novel genes that regulate production of extracellular 
enzymes in Bacillus subtilis. J. Bacteriol. 173:46-54); ten1 
(Sohenshein, A. L., J. A. Hoch, and R. Losick (eds.) 2002. 
Bacillus subtilis and its closest relatives: from genes to cells. 
American Society for Microbiology, Washington D.C.); thrA 
(Wray, L. V., Jr., et al. 1996. TnrA, a transcription factor 
required for global nitrogen regulation in Bacillus subtilis. 
Proc. Natl. Acad. Sci. 93:8841-8845); treR (Schock, F., and 
M. K. Dahl. 1996. Expression of the tre operon of Bacillus 
subtilis 168 is regulated by the repressor TreR. J. Bacteriol. 
178:4576-4581); Xre (McDonnell, G. E., et al. 1994. Genetic 
control of bacterial suicide: regulation of the induction of 
PBSX in Bacillus subtilis.J. Bacteriol. 176:5820-5830);xylR 
gene product from Bacillus megaterium (Rygus, T., et al. 
1991. Molecular cloning, structure, promoters and regulatory 
elements for transcription of the Bacillus megaterium 
encoded regulon for xylose utilization. Arch. Microbiol. 155: 
535:542); yacF (Sohenshein, A. L., J. A. Hoch, and R. Losick 
(eds.) 2002. Bacillus subtilis and its closest relatives: from 
genes to cells. American Society for Microbiology, Washing 
ton D.C.); and Zur (Gaballa, A., and J. D. Helmann. 1998. 
Identification of a zinc-specific metalloregulatory protein, 
Zur, controlling Zinc transport operons in Bacillus subtilis. J. 
Bacteriol. 180:5815-5821). 
0314 II.C.5.c. Other Eubacteria 
0315 Regulatory elements, promoters and other expres 
sion elements and factors from prokaryotes other than E. coli 
and B. subtilis include without limitation ahyRI gene product 
from Aeromonas hydrophila and Aeromonas salmonicida 
(Swift, S., et al. 1997. Quorum sensing in Aeromonas hydro 
phila and Aeromonas salmonicida: identification of the 
LuxRI homologs AhyRI and AsaRI and their cognate N-acyl 
homoserine lactone signal molecules. J. Bacteriol. 179:5271 
5281); angR gene product from Vibrio anguillarum (Salinas, 
P. C., et al. 1989. Regulation of the iron uptake system in 
Vibrio anguillarum: evidence for a cooperative effect 
between two transcriptional activators. Proc. Natl. Acad. Sci. 
86:3529-3522); apha gene product from Vibrio cholerae 
(Kovacikova, G., and K. Skorupski. 2001. Overlapping bind 
ing sites for the virulence gene regulators Apha, AphB and 
cAMP-CRP at the Vibrio cholerae tcpPH promoter. Mol. 
Microbiol. 41:393-407); aphB gene product from Vibrio 
cholerae (Kovachikova, G., and K. Skorupski. 2000. Differ 
ential activation of the tcpPH promoter by AphB determines 
biotype specificity of virulence gene expression in Vibrio 
cholerae. J. Bacteriol. 182:3228-3238); comE gene product 
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from Streptococcus pneumoniae (Ween, O., et al. 1999. Iden 
tification of DNA binding sites for ComE, a key regulator of 
natural competence in Streptococcus pneumoniae. Mol. 
Microbiol. 33:817-827); esal gene product from Pantoea 
Stewartii subsp. stewartii (von Bodman, S. B., et al. 1998. A 
negative regulator mediates quorum-sensing control of 
exopolysaccharide production in Pantoea Stewartii Subsp. 
stewartii. Proc. Natl. Acad. Sci. 95:7687-7692); esaR gene 
product from Pantoea stewartii Subsp. Stewarti (Id.); exp 
gene product from Erwinia chrysanthemi (Nasser, W., et al. 
1998. Characterization of the Erwinia chrysanthemi expl 
expR locus directing the synthesis of two N-acyl-homoserine 
lactone signal molecules. Mol. Microbiol. 29:1391-1405); 
expR gene product from Erwinia chrysanthemi (Id.), gacA 
gene product from Pseudomonas aeruginosa (Pessi, G., and 
D. Haas. 2001. Dual control of hydrogen cyanide biosynthe 
sis by the global activator GacA in Pseudomonas aeruginosa 
PAO1. FEMS Microbiol. Lett. 200:73-78); hapR gene prod 
uct from Vibrio cholerae (Jobling, M. G., and R. K. Holmes. 
Characterization of hapR, a positive regulator of the Vibrio 
cholerae HA/protease gene hap, and its identification as a 
functional homologue of the Vibrio harveyiluxR gene. Mol. 
Microbiol. 26:1023-1034); hlyR gene product from Vibrio 
cholerae (von Mechow, S., et al. 1985. Mapping of a gene that 
regulates hemolysin production in Vibrio cholerae. J. Bacte 
riol. 163:799-802); hupR gene product from Vibrio Vulnificus 
(Litwin, C. M., and J. Quackenbush. 2001. Characterization 
of a Vibrio vulnificus LysR homologue, HupR, which regu 
lates expression of the haem uptake outer membrane protein, 
Hup.A. Microb. Pathog. 31:295-307); lasR gene product from 
Pseudomonas aerugenosa (Gambella, M. J., and B. H. 
Igleweski. 1991. Cloning and characterization of the 
Pseudomonas aeruginosa lasR gene, a transcriptional activa 
tor of elastase expression. J. Bacteriol. 173:3000-3009); leuc) 
gene product from Salmonella enterica serovar Tiphimurium 
(Fang, M., and H. Y. Wu. 1998. A promoter relay mechanism 
for sequential gene activation. J. Bacteriol. 180:626-633): 
luxI gene product from Vibrio cholerae (Engebrecht, J., and 
M. Silverman. Nucleotide sequence of the regulatory locus 
controlling expression of bacterial genes for biolumines 
cence. Nucleic Acids Res. 15:10455-10467); luxO gene prod 
uct from Vibrio cholerae (Bassler, B.L., et al. 1994. Sequence 
and function of LuxO, a negative regulator of luminescence in 
Vibrio harveyi. Mol. Microbiol. 12:403-412); luxR gene 
product from Vibrio cholerae (Engebrecht, J., and M. Silver 
man. Nucleotide sequence of the regulatory locus controlling 
expression of bacterial genes for bioluminescence. Nucleic 
Acids Res. 15:10455-10467); phzR gene product from 
Pseudomonas aureofaciens (Pierson, L. S., et al. 1994. 
Phenazine antibiotic biosynthesis in Pseudomonas aureofa 
ciens 30-84 is regulated by PhzR in response to cell density.J. 
Bacteriol. 176:3966-3974); rhlR gene product from 
Pseudomonas aeruginosa (Ochsner, U. A. et al. 1994. Isola 
tion and characterization of a regulatory gene affecting rham 
nolipid bioSurfactant synthesis in Pseudomonas aeruginosa. 
J. Bacteriol. 176:2044-2054); rsmA gene product from 
Erwinia carotovora subsp. carotovora (Cui, Y., et al. 1995. 
Identification of a global repressor gene, rSmA, of Erwinia 
carotovora Subsp. carotovora that controls extracellular 
enzymes, N-(3-oxohexanoyl)-L-homoserine lactone, and 
pathogenicity in soft-rotting Erwinia spp. J. Bacteriol. 177: 
5108-5115): rsmB gene product from Erwinia carotovora 
subsp. carotovora (Cui, Y., et al. 1999. rsmC of the soft 
rotting bacterium Erwinia carotovora Subsp. carotovora 
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negatively controls extracellular enzyme and harpin(Ecc) 
production and virulence by modulating levels of regulatory 
RNA (rsmB) and RNA-binding protein (RsmA). J. Bacteriol. 
181:6042-6052); sirA gene product from Salmonella 
enterica serovar Tiphimurium (Goodier, R. I., and B. M. 
Ahmer. 2001. SirA orthologs affects both motility and viru 
lence. J. Bacteriol. 183:2249-2258); taf gene product from 
Vibrio cholerae (Salinas, P. C., et al. 1989. Regulation of the 
iron uptake system in Vibrio anguillarum: evidence for a 
cooperative effect between two transcriptional activators. 
Proc. Natl. Acad. Sci. 86:3529-3522); tcpP geneproduct from 
Vibrio cholerae (Hase, C. C., and J.J. Mekalanos. 1998. TcpP 
protein is a positive regulator of virulence gene expression in 
Vibrio cholerae. Proc. Natl. Acad. Sci. 95:730-734): toxR 
gene product from Vibrio cholerae (Miller, V. L., and J. J. 
Mekalanos. 1984. Synthesis of cholera toxin is positively 
regulated at the transcriptional level by toxR. Proc. Natl. 
Acad. Sci. 81:3471-4375); toxS gene product from Vibrio 
cholerae (Miller, V. L., et al. 1989. Identification of toxS, a 
regulatory gene whose product enhances toxR-mediated acti 
vation of the cholera toxin promoter. J. Bacteriol. 171:1288– 
1293); toxT from Vibrio cholerae (Kaufman, M. R., et al. 
1993. Biogenesis and regulation of the Vibrio cholerae toxin 
coregulated pilus: analogies to other virulence factor secre 
tory systems. Gene. 126:43–49); traM gene product from 
Agrobacterium tumefaciens (Faqua, C., et al. 1995. Activity 
of the Agrobacterium Tiplasmid conjugal transfer regulator 
TraR is inhibited by the product of the traMgene.J. Bacteriol. 
177:1367-1373); traR gene product from Agrobacterium 
tumefaciens (Piper, K. R., et al. 1993. Conjugation factor of 
Agrobacterium tumefaciens regulates Tiplasmid transfer by 
autoinduction. Nature. 362:448-450); VicH gene product 
from Vibrio cholerae (Tendeng, C., et al. 2000. Isolation and 
characterization of VicH, encoding a new pleiotropic regula 
tor in Vibrio cholerae. J. Bacteriol. 182:2026-2032); vspR 
gene product from Vibrio cholerae (Yildiz, F. H., et al. 2001. 
VpsR, a Member of the Response Regulators of the Two 
Component Regulatory Systems, Is Required for Expression 
of vps Biosynthesis Genes and EPS(ETr)-Associated Pheno 
types in Vibrio cholerae O1 E1 Tor. J. Bacteriol. 183:1716 
1726); gadR gene product from Lactococcus lactis (Sanders, 
J. W., et al. 1997. A chloride-inducible gene expression cas 
sette and its use in induced lysis of Lactococcus lactis. Appl. 
Environ. Microbiol. 63:4877-4882); hrpB gene product from 
Pseudomonas Solanacearum (Van Gijsegem, F., et al. 1995. 
The hrp gene locus of Pseudomonas Solanacearum, which 
controls the production of a type III secretion system, encodes 
eight proteins related to components of the bacterial flagellar 
biogenesis complex. Mol. Microbiol. 15:1095-1114); caro 
tovora subsp. carotovora (Cui, Y., etal. 1995. Identification of 
a global repressor gene, rSmA, of Erwinia carotovora Subsp. 
carotovora that controls extracellular enzymes, N-(3-oxo 
hexanoyl)-L-homoserine lactone, and pathogenicity in Soft 
rotting Erwinia spp. J. Bacteriol. 177:5108-5115): rsmB gene 
product from Erwinia carotovora Subsp. carotovora (Cui, Y., 
et al. 1999. rSmC of the soft-rotting bacterium Erwinia caro 
tovora Subsp. carotovora negatively controls extracellular 
enzyme and harpin(Ecc) production and virulence by modu 
lating levels of regulatory RNA (rsmB) and RNA-binding 
protein (RsmA). J. Bacteriol. 181:6042-6052); sirA gene 
product from Salmonella enterica serovar Tiphimurium 
(Goodier, R. I., and B. M. Ahmer. 2001. SirA orthologs 
affects both motility and virulence. J. Bacteriol. 183:2249 
2258); taf gene product from Vibrio cholerae (Salinas, P. C., 
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et al. 1989. Regulation of the iron uptake system in Vibrio 
anguillarum: evidence for a cooperative effect between two 
transcriptional activators. Proc. Natl. Acad. Sci. 86:3529 
3522); tcpP gene product from Vibrio cholerae (Hase, C. C., 
and J.J. Mekalanos. 1998. TcpP protein is a positive regulator 
of virulence gene expression in Vibrio cholerae. Proc. Natl. 
Acad. Sci.95:730-734): toxR gene product from Vibrio chol 
erae (Miller, V. L., and J. J. Mekalanos. 1984. Synthesis of 
cholera toxin is positively regulated at the transcriptional 
level by toxR. Proc. Natl. Acad. Sci. 81:3471-4375); toxS 
gene product from Vibrio cholerae (Miller, V. L., et al. 1989. 
Identification of toxS, a regulatory gene whose product 
enhances toxR-mediated activation of the cholera toxin pro 
moter. J. Bacteriol. 171:1288-1293); toxT from Vibrio chol 
erae (Kaufman, M. R. et al. 1993. Biogenesis and regulation 
of the Vibrio cholerae toxin-coregulated pilus: analogies to 
other virulence factor secretory systems. Gene. 126:43-49): 
traMgene product from Agrobacterium tumefaciens (Faqua, 
C., et al. 1995. Activity of the Agrobacterium Ti plasmid 
conjugal transferregulator TraR is inhibited by the product of 
the traMgene. J. Bacteriol. 177:1367-1373); traR gene prod 
uct from Agrobacterium tumefaciens (Piper, K. R., et al. 
1993. Conjugation factor of Agrobacterium tumefaciens 
regulates Tiplasmid transfer by autoinduction. Nature. 362: 
448-450); VicH gene product from Vibrio cholerae (Tendeng, 
C., et al. 2000. Isolation and characterization of vicH, encod 
ing a new pleiotropic regulator in Vibrio cholerae. J. Bacte 
riol. 182:2026-2032); VspR gene product from Vibrio chol 
erae (Yildiz, F. H., et al. 2001. VpsR, a Member of the 
Response Regulators of the Two-Component Regulatory 
Systems, Is Required for Expression of Vps Biosynthesis 
Genes and EPS(ETr)-Associated Phenotypes in Vibrio chol 
erae O1 E1 Tor. J. Bacteriol. 183:1716-1726); IrpA gene 
product from Pyrococcus furiosus (Brinkman, A. B., et al. 
2000. An Lrp-like transcriptional regulator from the archaeon 
Pyrococcus furiosus is negatively autoregulated. J. Biol. 
Chem. 275:381 60-38169); manR gene product from Listeria 
monocytogenes (Dalet, K., et al. 2001. A sigma(54)-depen 
dent PTS permease of the mannose family is responsible for 
sensitivity of Listeria monocytogenes to mesentericin Y105. 
Microbiology. 147:3263-3269); msmR gene product from 
Streptococcus mutans (Russell, R. R., et al. 1992. A binding 
protein-dependent transport system in Streptococcus mutans 
responsible for multiple Sugar metabolism. toxR gene prod 
uct from Vibrio cholerae (Miller, V. L., and J. J. Mekalanos. 
1984. Synthesis of cholera toxin is positively regulated at the 
transcriptional level by toxR. Proc. Natl. Acad. Sci. 81:3471 
3475); padR gene product from Pediococcus pentosaceus 
(Barthelmebs, L., et al. 2000. Inducible metabolism of phe 
nolic acids in Pediococcus pentosaceus is encoded by an 
autoregulated operon which involves a new class of negative 
transcriptional regulator. J. Bacteriol. 182:6724-6731); purR 
(Weng, M., et al. 1995); and xylR gene product from Bacillus 
megaterium (Rygus, T., et al. 1991. Molecular cloning, struc 
ture, promoters and regulatory elements for transcription of 
the Bacillus megaterium encoded regulon for Xylose utiliza 
tion. Arch. Microbiol. 155:535:542). 
0316 
0317 Regulatory elements, promoters and other expres 
sion elements from bacteriophage and transposable elements 
include without limitation cI gene product from bacterioph 
age lambda mation and/or segregated minicells (Reichardt, L. 
F. 1975. Control of bacteriophage lambda repressor synthe 
sis: regulation of the maintenance pathway of the cro and cI 

II.C.5.d. Bacteriophage and Transposable Elements 
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products. J. Mol. Biol. 93:289-309): (Love, C.A., et al. 1996. 
Stable high-copy-number bacteriophage lambda promoter 
vectors for overproduction of proteins in Escherichia coli. 
Gene. 176:49-53); the c2 gene product from bacteriophage 
P22 (Gough, M., and S. Tokuno. 1975. Further structural and 
functional analogies between the repressor regions of phages 
P22 and lambda. Mol. Gen. Genet. 138:71-79); the cro gene 
from bacteriophage lambda (Reichardt, L. F. 1975. Control of 
bacteriophage lambda repressor synthesis: regulation of the 
maintenance pathway of the cro and cI products. J. Mol. Biol. 
93:289-309); the ant gene from bacteriophage P22 (Youd 
erian, P. et al. 1982. Sequence determinants of promotor 
activity. Cell. 30.843-853); the mint gene from bacteriophage 
P22 (Gough, M. 1970. Requirement for a functional int prod 
uct in temperature inductions of prophage P22 is mint. J. Virol. 
6:320-325; Prell, H. H. 1978. Ant-mediated transactivation of 
early genes in Salmonella prophage P22 by Superinfecting 
virulent P22 mutants. Mol. Gen. Genet. 164:331-334); the 
tetR gene product from the TetRfamily ofbacterial regulators 
orhomologues of this gene or gene product found in Tn 10 and 
other members of the bacteriophage, animal virus, Eubacte 
ria, Eucarya or Archaea may be employed to increase the 
efficiency of gene expression and protein production in parent 
cells prior to minicell formation and/or segregated minicells 
(Moyed, H. S., and K. P. Bertrand. 1983. Mutations in mul 
ticopy Tn 10 tet plasmids that confer resistance to inhibitory 
effects of inducers of tet gene expression. J. Bacteriol. 155: 
557-564); the mint gene product from bacteriophage SP6 
mation and/or segregated minicells (Mead, D.A., et al. 1985. 
Single stranded DNASP6 promoter plasmids for engineering 
mutant RNAs and proteins: synthesis of a stretched prepro 
parathyroid hormone. Nucleic Acids Res. 13:1103-1118); 
and the mint gene product from bacteriophage T7 mation 
and/or segregated minicells (Steen, R., et al. 1986. T7 RNA 
polymerase directed expression of the Escherichia coli rrnB 
operon. EMBO J. 5: 1099-1103). 
0318 II.C.5.e. Use of Site-Specific Recombination in 
Expression Systems 
0319 Included in the design of the invention are tech 
niques that increase the efficiency of gene expression and 
protein production in minicells. By way of non-limiting 
example, these techniques may include modification of 
endogenous and/or exogenous regulatory elements respon 
sible for activation and/or repression of proteins to be 
expressed from chromosomal and/or plasmid expression vec 
tors. By way of non-limiting example, this system may be 
applied to any of the above regulatory elements/systems. 
Specifically, each of the above mentioned regulatory systems 
may be constructed Such that the promotor regions are ori 
ented in a direction away from the gene to be expressed, or 
each of the above mentioned gene(s) to be expressed may be 
constructed Such that the gene(s) to be expressed is oriented in 
a direction away from the regulatory region promotor. Con 
structed in this system is a methodology dependent upon 
site-specific genetic recombination for inversion and induc 
tion of the gene of interest (Backman, K., et al. 1984. Use of 
synchronous site-specific recombination in vivo to regulate 
gene expression. Bio/Technology 2:1045-1049; Balakrish 
nan, R., et al. 1994. A gene cassette for adapting Escherichia 
coli strains as hosts for att-Int-mediated rearrangement and 
pI expression vectors. Gene 138: 101-104; Hasan, N., and W. 
Szybalaki. 1987. Control of cloned gene expression by pro 
moter inversion in Vivo: construction of improved vectors 
with a multiple cloning site and the Ptac promotor. Gene 
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56:145-151; Wulfing, C., and A. Pluckthun. 1993. A versatile 
and highly repressible Escherichia coli expression system 
based on invertible promoters: expression of a gene encoding 
a toxic gene product. Gene 136:199-203). These invertible 
promoters and/or gene regions will allow tight regulation of 
potentially toxic protein products. By way of non-limiting 
example, these systems may be derived from bacteriophage 
lambda, bacteriophage Mu, and/or bacteriophage P22. In any 
of these potential systems, regulation of the recombinase may 
be regulated by any of the regulatory systems discussed in 
section II.C.5 and elsewhere herein. 

0320 II.C.5.e. Use of Copy Number Control Switches 
0321) A method that can be used to increase the efficiency 
of gene expression and protein production in minicells 
involves the modification of endogenous and/or introduction 
of exogenous genetic expression systems such that the num 
ber of copies of a gene encoding a protein to be expressed can 
be modulated. Copy number control systems comprise ele 
ments designed to modulate copy number in a controlled 
fashion. 
0322. In an exemplary mode, copy number is controlled to 
decrease the effects of “leaky' (uninduced) expression of 
toxic gene products. This allows one to maintain the integrity 
of a potentially toxic gene product during processes such as 
cloning, culture maintenance, and periods of growth prior to 
minicell-induction. That is, decreasing the copy number of a 
gene is expected to decrease the opportunity for mutations 
affecting protein expression and/or function to arise. Imme 
diately prior to, during and/or after minicell formation, the 
copy number may be increased to optimize the gene dosage in 
minicells as desired. 
0323. The replication of eubacterial plasmids is regulated 
by a number of factors, some of which are contained within 
the plasmid, others of which are located on the chromosome. 
For reviews, see del Solar, G., et al. 2000. Plasmid copy 
number control: an ever-growing story. Mol Microbiol. 
37:492-500; del Solar, G., et al. 1998. Replication and control 
of circular bacterial plasmids. Microbiol Mol Biol Rev. 
62:434-64; and Filutowicz, M., et al. 1987. DNA and protein 
interactions in the regulation of plasmid replication.JCell Sci 
Suppl. 7:15-31. 
0324 By way of non-limiting example, the pcnB gene 
product, the wildtype form of which promotes increased 
ColE1 plasmid copy number (Soderbom, F., et al. 1997. 
Regulation of plasmid R1 replication: PcnB and RNase E 
expedite the decay of the antisense RNA, CopA. Mol. Micro 
biol. 26:493-504), is modulated; and/or mutant forms of the 
pcnB gene are introduced into a cell. In an exemplary cell type 
that may be used in the methods of the invention, the wildtype 
pcnB chromosomal gene is replaced with a mutant pcnB80 
allele (Lopilato, J., et al. 1986. Mutations in a new chromo 
Somal gene of Escherichia coli K-12, pcnB, reduce plasmid 
copy number of pBR322 and its derivatives. Mol. Gen. Genet. 
205:285-290). In such cells the copy number of a ColE1 
derived plasmid is decreased. The cell may further comprise 
an expression element comprising an inducible promoter 
operably linked to an ORF encoding the wild-type pcnB. 
Because the wild-type pcnB gene is dominant to the mutant 
pcnB80 gene, and because the wild-type pcnB gene product 
promotes increased ColE1 plasmid copy number, induction 
of a wild-type pcnB in the pcnB80 background will increase 
the plasmid copy number of ColE1-derived plasmids. Such 
copy number control systems may be expressed from the 
chromosome and/or plasmid to maintain either low or high 
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plasmid copy number in the absence of induction. Other 
non-limiting examples of gene and/or gene products that may 
be employed in copy number control systems for ColE1 
based replicons include genes or homologs of genes encoding 
RNA I, RNA II, rop, RNAse H, enzymes involved in the 
process of polyadenylation, RNAse E, DNA polymerase I, 
and DNA polymerase III. 
0325 In the case of IncPII-derived replicons, non-limiting 
examples of gene and/or gene products that may be employed 
in copy number control systems to control plasmid copy 
include genes or homologs of the cop A, copB, repA, and repB 
genes. Copy number control systems may additionally or 
alternatively include manipulation of repC, trfA, dnaA, dnaB, 
dnaC, seqA, genes protein Pi, genes encoding HU protein 
Subunits (hup A, hupB) and genes encoding IHF Subunits. 
0326. Other elements may also be included to optimize 
these plasmid copy number control systems. Such additional 
elements may include the addition or deletion of iteron 
nucleic acid sequences (Chattoraj, D. K. 2000. Control of 
plasmid DNA replication by iterons: no longer paradoxical. 
Mol. Microbiol. 37:467-476), and modification of chaperone 
proteins involved in plasmid replication (Konieczny, I., et al. 
1997. The replication initiation protein of the broad-host 
range plasmid RK2 is activated by the ClpX chaperone. Proc 
Natl AcadSci USA 94: 14378-14382). 
0327 II.C.6. Transportation of Inducible and Inhibitory 
Compounds 
0328. Included in the design of the invention are tech 
niques that increase the efficiency of gene expression and 
protein production in minicells. By way of non-limiting 
example, these techniques may include utilization and/or 
modification of factors and systems that modulate the trans 
port of compounds, including but not limited to inducers 
and/or inhibitors of expression elements that control expres 
sion of a gene in a parent cell prior to minicell formation 
and/or in segregated minicells. Such manipulations may 
result in increased or decreased production, and/or changes in 
the intramolecular and intermolecular functions, of a protein 
in a minicell or its parent cell. The techniques may be 
employed to increase the efficiency of gene expression and 
protein production in parent cells prior to minicell formation 
and/or in segregated minicells. 
0329 II.C.6.a. Escherichia coli Genes 
0330 By way of non-limiting example, manipulation of 
the abpS gene or gene product from E. coli, or homologs of 
this gene or gene product found in other members of the 
Prokaryotes, Eukaryotes, Archaebacteria and/or organelles 
(e.g., mitochondria, chloroplasts, plastids and the like) may 
be employed to increase the efficiency of gene expression and 
protein production in parent cells prior to minicell formation 
and/or in segregated minicells (Celis, R.T. 1982. Mapping of 
two loci affecting the synthesis and structure of a periplasmic 
protein involved in arginine and ornithine transport in 
Escherichia coli K-12. J. Bacteriol. 151(3):1314-9). 
0331. In addition to abpS, other exemplary E. coli genes 
encoding factors involved in the transport of inducers, inhibi 
tors and other compounds include, but are not limited to, araB. 
(Khlebnikov, A., et al. 2001. Homogeneous expression of the 
P(BAD) promoter in Escherichia coli by constitutive expres 
sion of the low-affinity high-capacity Aral transporter. 
Microbiology. 147(Pt 12):3241-7); araC (Kehres, D. G., and 
Hogg, R. W. 1992. Escherichia coli K12 arabinose-binding 
protein mutants with altered transport properties. Protein Sci. 
1(12):1652-60); araH (Id.); argP (Celis, R. T. 1999. Repres 
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sion and activation of arginine transport genes in Escherichia 
coli K12 by the ArgP protein. J. Mol Biol. 17:294(5):1087 
95); aroT (aroR, trpR) (Edwards, R. M., and Yudkin, M. D. 
1982. Location of the gene for the low-affinity tryptophan 
specific permease of Escherichia coli. Biochem. J. 204(2): 
617-9); artI (Wissenbach, U., et al. 1995. A third periplasmic 
transport system for L-arginine in Escherichia coli: molecu 
lar characterization of the artPIOMJ genes, arginine binding 
and transport. Mol. Microbiol. 17(4):675-86); artJ (Id.); artM 
(Id.); artP (Id.); artO (Id.); bioP (bir, birB) (Campbell, A., et 
al. Biotin regulatory (bir) mutations of Escherichia coli. 
1980. J. Bacteriol. 142(3):1025-8); brnO (hrbA) (Yamato, I., 
and Anraku, Y. 1980. Genetic and biochemical studies of 
transport systems for branched-chain amino acids in Escheri 
chia coli K-12: isolation and properties of mutants defective 
in leucine-repressible transport activities. J. Bacteriol. 144 
(1):36–44); brnR (Id.); brnS (Id.); brnT (Id.);btuC (Friedrich, 
M.J., et al. 1986. Nucleotide sequence of the btuCED genes 
involved in vitamin B12 transport in Escherichia coli and 
homology with components of periplasmic-binding-protein 
dependent transport systems. J. Bacteriol. 167(3):928-34): 
btul D (Id.) (Friedrich, M.J., et al. 1986. Nucleotide sequence 
of the btuCED genes involved in vitamin B12 transport in 
Escherichia coli and homology with components of periplas 
mic-binding-protein-dependent transport systems. J. Bacte 
riol. 167(3):928-34); caiT (Eichler, K. 1994. Molecular char 
acterization of the cai operon necessary for carnitine 
metabolism in Escherichia coli. Mol. Microbiol. 13(5):775 
86); celA (Parker, L. L., and Hall, B. G. 1990. Characteriza 
tion and nucleotide sequence of the cryptic cel operon of 
Escherichia coli K12. Genetics. 124(3):455-71); celB (Id.); 
celC (Id.); citA (Berlyn et al., “Linkage Map of Escherichia 
coli K-12, Edition 9. Chapter 109 in: Escherichia coli and 
Salmonella typhimurium. Cellular and Molecular Biology, 
2nd Ed., Neidhardt, Frederick C., Editor in Chief, American 
Society for Microbiology, Washington, D.C., 1996, Volume 
2, pages 1715-1902, and references cited therein); citB (Id.); 
codB (Danielsen, S., et al. 1992. Characterization of the 
Escherichia coli codBA operon encoding cytosine permease 
and cytosine deaminase. Mol. Microbiol. 6(10): 1335-44); 
cySA (Karbonowska, H., et al. 1977. Sulphate permease of 
Escherichia coli K12. Acta. Biochim. Pol. 24(4):329-34); 
cyst J (cyst) (Sirko, A., et al. 1995. Sulfate and thiosulfate 
transport in Escherichia coli K-12: evidence for a functional 
overlapping of Sulfate- and thiosulfate-binding proteins. J. 
Bacteriol. 177(14):4134-6); cysW (Id.); dctA (Lo, T. C., and 
Bewick, M.A. 1978. The molecular mechanisms of dicar 
boxylic acid transport in Escherichia coli K12. The role and 
orientation of the two membrane-bound dicarboxylate bind 
ing proteins.J. Biol. Chem. 10; 253(21):7826-31); dctB (Id.); 
dcuA (genA) (Six, S., et al. 1994. Escherichia coli possesses 
two homologous anaerobic C4-dicarboxylate membrane 
transporters (DcuA and DcuB) distinct from the aerobic 
dicarboxylate transport system (Dct). J. Bacteriol. 176(21): 
6470-8); dcuB (genF) (): dgoT (Berlyn et al., “Linkage Map 
of Escherichia coli K-12, Edition 9. Chapter 109 in: Escheri 
chia coli and Salmonella typhimurium. Cellular and Molecu 
lar Biology, 2nd Ed., Neidhardt, Frederick C., Editor in Chief, 
American Society for Microbiology, Washington, D.C., 
1996, Volume 2, pages 1715-1902, and references cited 
therein); exuT (Nemoz, G., et al. 1976. Physiological and 
genetic regulation of the aldohexuronate transport system in 
Escherichia coli. J. Bacteriol. 127(2):706-18); fepD (Ozen 
berger, B.A., et al. 1987. Genetic organization of multiple fep 
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genes encoding ferric enterobactin transport functions in 
Escherichia coli. J. Bacteriol. 169(8):3638-46); fepG 
(Chenault, S. S., and Earhart, C. F. 1991. Organization of 
genes encoding membrane proteins of the Escherichia coli 
ferrienterobactin permease. Mol. Microbiol. 5(6): 1405-13); 
fucP (pra) (Chen, Y. M. 1987. The organization of the fuc 
regulon specifying L-fucose dissimilation in Escherichia coli 
K12 as determined by gene cloning. Mol. Gen. Genet. 210 
(2):331-7); glnP (Masters, P.S., and Hong, J. S. 1981. Genet 
ics of the glutamine transport system in Escherichia coli. J. 
Bacteriol. 147(3):805-19); glnO (Nohno, T. 1986. Cloning 
and complete nucleotide sequence of the Escherichia coli 
glutamine permease operon (glnHPQ). Mol. Gen. Genet. 205 
(2):260-9); glnR (Masters, P.S., and Hong, J. S. 1981. Genet 
ics of the glutamine transport system in Escherichia coli. J. 
Bacteriol. 147(3):805-19); glpT (Boos, W., et al. 1977. Puri 
fication and properties of a periplasmic protein related to 
sn-glycerol-3-phosphate transport in Escherichia coli. Eur. J. 
Biochem. 72(3):571-81); gltP (Deguchi, Y., et al. 1989. 
Molecular cloning of gltS and gltP, which encode glutamate 
carriers of Escherichia coli. B. J. Bacteriol. 171(3):1314-9); 
gltS (Id.); gntR (Bachi, B., and Kornberg, H. L. 1975. Genes 
involved in the uptake and catabolism of gluconate by 
Escherichia coli. J. Gen. Microbiol. 90(2):321-35): gntS 
(Id.); gntT (gntM, usgA) (Id.); gntU (Tong, S. 1996. Cloning 
and molecular genetic characterization of the Escherichia 
coligntR, gntK, and gntU genes of GntI, the main system for 
gluconate metabolism. J. Bacteriol. 178(11):3260-9); hisM 
(Berlyn et al., "Linkage Map of Escherichia coli K-12, Edi 
tion 9. Chapter 109 in: Escherichia coli and Salmonella 
typhimurium. Cellular and Molecular Biology, 2nd Ed., 
Neidhardt, Frederick C. Editor in Chief, American Society 
for Microbiology, Washington, D.C., 1996, Volume 2, pages 
1715-1902, and references cited therein); hisP (Id.); hisO 
(Id.); livG (hrbB, hrbC, hrbD) (Landick, R., et al. 1980. 
Regulation of high-affinity leucine transport in Escherichia 
coli. J. Supramol. Struct. 14(4):527-37); livH (hrbB, hrbC, 
hrbD) (Id.); liv) (hrbB, hrbC, hrbD) (Id.); livK (hrbB, hrbC, 
hrbD) (Id.); livM (Id.): lldP (lctP) (Dong, J. M., et al. 1993. 
Three overlapping let genes involved in L-lactate utilization 
by Escherichia coli. J. Bacteriol. 175(20):6671-8); lysP 
(cadR) (Steffes, C., et al. 1992. The lysP gene encodes the 
lysine-specific permease. J. Bacteriol. 174(10):3242-9); 
malF (malB) (Bavoil, P. et al. 1980. Identification of a cyto 
plasmic membrane-associated component of the maltose 
transport system of Escherichia coli. J. Biol. Chem. 255(18): 
8366-9); malG (malB) (Dassa, E., and Hofnung, M. 1985. 
Sequence of gene malG in E. coli K12: homologies between 
integral membrane components from binding protein-depen 
dent transport systems. EMBO J. 4(9):2287-93); malK 
(malB) (Id.); mglC (PMG, mglP) (Harayama, S. 1983. Char 
acterization of the mgl operon of Escherichia coli by trans 
poson mutagenesis and molecular cloning. J. Bacteriol. 153 
(1):408-15); nanT (Vimr, E. R., and Troy, F. A. 1985. 
Identification of an inducible catabolic system for sialic acids 
(nan) in Escherichia coli. J. Bacteriol. 164(2):845-53); nupC 
(cru) (Craig, J. E., et al. 1994. Cloning of the nupC gene of 
Escherichia coli encoding a nucleoside transport system, and 
identification of an adjacent insertion element, IS 186. Mol. 
Microbiol. 11(6):1159-68); nupG (Westh Hansen, S. E., et al. 
1987. Studies on the sequence and structure of the Escheri 
chia coli K-12 nupG gene, encoding a nucleoside-transport 
system. Eur. J. Biochem. 168(2):385-91); panF (Vallari, D. 
S., and Rock, C.O. 1985. Isolation and characterization of 
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Escherichia coli pantothenate permease (panF) mutants. J. 
Bacteriol. 164(1): 136–42); potA (Kashiwagi, K., et al. 1993. 
Functions of potA and potD proteins in spermidine-preferen 
tial uptake system in Escherichia coli. J. Biol. Chem. 268 
(26):19358-63): potG (Pistocchi, R., et al. 1993. Character 
istics of the operon for a putrescine transport system that 
maps at 19 minutes on the Escherichia coli chromosome. J. 
Biol. Chem. 268(1):146-52); potH (Id.); potI (Id.); prop 
(Wood, J. M., and Zadworny, D. 1980. Amplification of the 
put genes and identification of the put gene products in 
Escherichia coli K12. Can. J. Biochem.58(10):787-96); proT 
(Id.); proV (proU) (Faatz, E., et al. 1988. Cloned structural 
genes for the osmotically regulated binding-protein-depen 
dent glycine betaine transport system (ProU) of Escherichia 
coli K-12. Mol. Microbiol. 2(2):265-79); proW (proU) (Id.); 
proX (proU) (Id.); pstA (R2pho, phoR2b, phot) (Amemura, 
M., et al. 1985. Nucleotide sequence of the genes involved in 
phosphate transport and regulation of the phosphate regulon 
in Escherichia coli. J. Mol. Biol. 184(2):241-50);pstB (pho T) 
(Id.); pstC (phoW) (Rao, N. N., and Torriani, A. 1990. 
Molecular aspects of phosphate transport in Escherichia coli. 
Mol. Microbiol. 4(7): 1083-90); pstS (R2pho, nmp.A, 
phoR2a, phoS) (Makino, K., et al. 1988. Regulation of the 
phosphate regulon of Escherichia coli. Activation of pstS 
transcription by PhoB protein in vitro. J. Mol. Biol. 203(1): 
85-95); purP (Burton, K. 1994. Adenine transport in Escheri 
chia coli. Proc. R. Soc. Lond. B. Biol. Sci. 255(1343): 153-7): 
putP (Stalmach, M. E., et al. 1983. Two proline porters in 
Escherichia coli K-12. J. Bacteriol. 156(2):481-6); rbSA 
(rbsP, rbST) (Iida, A., et al. 1984. Molecular cloning and 
characterization of genes required for ribose transport and 
utilization in Escherichia coli K-12. J. Bacteriol. 158(2): 674 
82); rbsC (rbsP, rbST) (Id.); rbsD (rbsP) (Id.); rhaT (Baldoma, 
L., et al. 1990. Cloning, mapping and gene product identifi 
cation of rhaT from Escherichia coli K12. FEMS Microbiol. 
Lett. 60(1-2): 103-7); sclaC (Shao, Z. et al. 1994. Sequencing 
and characterization of the Sdac gene and identification of the 
sdaCB operon in Escherichia coli K12. Eur. J. Biochem. 
222(3):901-7); tinaB (trpP) (Sarsero, J. P. et al. 1991. A new 
family of integral membrane proteins involved in transport of 
aromatic amino acids in Escherichia coli. J. Bacteriol. 173 
(10):3231-4); tyrR (Whipp, M. J., and Pittard, A. J. 1977. 
Regulation of aromatic amino acid transport systems in 
Escherichia coli K-12. J. Bacteriol. 132(2):453-61); ugpc 
(Schweizer, H., and Boos, W. 1984. Characterization of the 
ugp region containing the genes for the phoB dependent 
sn-glycerol-3-phosphate transport system of Escherichia 
coli. Mol. Gen. Genet. 197(1):161-8); uhpT (Weston, L.A., 
and Kadner, R.J. 1987. Identification ofuhp polypeptides and 
evidence for their role in exogenous induction of the Sugar 
phosphate transport system of Escherichia coli K-12. J. Bac 
teriol. 169(8):3546-55); and xylF (xylT) (Sumiya, M., et al. 
1995. Molecular genetics of a receptor protein for D-xylose, 
encoded by the gene XylF, in Escherichia coli. Receptors 
Channels. 3(2): 117-28). 
0332 II.C.6.b. Bacillus subtilis Genes 
0333 By way of non-limiting example, manipulation of 
the aap A gene or gene product from B. subtilis, or homologs 
of this gene or gene product found in other members of the 
Prokaryotes, Eukaryotes, Archaebacteria and/or organelles 
(e.g., mitochondria, chloroplasts, plastids and the like) may 
be employed to increase the efficiency of gene expression and 
protein production in parent cells prior to minicell formation 
and/or in segregated minicells (Sohenshein, A. L., J. A. Hoch, 
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and R. Losick (eds.) 2002. Bacillus subtilis and its closest 
relatives: from genes to cells. American Society for Microbi 
ology, Washington D.C.). 
0334. In addition to aap A, other exemplary B. subtilis 
genes encoding factors involved in the transport of inducers, 
inhibitors and other compounds include, but are not limited 
to, amyC (Sekiguchi, J., et al. 1975. Genes affecting the 
productivity of alpha-amylase in Bacillus subtilis. J. Bacte 
riol. 121(2):688-94); amy) (Id.); araB (Sa-Nogueira, I., and 
Mota, L.J. 1997. Negative regulation of L-arabinose metabo 
lism in Bacillus subtilis: characterization of the araR (araC) 
gene. J. Bacteriol. 179(5):1598-608): araN (Sa-Nogueira, I., 
et al. 1997. The Bacillus subtilis L-arabinose (ara) operon: 
nucleotide sequence, genetic organization and expression. 
Microbiology. 143 (Pt3):957–69); araP (Id.); araO (Id.); csbC 
(Akbar, S., et al. 1999. Two genes from Bacillus subtilis under 
the sole control of the general stress transcription factor 
sigmaB. Microbiology. 145 (Pt 5):1069-78): cysP (Mansilla, 
M. C., and de Mendoza, D. 2000. The Bacillus subtilis cysP 
gene encodes a novel Sulphate permease related to the inor 
ganic phosphate transporter (Pit) family. Microbiology. 146 
(Pt 4):815-21); dctB (Sohenshein, A. L., J. A. Hoch, and R. 
Losick (eds.) 2002. Bacillus subtilis and its closest relatives: 
from genes to cells. American Society for Microbiology, 
Washington D.C.); exuT (Rivolta, C., et al. 1998. A 35.7 kb 
DNA fragment from the Bacillus subtilis chromosome con 
taining a putative 12.3 kb operon involved in hexuronate 
catabolism and a perfectly symmetrical hypothetical catabo 
lite-responsive element. Microbiology. 144 (Pt 4):877-84): 
gabP (Ferson, A. E., et al. 1996. Expression of the Bacillus 
subtilis gabF gene is regulated independently in response to 
nitrogen and amino acid availability. Mol. Microbiol. 22(4): 
693-701); gamP (Sohenshein, A. L. J. A. Hoch, and R. Losick 
(eds.) 2002. Bacillus subtilis and its closest relatives: from 
genes to cells. American Society for Microbiology, Washing 
ton D.C.); gleP (Paulsen, I.T., et al. 1998. Characterization of 
glucose-specific catabolite repression-resistant mutants of 
Bacillus subtilis: identification of a novel hexose: H+ sym 
porter. J. Bacteriol. 180(3):498-504); gloU (Sohenshein, A. 
L., J. A. Hoch, and R. Losick (eds.) 2002. Bacillus subtilis and 
its closest relatives: from genes to cells. American Society for 
Microbiology, Washington D.C.); glnH (Id.); glnM (Id); glnP 
(Sohenshein, A. L., J. A. Hoch, and R. Losick (eds.) 2002. 
Bacillus subtilis and its closest relatives: from genes to cells. 
American Society for Microbiology, Washington D.C.); glnO 
(Id.); glpT (Nilsson, R. P. et al. 1994. The glpT and glpO 
genes of the glycerol regulon in Bacillus subtilis. Microbiol 
ogy. 140 (Pt 4):723-30); gltP (Tolner, B., et al. 1995. Charac 
terization of the proton?glutamate symport protein of Bacillus 
subtilis and its functional expression in Escherichia coli. J. 
Bacteriol. 177(10):2863-9); gltT (Tolner, B., et al. 1995. 
Characterization of the proton/glutamate symport protein of 
Bacillus subtilis and its functional expression in Escherichia 
coli. J. Bacteriol. 177(10):2863-9); gntP (Reizer, A., et al. 
Analysis of the gluconate (gnt) operon of Bacillus subtilis. 
Mol. Microbiol. 5(5):1081-9); gutP (Sohenshein, A. L., J. A. 
Hoch, and R. Losick (eds.) 2002. Bacillus subtilis and its 
closest relatives: from genes to cells. American Society for 
Microbiology, Washington D.C.); hutM (Oda, M., et al. 1988. 
Cloning and nucleotide sequences of histidase and regulatory 
genes in the Bacillus subtilis but operon and positive regula 
tion of the operon. J. Bacteriol. 170(7):3199-205); iolF (So 
henshein, A. L., J. A. Hoch, and R. Losick (eds.) 2002. Bacil 
lus subtilis and its closest relatives: from genes to cells. 

48 
May 31, 2012 

American Society for Microbiology, Washington D.C.); 
kdgT (Pujic. P. et al. 1998. ThekdgRKAT operon of Bacillus 
subtilis: detection of the transcript and regulation by the kdgR 
and ccpA genes. Microbiology. 144 (Pt 11):311 1-8); lctP 
(Cruz, Ramos H., et al. 2000. Fermentative metabolism of 
Bacillus subtilis: physiology and regulation of gene expres 
sion. J. Bacteriol. 182(11):3072-80); maeN (Ito, M., et al. 
2000. Effects of nonpolar mutations in each of the seven 
Bacillus subtilis mrp genes suggest complex interactions 
among the gene products in Support of Na(+) and alkali but 
not cholate resistance. J. Bacteriol. 182(20):5663-70); malP 
(Sohenshein, A. L., J. A. Hoch, and R. Losick (eds.) 2002. 
Bacillus subtilis and its closest relatives: from genes to cells. 
American Society for Microbiology, Washington D.C.); 
manP (Id.); mleN (Id.); nasA (Ogawa, K., et al. 1995. The 
nasE operon and nasA gene are required for nitrate/nitrite 
assimilation in Bacillus subtilis. J. Bacteriol. 177(5): 1409 
13); nupC (Sohenshein, A. L., J. A. Hoch, and R. Losick (eds.) 
2002. Bacillus subtilis and its closest relatives: from genes to 
cells. American Society for Microbiology, Washington D.C.); 
opuAB (Kempf, B., et al. 1997. Lipoprotein from the osmo 
regulated ABC transport system OpuA of Bacillus subtilis: 
purification of the glycine betaine binding protein and char 
acterization of a functional lipidless mutant. J. Bacteriol. 
179(20):6213-20); opuBA (Sohenshein, A. L., J. A. Hoch, 
and R. Losick (eds.) 2002. Bacillus subtilis and its closest 
relatives: from genes to cells. American Society for Microbi 
ology, Washington D.C.); pbuG (Saxild, H. H., et al. 2001. 
Definition of the Bacillus subtilis PurR operator using genetic 
and bioinformatic tools and expansion of the PurR regulon 
with gly A, guaC, pbuG, Xpt-pbuX, ydh7-folD, and pbuO. J. 
Bacteriol. 183(21):6175-83);pbuX (Saxild, H. H., etal. 2001. 
Definition of the Bacillus subtilis PurR operator using genetic 
and bioinformatic tools and expansion of the PurR regulon 
with gly A, guaC, pbuG, Xpt-pbuX, ydh7-folD, and pbuO. J. 
Bacteriol. 183(21):6175-83);pstC (Takemaru, K., et al. 1996. 
A Bacillus subtilis gene cluster similar to the Escherichia coli 
phosphate-specific transport (pst) operon: evidence for a tan 
demly arranged pstB gene. Microbiology. 142 (Pt 8): 2017 
20); pstS (Qi, Y., et al. 1997. The pst operon of Bacillus 
subtilis has a phosphate-regulated promoter and is involved in 
phosphate transport but not in regulation of the pho regulon. 
J. Bacteriol. 179(8):2534-9); puc (Schultz, A. C., et al. 2001. 
Functional analysis of 14 genes that constitute the purine 
catabolic pathway in Bacillus subtilis and evidence for a 
novel regulon controlled by the PucR transcription activator. 
J. Bacteriol. 183(11):3293-302); pucK (Schultz, A. C., et al. 
2001. Functional analysis of 14 genes that constitute the 
purine catabolic pathway in Bacillus subtilis and evidence for 
a novel regulon controlled by the PucR transcription activa 
tor. J. Bacteriol. 183(11):3293-302); pyrP (Turner, R.J., et al. 
1994. Regulation of the Bacillus subtilis pyrimidine biosyn 
thetic (pyr) gene cluster by an autogenous transcriptional 
attenuation mechanism. J. Bacteriol. 176(12):3708-22); rbsB 
(Sohenshein, A. L., J. A. Hoch, and R. Losick (eds.) 2002. 
Bacillus subtilis and its closest relatives: from genes to cells. 
American Society for Microbiology, Washington D.C.); rbsC 
(Sohenshein, A. L., J. A. Hoch, and R. Losick (eds.) 2002. 
Bacillus subtilis and its closest relatives: from genes to cells. 
American Society for Microbiology, Washington D.C.); rbsD 
(Id.); rocC (Gardan, R., et al. 1995. Expression of the rocIDEF 
operon involved in arginine catabolism in Bacillus subtilis. J. 
Mol. Biol. 23:249(5):843-56); rocE (Gardan, R., et al. 1995. 
Expression of the rocIDEF operon involved in arginine 
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catabolism in Bacillus subtilis. J. Mol. Biol. 23; 249(5):843 
56); ssuA (Coppee, J. Y., et al. 2001. Sulfur-limitation-regu 
lated proteins in Bacillus subtilis: a two-dimensional gel elec 
trophoresis study. Microbiology. 147(Pt 6):1631-40); ssuB 
(van der Ploeg, J. R. etal. 1998. Bacillus subtilis genes for the 
utilization of sulfur from aliphatic sulfonates. Microbiology. 
144 (Pt 9):2555-61); ssuC (van der Ploeg, J. R., et al. 1998. 
Bacillus subtilis genes for the utilization of sulfur from ali 
phatic sulfonates. Microbiology. 144 (Pt 9):2555-61); treP 
(Yamamoto, H., et al. 1996. Cloning and sequencing of a 40.6 
kb segment in the 73 degrees-76 degrees region of the Bacil 
lus subtilis chromosome containing genes for trehalose 
metabolism and acetoin utilization. Microbiology. 142 (Pt 
11):3057-65): xynP (Sohenshein, A. L., J. A. Hoch, and R. 
Losick (eds.) 2002. Bacillus subtilis and its closest relatives: 
from genes to cells. American Society for Microbiology, 
Washington D.C.); ybaR (Id.); ybgF (Id.); ybgH (Id.); yebE 
(Id.); yegC) (Id.); yokI (Id.); yekJ (Id.); yokK (Id.); ydgF (Id.); 
yecA (Borriss, R., et al. 1996. The 52 degrees-55 degrees 
segment of the Bacillus subtilis chromosome: a region 
devoted to purine uptake and metabolism, and containing the 
genes cotA, gabp and guaA and the purgene cluster within a 
34960 bp nucleotide sequence. Microbiology. 142 (Pt 11): 
3027-31); yesp (Sohenshein, A. L., J. A. Hoch, and R. Losick 
(eds.) 2002. Bacillus subtilis and its closest relatives: from 
genes to cells. American Society for Microbiology, Washing 
ton D.C.); yesO (Id.): yflS (Id.); yhcL (Id.); yhjB (Id.); yjkB 
(Id.); ykbA (Id.); yoaB (Id.); yocn (Id.); yodF (Id.); yoA 
(Id.); ydiY (Id.); ytlD (Id.); ytlP (Id.); ytmL (Id.); ytmM (Id.); 
ytnA (Id.); yurM (Id.); yurN (Id.); yvbW (Id.); yvdH (Id.); 
yvdI (Id.); y VeA (Pereira, Y., et al. 2001. The yveb gene, 
Encoding endolevanase LevB, is part of the sacB-yveB-yveA 
levansucrase tricistronic operon in Bacillus subtilis. Micro 
biology. 147(Pt 12):3413-9); yvfH (Sohenshein, A. L., J. A. 
Hoch, and R. Losick (eds.) 2002. Bacillus subtilis and its 
closest relatives: from genes to cells. American Society for 
Microbiology, Washington D.C.); y VfL (Id.); y VfM (Id.); 
yvgM (Id.); y VrC) (Id.); yvsH (Id.); ywbF (Id.); ywc. (Id.); 
ywoD (Id.); ywoE (Id.); yxeN (Id.); and yxeR (Id.). 
0335 II.C.7. Catabolite Repression 
0336 Included in the design of the invention are tech 
niques that increase the efficiency of gene expression and 
protein production in minicells. By way of non-limiting 
example, these techniques may include utilization and/or 
modification of factors and systems involved in the synthesis, 
degradation or transport of catabolites that modulate the 
genetic expression of a preselected protein. Such manipula 
tions may result in increased or decreased production, and/or 
changes in the intramolecular and intermolecular functions, 
of a protein in a minicell or its parent cell; in the latter 
instance, the protein may be one that is desirably retained in 
segregated minicells. 
0337. By way of non-limiting example, it is known in the 
art to use promoters from the trp, cst-1, and lp operons of E. 
coli, which are induced by, respectively, reduced tryptophan 
levels, glucose starvation, and lactose. Manipulation of the 
catabolites tryptophan, glucose and lactose, respectively, will 
influence the degree of expression of genes operably linked to 
these promoters. (Makrides, Savvas C. Strategies for Achiev 
ing High-Level Expression of Genes in Escherichia coli. 
Microbiological Reviews. 1996. 60:512-538.) 
0338. As another non-limiting example, expression ele 
ments from the E. coli L-arabinose (ara) operon are used in 
expression systems. AraC is a protein that acts as a repressor 
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of ara genes in the absence of arabinose, and also as an 
activator of ara genes when arabinose is present. Induction of 
ara genes also involves cAMP, which modulates the activity 
of CRP (cAMP receptor protein), which in turn is required for 
full induction of ara genes (Schleif, Robert, Regulation of the 
L-arabinose operon of Escherichia coli. 2000. TIG 16:559 
564. Thus, maximum expression from an ara-based expres 
sion system is achieved by adding cAMP and arabinose to 
host cells, and optimizing the expression of CRP in hosticells. 
0339. As one example, manipulation of the acpS gene or 
gene product of E. coli (Pollacco M. L., and J. E. Cronan Jr. 
1981. A mutant of Escherichia coli conditionally defective in 
the synthesis of holo-acyl carrier protein. J. Biol. Chem. 
256:5750-5754); or homologs of this gene or its gene product 
found in other prokaryotes, eukaryotes, archaebacteria or 
organelles (mitochondria, chloroplasts, plastids and the like) 
may be employed to increase the efficiency of gene expres 
sion and protein production in parent cells prior to minicell 
formation and/or in segregated minicells. 
0340. In addition to acpS, other exemplary E. coli genes 
include the b2383 gene (Berlyn et al., “Linkage Map of 
Escherichia coli K-12, Edition 9. Chapter 109 in: Escheri 
chia coli and Salmonella typhimurium. Cellular and Molecu 
lar Biology, 2nd Ed., Neidhardt, Frederick C., Editor in Chief, 
American Society for Microbiology, Washington, D.C., 
1996, Volume 2, pages 1715-1902, and references cited 
therein. b2387 gene; the celA gene (Parker L. L., and B. G. 
Hall. 1990. Characterization and nucleotide sequence of the 
cryptic cel operon of Escherichia coli K12. Genetics. 124: 
455-471); the celB gene (Cole S.T., and B. Saint-Joanis, and 
A. P. Pugsley. 1985. Molecular characterisation of the colicin 
E2 operon and identification of its products. Mol Gen Genet. 
198:465-472); the celC gene (Parker L. L., and B. G. Hall. 
1990. Characterization and nucleotide sequence of the cryp 
tic cel operon of Escherichia coli K12. Genetics. 124:455 
471); the cmtEB gene (Ezhova N. M., Zaikina, N.A., Shataeva, 
L. K., Dubinina, N. I. Ovechkina, T. P. and J. V. Kopylova. 
Sorption properties of carboxyl cation exchangers with a 
bacteriostatic effect. 1980. Prikl Bioikhim Mikrobiol. 
16:395-398); the creB gene (Berlyn et al., “Linkage Map of 
Escherichia coli K-12, Edition 9. Chapter 109 in: Escheri 
chia coli and Salmonella typhimurium. Cellular and Molecu 
lar Biology, 2nd Ed., Neidhardt, Frederick C., Editor in Chief, 
American Society for Microbiology, Washington, D.C., 
1996, Volume 2, pages 1715-1902, and references cited 
therein; the crec gene (Wanner B. L. Gene regulation by 
phosphate in enteric bacteria. 1993. J Cell Biochem. 51:47 
54); the crp gene (Sabourn D., and J. Beckwith. Deletion of 
the Escherichia coli crp gene. 1975. J Bacteriology. 122:338 
340); the crr (gSr, iex, tys, treD) gene (Jones-Mortimer M.C., 
and H. L. Kornberg, and r. Maltby, and P. D. Watts. Role of the 
crr-gene in glucose uptake by Escherichia coli. 1977. FEBS 
Lett. 74:17-19); the cya gene (Bachi B., and H. L. Kornberg. 
Utilization of gluconate by Escherichia coli. A role of 
adenosine 3':5'-cyclic monophosphate in the induction of glu 
conate catabolism. 1975. Biochem J. 150: 123-128); the fruA 
gene (Prior T.I., and H. L. Kornberg. Nucleotide sequence of 
fruA, the gene specifying enzyme Iifru of the phosphoenopy 
ruvate-dependent Sugar phosphotransSferase system in 
Escherichia coli K12. 1988. J Gen Microbiol. 134:2757 
2768); the fruB gene (Bolshakova T. N. and R. S. Erlagaeva, 
and Dobrynina Oiu, and V. N. Gershanovich. Mutation fruB 
in the fructose regulon affeting beta-galactosidase synthesis 
and adenylate cyclase activity of E. coli K12. 1988. Mol Gen 
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Mikrobiolvirusol. 3:33-39); the fruR gene (Jahreis K., and P. 
W. Postma, and J. W. Lengeler. Nucleotide sequence of the 
ilvH-frR gene region of Escherichia coli K12 and Salmonella 
typhimurium LT2. 1991. Mol Gen Genet. 226:332-336); the 
frVA gene (Berlyn et al., “Linkage Map of Escherichia coli 
K-12, Edition 9. Chapter 109 in: Escherichia coli and Sal 
monella typhimurium. Cellular and Molecular Biology, 2nd 
Ed., Neidhardt, Frederick C., Editor in Chief, American Soci 
ety for Microbiology, Washington, D.C., 1996, Volume 2, 
pages 1715-1902, and references cited therein); the frwB 
gene (Id.); the frvD gene (Id.); the gath3 gene (Nobelmann B., 
and J. W. Lengeler. Molecular analysis of the gat genes from 
Escherichia coli and of their roles in galactitol transport and 
metabolism. 1996. J. Bacteriol. 178:6790-6795); the gatC 
gene (Id.); the malX gene (Reidel J. W. Boos. The malX 
maly operon of Escherichia coli encodes a novel enzyme II 
of the photophotransferase system recognizing glucose and 
maltose and an enzyme abolishing the endogenous induction 
of the maltose system. 1991. JBacteriol. 173:4862-4876); the 
manX (gptB. mpt, pts, ptsM, pts)x, manIII) gene (Plum 
bridge.J., and A. Kolb. CAP and Nag repressor binding to the 
regulatory regions of the nagE-B and manX genes of Escheri 
chia coli. 1991. J Mol Biol. 217:661-679); the many (pel, 
ptsM, pts.P. manPII) gene (Henderson P.J., and R. A. Giddens, 
and M. C. Jones-Mortimer. Transport of galactose, glucose 
and their molecular analogues by Escherichia coli K12. 1977. 
Biochem J. 162:309-320); the manZ (gptB, mpt, ptsM, pts)x) 
gene (Williams N., and D. K. Fox, and C. Shea and S. Rose 
man. Pel, the protein that permits lambda DNA penetration of 
Escherichia coli, is encoded by a gene in ptsM and is required 
for mannose utilization by the phosphotransferase system. 
1986. Proc Natl Acad Sci USA. 83:8934-8938); the mtlA 
gene (Lengeler J. Mutations affecting transport of the hexitols 
D-mannitol, D-glucitol, and galactitol in Escherichia coli 
K-12: isolation and mapping. 1975. J Bacteriol. 124:26-38.); 
the nagE (pstN) gene (Rogers M. J., and T. Ohgi, and J. 
Plumbridge, and D. Soll. Nucleotide sequences of the 
Escherichia coli nagE and nagB genes: the structural genes 
for the N-acetylglucosamine transport protein of the bacterial 
phosphoenolpyruvate: Sugar phosphotransferase system and 
for glucosamine-6-phosphate deaminase. 1988. Gene. 
62: 197-207); the pstA gene (Cox G. B., H. Rosenberg, and J. 
A. Downie, and S. Silver. Genetic analysis of mutants 
affected in the Pst inorganic phosphate transport system. 
1981. J Bacteriol. 148: 1-9); the pstB (guitB) gene (Id.); the 
pstG gene (Cox G. B., H. Rosenberg, and J. A. Downie, and S. 
Silver. Genetic analysis of mutants affected in the Pst inor 
ganic phosphate transport system. 1981. J Bacteriol. 148:1- 
9); the pstH gene (Id.); the pstI gene (Id.); the pstN gene (Id.); 
the pstC gene (Id.); the ptXA (yif J) gene (Berlyn et al., 
“Linkage Map of Escherichia coli K-12, Edition 9. Chapter 
109 in: Escherichia coli and Salmonella typhimurium. Cel 
lular and Molecular Biology, 2nd Ed., Neidhardt, Frederick 
C., Editor in Chief, American Society for Microbiology, 
Washington, D.C., 1996, Volume 2, pages 1715-1902, and 
references cited therein); the sgcA (yhL) gene (Id.); the sgcC 
(yhN) gene (Id.); the treB gene (Boos W., U. Ehmann, H. 
Forkl, W. Klein, M. Rimmele, and P. Postma. Trehalose trans 
port and metabolism in Escherichia coli. 1990. J. Bacteriol. 
172:3450-3461); the usg gene (Arps P. J., and M. E. Winkler 
M E. Structural analysis of the Escherichia coli K-12 hisT 
operon by using a kanamycin resistance cassette. 1987. J 
Bacteriol. 169:1061-1070): the wcaD gene (Mao Y., and M. P. 
Doyle, and J. Chen. Insertion mutagenisis of wea reduces 
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acide and heat tolerance of enterohemorrhagic Escherichia 
coli O157:H7. 2001. J. Bacteriol. 183:3811-3815); the yad I 
gene (Berlyn et al., “Linkage Map of Escherichia coli K-12, 
Edition 9. Chapter 109 in: Escherichia coli and Salmonella 
typhimurium. Cellular and Molecular Biology, 2nd Ed., 
Neidhardt, Frederick C. Editor in Chief, American Society 
for Microbiology, Washington, D.C., 1996, Volume 2, pages 
1715-1902, and references cited therein); and the yegC gene 
(Gutknecht R., and R. Beutler, and L. F. Garcia-Alles, and U. 
Baumann, and B. Erni. The dihydroxyacetone kinase of 
Escherichia coli utilizes a phosphoprotein instead of ATP as 
phosphoryl donor. 2001. EMBO J. 20:2480-2486). 
0341 II.C.8. General Deletions and Modifications 
0342. Included in the design of the invention are tech 
niques that increase the efficiency of gene expression and 
protein production in minicells. By way of non-limiting 
example, these techniques may include modification or dele 
tion of endogenous gene(s) from which their respective gene 
product decreases the induction and expression efficiency of 
a desired protein in the parent cell prior to minicell formation 
and/or the segregated minicell. By way of non-limiting 
example, these protein components may be the enzymes that 
degrade chemical inducers of expression, proteins that have a 
dominant negative affect upon a positive regulatory elements, 
proteins that have proteolytic activity against the protein to be 
expressed, proteins that have a negative affect against a chap 
erone that is required for proper activity of the expressed 
protein, and/or this protein may have a positive effect upon a 
protein that either degrades or prevents the proper function of 
the expressed protein. These gene products that require dele 
tion or modification for optimal protein expression and/or 
function may also be antisense nucleic acids that have a 
negative affect upon gene expression. 
(0343 II.C.9. Cytoplasmic Redox State 
0344) Included in the design of the invention are tech 
niques that increase the efficiency of gene expression and 
functional protein production in minicells. By way of non 
limiting example, these techniques may include modification 
of endogenous and/or exogenous protein components that 
alter the redox state of the parental cell cytoplasm prior to 
minicell formation and/or the segregated minicell cytoplasm. 
By way of non-limiting example, this protein component may 
be the product of the trx A, grx, dsbA, dsbB, and/ordsbc genes 
from E. coli or homologs of this gene or gene product found 
in other members of the Eubacteria, Eucarya or Archae (Mark 
et al., Genetic mapping of trXA, a gene affecting thioredoxin 
in Escherichia coli K12, Mol Gen Genet. 155:145-152, 1977: 
(Russel et al. Thioredoxin or glutaredoxin in Escherichia coli 
is essential for sulfate reduction but not for deoxyribonucle 
otide synthesis, J Bacteriol. 172: 1923-1929, 1990); Akiyama 
et al. In vitro catalysis of oxidative folding of disulfide 
bonded proteins by the Escherichia coli dsbA (ppfA) gene 
product, J Biol Chem. 267:22440-22445, 1992); (Whitney et 
al., The DsbA-DsbB system affects the formation of disulfide 
bonds in periplasmic but not in intramembraneous protein 
domains, FEBS Lett. 332:49-51, 1993); (Shevchik et al., 
Characterization of DsbC, a periplasmic protein of Erwinia 
chrysanthemi and Escherichia coli with disulfide isomerase 
activity, EMB J. 13:2007-2012, 1994). These applications 
may, but are not limited to increased or decreased production, 
increased or decreased intramolecular TrXA activity, 
increased or decreased physiological function of the above 
mentioned gene products. By way of non-limiting example, 
increased production of gene product (gene expression) may 
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occurthrough increased gene dosage (increased copy number 
of a given gene under the control of the native or artificial 
promotor where this gene may be on a plasmidorin more than 
one copy on the chromosome), modification of the native 
regulatory elements, including, but not limited to the promo 
tor or operator region(s) of DNA, or ribosomal binding sites 
on RNA, relevant repressors/silencers, relevant activators/ 
inhancers, or relevant antisense nucleic acid or nucleic acid 
analog, cloning on a plasmid under the control of the native or 
artificial promotor, and increased or decreased production of 
native or artificial promotor regulatory elements) controlling 
production of the gene. By way of non-limiting example, 
decreased gene expression production may occur through 
modification of the native regulatory elements, including, but 
not limited to the promotor or operator region(s) of DNA, or 
ribosomal binding sites on RNA, relevant repressors/silenc 
ers, relevant activators/inhancers, or relevant antisense 
nucleic acid or nucleic acid analog, through cloning on a 
plasmid under the control of the native regulatory region 
containing mutations or an artificial promotor, either or both 
of which resulting in decrease gene expression, and through 
increased or decreased production of native or artificial pro 
motor regulatory element(s) controlling gene expression. By 
definition, intramolecular activity refers to the enzymatic 
function, structure-dependent function, e.g. the capacity off a 
gene product to interact in a protein-protein, protein-nucleic 
acid, or protein-lipid complex, and/or carrier function, e.g. 
the capacity to bind, either covalently or non-covalently small 
organic or inorganic molecules, protein(s) carbohydrate(s), 
fatty acid(s), lipid(s), and nucleic acid(s). By way of non 
limiting example, alteration of intramolecular activity may be 
accomplished by mutation of the gene, in vivo or in vitro 
chemical modification of the gene product, inhibitor mol 
ecules against the function of the gene product, e.g. competi 
tive, non-competitive, or uncompetitive enzymatic inhibitors, 
inhibitors that prevent protein-protein, protein-nucleic acid, 
or protein-lipid interactions, e.g. expression or introduction 
of dominant-negative or dominant-positive or other protein 
fragment(s), or other carbohydrate(s), fatty acid(s), lipid(s), 
and nucleic acid(s) that may act directly or allosterically upon 
the gene product, and/or modification of protein, carbohy 
drate, fatty acid, lipid, or nucleic acid moieties that modify the 
gene or gene product to create the functional protein. By 
definition, physiological function refers to the effects result 
ing from an intramolecular interaction between the gene 
product and other protein, carbohydrate, fatty acid, lipid, 
nucleic acid, or other molecule(s) in or on the cellor the action 
of a product or products resulting from Such an interaction. 
0345. By way of non-limiting example, physiological 
function may be the act or result of intermolecular phospho 
rylation, biotinylation, methylation, acylation, glycosylation, 
and/or other signaling event; this function may be the result of 
protein-protein, protein-nucleic acid, or protein-lipid interac 
tion resulting in a functional moiety; this function may be to 
interact with the membrane to recruit other molecules to this 
compartment of the cell; this function may be to regulate the 
transcription and/or translation of trXA, other protein, or 
nucleic acid; and this function may be to stimulate the func 
tion of another process that is not yet described or understood. 
0346) 
0347 Included in the design of the invention are tech 
niques that increase the efficiency of gene expression and 
protein production in parental cell cytoplasm prior to minicell 
formation and/or the segregated minicell cytoplasm. By way 
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of non-limiting example, these techniques may include modi 
fication of terminator regions of DNA templates or RNA 
transcripts so that transcription and/or translation of these 
nucleic acid regions will terminate at greater efficiency. By 
way of non-limiting example, these techniques may include 
stem-loop structures, consecutive translational terminators, 
polyadenylation sequences, or increasing the efficiency of 
rho-dependent termination. Stem loop structures may 
include, but are not limited to, inverted repeats containing any 
combination of deoxyribonucleic acid or ribonucleic acid 
molecule, more than one such inverted repeat, or variable 
inverted repeats such that the rate of transcriptional/transla 
tional termination may be moderated dependent on nucleic 
acid and/or amino acid concentration, e.g. the mechanism of 
regulatory attenuation (Oxalender et al., Attenuation in the 
Escherichia coli tryptophan operon: role of RNA secondary 
structure involving the tryptophan codon region, Proc. Natl. 
Acad. Sci. 76:5524-5528, 1979). See also, Yager and von 
Hippel, “Transcript Elongation and Termination in e. Col. 
And Landick and Yanofsky, “Transcriptional Attenuation.” 
Chapters 76 and 77, respectively in: Escherichia Coli and 
Salmonella Tiphimurium. Cellular and Molecular Biology, 
Neidhardt, Frederick C. Editor in Chief, American Society 
for Microbiology, Washington, D.C., 1987, Volume 1, pages 
1241-1275 and 1276-1301, respectively, and references cited 
therein. 

0348 
(0349 Included in the design of the invention are tech 
niques that increase the efficiency of gene expression and 
protein production in parental cell cytoplasm prior to minicell 
formation and/or the segregated minicell cytoplasm. By way 
of non-limiting example, these techniques may include modi 
fications of endogenous and/or exogenous ribosomal compo 
nents such that ribosomes enter the minicell segregates with 
higher efficiency. By way of non-limiting example, these 
techniques may include increasing the copy number of ribo 
Somal binding sites on plasmid or like structure to recruit 
more ribosomal components or increase the synthesis of ribo 
Somal subunits prior to segregation (Mawn et al., Depletion of 
free 30S ribosomal subunits in Escherichia coli by expression 
of RNA containing Shine-Dalgarno-like sequences, J. Bacte 
riol. 184:494-502, 2002). This construct may also include the 
use of plasmid expressed translation initiation factors to assist 
ribosomal segregation (Celano et al., Interaction of Escheri 
chia coli translation-initiation factor IF-1 with ribosomes, 
Eur. J. Biochem. 178:351-355 1988). See also Hoopes and 
McClure, “Strategies in Regulation of Transcription Initia 
tion.” Chapter 75 in: Escherichia Coli and Salmonella Tiph 
imurium. Cellular and Molecular Biology, Neidhardt, Fred 
erick C. Editor in Chief, American Society for Microbiology, 
Washington, D.C., 1987, Volume 2, pages 1231-1240, and 
references cited therein. 

0350 II.C.12. Proteases 
0351. Included in the design of the invention are tech 
niques that increase the efficiency of gene expression and 
protein production in minicells. By way of non-limiting 
example, these techniques may include utilization and/or 
modification of endogenous and/or exogenous proteases. 
Such manipulations may result in increased or decreased 
production, and/or changes in the intramolecular and inter 
molecular functions, of a protein in a minicell or its parent 
cell; in the latter instance, the protein may be one that is 
desirably retained in segregated minicells. 

II.C.11. Ribosomal Targeting 
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0352. The production or activity of a desired protein gene 
product may be increased by decreasing the level and/or 
activity of a protease that acts upon the desired protein. The 
production or activity of a desired protein gene product may 
be increased by increasing the level and/or activity of a pro 
tease that acts upon a protein that inhibits the production or 
function of the desired protein. 
0353. The production or activity of a desired nucleic acid 
gene product may be increased be increasing the level and/or 
activity of a protease that acts upon a protein that that inhibits 
the production or function of the nucleic acid gene product. 
The production or activity of a desired nucleic acid gene 
product may be increased by decreasing the level and/or 
activity of a protease that acts upon a protein that stimulates or 
enhances the production or function of the desired nucleic 
acid gene product. 
0354 As one example, manipulation of the alpA gene or 
gene product from E. coli (Kirby J. E., and J. E. Trempy, and 
S. Gottesman. Excision of a P4-like cryptic prophage leads to 
Alp protease expression in Escherichia coli. 1994. J Bacte 
riol. 176:2068-2081), or homologs of this gene or gene prod 
uct found in other members of the Prokaryotes, Eukaryotes or 
Archaebacteria, may be employed to increase the efficiency 
of gene expression and protein production in parent cells prior 
to minicell formation and/or segregated minicells postpar 
tum 

0355. In addition to alpA, other exemplary E. coli genes 
and gene products include the clpA gene and gene product 
from E. coli (Katayama Y., and S. Gottesman, and J. Pum 
phrey, and S. Rudikoff, and W. P. Clark, and M. R. Maurizi. 
The two-component, ATP-dependent Clp protease of 
Escherichia coli. Purification, cloning, and mutational analy 
sis of the ATP-binding component. 1988, J Biol Chem. 263 
15226-15236); the clp3 gene product from E. coli (Kitagawa 
M., and C. Wada, and S. Yoshioka, and T. Yura. Expression of 
Clpb, an analog of the ATP-dependent proteas regulatory 
subunit in Escherichia coli, is controlled by a heat shock 
sigma factor (sigma 32). J Bacteriol. 173:4247-4253); the 
clpC gene product from E. coli (Msadek T., and F. Kunst, and 
G. Rapoport. Mech3 of Bacillus subtilis, a member of the 
ClpC ATPase family, is a pleiotropic regulator controlling 
competence gene expression and growth at high temperature. 
1994. Proc Natl AcadSci USA 91:5788-5792); the clpP gene 
product from E. coli (Maurizi M. R., and W. P. Clark, and Y. 
Katayama, and S. Rudikoff, and J. Pumphrey, and B. Bowers, 
and S. Gottesman. Sequence and structure of Clpb, the pro 
teolytic component of the ATP-dependent Clp protease of 
Escherichia coli. 1990. J biol Chem. 265:12536-12545); the 
clpX gene product from E. coli (Gottesman S., and W. P. 
Clark, and V. de Crecy-Lagard, and M. R. Maurizi. ClpX, an 
alternative subunit for the ATP-dependent Clp protease of 
Escherichia coli. Sequence and in vivo activities. 1993.J Biol 
Chem. 268:22618-22626); the clpY gene product from E. coli 
(Missiakas D., and F. Schwager, J. M. Betton, and C. Geor 
gopoulos, S. Raina. Identification and characterization of 
HsIV HsIU (ClpQ ClpY) proteins involved in overall pro 
teolysis of misfolded proteins in Escherichia coli. 1996. 
EMBO J. 15:6899-6909); the dcp gene product from E. coli 
(Becker S., and Plapp R. Location of the dcp gene on the 
physical map of Escherichia coli. 1992. J Bacteriol. 174: 
1698-1699); the degP (htra) gene product from E. coli (Lip 
inska B., and M. Zylicz, and C. Georgopoulos. The Htra 
(DegP) protein, essential for Escherichia coli survival at high 
temperatures, is an endopeptidase. 1990. J Bacteriol. 172: 
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1791-1797); the ggt gene product from E. coli (Finidori J., 
and Y. Laperche, and R. Haguenauer-Tsapis, and R. Barouki, 
and G. Guellaen, and J. Hanoune. In vitro biosynthesis and 
membrane insertion of gamma-glutamyl transpeptidase. 
1984. J Biol Chem. 259:4687-4690); the hfl gene product 
from E. coli (Cheng H. H., and H. Echols. A class of Escheri 
chia coli proteins controlled by the hflA locus. 1987. J Mol 
Biol. 196:737-740); the hflB gene product from E. coli 
(Banuett F., and M. A. Hoyt, and L. McFarlane, and H. 
Echols, and I. Herskowitz. HflB, a new Escherichia Colilocus 
regulating lysogeny and the level of bacteriophage lambda 
c11 protein. 1986. J Mol Biol. 187:213-224); the hfic gene 
product from E. coli (Noble J. A., and M. A. Innis, and E. V. 
Koonin, and K. E. Rudd, and F. Banuett, and I. Herskowitz, 
The Escherichia coli hflA locus encodes a putative GTP 
binding protein and two membrane proteins, one of which 
contains a protease-like domain. 1993. Proc Natl Acad Sci 
USA. 90:10866-10870); the hflK gene product from E. coli 
(Id.); the hftX gene product from E. coli (Noble J. A., and M. 
A. Innis, and E. V. Koonin, and K. E. Rudd, and F. Banuett, 
and I. Hertzskowitz. The Escherichia coli hflA locus encodes 
a putative GTP-binding protein and two membrane proteins, 
one of which contains a protease-like domain. 1993. Proc 
Natl AcadSci USA. 90:10866-10870); the hopD gene prod 
uct from E. coli (Whitchurch C. B., and J. S. Mattick Escheri 
chia coli contains a set of genes homologous to those involved 
in protein secretion, DNA uptake and the assembly of type-4 
fimbriae in other bacteria. 1994. Gene. 150:9-15); the htra 
gene product from E. coli (Lipinska B., and S. Sharma, and C. 
Georgopoulos. Sequence analysis and regulation of the htra 
gene of Escherichia coli: a sigma 32-independent mechanism 
of heat-inducible transcription. 1988. Nucleicc Acids Res. 
16:10053-10067); the hycI gene product from E. coli (Ross 
mann R., and T. Maier, and F. Lottspeich, and A. Bock. 
Characterisation of a proteas from Escherichia coli involved 
in hydrogenase maturation. 1995. Eur J. Biochem. 227:545 
550); the iap gene product from E. coli (Nakata A., and M. 
Yamaguchi, and K. Isutani, and M. Amemura. Escherichia 
coli mutants deficient in the production of alkaline phos 
phatase isoszymes. 1978. J Bacteriol. 134:287-294); the lep 
gene product from E. coli (Silver P., and W. Wickner. Genetic 
mapping of the Escherichia coli leader (signal) peptidase 
gene (lep): a new approach for determining the map position 
of a cloned gene. 1983.J Bacteriol. 54:659-572); the longene 
product from E. coli (Donch J., and J. Greenberg. Genetic 
analysis of lon mutants of strain K-12 of Escherichia coli. 
1968. Mol Gen Genet. 103:105-115); the 1sp gene product 
from E. coli (Regue M., and J. Remenick, and M. tokunaga, 
and G. A. Mackie, and H. C. Wu. Mapping of the lipoprotein 
signal peptidase gene (lsp). 1984. J Bacteriol. 1984 158:632 
635); the ompT gene product from E. coli (Akiyama Y., and 
K. SecY protein, a membrane-embedded secretion factor of 
E. coli, is cleaved by the ompT proteas in vitro. 1990. Bio 
chem Biophy's Res Commun. 167:711–715); the opdA gene 
product from E. coli (Conlin C. A., and C. G. Miller. Loca 
tion of the prlC (opdA) gene on the physical map of Escheri 
chia coli. 1993.J Bacteriol. 175:5731-5732); the orfx gene 
product from E. coli (Berlyn, M. K. B., et al. 1996. Linkage 
map of Escherichia coli K-12, Edition 9. In F. C. Neidhardt, 
R. Curtiss, J. L. Ingraham, E. C. C. Lin, K. B. Low, B. 
Magasanik, W. S. Reznikoff, M. Riley, M. Schaechter, and H. 
E. Umbarger (eds.). Escherichia coli and Salmonella typh 
imurium: Cellular and Molecular Biology, 2" ed. American 
Society for Microbiology, Washington D.C.); the pep A gene 
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product from E. coli (Stirling C.J., and S. D. Coloms, and J. 
F. Collins, and G. Szatmari, and D. J. Sherratt. XerB, an 
Escherichia coli gene required for plasmid ColE1 site-spe 
cific recombination, is identical to pep.A, encoding ami 
nopeptidaseA, a protein with Substantial similarity to bovine 
lens leucine aminopeptidase. 1989. EMBO J. 8:1623-1627); 
the pepD gene product from E. coli (Henrich B., and U. 
Schroeder, and R. W. Frank, and R. Plapp. Accurate mapping 
of the Escherichia coli pepD gene by sequence analysis of its 
5' flanking region. 1989. Mol Gen Genet. 215:369-373); the 
pepE gene product from E. coli (Conlin C. A., and T. M. 
Knox, and C.G. Miller. Cloning and physical map position of 
an alpha-aspartyl depeptidase gene, pepE, from Escherichia 
coli. 1994. J Bacteriol. 176:1552-1553); the pepN gene prod 
uct from E. coli (Miller C. G., and G. Schwartz. Peptidase 
deficient mutants of Escherichia coli. 1978. J Bacteriol. 135: 
603–611); the pepP gene product from E. coli (Id.); the pepQ 
gene product from E. coli (Id.); the pepT gene product from E. 
coli (Miller G. G., and G. Schwartz. Peptidase-deficient 
mutants of Escherichia coli. 1978. J Bacteriol. 135:603 
611); the pilD gene product from E. coli (Francetic O., and S. 
Lory, and A. P. Pugsley. A second prepilin peptidase gene in 
Escherichia coli K-12. 1998, Mol Microbiol. 27:763-775); 
the pinA gene product from E. coli (Hilliard J. J., and L. D. 
Simon, and L. Van Melderen, and M. R. Maurizi. PinA inhib 
its ATP hydrolysis and energy-dependent protein degradation 
by Lon protease. 1998. J Biol Chem. 273:524–527); the prc 
(tsp) gene product from E. coli (Nagasawa H., and Y. Sakag 
ami, and A. Suzuki, and H. Suzuki, and H. Hara, andY. Hirota. 
Determination of the cleavage site involved in C-terminal 
processing of penicillin-binding proein 3 of Escherichia coli. 
1989. J Bacteriol. 171:5890-5893); the prlC gene product 
from E. coli (Jiang X., and M. Zhang, and Y. Ding, and J.Yao, 
and H. Chen, and D. Zhu, and M. Muramatu. Escherichia coli 
prlCgene encodes a trypsin-like proteinase regulating the cell 
cycle. 1998.J. Biochem (Tokyo) 128:980-985); the protease V 
gene product from E. coli (Berlyn, M. K. B. et al. 1996. 
Linkage map of Escherichia coli K-12, Edition 9. In F. C. 
Neidhardt, R. Curtiss, J. L. Ingraham, E. C. C. Lin, K. B. Low, 
B. Magasanik, W. S. Reznikoff, M. Riley, M. Schaechter, and 
H. E. Umbarger (eds.). Escherichia coli and Salmonella typh 
imurium: Cellular and Molecular Biology, 2" ed. American 
Society for Microbiology, Washington, D.C.); the protease VI 
gene product from E. coli (Id.); the protease In gene product 
from E. coli (Id.); the protease Fagene product from E. coli or 
homologues (Id.); the protease Migene product from E. coli 
(Id.); the protease So gene product from E. coli (Id.); the ptra 
gene product from E. coli (Id.); the ptrB gene product from E. 
coli (Id.); the syph3 gene product from E. coli (Barends S., and 
A. W. Karzai, and R. T. Sauer, and J. Wower, and B. Kraal. 
Simultaneous an functional binding of SmpBand EF-Tu-TP 
to the analyl acceptor arm of timRNA. 2001. J Mol Biol. 
314:9-21); the sohB gene product from E. coli (Baird L., and 
B. Lipinska, and S. Raina, and C. Georgopoulos. Identifica 
tion of the Escherichia coli SohB gene, a multicopy Suppres 
sor of the Hitra (DegP) null phenotype. 1991. J Bacteriol. 
173-5763-5770); the ssp.A gene product from E. coli (Ichi 
hara S., and T. Suzuki, and M. Suzuki, and C. Mizushima. 
Molecular cloning and sequencing of the spp.A gene and 
characterization of the encoded proteas IV, a signal peptide 
peptidase of Escherichia coli. 1986. J. Biol Chem. 261.9405 
9411); the tesA gene product from E. coli (Cho H., and J. E. 
Cronan Jr. Escherichia colithioesterase I, molecular cloning 
and sequencing of the structural gene and identification as a 
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periplasmic enzyme. 1993J Biol Chem. 268: 9238-9245); the 
tufA gene product from E. coli (Ang., and J. S. Lee, and J. D. 
Friesen. Evidence for an internal promoterpreceding tufA in 
the stroperon of Escherichia coli. J. Bacteriol. 149:548-553); 
the tufB gene product from E. coli (Mihajima A., and M. 
Shibuya, and Y. Kaziro. Construction and characterization of 
the two hybrid Col1E1 plasmids carrying Escherichia coli 
tufB gene. 1979. FEBS Lett. 102:207-210); the ybalU gene 
product from E. coli (Berlyn, M. K. B., et al. 1996. Linkage 
map of Escherichia coli K-12, Edition 9. In F. C. Neidhardt, 
R. Curtiss, J. L. Ingraham, E. C. C. Lin, K. B. Low, B. 
Magasanik, W. S. Resnikoff, M. Riley, M. Schaechter, and H. 
E. Umbarger (eds.). Escherichia coli and Salmonella typh 
imurium: Cellular and Molecular Biology, 2" ed. American 
Society for Microbiology, Washington, D.C.); the ssrA gene 
(tmRNA, 10SA RNA) product from E. coli (Oh B. K., and A. 
K. Chauhan, and K. Isono, and D. Apirion. Location of a gene 
(ssrA) for a small, stable RNA 910Sa RNA) in the Escheri 
chia coli chromosome. 1990. J. Bacteriol. 172:4708-4709); 
and the ssrB gene from E. coli (Berlyn, M. K. B., et al. 1996. 
Linkage map of Escherichia coli K-12, Edition 9. In F. C. 
Neidhardt, R. Curtiss, J. L. Ingraham, E. C. C. Lin, K. B. Low, 
B. Magasanik, W. S. Reznikoff, M. Riley, M. Schaechter, and 
H. E. Ummbarger 9eds.). Escherichia coli and Salmonella 
typhimurium: Cellular and Molecular Biology, 2" ed. 
American Society for Microbiology, Washington, D.C.). 
0356. II.C.13. Chaperones 
0357 Included in the design of the invention are tech 
niques that increase the efficiency of gene expression and 
functional protein production in minicells. By way of non 
limiting example, these techniques may include modification 
of chaperones and chaperonins, i.e., endogenous and/or exog 
enous protein components that monitor the unfolded State of 
translated proteins allowing proper folding and/or secretion, 
membrane insertion, or soluble multimeric assembly of 
expressed proteins in the parental cell prior to minicell for 
mation and/or the segregated minicell cytoplasm, membrane, 
periplasm, and/or extracellular environment. See Gottesman 
et al., Protein folding and unfolding by Escherichia coli chap 
erones and chaperonins, Current Op. Microbiol. 3:197-202, 
2000; and Mayhew et al., “Molecular Chaperone Proteins.” 
Chapter 61 in: Escherichia coli and Salmonella typhimurium: 
Cellular and Molecular Biology, 2nd Ed., Neidhardt, Freder 
ick C. Editor in Chief, American Society for Microbiology, 
Washington, D.C., 1996, Volume 1, pages 922-937, and ref 
erences cited therein. 

0358. These applications may, but are not limited to 
increased or decreased chaperone production, increased or 
decreased intramolecular activity of a chaperone, increased 
or decreased physiological function of a chaperone, or dele 
tion, Substitution, inversion, translocation or insertion into, or 
mutation of a gene encoding a chaperone. By way of non 
limiting example, increased production of a chaperone may 
occur through increased chaperone gene dosage (increased 
copy number of a given gene under the control of the native or 
artificial promotor where this gene may be on a plasmid or in 
more than one copy on the chromosome), modification of the 
native regulatory elements, including, but not limited to the 
promotor or operator region(s) of DNA, or ribosomal binding 
sites on RNA, relevant repressors/silencers, relevant activa 
tors/enhancers, or relevant antisense nucleic acid or nucleic 
acid analog, cloning on a plasmid under the control of the 
native or artificial promotor, and increased or decreased pro 
duction of native or artificial promotor regulatory element(s) 
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controlling production of the chaperone gene or gene product. 
By way of non-limiting example, decreased production of a 
chaperone may occur through modification of the native regu 
latory elements, including, but not limited to the promotor or 
operator region(s) of DNA, or ribosomal binding sites on 
RNA, relevant repressors/silencers, relevant activators/en 
hancers, or relevant antisense nucleic acid or nucleic acid 
analog, through cloning on a plasmid under the control of the 
native regulatory region containing mutations or an artificial 
promotor, either or both of which resulting in decreased chap 
erone production, and through increased or decreased pro 
duction of native or artificial promotor regulatory element(s) 
controlling production of the chaperone gene or gene product. 
By definition, intramolecular activity refers to the enzymatic 
function, structure-dependent function, e.g. the capacity of 
chaperone to interact in a protein-protein, protein-nucleic 
acid, or protein-lipid complex, and/or carrier function, e.g. 
the capacity to bind, either covalently or non-covalently small 
organic or inorganic molecules, protein(s), carbohydrate(s), 
fatty acid(s), lipid(s), and nucleic acid(s). By way of non 
limiting example, alteration of intramolecular activity may be 
accomplished by mutation of the chaperone gene, in Vivo or in 
vitro chemical modification of Chaperone, inhibitor mol 
ecules against the function of chaperone, e.g. competitive, 
non-competitive, or uncompetitive enzymatic inhibitors, 
inhibitors that prevent protein-protein, protein-nucleic acid, 
or protein-lipid interactions, e.g. expression or introduction 
of dominant-negative or dominant-positive chaperone or 
other protein fragment(s), or other carbohydrate(s), fatty acid 
(S), lipid(s), and nucleic acid(s) that may act directly or allos 
terically upon Chaperone, and/or modification of protein, 
carbohydrate, fatty acid, lipid, or nucleic acid moieties that 
modify the chaperone gene or gene product to create the 
functional protein. By definition, physiological function 
refers to the effects resulting from an intramolecular interac 
tion between Chaperone and other protein, carbohydrate, 
fatty acid, lipid, nucleic acid, or other molecule(s) in or on the 
cell or the action of a product or products resulting from Such 
an interaction. By way of non-limiting example, physiologi 
cal function may be the act or result of intermolecular phos 
phorylation, biotinylation, methylation, acylation, glycosyla 
tion, and/or other signaling event; this function may be the 
result of a protein-protein, protein-nucleic acid, or protein 
lipid interaction resulting in a functional moiety; this function 
may be to interact with the membrane to recruit other mol 
ecules to this compartment of the cell; this function may be to 
regulate the transcription and/or translation of chaperone, 
other protein, or nucleic acid; and this function may be to 
stimulate the function of another process that is not yet 
described or understood. 
0359 By way of non-limiting example, chaperone genes 
may be any of the E. coli genes listed below, as well as any 
homologs thereof from prokaryotes, exukariutes, arcahebac 
teria, or organelles (mitochondria, chloroplasts, plastids, 
etc.). Exemplary E. coli genes encoding chaperones include, 
by way of non-limiting example, the cbp.A gene (Shiozawa T., 
and C. Ueguchi, and T. Mizuno. The rpoD gene functions as 
a multicopy Suppressor for mutations in the chaperones, 
Cbp.A, DnaJ and DnaK, in Escherichia coli. 1996 FEMS 
Microbiol Lett. 138:245-250): the clpB gene (Squires C. L., 
and S. Pedersen, and B. M. Ross, and C. Squires. Clpb is the 
Escherichia coli heat shock protein F84.1. 1991. J Bacteriol. 
173:4254-4262); the dnaK gene (Kroczynska B., and S. Y. 
Blond. Cloning and characterization of a new soluble murine 
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J-domain protein that stimulates BiP. Hsc70 and DnaK 
ATPase activity with different efficiencies. 2001. Gene. 273: 
267-274); the dinal gene (Kedzierska S., and E. Matuszewska. 
The effect of co-overproduction of DnaK/DnaJ/GrpE and 
ClpB proteins on the removal of heat-aggregated proteins 
from Escherichia coli Delta clp3 mutant cells—new insight 
into the role of Hsp70 in a functional cooperation with 
Hsp100. 2001. FEMS Microbiol Lett. 204:355-360); the 
ecpD gene (Raina S., and D. Missiakas, and L. Baird, and S. 
Kumar, and C. Georgopoulos. Identification and transcrip 
tional analysis of the Escherichia coli htrE operon which is 
homologous to pap and related pilin operons. 1993. J Bacte 
riol. 175:5009-5021); the ffh gene (Muller, M., et al. 1002. 
Protein traffic in bacteria: multiple routes from the ribosome 
to and across the membrane. Prog. Nucleic Acid Res. Mol. 
Biol. 66:107-157);4.5S RNA (Muller, M., et al. 1002. Protein 
traffic in bacteria: multiple routes from the ribosome to and 
across the membrane. Prog. Nucleic Acid Res. Mol. Biol. 
66:107-157); the Fts Y gene (Muller, M., et al. 1002. Protein 
traffic in bacteria: multiple routes from the ribosome to and 
across the membrane. Prog. Nucleic Acid Res. Mol. Biol. 
66:107-157); the fimC gene (Klemm P., and B.J. Jorgensen, 
and I. van Die, and H. de Ree, and H. Bergmans. The fim 
genes responsible for synthesis of type 1 fimbriae in Escheri 
chia coli, cloning and genetic organization. 1985. Mol Gen 
Genet. 199:410–414); the groE gene (Burton Z. F., and D. 
Eisenberg. A procedure for rapid isolation of both groE pro 
tein and glutamine synthetase from Ecoli. 1980. Arch Bio 
chem Biophys. 205:478-488); the groL gene (Berlyn, M. K. 
B. etal. 1996. Linkage map of Escherichia coli K-12, Edition 
9. In F. C. Neidhardt, R. Curtiss, J. L. Ingraham, E. C. C. Lin, 
K. B. Low, B. Magasanik, W. S. Reznikoff, M. Riley, M. 
Schaechter, and H. E. Umbarger (eds.). Escherichia coli and 
Salmonella typhimurium. cellular and molecular biology, 
2nd ed. American Society for Microbiology, Washington 
D.C.); the groS gene (Berlyn, M. K. B., et al. 1996. Linkage 
map of Escherichia coli K-12, Edition 9. In F. C. Neidhardt, 
R. Curtiss, J. L. Ingraham, E. C. C. Lin, K. B. Low, B. 
Magasanik, W. S. Reznikoff, M. Riley, M. Schaechter, and H. 
E. Umbarger (eds.). Escherichia coli and Salmonella typh 
imurium: cellular and molecular biology, 2nd ed. American 
Society for Microbiology, Washington D.C.); the hptG gene 
(Berlyn, M. K. B., et al. 1996. Linkage map of Escherichia 
coli K-12, Edition 9. In F. C. Neidhardt, R. Curtiss, J. L. 
Ingraham, E. C. C. Lin, K. B. Low, B. Magasanik, W. S. 
Reznikoff. M. Riley, M. Schaechter, and H. E. Umbarger 
(eds.). Escherichia coli and Salmonella typhimurium: cellu 
lar and molecular biology, 2nd ed. American Society for 
Microbiology, Washington D.C.); the hscA gene (Takahashi 
Y., and M. Nakamura. Functional assignment of the ORF2 
iscS-iscU-iscA-hscE-hscA-fax-ORF3 gene cluster involved 
in the assembly of Fe—S clusters in Escherichia coli. 1999. J 
Biochem (Tokyo). 126:917-926); the ibp A gene (Lund P. A. 
Microbial molecular chaperones. 2001. Adv Microb Physiol. 
44:93-140); the papy gene (Tennent, J. M., et al. 1990. Integ 
rity of Escherichia coli P pili during biogenesis: properties 
and role of Pap.J. Mol. Microbiol. 4:747-758); the secB gene 
(Lecker, S., et al. 1989. Three pure chaperone proteins of 
Escherichia coli SecB, trigger factor and GroEL form 
soluble complexes with precursor proteins in vitro. EMBOJ. 
8:2703-2709); and the tig gene (Lecker, S., et al. 1989. Three 
pure chaperone proteins of Escherichia coli—SecB, trigger 
factor and GroEL form soluble complexes with precursor 
proteins in vitro. EMBO J. 8:2703-2709); the secE gene 
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(Muller, M., et al. 1002. Protein traffic in bacteria: multiple 
routes from the ribosome to and across the membrane. Prog. 
Nucleic Acid Res. Mol. Biol. 66:107-157); and the secY gene 
(Muller, M., et al. 1002. Protein traffic in bacteria: multiple 
routes from the ribosome to and across the membrane. Prog. 
Nucleic Acid Res. Mol. Biol. 66:107-157). 
0360 II.C.14. Export Apparatus and Membrane Targeting 
0361 Included in the design of the invention are tech 
niques that increase the efficiency of gene expression and 
protein production in parental cells prior to minicell forma 
tion and/or in the segregated minicells. By way of non-limit 
ing example, these techniques may include construction of 
chimeric proteins including, but not limited to, coupling the 
expressed protein of interest with native Eubacterial. Eukary 
otic, Archeabacterial or organellar leader sequences to drive 
membrane insertion or secretion of the protein of interest to 
the periplasm or extracellular environment. In addition to 
using native leader sequences, these minicell expression con 
structs may also include proteolytic cleavage sites to remove 
the leader sequence following insertion into the membrane or 
secretion. These proteolytic cleavage sites may be native to 
the organism from which the minicell is derived or non 
native. In the latter example, also included in the system are 
the non-native protease that recognizes the non-native pro 
teolytic cleavage site. 
0362. Non-limiting examples of these leader sequences 
may be the leader from the STII protein (Voss, T., et al. 1994. 
Periplasmic expression of human interferon-alpha 2c in 
Escherichia coli results in a correctly folded molecule. Bio 
chem. J. 298:719-725), maltose binding protein (malE) (Ito, 
K. 1982. Purification of the precursor form of maltose-bind 
ing protein, a periplasmic protein of Escherichia coli. J. Biol. 
Chem. 257:9895-9897), phoA (Jobling, M. G., et al. 1997. 
Construction and characterization of versatile cloning vectors 
for efficient delivery of native foreign proteins to the peri 
plasm of Escherichia coli. Plasmid. 38:158-173), lamB 
(Wong, E.Y., et al. 1988. Expression of secreted insulin-like 
growth factor-1 in Escherichia coli. Gene. 68: 193-203), 
ompA (Loo, T., et al. 2002. Using secretion to solve a solu 
bility problem: high-yield expression in Escherichia coli and 
purification of the bacterial glycoamidase PNGase F. Protein 
Expr. Purif. 24:90-98), or pelB (Molloy, P. E., et al. 1998. 
Production of soluble single-chain T-cell receptor fragments 
in Escherichia coli trxB mutants. Mol. Immunol. 35.73-81). 
0363. In addition to these leader sequences, mutations in 
the cellular export machinery may be employed to increase 
the promiscuity of export to display or export sequences with 
non-optimized leader sequences. Non-limiting examples of 
genes that may be altered to increase export promiscuity are 
mutations in secY (prlA4) (Derman, A.I., et al. 1993. A signal 
sequence is not required for protein exportin prlA mutants of 
Escherichia coli. EMBO.J. 12:879-888), and secE (Harris, C. 
R., and T. J. Silhavy. 1999. Mapping an interface of SecY 
(PrlA) and SecE (PrlG) by using synthetic phenotypes and in 
vivo cross-linking. J. Bacteriol. 181:3438-3444). 
0364 II.C.15. Increasing Stability and Solubility 
0365 Included in the design of the invention are tech 
niques that increase the efficiency of gene expression and 
protein production in parental cells prior to minicell forma 
tion and/or in the segregated minicells. By way of non-limit 
ing example, these techniques may include construction of 
chimeric/fusion proteins including, but not limited to, cou 
pling the expressed protein of interest with native Eubacterial, 
Eukaryotic, Archeabacterial or organellar solublizing 
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sequences. As used herein, “solublizing sequences” are com 
plete or truncated amino acid sequences that increase the 
solubility of the expressed membrane protein of interest. This 
increased solubility may be used to increase the lifetime of the 
soluble state until proper membrane insertion may take place. 
By way of non-limiting example, these soluble chimeric 
fusion proteins may be ubiquitin (Power, R. F., et al. 1990. 
High level expression of a truncated chicken progesterone 
receptor in Escherichia coli. J. Biol. Chem. 265:1419-1424), 
thioredoxin (LaVallie, E. R. et al. 1993. A thioredoxin gene 
fusion expression system that circumvents inclusion body 
formation in the E. coli cytoplasm. Biotechnology (N.Y.) 
11:187-193; Kapust, R. B., and D. S. Waugh. 1999. Escheri 
chia coli maltose-binding protein is uncommonly effective at 
promoting the solubility of polypeptides to which it is fused. 
Protein Sci. 8:1668-1674), the disbA gene product (Winter, J., 
et al. 2001. Increased production of human proinsulin in the 
periplasmic space of Escherichia coli by fusion to DsbA. J. 
Biotechnol. 84:175-185), the SPG protein (Murphy, J. P., et 
al. 1992. Amplified expression and large-scale purification of 
protein G'. Bioseparation 3:63-71), the malE gene product 
(maltose-binding protein) (Hampe, W., et al. 2000. Engineer 
ing of a proteolytically stable human beta2-adrenergic recep 
tor/maltose-binding protein fusion and production of the chi 
meric protein in Escherichia coli and baculovirus-infected 
insect cells. J. Biotechnol. 77:219-234; Kapust et al., Escheri 
chia coli maltose-binding protein is uncommonly effective at 
promoting the solubility of polypeptides to which it is fused, 
Protein Sci. 8:1668-1674, 1999), glutathione-s-transferase 
(GST); and/or nuclease A (Meeker et al. A fusion protein 
between serum amyloid A and Staphylococcal nuclease— 
synthesis, purification, and structural studies, Proteins 
30:381-387, 1998). In addition to these proteins, Staphylo 
coccal protein A, beta-galactosidase, S-peptide, myosin 
heavy chain, dihydrofolate reductase, T4 p55, growth hor 
mone N terminus, E. coli Hemolysin A, bacteriophage 
lambda cII protein, TrpE, and TrpLE proteins may also be 
used as fusion proteins to increase protein expression and/or 
solubility (Makrides, Stratagies for Achieving High-Level 
Expression of Genes in Escherichia coli, Microbiol. Rev. 
60.512-538). 
0366 III. Preparation of Minicells 
0367 III.A. Parent Cell Mutations 
0368. Although it has been reported that relatively few 
molecules of endogenous RNA polymerase segregate into 
minicells (Shepherd et al., Cytoplasmic RNA Polymerase in 
Escherichia coli, J Bacteriol 183:2527-34, 2001), other 
reports and results indicate that many RNA Polymerase mol 
ecules follow plasmids into minicells (Funnell and Gagnier, 
Partition of P1 plasmids in Escherichia cole mukB chromo 
somal partition mutants, J Bacteriol 177:2381-6, 1995). In 
any event, applicants have discovered that the introduction of 
an exogenous RNA polymerase to minicell-producing cells 
enhances expression of episomal elements in minicells. Such 
enhanced expression may allow for the Successful expression 
of proteins in minicells, wherein Such proteins are expressed 
poorly or not at all in unmodified minicells. In order to maxi 
mize the amount of RNA transcription from episomal ele 
ments in minicells, minicell-producing cell lines that express 
an RNA polymerase specific for certain episomal expression 
elements may be used. An example of an E. coli strain of this 
type, designated MC-T7, was created and used as is described 
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in the Examples. Those skilled in the art will be able to make 
and use equivalent strains based on the present disclosure and 
their knowledge of the art. 
0369 Minicell-producing cells may comprise mutations 
that augment preparative steps. For example, lipopolysaccha 
ride (LPS) synthesis in E. coli includes the lipid A biosyn 
thetic pathway. Four of the genes in this pathway have now 
been identified and sequenced, and three of them are located 
in a complex operon that also contains genes involved in DNA 
and phospholipid synthesis. The rifa gene cluster, which con 
tains many of the genes for LPS core synthesis, includes at 
least 17 genes. The rfb gene cluster encodes protein involved 
in O-antigen synthesis, and rfb genes have been sequenced 
from a number of serotypes and exhibit the genetic polymor 
phism anticipated on the basis of the chemical complexity of 
the O antigens. See Schnaitman and Klena, Genetics of 
lipopolysaccharide biosynthesis in enteric bacteria, Micro 
biol. Rev. 57:655-82, 1993. When present, alone, or in com 
bination, the rfb and oms mutations cause alterations in the 
eubacterial membrane that make it more sensitive to 
lysozyme and other agents used to process minicells. Simi 
larly, the rfa (Chen, L., and W. G. Coleman Jr. 1993. Cloning 
and characterization of the Escherichia coli K-12 rfa-2 (rfac) 
gene, a gene required for lipopolysaccharide inner core Syn 
thesis. J. Bacteriol. 175:2534-2540), lpcA (Brooke, J. S., and 
M. A. Valvano. 1996. Biosynthesis of inner core lipopolysac 
charide in enteric bacteria identification and characterization 
of a conserved phosphoheptose isomerase. J. Biol. Chem. 
271:3608-3614), and lpcB (Kadrman, J. L., et al. 1998. Clon 
ing and overexpression of glycosyltransferases that generate 
the lipopolysaccharide core of Rhizobium leguminosarum. J. 
Biol. Chem. 273:26432-26440) mutations, when present 
alone or in combination, cause alterations in lipopolysaccha 
rides in the outer membrane causing cells to be more sensitive 
to lysozyme and agents used to process minicells. In addition, 
Such mutations can be used to reduce the potential antigenic 
ity and/or toxicity of minicells. 
0370 III.B. Culturing Conditions 
0371 Included in the design of the invention are the con 
ditions to grow parental cells from which minicells will be 
produced. Non-limiting examples herein are drawn to condi 
tions for growing E. coli parental cells to produce minicells 
derived from E. coli parental cells. Non-limiting examples for 
growth media may include rich media, e.g. Luria broth (LB), 
defined minimal media, e.g. M63 salts with defined carbon, 
nitrogen, phosphate, magnesium, and Sulfate levels, and com 
plex minimal media, e.g. defined minimal media with 
casamino acid Supplement. This growth may be performed in 
culture tubes, shake flasks (using a standard air incubator, or 
modified bioreactor shake flask attachment), or bioreactor. 
Growth of parental cells may include Supplemented additions 
to assist regulation of expression constructs listed in the sec 
tions above. These Supplements may include, but are not 
limited to dextrose, phosphate, inorganic salts, ribonucleic 
acids, deoxyribonucleic acids, buffering agents, thiamine, or 
other chemical that stimulates growth, stabilizes growth, 
serves as an osmo-protectant, regulates gene expression, and/ 
or applies selective pressure to mutation, and/or marker selec 
tion. These mutations may include an amino acid or nucle 
otide auxotrophy, while the selectable marker may include 
transposable elements, plasmids, bacteriophage, and/or aux 
otrophic or antibiotic resistance marker. Growth conditions 
may also require temperature adjustments, carbon alterna 
tions, and/or oxygen-level modifications to stimulate tem 
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perature sensitive mutations found in designed gene products 
for a given desired phenotype and optimize culture condi 
tions. 
0372. By way of non-limiting example, production of 
minicells and protein production may occur by using either of 
two general approaches or any combination of each. First, 
minicells may be formed, purified, and then contained 
expression elements may be stimulated to produce their 
encoded gene products. Second, parental cells, from which 
the minicells are derived, may be stimulated to express the 
protein of interest and segregate minicells simultaneously. 
Finally, any timing variable of minicell formation and protein 
production may be used to optimize protein and minicell 
production to best serve the desired application. The two 
general approaches are shown in the sections below. 
0373) III.C. Manipulation of Genetic Expression in Mini 
cell Production 
0374 Included in the design of the invention are methods 
that increase the efficiency, rate and/or level of gene expres 
sion and protein production in parent cells and/or minicells. 
Such methods include, but are not limited to, the following. 
0375. By way of non-limiting example, parental cells are 
grown overnight in the appropriate media. From this culture, 
the cells are subcultured into the same media and monitored 
for growth. At the appropriate cell density, the cultures are 
induced for minicell production using any of the Switching 
mechanisms discussed in section II.B. regulating any con 
struct discussed in section II.A. Non-limiting examples of 
this minicell-inducing Switching mechanism may be the ileR 
gene product regulating the production of the has minicell 
inducing gene product or the melR gene product regulating 
the production of the minB minicell-inducing gene product. 
Following minicell induction, the culture is allowed to con 
tinue growth until the desired concentration of minicells is 
obtained. At this point, the mincells are separated from the 
parental cells as described in section II.E. Purified minicells 
are induced for protein production by triggering the genetic 
Switching mechanism that segregated into the minicell upon 
separation from the parental cell. By way of non-limiting 
example, this genetic Switching mechanism may be any of 
those discussed in section I.B. regulating the production of 
any protein of interest. Furthermore, at this point or during the 
production of minicells the peripheral gene expression, pro 
duction, and assembly machinery discussed in section II.C. 
may be triggered to assist in this process. By way of non 
limiting example, the groEL complex may be triggered using 
the temperature sensitive lambda cI inducible system from a 
co-segregant plasmid to assist in the proper assembly of the 
expressed protein of interest. 
0376 III.D. Separation of Minicells from Parent Cells 
0377. A variety of methods are used to separate minicells 
from parent cells (i.e., the cells from which the minicells are 
produced) in a mixture of parent cells and minicells. In gen 
eral. Such methods are physical, biochemical and genetic, and 
can be used in combination. 
0378 III.D. 1. Physical Separation of Minicells from Par 
ent Cells 
0379. By way of non-limiting example, minicells are sepa 
rated from parent cells glass-fiber filtration (Christen et al., 
Gene 23:195-198, 1983), and differential and Zonal centrifu 
gation (Barker et al., J. Gen. Microbiol. 111:387-396, 1979), 
size-exclusion chromatography, e.g. gel-filtration, differen 
tial sonication (Reeve, J. N., and N. H. Mendelson. 1973. 
Pronase digestion of amino acid binding components on the 
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surface of Bacillus subtilis cells and minicells. Biochem. 
Biophys. Res. Commun. 53:1325-1330), and UV-irradiation 
(Tankersley, W. G., and J. M. Woodward. 1973. Induction and 
isoloation of non-replicative minicells of Salmonella typh 
imuium and their use as immunogens in mice. Bacteriol. Proc. 
97). 
0380 Some techniques involve different centrifugation 
techniques, e.g., differential and Zonal centrifugation. By way 
of non-limiting example, minicells may be purified by the 
double Sucrose gradient purification technique described by 
Frazer and Curtiss, Curr. Topics Microbiol. Immunol. 69:1- 
84, 1975. The first centrifugation involves differential cen 
trifugation, which separates parent cells from minicells based 
on differences in size and/or density. The percent of sucrose in 
the gradient (graduated from about 5 to about 20%), Ficolor 
glycerol is designed to allow only parent cells to pass through 
the gradient. 
0381. The supernatant, which is enriched for minicells, is 
then separated from the pellet and is spun at a much higher 
rate (e.g., 211,000 g). This pellets the minicells and any 
parent cells that did not pellet out in the first spin. The pellet 
is then resuspended and layered on a Sucrose gradient. 
0382. The band containing minicells is collected, pelleted 
by centrifugation, and loaded on another gradient. This pro 
cedure is repeated until the minicell preparation is essentially 
depleted of parent cells, or has a concentration of parent cells 
that is low enough so as to not interfere with a chosen minicell 
application or activity. By way of non-limiting example, buff 
ers and media used in these gradient and resuspension steps 
may be LB, defined minimal media, e.g. M63 salts with 
defined carbon, nitrogen, phosphate, magnesium, and Sulfate 
levels, complex minimal media, e.g. defined minimal media 
with casamino acid supplement, and/or other buffer or media 
that serves as an osmo-protectant, stabilizing agent, and/or 
energy source, or may contain agents that limit the growth of 
contaminating parental cells, e.g. azide, antibiotic, or lack an 
auxotrophic Supplemental requirement, e.g. thiamine. 
0383. Other physical methods may also be used to remove 
parent cells from minicell preparations. By way of non-lim 
iting example, mixtures of parent cells and minicells are 
frozen to -20°C. and then thawed slowly (Frazer and Curtiss, 
Curr. Topics Microbiol. Immunol. 69:1-84, 1975). 
0384 III.D.2. Biochemical Separation of Minicells from 
Parent Cells 
0385 Contaminating parental cells may be eliminated 
from minicell preparations by incubation in the presence of 
an agent, or under a set of conditions, that selectively kills 
dividing cells. Because minicells can neither grow nor divide, 
they are resistant to Such treatments. 
0386 Examples of biochemical conditions that prevent or 

kill dividing parental cells is treatment with a antibacterial 
agent, Such as penicillin orderivatives of penicillin. Penicillin 
has two potential affects. First, penicillin prevent cell wall 
formation and leads to lysis of dividing cells. Second, prior to 
lysis dividing cells form filaments that may assist in the 
physical separation steps described in section III.E.1. In addi 
tion to penicillin and its derivatives, other agents may be used 
to prevent division of parental cells. Such agents may include 
azide. Azide is a reversible inhibitor of electron transport, and 
thus prevents cell division. As another example, D-cyclos 
erine or phage MS2 lysis protein may also serve as a bio 
chemical approach to eliminate or inhibit dividing parental 
cells. (Markiewicz et al., FEMS Microbiol. Lett. 70: 119-123, 
1992). Khachatourians (U.S. Pat. No. 4.311,797) states that it 
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may be desirable to incubate minicell/parent cell mixtures in 
brain heart infusion broth at 36° C. to 38° C. prior to the 
addition of penicillin G and further incubations. 
(0387 III.D.3. Genetic Separation of Minicells from Par 
ent Cells 
0388 Alternatively or additionally, various techniques 
may be used to selectively kill, preferably lyse, parent cells. 
For example, although minicells can internally retain M13 
phage in the plasmid stage of the M13 life cycle, they are 
refractory to infection and lysis by M13 phage (Staudenbauer 
et al., Mol. Gen. Genet. 138:203-212, 1975). In contrast, 
parent cells are infected and lysed by M13 and are thus are 
selectively removed from a mixture comprising parent cells 
and minicells. A mixture comprising parent cells and mini 
cells is treated with M13 phage at an M.O.I.5 (phage:cells). 
The infection is allowed to continue to a point where 250% 
of the parent cells are lysed, preferably 275%, more prefer 
ably 295% most preferably 299%; and s25% of the mini 
cells are lysed or killed, preferably s 15%, most preferably 
s1%. 
0389. As another non-limiting example of a method by 
which parent cells can be selectively killed, and preferably 
lysed, a chromosome of a parent cell may include a condi 
tionally lethal gene. The induction of the chromosomal lethal 
gene will result in the destruction of parent cells, but will not 
affect minicells as they lack the chromosome harboring the 
conditionally lethal gene. As one example, a parent cell may 
contain a chromosomal integrated bacteriophage comprising 
a conditionally lethal gene. One example of such a bacte 
riophage is an integrated lambda phage that has a temperature 
sensitive repressor gene (e.g., lambda cI857). Induction of 
this phage, which results in the destruction of the parent cells 
but not of the achromosomal minicells, is achieved by simply 
raising the temperature of the growth media. A preferred 
bacteriophage to be used in this method is one that kills and/or 
lyses the parent cells but does not produce infective particles. 
One non-limiting example of this type of phage is one that 
lyses a cell but which has been engineered to as to not produce 
capsid proteins that are surround and protect phage DNA in 
infective particles. That is, capsid proteins are required for the 
production of infective particles. 
0390. As another non-limiting example of a method by 
which parent cells can be selectively killed or lysed, toxic 
proteins may be expressed that lead to parental cell lysis. By 
way of non-limiting example, these inducible constructs may 
employ a system described in section II.B. to control the 
expression of a phage holing gene. Holin genes fall with in at 
least 35 different families with no detectable orthologous 
relationships (Grundling, A., et al. 2001. Holins kill without 
warning. Proc. Natl. Acad. Sci. 98: 9348-9352) of which each 
and any may be used to lyse parental cells to improve the 
purity of minicell preparations. 
0391 Gram negative eubacterial cells and minicells are 
bounded by an inner membrane, which is surrounded by a cell 
wall, wherein the cell wall is itself enclosed within an outer 
membrane. That is, proceeding from the external environ 
ment to the cytoplasm of a minicell, a molecule first encoun 
ters the outer membrane (OM), then the cell wall and finally, 
the inner membrane (IM). In different aspects of the inven 
tion, it is preferred to disrupt or degrade the OM, cell wall or 
IM of a eubacterial minicell. Such treatments are used, by 
way of non-limiting example, in order to increase or decrease 
the immunogenicity, and/or to alter the permeability charac 
teristics, of a minicell. 
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0392 Eubacterial cells and minicells with altered mem 
branes and/or cell walls are called “PoroplastsTM” “sphero 
plasts.” and “protoplasts.” Herein, the terms "spheroplast 
and “protoplast” refer to spheroplasts and protoplasts pre 
pared from minicells. In contrast, “cellular spheroplasts' and 
“cellular protoplasts' refer to spheroplasts and protoplasts 
prepared from cells. Also, as used herein, the term “minicell 
encompasses not only minicells perse but also encompasses 
PoroplastsTM, spheroplasts and protoplasts. 
0393. In a poroplast, the eubacterial outer membrane 
(OM) and LPS have been removed. In a spheroplast, portions 
of a disrupted eubacterial OM and/or disrupted cell wall 
either may remain associated with the inner membrane of the 
minicell, but the membrane and cell wall is nonetheless 
porous because the permeability of the disrupted OM and cell 
wall has been increased. A membrane is said to be “disrupted 
when the membrane's structure has been treated with an 
agent, or incubated under conditions, that leads to the partial 
degradation of the membrane, thereby increasing the perme 
ability thereof. In contrast, a membrane that has been 
“degraded' is essentially, for the applicable intents and pur 
poses, removed. In preferred embodiments, irrespective of 
the condition of the OM and cell wall, the eubacterial inner 
membrane is not disrupted, and membrane proteins displayed 
on the inner membrane are accessible to compounds that are 
brought into contact with the minicell, poroplast, spheroplast, 
protoplast or cellular poroplast, as the case may be. 
0394 III.E.2. PoroplastsTM 
0395. For various applications poroplasted minicells are 
capable of preserving the cytoplasmic integrity while produc 
ing increased Stability over that of naked protoplasts. Main 
tenance of the cell wall in poroplasted minicells increases the 
osmotic resistance, mechanical resistance and storage capac 
ity over protoplasts while permitting passage of Small and 
medium size proteins and molecules through the porous cell 
wall. A poroplast is a Gram negative bacterium that has its 
outer membrane only removed. The production of poroplasts 
involves a modification of the procedure to make protoplasts 
to remove the outer membrane (Birdsell et al., Production and 
ultrastructure of lysozyme and ethylenediaminetetraacetate 
Lysozyme Spheroplasts of Escherichia coli, J. Bacteriology 
93: 427-437, 1967; Weiss, Protoplast formation in Escheri 
chia coli. J. Bacteriol. 128:668-670, 1976). Like protoplasts, 
measuring the total LPS that remains in the poroplast prepa 
ration may be used to monitor the removal of the outer mem 
brane. Endotoxin kits and antibodies reactive against LPS 
may be used to measure LPS in solution; increasing amounts 
of soluble LPS indicates decreased retention of LPS by pro 
toplants. This assay thus makes it possible to quantify the 
percent removal of total outer membrane from the poroplas 
ted minicells. 

0396. Several chemical and physical techniques have been 
employed to remove the outer membrane of gram negative 
bacteria. Chemical techniques include the use of EDTA in 
Tris to make cells Susceptible to hydrophobic agents such as 
actinomycin C. Leive L. The barrier function of the gram 
negative envelope. Ann NY Acad Sci. 1974 May 10; 235(0): 
109-29.: Voll MJ, Leive L. Actinomycin resistance and acti 
nomycin excretion in a mutant of Escherichia coli. J 
Bacteriol. 1970 May; 102(2):600-2: Lactic Acid disruption of 
the outer membrane as measured by the uptake of hydropho 
bic fluorophores; Alakomi H L Skytta E, Saarela M, Mattila 
Sandholm T. Latva-Kala K, Helander I M. Lactic acid per 
meabilizes gram-negative bacteria by disrupting the outer 
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membrane. Appl Environ Microbiol. 2000 May: 66(5):2001 
5; and Polymyxin B disruption as measured by periplasmic 
constituent release (Teuber M. Cerny G. Release of the peri 
plasmic ribonuclease I into the medium from Escherichia coli 
treated with the membrane-active polypeptide antibiotic 
polymyxin B. FEBS Lett. 1970 May 11; 8(1):49-51). Physi 
cal techniques include the use of osmodifferentiation to facili 
tate the disruption of the OM. Neu H C, Heppel L. A. The 
release of enzymes from Escherichia coli by osmotic shock 
and during the formation of spheroplasts. J Biol Chem. 1965 
September; 240(9):3685-92. See also Voll MJ, Leive L. Acti 
nomycin resistance and actinomycin excretion in a mutant of 
Escherichia coli. J. Bacteriol. 1970 May; 102(2):600-2: FilA, 
Branton D. Changes in the plasma membrane of Escherichia 
coli during magnesium starvation. J Bacteriol. 1969 June; 
98(3):1320-7; and Matsuyama S, Fujita Y. Mizushima S. 
SecD is involved in the release of translocated secretory pro 
teins from the cytoplasmic membrane of Escherichia coli. 
EMBO.J. 1993 January; 12(1):265-70. 
0397 III.E.3. Spheroplasts 
0398. A spheroplast is a bacterial minicell that has a dis 
rupted cell wall and/or a disrupted OM. Unlike eubacterial 
minicells and poroplasts, which have a cell well and can thus 
retain their shape despite changes in osmotic conditions, the 
absence of an intact cell wall in spheroplasts means that these 
minicells do not have a rigid form. 
0399 III.E.4. Protoplasts 
0400. A protoplast is a bacterium that has its outer mem 
brane and cell wall removed. The production of protoplasts 
involves the use of lysozyme and high salt buffers to remove 
the outer membrane and cell wall (Birdsell et al., Production 
and ultrastructure of lysozyme and ethylenediaminetetraac 
etate-Lysozyme Spheroplasts of Escherichia coli, J. Bacteri 
ology 93: 427-437, 1967; Weiss, Protoplast formation in 
Escherichia coli. J. Bacteriol. 128:668-670, 1976). Various 
commercially available lysozymes can be used in Such pro 
tocols. Measuring the total LPS that remains in the protoplast 
preparation is used to monitor the removal of the outer mem 
brane. Endotoxin kits assays can be used to measure LPS in 
Solution; increasing amounts of Soluble LPS indicates 
decreased retention of LPS by protoplasts. This assay thus 
makes it possible to quantify the percent removal of total 
outer membrane from the minicells. Endotoxin assays are 
commerically available from, e.g., BioWhittaker Molecular 
Applications (Rockland, Me.) 
04.01 For minicell applications that utilize bacterial-de 
rived minicells, it may be necessary to remove the outer 
membrane of Gram-negative cells and/or the cell wall of any 
bacterial-derived minicell. For Gram-positive bacterial cells, 
removal of the cell wall may be easily accomplished using 
lysozyme. This enzyme degrades the cell wall allowing easy 
removal of now soluble cell wall components from the pelle 
table protoplasted minicells. In a more complex system, the 
cell wall and outer membrane of Gram-negative cells may be 
removed by combination treatment with EDTA and lysozyme 
using a step-wise approach in the presence of an osmopro 
tecting agent (Birdsell, et al. 1967. Production and ultrastruc 
ture of lysozyme and ethylenediaminetetraacetate-lysozyme 
spheroplasts of E. coli, J. Bacteriol.93:427-437; Weiss, 1976. 
Protoplast formation in E. coli.J. Bacteriol. 128:668-670). By 
non-limiting By way of non-limiting example, this osmopro 
tectant may be sucrose and/or glycerol. It has been found that 
the concentration of the osmoprotectant Sucrose, the cell wall 
digesting enzyme lysozyme, and chelator EDTA can be opti 
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mized to increase the quality of the protoplasts produced. 
Separation of either prepared Gram-negative spheroplasts 
prepared in either fashion from removed remaining LPS may 
occur through exposure of the spheroplast mixture to an anti 
LPS antibody. By non-limiting By way of non-limiting 
example, the anti-LPS antibody may be covalently or non 
covalently attached to magnetic, agarose, Sepharose, Sephera 
cyl, polyacrylamide, and/or Sephadex beads. Following incu 
bation, LPS is removed from the mixture using a magnet or 
slow centrifugation resulting in a protoplast-enriched Super 
natant. 

0402 Monitoring loss of LPS may occur through dot-blot 
analysis of protoplast mixtures or various commercially 
available endotoxin kit assays can be used to measure LPS in 
Solution; increasing amounts of Soluble LPS indicates 
decreased retention of LPS by protoplasts. This immuno 
assay may comprise a step of comparing the signal to a 
standard curve in order to quantify the percent removal of 
total outer membrane from the minicells. Other endotoxin 
assays, such as the LAL Systems from BioWhittaker, are 
commercially available. LPS removal has been measured by 
gas chromatography offatty acid methyl esters. Alakomi HL, 
Skytta E, Saarela M. Mattila-Sandholm T. Latva-Kala K. 
Helander I M. Lactic acid permeabilizes gram-negative bac 
teria by disrupting the outer membrane. Appl Environ Micro 
biol. 2000 May: 66(5):2001-5. 
0403. In order to reduce, preferably eliminate, in vivo 
antigenic potential of minicells or minicell protoplasts, mini 
cell protoplasts may be treated to remove undesirable surface 
components. Minicell protoplasts so treated are referred to as 
“denuded minicells’ a term that encompasses both sphero 
plasts and protoplasts. Denuding minicells or minicell proto 
plasts is accomplished by treatment with one or more 
enzymes or conditions that selectively or preferentially 
removes or make less antigenic externally displayed proteins. 
As one non-limiting example, the protease trypsin is used to 
digest exposed proteins on the Surface of these particles. In 
this example, the proteolytic activity of trypsin may be modu 
lated or terminated by the additional of a soybean trypsin 
inhibitor. Non-limiting examples of other proteases that addi 
tionally or alternatively may be used include chymotrypsin, 
papain, elastase, proteinase K and pepsin. For some Such 
proteases, it may be necessary to limit the extent of proteoly 
sis by, e.g., using a suboptimal concentration of protease orby 
allowing the reaction to proceed for a Suboptimal period of 
time. By the term “suboptimal, it is meant that complete 
digestion is not achieved under Such conditions, even though 
the reactions could proceed to completion under other (i.e., 
optimal) conditions. 
04.04. It is sometimes preferred to use molecular genetic 
techniques to create mutant derivatives of exogenous proteins 
that (1) are resistant to the proteases or other enzymes used to 
prepare minicells and (2) retain the desired biological activity 
of the receptor that is desired to be retained, i.e., the ability to 
bind one or more ligands of interest. 
0405. It is within the scope of the invention to have two or 
more exogenous proteins expressed within and preferentially 
displayed by minicells in order to achieve combined, prefer 
able synergistic, therapeutic compositions. Similarly, two or 
more therapeutic minicell compositions are formulated into 
the same composition, or are administered during the same 
therapeutic minicell compositions (i.e., “cocktail therapies). 
In other types of “cocktail therapy, one or more therapeutic 
minicell compositions are combined or co-administered with 

59 
May 31, 2012 

one or more other therapeutic agents that are not minicell 
compositions Such as, e.g., organic compounds, therapeutic 
proteins, gene therapy constructs, and the like. 
0406 III.F. Minicells from L-Form Eubacteria 
04.07 L-form bacterial strains may be used to prepare 
minicells and are preferred in some embodiments of the 
invention. L-form bacterial strains are mutant or variant 
strains, or eubacteria that have been Subject to certain condi 
tions, that lack an outer membrane, a cell wall, a periplasmic 
space and extracellular proteases. Thus, in L-form Eubacte 
ria, the cytoplasmic membrane is the only barrier between the 
cytoplasm and its surrounding environment. For reviews, see 
Grichko, V. P. et al. 1999. The Potential of L-Form Bacteria 
in Biotechnology, Can. J. Chem. Engineering 77:973-977; 
and Gumpert J., et al. 1998 Use of cell wall-less bacteria 
(L-forms) for efficient expression and secretion of heterolo 
gous gene products. Curr Opin Biotechnol. 9:506-9. 
0408 Segregation of minicells from L-form eubacterial 
parent cells allows for the generation of minicells that are at 
least partially deficient in barriers that lie outside of the cyto 
plasmic membrane, thus providing direct access to compo 
nents displayed on the minicell membrane. Thus, depending 
on the strains and methods of preparation used, minicells 
prepared from L-form eubacterial parent cells will be similar 
if not identical to various forms of poroplasts, spheroplasts 
and/or protoplasts. Displayed components that are accessible 
in L-form minicells include, but are not limited to, lipids, 
Small molecules, proteins, Sugars, nucleic acids and/or moi 
eties that are covalently or non-covalently associated with the 
cytoplasmic membrane or any component thereof. 
04.09. By way of non-limiting example, L-form Eubacte 
ria that can be used in the methods of the invention include 
species of Escherichia, Streptomyces, Proteus, Bacillus, 
Clostridium, Pseudomonas, Yersinia, Salmonella, Enterococ 
cus and Erwinia. See Onoda, T., et al. 1987. Morphology, 
growth and reversion in a stable L-form of Escherichia coli 
K12. J. Gen. Microbiol. 133:527-534; Inanova, E. H., et al. 
1997. Effect of Escherichia coli L-form cytoplasmic mem 
branes on the interaction between macrophages and Lewis 
lung carcinoma cells: Scanning electron microscopy. FEMS 
Immunol. Med. Microbiol. 17:27-36; Onoda, T., et al. 2000. 
Effects of calcium and calcium chelators on growth and mor 
phology of Escherichia coli L-form NC-7. J Bacteriol. 182: 
1419-1422: Innes, C. M., et al. 2001. Induction, growth and 
antibiotic production of Streptomyces viridifaciens L-form 
bacteria. J Appl Microbiol. 90:301-308; Ferguson, C. M., et 
al. 2000. An ELISA for the detection of Bacillus subtilis 
L-form bacteria confirms their symbiosis in strawberry. Lett 
Appl Microbiol. 31:390-394; Waterhouse R. N., et al. 1994. 
An investigation of enumeration and DNA partitioning in 
Bacillus subtilis L-form bacteria. J Appl Bacteriol. 77:497 
503; Hoischen, C., et al. 2002. Novel bacterial membrane 
Surface display System using cell wall-less L-forms of Pro 
teus mirabilis and Escherichia coli. Appl. Environ. Micro 
biol. 68:525-531; Rippmann, J. F., et al. 1998. Procaryotic 
expression of single-chain variable-fragment (ScPV) antibod 
ies: secretion in L-form cells of Proteus mirabilis leads to 
active product and overcomes the limitations of periplasmic 
expression in Escherichia coli. Appl. Environ. Microbiol. 
64:4862-4869; Mahony, D. E., et al. 1988. Transformation of 
Clostridium perfingens L forms with shuttle plasmid DNA. 
Appl. Environ. Microbiol. 54:264-267); Kurona, M., et al. 
1983. Intergenus cell fusions between L-form cells of 
Pseudomonas aeruginosa and Escherichia coli. Biken. J. 
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26:103-111; Ivanova, E., et al. 2000. Studies of the interac 
tions of immunostimulated macrophages and Yersinia entero 
colitica O:8. Can. J. Microbiol. 46:218-228: Allan, E.J., et al. 
1993. Growth and physiological characteristics of Bacillus 
subtilis L-forms. J. Appl. Bacteriol. 74:588-594; Allan, E. J. 
1991. Induction and cultivation of a stable L-form of Bacillus 
subtilis. J. Appl. Bacteriol. 70:339-343; Nishikawa, F., et al. 
1994. Protective capacity of L-form Salmonella typhimurium 
against murine typhoid in C3H/He mice. Microbiol. Immu 
nol. 38: 129-137: Kita, E., et al. 1993. Isolation of a cytotoxin 
from L-form Salmonella typhimurium. FEMS Microbiol. 
Lett. 109:179-184: Jass, J., et al. Growth and adhesion of 
Enterococcus faecium L-forms. FEMS Microbiol. Lett. 115: 
157-162; and U.S. Pat. No. 6,376,245. 
0410 IV. Assaying Minicells 
0411 IV.A. Efficiency of Minicell Production 
0412. The level of minicell production will vary and may 
be evaluated using methods described herein. Relatively high 
levels of minicell production are generally preferred. Condi 
tions in which about 40% of cells are achromosomal have 
been reported (see, e.g., Hassan et al., Suppression of initia 
tion defects of chromosome replication in Bacillus subtilis 
dnaA and oriC-deleted mutants by integration of a plasmid 
replicon into the chromosomes, J Bacteriol 179:2494-502, 
1997). Procedures for identifying strains that give high yields 
of minicells are known in the art; see, e.g., Clark-Curtiss and 
Curtiss III, Analysis of Recombinant DNA Using Escher 
ichira coli Minicells, Meth. Enzol. 101:347-362, 1983. 
0413 Minicell production can be assessed by microscopic 
examination of late log-phase cultures. The ratio of minicells 
to normal cells and the frequency of cells actively producing 
minicells are parameters that increase with increasing mini 
cell production. 
0414 
0415 Methods for detecting and assaying protein produc 
tion are known in the art. See, e.g., Clark-Curtiss and Curtiss 
III, Meth Enzol 101:347-362, 1983. As an exemplary proce 
dure, transformed E. coli minicell-producing cells are grown 
in LB broth with the appropriate antibiotic overnight. The 
following day the overnight cultures are diluted 1:50 in fresh 
media, and grown at 37°C. to mid-log phase. If it is desired to 
eliminate whole cells, an antibiotic that kills growing (whole) 
cells but not quiescent cells (minicells) may be used. For 
example, in the case of cells that are not ampicillin resistant, 
ampicillin (100 mg per ml is added), and incubation is 
allowed to continue for about 2 more hrs. Cultures are then 
centrifuged twice at low speed to pellet most of the large cells. 
Minicells are pelleted by spinning 10 min at 10,000 rpm, and 
are then resuspended in M63 minimal media supplemented 
with 0.5% casamino acids, and 0.5 mMcAMP, or M9 mini 
mal medium supplemented with 1 mM MgSO, 0.1 mM 
CaCl, 0.05% NaCl, 0.2% glucose, and 1 ng per ml thiamine. 
Labeled (S) methonine is added to the minicells for about 
15 to about 90 minutes, and minicells are immediately col 
lected afterwards by centrifugation for 10 min at 4°C. and 
14,000 rpm. Cells are resuspended in 50 to 100 ug Laemmeli 
buffer, and disrupted by boiling and vortexing (2 min for each 
step). Incorporation of S-methionine was determined by 
measuring the amount of radioactivity contained in 1 Jul of the 
lysate after precipitation of proteins with trichloroacetic acid 
(TCA). Minicell lysates (50,000 to 100,000 cpm per lane) are 
subjected to PAGE on, e.g., 10% polyacrylamide gels in 
which proteins of known size are also run as molecular weight 
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standards. Gels are fixed and images there of are generated by, 
e.g., autoradiography or any other Suitable detection systems. 
0416) IV.C. Evaluating the Therapeutic Potential of Mini 
cells 
0417 Various methods are used at various stages of devel 
opment of a therapeutic minicell composition to estimate 
their therapeutic potential. As a non-limiting example, the 
therapeutic potential of minicells displaying a receptor is 
examined as follows. 
0418 IV.C.1. Receptors 
0419. The specificity of, rate of association of, rate of 
dissociation of and/or stability of complexes resulting from, 
receptor binding to its ligand can be measured in vitro using 
methods known in the art. 
0420. In the case of a sphingolipid binding receptor, such 
as an S1P receptor, the ligand (S1P) is detectably labeled so 
that the specificity of, rate of formation of, and degree of 
stability of complexes resulting from the ligand-receptor 
binding can be examined by measuring the degree and rate at 
which the labeled ligand is removed from solution due to its 
binding to minicells displaying the receptor. In order to avoid 
extraneous factors from influencing these experiments, they 
are carried out in buffered solutions that are as free of con 
taminating Substances as possible. However, as is understood 
in the art, stabilizing agents such as BSA (bovine serum 
albumin) or protease inhibitors may be desirably included in 
these experiments. In a preferred environment, a sphingolipid 
binding receptor is the rat EDG-1, rat EDG-3, rat SCaMPER 
and human SCaMPER, the sequences of which are set forth 
herein. 
0421 Minicell compositions that bind sphingolipids with 
the desired specificity are identified from the preceding 
experiments. Typically, studies of ligand-receptor binding 
then proceed to studies in which the binding capacity of 
promising minicell compositions is tested under in vitro con 
ditions that are increasingly more representative of in vivo 
conditions. For example, binding experiments are carried out 
in the presence of sera or whole blood in order to determine 
the therapeutic potential of minicell compositions in the pres 
ence of compounds that are present within the circulatory 
system of an animal. 
0422 IV.C.2. Molecular Sponge 
0423 Minicell compositions can also be tested for their 
ability to bind and/or interanlize toxic compounds. The thera 
peutic potential of Such capacity is evaluated using experi 
ments in which detectably labeled derivatives of a toxic com 
pound are present in the bloodstream of an anesthetized 
animal, which may a human. The blood of the animal is 
shunted out of the body and past a device that incorporates a 
minicell composition before being returned to the body. The 
device is constructed so that the blood contacts a semiperme 
able membrane that is in contact with the minicell composi 
tion. By 'semipermeable' it is meant that certain agents can 
be freely exchanged across the membrane, whereas others are 
retained on one side of the membrane or the other. For 
example, the toxic compound of interest is able to cross the 
semipermeable membrane, whereas minicells and blood cells 
are separately retained in their respective compartments. 
Detectably labeled derivatives of the toxic compound are 
present in the bloodstream of the animal. The capacity of the 
minicells to take up the toxic compound corresponds with a 
reduction of the levels of detectably labeled material in the 
blood and an increase in detectably labeled material in the 
minicell composition. 
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0424 The above types of minicell-comprising composi 
tions, devices, and procedures may be incorporated into ex 
Vivo modalities such as ex vivo gene therapy and dialysis 
machines. An "ex vivo modality” is one in which a biological 
sample, Such as a blood sample, is temporarily removed from 
an animal, altered through in vitro manipulation, and then 
returned to the body. In “ex vivo gene therapy,” cells in the 
sample from the animal are transformed with DNA in vitro 
and then returned to the body. A “dialysis machine' is a 
device in which a fluid such as blood of an animal is tempo 
rarily removed therefrom and processed through one or more 
physical, chemical, biochemical, binding or other processes 
designed to remove undesirable Substances including but are 
not limited to toxins, Venoms, overexpressed or overactive 
endogenous agents, and pathogens or molecules derived 
therefrom. 
0425 Intraminicellular co-expression of a second mol 
ecule that is displayed on the surface of minicells, and which 
is a ligand for a binding moiety that is immobilized, can 
optionally be used in order to remove minicells from the 
sample before it is returned to the body. In the latter aspect, 
minicells that bind undesirable substances are preferably 
removed with the undesirable compound remaining bound to 
the minicells. Minicells that have been used for ex vivo gene 
therapy, but which have failed to deliver a nucleic acid to any 
cells in the sample, can be removed in a similar manner. 
0426 IV.C.3. Minicell-Solubilized Receptors 
0427. It is known in the art to use recombinant DNA tech 
nology to prepare soluble (hydrophilic) receptor fragments 
from receptors that bind a bioactive ligand. Unlike the native, 
membrane-bound receptor, which is relatively insoluble in 
water (hydrophobic), soluble receptor fragments can be for 
mulated for therapeutic delivery using techniques that are 
known to have been used to formulate soluble agents. 
0428 Typically, soluble receptor fragments are used to 
competitively inhibit the binding of the receptor to its ligand. 
That is, the soluble receptor fragments bind the ligand at the 
expense of the membrane-bound receptor. Because less of the 
ligand is bound to its receptor, the cellular response to the 
ligand is attenuated. Common cellular responses that are 
desirably attenuated include but are not limited to the uptake 
of an undesirable agent (e.g., a toxin, a pathogen, etc.) and 
activation of a signaling pathway having undesirable conse 
quences (e.g., inflammation, apoptosis, unregulated growth, 
etc.). 
0429 Preparing a soluble fragment derived from a recep 
tor is not trivial. Typically, the three dimensional structure of 
the receptor is not known, and must be predicted based on 
homology with other receptors or by using software that 
predicts the tertiary structure of a polypeptide based on its 
amino acid sequence. Using the hypothetical structure of the 
receptor, a series of polypeptides are prepared that comprise 
amino acid sequences from the receptor but lack regions 
thereofthat are thought to be membrane-anchoring or trans 
membrane domain(s) of the receptor. Some of the polypep 
tides prepared this way may be soluble, some may retain the 
binding activity of the receptor, and a few may have both 
characteristics. Members of the latter class of polypeptides 
are soluble receptor fragments, some of which may be ame 
nable to development as a therapeutic or diagnostic agent. 
0430 For any given receptor, there is always the possibil 

ity that none of the soluble fragments derived from the recep 
tor will specifically bind its ligand with sufficient affinity as to 
be thereapeutically effective. Thus, in some instances, it may 
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not be possible to prepare a receptor fragment that is both 
soluble and sufficiently biologically active. 
0431. The minicells of the invention provide a “universal 
carrier for receptors that allows the hydrophobic receptors to 
be solubilized in the sense that, although they remain associ 
ated with a membrane, the minicell is a small, Soluble par 
ticle. That is, as an alternative to preparing a set of polypep 
tides to see which, if any of them, are water soluble receptor 
fragments, one may, using the teachings of the disclosure, 
prepare soluble minicells that display the receptor. 
0432 IV.C.4. Reducing Toxicity 
0433 For in vivo use of minicells for the purposes of 
eliciting an immune response or for therapeutic and diagnos 
tic applications involving delivery of minicells to a human or 
to an anima, it may be useful to minimize minicell toxicity by 
using endotoxin-deficient mutants of parent cells. Without 
being limited to the following example, lipopolysaccharide 
(LPS) deficient E. coli strains could be conjugated with mini 
cell producing cells to make parent cells lacking the endot 
oxin. LPS synthesis in E. coli includes the lipid Abiosynthetic 
pathway. Four of the genes in this pathway have now been 
identified and sequenced, and three of them are located in a 
complex operon which also contains genes involved in DNA 
and phospholipid synthesis. The rifa gene cluster, which con 
tains many of the genes for LPS core synthesis, includes at 
least 17 genes. The rfb gene cluster encodes protein involved 
in O-antigen synthesis, and rfb genes have been sequenced 
from a number of serotypes and exhibit the genetic polymor 
phism anticipated on the basis of the chemical complexity of 
the O antigens (Schnaitman and Klena. 1993. Genetics of 
lipopolysaccharide biosynthesis in enteric bacteria. Micro 
biol. Rev. 57:655-82). When present alone or in combination 
therfb and oms mutations cause alterations in the eubacterial 
membrane that make it more sensitive to lysozyme and other 
agents used to process minicells. Similarly, the rifa (Chen, L., 
and W. G. Coleman Jr. 1993. Cloning and characterization of 
the Escherichia coli K-12 rfa-2 (rfac) gene, a gene required 
for lipopolysaccharide inner core synthesis. J. Bacteriol. 175: 
2534-2540), lpcA (Brooke, J. S., and M. A. Valvano. 1996. 
Biosynthesis of inner core lipopolysaccharide in enteric bac 
teria identification and characterization of a conserved phos 
phoheptose isomerase. J. Biol. Chem. 271:3608-3614), and 
lpcB (Kadrman, J. L., et al. 1998. Cloning and overexpression 
of glycosyltransferases that generate the lipopolysaccharide 
core of Rhizobium leguminosarum. J. Biol. Chem. 273: 
26432-26440) mutations, when present alone or in combina 
tion, cause alterations in lipopolysaccharides in the outer 
membrane causing cells to be more sensitive to lysozyme and 
agents used to process minicells. In addition, Such mutations 
can be used to reduce the potential antigenicity and/or toxic 
ity of minicells. 
0434 Minicell-producing cells may comprise mutations 
that augment preparative steps. For example, lipopolysaccha 
ride (LPS) synthesis in E. coli includes the lipid A biosyn 
thetic pathway. Four of the genes in this pathway have now 
been identified and sequenced, and three of them are located 
in a complex operon that also contains genes involved in DNA 
and phospholipid synthesis. The rifa gene cluster, which con 
tains many of the genes for LPS core synthesis, includes at 
least 17 genes. The rfb gene cluster encodes protein involved 
in O-antigen synthesis, and rfb genes have been sequenced 
from a number of serotypes and exhibit the genetic polymor 
phism anticipated on the basis of the chemical complexity of 
the O antigens. See Schnaitman and Klena, Genetics of 
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lipopolysaccharide biosynthesis in enteric bacteria, Micro 
biol. Rev. 57:655-82, 1993. When present, alone, or in com 
bination, the rfb and oms mutations cause alterations in the 
eubacterial membrane that make it more sensitive to 
lysozyme and other agents used to process minicells. Simi 
larly, the rfa (Chen, L., and W. G. Coleman Jr. 1993. Cloning 
and characterization of the Escherichia coli K-12 rfa-2 (rfac) 
gene, a gene required for lipopolysaccharide inner core Syn 
thesis. J. Bacteriol. 175:2534-2540), lpcA (Brooke, J. S., and 
M. A. Valvano. 1996. Biosynthesis of inner core lipopolysac 
charide in enteric bacteria identification and characterization 
of a conserved phosphoheptose isomerase. J. Biol. Chem. 
271:3608-3614), and lpcB (Kadrman, J. L., et al. 1998. Clon 
ing and overexpression of glycosyltransferases that generate 
the lipopolysaccharide core of Rhizobium leguminosarum. J. 
Biol. Chem. 273:26432-26440) mutations, when present 
alone or in combination, cause alterations in lipopolysaccha 
rides in the outer membrane causing cells to be more sensitive 
to lysozyme and agents used to process minicells. In addition, 
Such mutations can be used to reduce the potential antigenic 
ity and/or toxicity of minicells. 
0435 V. Genetic Expression in Minicells 
0436 Various minicells of the invention use recombinant 
DNA expression systems to produce a non-eubacterial pro 
tein, which may be a membrane protein that is preferably 
“displayed on the surface of minicells, a membrane protein 
that projects portions not associtiated with a membrane 
towards the interior of a minicell, or a soluble protein present 
in the exterior of the minicells. By “displayed it is meant that 
a protein is present on the Surface of a cell (or minicell) and is 
thus in contact with the external environment of the cell. 
Non-limiting examples of displayed exogenous proteins of 
the invention include mammalian receptors and fusion pro 
teins comprising one or more transmembrane domains. In 
other aspects of the invention, minicells use expression ele 
ments to produce bioactive nucleic acids from templates 
therefor. 
0437. V.A. Expression Systems 
0438. In vivo and in vitro protein expression systems pro 
vide a variety of techniques that allow scientists to transcribe 
and translate amino acid polypeptides proteins from recom 
binant DNA templates (Kaufman, Overview of vector design 
for mammalian gene expression. Mol Biotechnol, 2001. 16: 
151-160; and Kozak, Initiation of translation in prokaryotes 
and eukaryotes. Gene, 1999. 234: 187-208). 
0439 Although minicells are virtually depleted of chro 
mosomal DNA (Tudor et al., Presence of nuclear bodies in 
some minicells of Escherichia coli. J. Bacteriol, 1969. 98: 
298-299), it has been reported that minicells have all the 
elements required to express nucleotide sequences that are 
present in episomal expression elements therein (Levy, Very 
stable prokaryote messenger RNA in chromosomeless 
Escherichia coli minicells. Proc Natl Acad Sci USA, 1975. 
72: 2900-2904; Hollenberget al., Synthesis of high molecular 
weight polypeptides in Escherichia coli minicells directed by 
cloned Saccharomyces cerevisiae 2-micron DNA. Gene, 
1976. 1: 33-47; Crooks et al., Transcription of plasmid DNA 
in Escherichia coli minicells. Plasmid, 1983. 10: 66-72: 
Clark-Curtiss, Analysis of recombinant DNA using Escheri 
chia coli minicells. Methods Enzymol, 1983. 101: 347-362). 
0440 Preferred expression vectors and constructs accord 
ing to the invention are episomal genetic elements. By "epi 
Somal’ it is meant that the expression construct is not always 
linked to a cell's chromosome but may instead be retained or 
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maintained in host cells as a distinct molecule entity. Mini 
cells can retain, maintain and express episomal expression 
constructs such as, e.g., plasmids, bacteriophage, viruses and 
the like (Crooks et al., Plasmin 10:66-72, 1983; Clark-Cur 
tiss, Methods Enzymology 101:347-62, 1983; Witkiewicz et 
al., Acta. Microbiol. Pol. A 7:21-24, 1975; Ponta et al., Nature 
269:440-2, 1977). By “retained it is meant that the episomal 
expression construct is at least temporarily present and 
expressed in a host parent cell and/or minicell; by “main 
tained it is meant that the episomal expression construct is 
capable of autonomous replication within a host parent cell 
and/or minicell. In the context of episomal elements, the term 
“contained encompasses both “retained' and “maintained.” 
A preferred type of an episomal element according to the 
invention is one that is always an extrachromocomal element, 
or which is part of a chromosome but becomes an extrachro 
mosomal element before or during minicell production. 
0441. The fact that minicells do not contain chromosomal 
DNA but do contain episomal expression elements, such as 
plasmids, that can be used as templates for RNA synthesis 
means that the only proteins that are actively produced in 
minicells are those that are encoded by the expression ele 
ments that they contain. Minicell-producing E. coli cells can 
be made competent and transformed with expression ele 
ments that direct the expression of proteins encoded by the 
expression elements. An expression element segregates into 
minicells as they are produced. In isolated minicells that 
contain expression elements, there is a single DNA template 
RNA for transcription. Therefore, the only nucleic acids and 
proteins that are actively produced (expressed) by minicells 
are those that are encoded by sequences on the expression 
vector. In the context of the invention, sequences that encode 
amino acid sequences are designated "open reading frames' 
or “ORFs. One feature of minicell expression systems of 
interest as regards the present invention is that endogenous 
(i.e., chromosomally located) genes are not present and are 
thus not expressed, whereas genes present on the episomal 
element are expressed (preferably over-expressed) in the 
minicells. As a result, the amount of endogenous proteins, 
including membrane proteins, decreases as the minicells con 
tinue to express genes located on episomal expression con 
StructS. 

0442. The minicell system can reduce or eliminate unde 
sirable features associated with the transcription and transla 
tion of endogenous proteins from the E. coli chromosome. 
For example, expression of proteins in minicell systems 
results in low background signal (“noise') when radiolabeled 
proteins produced using recombinant DNA technology (Jan 
natipour et al., Translocation of Vibrio Harveyi N,N'-Dlace 
tylchitobiase to the outer membrane of Escherichia coli. J. 
Bacteriol, 1987. 169: 3785-3791). A high background signal 
can make it difficult to detect a protein of interest. In whole 
cell E. coli systems, endogenous proteins (encoded by the 
bacterial chromosome) are labeled as well as the protein(s) 
encoded by the expression element; whereas, in minicell sys 
tems, only the proteins encoded by the expression element in 
the minicells are labeled. 

0443) There are a variety of proteins, both eubacterial and 
eukaryotic, that have been expressed from plasmid DNA in 
minicells (Clark-Curtiss, Methods Enzymal, 101:347-362, 
1983). Some examples of proteins and nucleic acids that have 
been expressed in minicells include the Kdp-ATPase of E. 
coli (Altendorf et al., Structure and function of the Kdp 
ATPase of Escherichia coli. Acta Physiol Scand, 643: 137 
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146, 1998); penicillin binding proteins aplha and gamma 
(Davies et al., Prediction of signal sequence-dependent pro 
tein translocation in bacteria: Assessment of the Escherichia 
coli minicell system. Biochem Biophy's Res Commun, 150: 
371-375, 1988); cell surface antigens of Polyromaonas gin 
givalas (Rigg et al., The molecular cloning, nucleotide 
sequence and expression of an antigenic determinant from 
Porphyromonas gingivalis. Arch Oral Biol. 45:41-52, 2000); 
trkG integral membrane protein of E. coli (Schlosser et al., 
Subcloning, Nucleotide sequence, and expression of trkG, a 
gene that encodes an integral membrane protein involved in 
potassium uptake via the Trk system of Escherichia coli. J. 
Bacteriol, 173:3170-3176, 1991); the 34 kDa antigen of Tre 
ponema pallidum (Swancutt et al., Molecular characteriza 
tion of the pathogen-specific, 34-kilodalton membrane 
immunogen of Treponema pallidum. Infect Immun, 57:3314 
23, 1989); late proteins of bacteriophage MB78 (Colla et al., 
IUBMB Life 48:493-497, 1999); uncharacterisized DNA 
from Xenopus laevis (Cohen and Boyer, U.S. Pat. No. 4,237, 
224, which issued Dec. 2, 1980); the one gene V-fos (Mac 
Connell and Verman, Expression of FBJ-MSV oncogene 
(fos) product in bacteria, 131(2) Virology 367 1983); inter 
feron (Edge et al., Chemical synthesis of a human inteferon 
alpha 2 gene and its expression in Escherichia coli, Nucleic 
Acids Res. 11:6419, 1983); bovine growth hormone (Rosner 
et al., Expression of a cloned bovine growth hormone gene in 
Escherichia coli minicells, Can. J. Biochem. 60:521-4, 
1982); gastroitestinal hormone (Suzuki et al., Production in 
Escherichia coli of biologically active secretin, a gastronin 
stestinal hormone, Proc. Natl. Acad. Sci. USA 79:2475, 
1982); and archeabacterial proteins (Lienard and Gottschalk, 
Cloning, sequencing and expression of the genes encoding 
the sodium translocating N-methyltetrahydromethanopterin: 
coenzyme M methyltransferase of the methylotrohic 
archaeon Methanosarcina mazei Göl, 425 FEBS Letters 204, 
1998; and Lemker et al., Overproduction of a functional A1 
ATPase from the archaeon Methanosarcina mazei G1 in 
Escherichia coli, European Journal of Biochemistry 
268:3744, 2001). 
0444 
0445 Gene expression in minicells, and/or in minicell 
producing (parent) cells, involves the coordinated activity of 
a variety of expression factors, regulatory elements and 
expression sequences. Any of these may be modified to alter 
the extent, timing or regulation of expression of a gene of 
interest in minicells and/or their parent cells. Often, the goal 
of the manipulations is to increase the efficiency of protein 
production in minicells. However, increased expression may, 
in Some instances, desirably include increased or "tight' 
negative regulation. This may reduce or eliminate selective 
pressure created by toxic gene products, and allow for func 
tional expression in a controlled fashion by removing the 
negative regulation and/or inducing expression of the gene 
product at a preselected time. By way of non-limiting 
example, these techniques may include modification or dele 
tion of endogenous gene(s) from which their respective gene 
product decreases the induction and expression efficiency of 
a desired protein in the parent cell prior to minicell formation 
and/or the segregated minicell. By way of non-limiting 
example, these protein components may be the enzymes that 
degrade chemical inducers of expression, proteins that have a 
dominant negative affect upon a positive regulatory elements, 
proteins that have proteolytic activity against the protein to be 
expressed, proteins that have a negative affect against a chap 
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erone that is required for proper activity of the expressed 
protein, and/or this protein may have a positive effect upon a 
protein that either degrades or prevents the proper function of 
the expressed protein. These gene products that require dele 
tion or modification for optimal protein expression and/or 
function may also be antisense nucleic acids that have a 
negative affect upon gene expression. 
0446) VI. Fusion(Chimeric) Proteins 
0447. In certain aspects of the invention, a fusion protein is 
expressed and displayed by minicells. One class of fusion 
proteins of particular interest are those that are displayed on 
the Surface of minicells, e.g., fusion proteins comprising one 
or more transmembrane domains. Types of displayed fusion 
proteins of particular interest are, by way of non-limiting 
example, those that have an extracellular domain that is a 
binding moiety or an enzymatic moiety. By way of non 
limiting example, the fusion protein ToxR-PhoA has been 
expressed in and displayed on the Surface of minicells. The 
ToxR-PhoA fusion protein comprises a polypeptide corre 
sponding to the normally soluble enzyme, alkaline phos 
phatase, anchored to the minicell membrane by the single 
transmembrane domain of ToxR (see the Examples). The 
fusion protein retains the activity of the enzyme in the context 
of the minicell membrane in which it is bound. Nearly all of 
the fusion protein is oriented so that the enzyme’s catalytic 
domain is displayed on the outer Surface of the minicell. 
0448 VI.A. Generation of Fusion Proteins 
0449 Polypeptides, which are polymers of amino acids, 
are encoded by another class of molecules, known as nucleic 
acids, which are polymers of structural units known as nucle 
otides. In particular, proteins are encoded by nucleic acids 
known as DNA and RNA (deoxyribonucleic acid and ribo 
nucleic acid, respectively). 
0450. The nucleotide sequence of a nucleic acid contains 
the “blueprints' for a protein. Nucleic acids are polymers of 
nucleotides, four types of which are present in a given nucleic 
acid. The nucleotides in DNA are adenine, cytosine and gua 
nine and thymine, (represented by A, C, G, and T respec 
tively); in RNA, thymine (T) is replaced by uracil (U). The 
structures of nucleic acids are represented by the sequence of 
its nucleotides arranged in a 5' (“5 prime') to 3' (“3 prime') 
direction, e.g., 

0451. In biological systems, proteins are typically pro 
duced in the following manner. A DNA molecule that has a 
nucleotide sequence that encodes the amino acid sequence of 
a protein is used as a template to guide the production of a 
messenger RNA (mRNA) that also encodes the protein; this 
process is known as transcription. In a Subsequent process 
called translation, the mRNA is “read” and directs the syn 
thesis of a protein having a particular amino acid sequence. 
0452 Each amino acid in a protein is encoded by a series 
of three contiguous nucleotides, each of which is known as a 
codon. In the 'genetic code. Some amino acids are encoded 
by several codons, each codon having a different sequence; 
whereas other amino acids are encoded by only one codon 
sequence. An entire protein (i.e., a complete amino acid 
sequence) is encoded by a nucleic acid sequence called a 
reading frame. A reading frame is a continuous nucleotide 
sequence that encodes the amino acid sequence of a protein; 
the boundaries of a reading frame are defined by its initiation 
(start) and termination (stop) codons. 
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0453 The process by which a protein is produced from a 
nucleic acid can be diagrammed as follows: 

DNA (A-T- G) - (A-A- G) - (C-C- G) - (C-T-C) - (C-C-T) - 

|transcription 
RNA (A-U- G) - (A-A- G) - (C-C- G) - (C-U- C) - (C-C-U) - 

|translation 
Protein Met - Pro - Lys - Ala - Ala - . . . 

0454. A chimeric reading frame encoding a fusion protein 
is prepared as follows. A "chimeric reading frame' is a geneti 
cally engineered reading frame that results from the fusion of 
two or more normally distinct reading frames, or fragments 
thereof, each of which normally encodes a separate polypep 
tide. Using recombinant DNA techniques, a first reading 
frame that encodes a first amino acid sequence is linked to a 
second reading frame that encodes a second amino acid 
sequence in order to generate a chimeric reading frame. Chi 
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(etc.) (SEQ ID NO. 362) 

(etc.) (SEQ ID NO. 363) 

(SEQ ID NO. 364) 

meric reading frames may also include nucleotide sequences 
that encode optional fusion protein elements (see below). 
0455. A hypothetical example of a chimeric reading frame 
created from two normally separate reading frames is 
depicted in the following flowchart. 

First Open Reading Frame and “Protein-1”: 

0456 

(A-T-G) - (A-A-G) - (C-C-G) - (C-T-C) - (C-C-T) - ... (etc.) (SEQ ID NO. 362) 

inscription 
RNA-1 (A-U- G) - (A-A-G) - (C-C-G) - (C-U-C) - (C-C-U) - ... (etc.) (SEQ ID NO. 363) 

innation 
Protein-1 Met-Pro-Lys-Ala-Ala- ... (etc.) (SEQ ID NO. 364) 

Second Open Reading Frame and “Protein-2: 
0457 

DNA-2 (T-G-G) - (G-T-T) - (A-C-T) - (C-A-C) - (T-C-A) - (etc.) (SEQ ID NO. 365) 

transcription 
RNA-2 (U- G - G) - (G-U-U) - (A-C-U) - (C-A-C) - (U-C-A) - (etc.) (SEQ ID NO. 366) 

transcription 
Protein-2 Trp-Val-Thr-His-Ser- (etc.) (SEQ ID NO. 367 
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Chimeric Reading Frame that Encodes a Fusion Protein Hav 
ing Sequences from Protein-1 and Protein-2: 

DNA- Chimera (A-T-G) - (A-A-G) - (C-C-G) - (C-A-C) - (T-C-A) - (etc.) 

transcription 
DNA- Chimera (A-U- G) - (A-A-G) - (C-C-G) - (C-A-C) - (U-C-A) - (etc.) 

transcription 
Fusion Protein Met-Pro-Lys-His-Ser- (etc.) 

0458 In order for a chimeric reading frame to be func 
tional, each normally distinct reading frame therein must be 
fused to all of the other normally distinct reading frames in a 
manner Such that all of the reading frames are in frame with 
each other. By “in frame with each other it is meant that, in 
a chimeric reading frame, a first nucleic acid having a first 
reading frame is covalently linked to a second nucleic acid 
having a second reading frame in Such a manner that the two 
reading frames are “read’ (translated) in register with each 
other. As a result, the chimeric reading frame encodes one 
extended amino acid sequence that includes the amino acid 
sequences encoded by each of the normally separate reading 
frames. A fusion protein is thus encoded by a chimeric read 
ing frame. 
0459. The fusion proteins of the invention are used to 
display polypeptides on minicells. The fusion proteins com 
prise (1) at least one polypeptide that is desired to be dis 
played by minicells (a "displayed polypeptide') and (2) at 
least one membrane polypeptide, e.g., a transmembrane or a 
membrane anchoring domain. For various aspects of the 
invention, optional fusion protein elements, as defined herein, 
may also be included if required or desired. 
0460 VI.B. Optional Fusion Protein Elements 
0461 The fusion proteins of the invention may optionally 
comprise one or more non-biologically active amino acid 
sequences, i.e., optional fusion protein elements. Such ele 
ments include, but are not limited to, the following optional 
fusion protein elements. It is understood that a chimeric read 
ing frame will include nucleotide sequences that encode Such 
optional fusion protein elements, and that these nucleotide 
sequences will be positioned so as to be in frame with the 
reading frame encoding the fusion protein. Optional fusion 
protein elements may be inserted between the displayed 
polypeptide and the membrane polypeptide, upstream or 
downstream (amino proximal and carboxy proximal, respec 
tively) of these and other elements, or within the displayed 
polypeptide and the membrane polypeptide. A person skilled 
in the art will be able to determine which optional element(s) 
should be included in a fusion protein of the invention, and in 
what order, based on the desired method of production or 
intended use of the fusion protein. 
0462 Detectable polypeptides are optional fusion protein 
elements that either generate a detectable signal or are spe 
cifically recognized by a detectably labeled agent. An 
example of the former class of detectable polypeptide is green 
fluorescent protein (GFP). Examples of the latter class 
include epitopes such as a "His tag (6 contiguous His resi 
dues, a.k.a. 6xHis), the “FLAG tag and the c-myc epitope. 
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(SEQ ID NO. 368) 

(SEQ ID NO. 369) 

(SEO ID NO. 37O) 

These and other epitopes can be detected using labeled anti 
bodies that are specific for the epitope. Several such antibod 
ies are commercially available. 
0463 Attachment (support-binding) elements are option 
ally included in fusion proteins and can be used to attach 
minicells displaying a fusion protein to a preselected Surface 
or Support. Examples of Such elements include a “His tag.” 
which binds to surfaces that have been coated with nickel, 
streptavidin or avidin, which bind to surfaces that have been 
coated with biotin or “biotinylated” (see U.S. Pat. No. 4,839, 
293 and Airenne et al., Protein Expr. Purif. 17:139-145, 
1999); and glutathione-s-transferase (GST), which binds to 
surfaces coated with glutathione (Kaplan et al., Protein Sci. 
6:399-406, 1997: U.S. Pat. No. 5,654,176). Polypeptides that 
bind to lead ions have also been described (U.S. Pat. No. 
6,111,079). 
0464 Spacers (a.k.a. linkers) are amino acid sequences 
that are optionally included in a fusion protein in between 
other portions of a fusion protein (e.g., between the mem 
brane polypeptide and the displayed polypeptide, or between 
an optional fusion protein element and the remainder of the 
fusion protein). Spacers can be included for a variety of 
reasons. For example, a spacer can provide Some physical 
separation between two parts of a protein that might other 
wise interfere with each other via, e.g., steric hindrance. The 
ability to manipulate the distance between the membrane 
polypeptide and the displayed polypeptide allows one to 
extend the displayed polypeptide to various distances from 
the surface of minicells. 

0465 
0466 Many Gram-negative pathogens use a type III Secre 
tion machine to translocate protein toxins across the bacterial 
cell envelope (for a review, see Cheng L. W. Schneewind O. 
Type III machines of Gram-negative bacteria: delivering the 
goods. Trends Microbiol 2000 May: 8(5):214-20). For 
example, pathogenic Yersinia spp. export over a dozen Yop 
proteins via a type III mechanism, which recognizes secretion 
Substrates by signals encoded in yop mRNA or chaperones 
bound to unfolded Yop proteins. A 70-kb virulence plasmid 
found in pathogenic Yersinia spp. to Survive and multiply in 
the lymphoid tissues of the host. The virulence plasmid 
encodes the Yop virulon, an integrated system allowing extra 
cellular bacteria to inject bacterial proteins into cells. The Yop 
virulon comprises a variety of Yop proteins and a dedicated 
type III secretion apparatus, called Ysc (for a review, see 
Cornelis GR, Boland A, Boyd AP, Geuijen C, Iriarte M, Neyt 

VI.C. Interactions with Receipient Cells 
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C, Sory MP, Stainier I. The virulence plasmid of Yersinia, an 
antihost genome. MicrobiolMol Biol Rev 1998 62(4): 1315 
52). 
0467) VII. Minicell Display 
0468. Included in the design of the invention is the use of 
minicells to express and display soluble or membrane-bound 
protein libraries to identify a soluble or membrane-bound 
protein that binds a known ligand or to identify proteins (e.g. 
orphan receptors) for which the known ligand or Substrate is 
not known but for which a reporter could be engineered into 
the minicell that would signal the presence of the encoded 
protein. In the preferred embodiment of the invention, this 
minicell display technique is analogous to phage display for 
the purpose of identifying genes that encode receptor-like or 
antibody-like proteins against known ligand. This approach 
will allow identification of an unknown receptor protein for 
which a known ligand has affinity. These known ligands may 
have been identified as having a pharmacological, biological, 
or other effect without knowledge of the site of effect. In these 
cases the knowledge of receptor will allow basic research to 
understand the molecular and/or physiological response and 
permit directed modification of the ligand for better pharma 
cological or biological response or modification of the recep 
tor for employment in ligand-binding applications. In another 
non-limiting embodiment of the invention, the ligand need 
not be known but some general characteristic of the protein 
would be. 
0469 For purposes of this application, soluble or mem 
brane-bound protein libraries may be constructed by random 
cloning of DNA fragments or directed cloning using reverse 
transcriptase polymerase chain reaction (RT-PCR). In either 
method, DNA fragments may be placed under the regulation 
of any regulatory element listed in section II.B. on any plas 
mid or chromosomal construct. In the case of soluble protein 
receptors, they will be fused to form a chimeric protein with 
a known transmembrane domain (TMD), e.g. the TMD from 
the toxR gene product. Upon induction of the soluble or 
membrane-bound protein library, minicells, minicell proto 
plasts, or minicell poroplasts (as the experiment requires) will 
be mixed with the known ligand. Without being limited to the 
following example, Screening could be accomplished by first 
labeling the known ligand with a molecular fluorophore, e.g. 
TAMRA, FTC, or in some cases a fluorescent protein, e.g. 
GFP. A positive interaction between the minicells displaying 
the receptor for the labeled ligand will be identified and 
separated from the library population by fluorescent-acti 
vated cell sorting (FACS). Isolated, positive receptor-ligand 
interactions will be identified by PCR amplification, sub 
cloned into a clean background, and sequenced using plas 
mid-specific oligonucleotides. Subcloned proteins will be re 
screened for interaction with the labeled ligand, and their 
binding patterns characterized. 
0470 Positive interacting receptor proteins may be 
employed in mutagenesis or other directed evolutionary pro 
cess to improve or decrease the binding affinity to the ligand. 
In another application, the receptor-ligand pair may be further 
employed in a screening process to identify new compounds 
that may interfere with the interaction. Thus, using a known 
substance to identify the receptor and the identified receptor 
ligand pair to identify other interfering compounds. Chi 
meric-soluble or membrane-bound protein libraries may be 
screened versus a protein-array chip that presents a variety of 
known protein compounds or peptide variations. In this appli 
cation, the minicell, minicell protoplast, or minicell poroplast 
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will also contain a label, signaling component, and/orantigen 
recognizable by an antibody for identification of a positive 
interaction on the protein chip array. Other approaches for 
identification may include packaged fluorescent molecules or 
proteins that are constitutively produced, induced by the posi 
tive interaction with the ligand, or regulated by a regulatory 
element described in section II.B. 
0471. In a preferred embodiment of the invention, cDNA 
libraries could be constructed from isolated B-cells, activated 
B-cell or T-cells for the purpose of identifying receptors or 
antibodies that are encoded by these cells of the immune 
system. In a non-limiting example, a small molecule could be 
used to immunize an experimental animal (e.g., rat, mouse, 
rabbit), the spleen could be removed, or blood could be drawn 
and used as a source of mRNA. Reverse transcription reac 
tions could then be used to construct a cDNA library that 
would eventually be transformed into the minicell parent 
bacteria, as described above. The minicells would then be 
isolated, induced and subjected to FACS analysis with sub 
sequent amplification and sequencing of the cDNA fragment 
of interest (see above). The PCR-amplified plasmid-contain 
ing cDNA fragment encoding the “receptor or “antibody” of 
interest would be ready for transformation and expression in 
the minicell context for diagnostic, therapeutic research or 
screening applications of the invention. 
0472. In a related, non-limiting embodiment of the inven 
tion, minicells expressing a particular antigen (e.g., protein, 
carbohydrate, Small molecule, lipid) on their surfaces (de 
scribed elsewhere in this application) are used to generate an 
immunogenic response. The advantages of presenting an 
antigen on the Surfaces of minicells are that the minicells 
themselves may be an adjuvant that stimulates the immune 
response, particularly if administered subcutaneously (SC) or 
intramuscularly (IM). Moreover, the minicells are not readily 
eliminated by the renal system and are present in the circula 
tory system of an immunized animal for a longer time. In 
addition, small molecules could be tethered to the minicell in 
a way that presents the desired moiety of the molecule. Ani 
mals are presented with minicell-based immunogens, and the 
antibodies produced in the animals are prepared and used in 
therapeutic, diagnostic, research and screening applications. 
Although this aspect of the invention may be used to make 
antibodies to any molecule displayed on their surface, the 
extracellular domains of membrane proteins are of particular 
interest. 
0473 Minicell display could be used to identify orphan 
receptors or other proteins for which a ligand or Substrate is 
not known. As a non-limiting example, orphan G protein 
coupled receptors (GPCRs) or novel RNA and DNA poly 
merases could be identified from organisms living in extreme 
environments. A cDNA library could be is constructed from 
an organism and expressed in minicells that co-express a 
reporter system that indicates the presence of the novel pro 
tein. In a non-limiting example of GPCRs, the minicells used 
for minicell display are engineered to express a G-protein in 
a manner that would signal an interaction with the orphan 
GPCR. 

0474 VIII. Aptamers 
0475 Traditionally, techniques for detecting and purify 
ing target molecules have used polypeptides, such as antibod 
ies, that specifically bind such targets. While nucleic acids 
have long been known to specifically bind other nucleic acids 
(e.g., ones having complementary sequences), aptamers (i.e., 
nucleic acids that bind non-nucleic target molecules) have 
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been disclosed. See, e.g., Blackwell et al., Science (1990) 
250: 1104-1110: Blackwell et al., Science (1990) 250:1149 
1152; Tuerket al., Science (1990) 249:505-510; Joyce, Gene 
(1989) 82:83-87; and U.S. Pat. No. 5,840,867 entitled 
"Aptamer analogs specific for biomolecules”. 
0476. As applied to aptamers, the term “binding specifi 
cally excludes the “Watson-Crick'-type binding interactions 
(i.e., A:T and G:C base-pairing) traditionally associated with 
the DNA double helix. The term “aptamer' thus refers to a 
nucleic acid or a nucleic acid derivative that specifically binds 
to a target molecule, wherein the target molecule is either (i) 
not a nucleic acid, or (ii) a nucleic acid or structural element 
thereofthat is bound through mechanisms other than duplex 
or triplex-type base pairing. Such a molecule is called a “non 
nucleic molecule' herein. 
0477 VIII.A. Structures of Nucleic Acids 
0478 “Nucleic acids, as used herein, refers to nucleic 
acids that are isolated a natural source; prepared in vitro, 
using techniques such as PCR amplification or chemical Syn 
thesis; prepared in vivo, e.g., via recombinant DNA technol 
ogy; or by any appropriate method. Nucleic acids may be of 
any shape (linear, circular, etc.) or topology (single-stranded, 
double-stranded, supercoiled, etc.). The term “nucleic acids' 
also includes without limitation nucleic acid derivatives such 
as peptide nucleic acids (PNA's) and polypeptide-nucleic 
acid conjugates; nucleic acids having at least one chemically 
modified Sugar residue, backbone, internucleotide linkage, 
base, nucleoside, or nucleotide analog; as well as nucleic 
acids having chemically modified 5' or 3' ends; and nucleic 
acids having two or more of Such modifications. Not all 
linkages in a nucleic acid need to be identical. 
0479. Nucleic acids that are aptamers are often, but need 
not be, prepared as oligonucleotides. Oligonucleotides 
include without limitation RNA, DNA and mixed RNA-DNA 
molecules having sequences of lengths that have minimum 
lengths of 2, 4, 6, 8, 10, 11, 12, 13, 14, 15, 17, 18, 19, 20, 21, 
22, 23, 24 or 25 nucleotides, and maximum lengths of about 
100, 75, 50, 40, 25, or 15 or more nucleotides, irrespectively. 
In general, a minimum of 6 nucleotides, preferably 10 nucle 
otides, more preferably 14 to 20 nucleotides, is necessary to 
effect specific binding. 
0480. In general, the oligonucleotides may be single 
stranded (ss) or double-stranded (ds) DNA or RNA, or con 
jugates (e.g., RNA molecules having 5' and 3' DNA 
“clamps') or hybrids (e.g., RNA:DNA paired molecules), or 
derivatives (chemically modified forms thereof). However, 
single-stranded DNA is preferred, as DNA is often less labile 
than RNA. Similarly, chemical modifications that enhance an 
aptamer's specificity or stability are preferred. 
0481 VIII.B. Chemical Modifications of Nucleic Acids 
0482 Chemical modifications that may be incorporated 
into aptamers and other nucleic acids include, with neither 
limitation nor exclusivity, base modifications, Sugar modifi 
cations, and backbone modifications. 
0483 Base modifications: The base residues in aptamers 
may be other than naturally occurring bases (e.g., A, G, C, T. 
U, 5MC, and the like). Derivatives of purines and pyrimidines 
are known in the art; an exemplary but not exhaustive list 
includes aziridinylcytosine, 4-acetylcytosine, 5-fluorouracil, 
5-bromouracil, 5-carboxymethylaminomethyl-2-thiouracil, 
5-carboxymethylaminomethyluracil, inosine, N6-isopente 
nyladenine, 1-methyladenine, 1-methylpseudouracil, 1-me 
thylguanine, 1-methylinosine, 2,2-dimethylguanine, 2-me 
thyladenine, 2-methylguanine, 3-methylcytosine, 
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5-methylcytosine (5MC), N6-methyladenine, 7-methylgua 
nine, 5-methylaminomethyluracil, 5-methoxyaminomethyl 
2-thiouracil, beta-D-mannosylqueosine, 5-methoxyuracil, 
2-methylthio-N-6-isopentenyladenine, uracil-5-oxyacetic 
acid methylester, pseudouracil, queosine, 2-thiocytosine, 
5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methylu 
racil, uracil-5-oxyacetic acid, and 2,6-diaminopurine. In 
addition to nucleic acids that incorporate one or more of Such 
base derivatives, nucleic acids having nucleotide residues that 
are devoid of a purine or a pyrimidine base may also be 
included in aptamers. 
0484 Sugar modifications: The Sugar residues inaptamers 
may be other than conventional ribose and deoxyribose resi 
dues. By way of non-limiting example, Substitution at the 
2'-position of the furanose residue enhances nuclease stabil 
ity. An exemplary, but not exhaustive list, of modified Sugar 
residues includes 2" Substituted Sugars such as 2'-O-methyl-, 
2'-O-alkyl. 2'-O-allyl, 2-S-alkyl, 2-S-allyl. 2'-fluoro 
2'-halo, or 2-azido-ribose, carbocyclic Sugar analogs, alpha 
anomeric Sugars, epimeric Sugars such as arabinose, Xyloses 
or lyxoses, pyranose Sugars, furanose Sugars, Sedoheptuloses, 
acyclic analogs and abasic nucleoside analogs such as methyl 
riboside, ethyl riboside or propylriboside. 
0485 Backbone modifications: Chemically modified 
backbones include, by way of non-limiting example, phos 
phorothioates, chiral phosphorothioates, phosphorodithio 
ates, phosphotriesters, aminoalkylphosphotriesters, methyl 
and other alkylphosphonates including 3'-alkylene phospho 
nates and chiral phosphonates, phosphinates, phosphorami 
dates including 3'-amino phosphoramidate and aminoalky 
lphosphoramidates, thionophosphoramidates, 
thionoalkylphosphonates, thionoalkylphosphotriesters, and 
boranophosphates having normal 3'-5' linkages. 2'-5' linked 
analogs of these, and those having inverted polarity wherein 
the adjacent pairs of nucleoside units are linked 3'-5' to 5'-3' or 
2'-5' to 5'-2'. Chemically modified backbones that do not 
contain a phosphorus atom have backbones that are formed 
by short chain alkyl or cycloalkyl internucleoside linkages, 
mixed heteroatom and alkyl or cycloalkyl internucleoside 
linkages, or one or more short chain heteroatomic or hetero 
cyclic internucleoside linkages, including without limitation 
morpholino linkages; siloxane backbones; Sulfide, Sulfoxide 
and sulfone backbones; formacetyl and thioformacetylback 
bones; methylene formacetyl and thioformacetyl backbones: 
alkene containing backbones; Sulfamate backbones; methyl 
eneimino and methylenehydrazino backbones; Sulfonate and 
Sulfonamide backbones; and amide backbones. 
0486 VIII.C. Preparation and Identification of Aptamers 
0487. In general, techniques for identifying aptamers 
involve incubating a preselected non-nucleic target molecule 
with mixtures (2 to 50 members), pools (50 to 5,000 mem 
bers) or libraries (50 or more members) of different nucleic 
acids that are potential aptamers under conditions that allow 
complexes of target molecules and aptamers to form. By 
“different nucleic acids’ it is meant that the nucleotide 
sequence of each potential aptamer may be different from that 
of any other member, that is, the sequences of the potential 
aptamers are random with respect to each other. Randomness 
can be introduced in a variety of manners such as, e.g., 
mutagenesis, which can be carried out in Vivo by exposing 
cells harboring a nucleic acid with mutagenic agents, in vitro 
by chemical treatment of a nucleic acid, or in vitro by bio 
chemical replication (e.g., PCR) that is deliberately allowed 
to proceed under conditions that reduce fidelity of replication 
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process; randomized chemical synthesis, i.e., by Synthesizing 
a plurality of nucleic acids having a preselected sequence 
that, with regards to at least one position in the sequence, is 
random. By "random at a position in a preselected sequence' 
it is meant that a position in a sequence that is normally 
synthesized as, e.g., as close to 100% A as possible (e.g., 5' 
C-T-T-A-G-T-3") is allowed to be randomly synthesized at 
that position (C-T-T-N-G-T, wherein N indicates a random 
ized position where, for example, the synthesizing reaction 
contains 25% each of A, T, C and G; or X % A, w "yo T. y% C 
and Z% G, wherein X--w-y+z=100. In later stages of the 
process, the sequences are increasingly less randomized and 
consensus sequences may appear; in any event, it is preferred 
to ultimately obtain an aptamer having a unique nucleotide 
Sequence. 

0488 Aptamers and pools of aptamers are prepared, iden 
tified, characterized and/or purified by any appropriate tech 
nique, including those utilizing in vitro synthesis, recombi 
nant DNA techniques, PCR amplification, and the like. After 
their formation, target:aptamer complexes are then separated 
from the uncomplexed members of the nucleic acid mixture, 
and the nucleic acids that can be prepared from the complexes 
are candidate aptamers (at early stages of the technique, the 
aptamers generally being a population of a multiplicity of 
nucleotide sequences having varying degrees of specificity 
for the target). The resultingaptamer (mixture orpool) is then 
Substituted for the starting apatamer (library or pool) in 
repeated iterations of this series of steps. When a limited 
number (e.g., a pool or mixture, preferably a mixture with less 
than 100 members, more preferably less than 10 members, 
most preferably 1, of nucleic acids having satisfactory speci 
ficity is obtained, the aptamer is sequenced and characterized. 
Pure preparations of a given aptamer are generated by any 
appropriate technique (e.g., PCR amplification, in vitro 
chemical synthesis, and the like). 
0489 For example, Tuerk and Gold (Science (1990) 249: 
505-510) disclose the use of a procedure termed “systematic 
evolution of ligands by exponential enrichment” (SELEX). In 
this method, pools of nucleic acid molecules that are random 
ized at specific positions are subjected to selection forbinding 
to a nucleic acid-binding protein (see, e.g., PCT International 
Publication No. WO 91/19813 and U.S. Pat. No. 5,270,163). 
The oligonucleotides so obtained are sequenced and other 
wise characterization. Kinzler, K. W., et al. (Nucleic Acids 
Res. (1989) 17:3645-3653) used a similar technique to iden 
tify synthetic double-stranded DNA molecules that are spe 
cifically bound by DNA-binding polypeptides. Ellington, A. 
D., et al. (Nature (1990) 346: 818-822) disclose the produc 
tion of a large number of random sequence RNA molecules 
and the selection and identification of those that bind specifi 
cally to specific dyes such as Cibacron blue. 
0490 Another technique for identifying nucleic acids that 
bind non-nucleic target molecules is the oligonucleotide 
combinatorial technique disclosed by Ecker, D.J. etal. (Nuc. 
Acids Res. 21, 1853 (1993)) known as “synthetic unrandom 
ization of randomized fragments' (SURF), which is based on 
repetitive synthesis and screening of increasingly simplified 
sets of oligonucleotide analogue libraries, pools and mixtures 
(Tuerk et al., Science 249:505, 1990). The starting library 
consists of oligonucleotide analogues of defined length with 
one position in each pool containing a known analogue and 
the remaining positions containing equimolar mixtures of all 
other analogues. With each round of synthesis and selection, 
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the identity of at least one position of the oligomer is deter 
mined until the sequences of optimized nucleic acid ligand 
aptamers are discovered. 
0491. Once a particular candidate aptamer has been iden 

tified through a SURF, SELEX or any other technique, its 
nucleotide sequence can be determined (as is known in the 
art), and its three-dimensional molecular structure can be 
examined by nuclear magnetic resonance (NMR). These 
techniques are explained in relation to the determination of 
the three-dimensional structure of a nucleic acid ligand that 
binds thrombin in Padmanabhan et al., J. Biol. Chem. 24, 
17651 (1993); Wang et al., Biochemistry 32, 1899 (1993); 
and Macaya et al., Proc. Natl. Acad. Sci. USA 90, 3745 
(1993). Selected aptamers may be resynthesized using one or 
more modified bases, Sugars or backbone linkages. Aptamers 
consist essentially of the minimum sequence of nucleic acid 
needed to confer binding specificity, but may be extended on 
the 5' end, the 3' end, or both, or may be otherwise derivatized 
or conjugated. 
0492 IX. Polypeptidic Binding Moieties 
0493 A variety of binding moities can be attached to a 
minicell of the invention for a variety of purposes. In a pre 
ferred embodiment, the binding moiety is directed to a ligand 
that is displayed by a cell into which it is desired to deliver the 
therapeutic content of a minicell. 
0494 IX.A. Antibodies and Antibody Derivatives 
0495. The term “antibody' is meant to encompass an 
immunoglobulin molecule obtained by in vitro or in vivo 
generation of an immunogenic response, and includes poly 
clonal, monospecific and monoclonal antibodies, as well as 
antibody derivatives, e.g. Single-chain antibody fragments 
(ScPV). An "immunogenic response' is one that results in the 
production of antibodies directed to one or more proteins 
after the appropriate cells have been contacted with such 
proteins, or polypeptide derivatives thereof, in a manner Such 
that one or more portions of the protein function as epitopes. 
An epitope is a single antigenic determinant in a molecule. In 
proteins, particularly denatured proteins, an epitope is typi 
cally defined and represented by a contiguous amino acid 
sequence. However, in the case of nondenatured proteins, 
epitopes also include structures, such as active sites, that are 
formed by the three-dimensional folding of a protein in a 
manner Such that amino acids from separate portions of the 
amino acid sequence of the protein are brought into close 
physical contact with each other. 
0496 Wildtype antibodies have four polypeptide chains, 
two identical heavy chains and two identical light chains. 
Both types of polypeptide chains have constant regions, 
which do not vary or vary minimally among antibodies of the 
same class (i.e., IgA, IgM, etc.), and variable regions. Vari 
able regions are unique to a particular antibody and comprise 
an “antigen binding domain that recognizes a specific 
epitope. Thus, an antibody's specificity is determined by the 
variable regions located in the amino terminal regions of the 
light and heavy chains. 
0497 As used herein, the term “antibody' encompasses 
derivatives of antibodies such as antibody fragments that 
retain the ability to specifically bind to antigens. Such anti 
body fragments include Fab fragments (i.e., an antibody frag 
ment that contains the antigen-binding domain and comprises 
a light chain and part of a heavy chain bridged by a disulfide 
bond); Fab' (an antibody fragment containing a single anti 
binding domain comprising an Fab and an additional portion 
of the heavy chain through the hinge region); F(ab')2 (two 
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Fab' molecules joined by interchain disulfide bonds in the 
hinge regions of the heavy chains; the Fab' molecules may be 
directed toward the same or different epitopes); a bispecific 
Fab (an Fab molecule having two antigen binding domains, 
each of which may be directed to a different epitope); a single 
chain Fab chain comprising a variable region, a.k.a., a SFV 
(the variable, antigen-binding determinative region of a 
single light and heavy chain of an antibody linked together by 
a chain of about 10 to about 25 amino acids). 
0498. The term “antibody' includes antibodies and anti 
body derivatives that are produced by recombinant DNA 
techniques and "humanized' antibodies. Humanized anti 
bodies have been modified, by genetic manipulation and/or in 
vitro treatment to be more human, in terms of amino acid 
sequence, glycosylation pattern, etc., in order to reduce the 
antigenicity of the antibody or antibody fragment in an ani 
mal to which the antibody is intended to be administered (Gus 
sow et al., Methods Enz. 203:99-121, 1991). 
0499. A single-chain antibody (sclv) is a non-limiting 
example of a binding moiety that may be displayed on mini 
cells. Single-chain antibodies are produced by recombinant 
DNA technology and may be incorporated into fusion pro 
teins. The term “single chain denotes the fact that scFv's are 
foundina single polypeptide. In contrast, wildtype antibodies 
have four polypeptide chains, two identical heavy chains and 
two identical light chains. Both types of polypeptide chains 
have constant regions, which do not vary or vary minimally 
among antibodies of the same class (i.e., IgA, IgM, etc.), and 
variable regions. An antibody's specificity is determined by 
the variable regions located in the amino terminal regions of 
the light and heavy chains. The variable regions of a light 
chain and associated heavy chain form an "antigen binding 
domain that recognizes a specific epitope. In a single chain 
antibody, the amino acid sequences of the variable light and 
variable heavy regions of an antibody are present in one 
comtiguous polypeptide. Methods of producing single chain 
antibodies are known in the art. See, for example, U.S. Pat. 
Nos. 4,946,778; 5,260.203; 5,455,030; 5,518,889: 5,534,621; 
5,869,620; 6,025,165; 6,027,725 and 6,121,424. 
0500 Antibody derivatives and other polypeptides that are 
binding moieties can be isolated from protein display librar 
ies, in which a library of candidate binding agents is displayed 
on a phage or other agent that comprises a nucleic acid encod 
ing the protein it displays. Thus, an agent that binds to the 
target compound can be isolated, and nucleic acid prepared 
therefrom, providing for the rapid isolation of binding moi 
eties and nucleic acids that can be used to produce them. For 
reviews, see Benhar I. Biotechnological applications of phage 
and cell display. Biotechnology Adv. 2001 (19): 1-33; 
FitzGerald K. In vitro display technologies—new tools for 
drug discovery. Drug Discov Today. 2000 5(6): 253–258; and 
Hoogenboom HR, Chames P. Natural and designer binding 
sites made by phage display technology. Immunol Today. 
2000 August; 21 (8):371-8. 
0501) A variety of protein display systems are known in 
the art and include various phage display systems such as 
those described in Jung S. Arndt K. Müller K, Plückthyn A. 
Selectively infective phage (SIP) technology: scope and limi 
tations. J Immunol Methods. 1999 (231):93-104; Katz B. 
Structural and mechanistic determinants of affinity and speci 
ficity of ligands discovered or engineered by phage display. 
Annu Rev. Biophys Biomol Struct. 1997 (26):27-45; Forrer P. 
Jung S. Pluckthun A. Beyond binding: using phage display to 
select for structure, folding and enzymatic activity in pro 
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teins. Curr Opin Struct Biol. 1999 August;9(4):514-20; Ron 
dot S. Koch J. Breitling F, Dubel S. A helper phage to improve 
single-chain antibody presentation in phage display. Nat Bio 
technol. 2001 January: 19(1): 75-8. Giebel L B, Cass RT, 
Milligan D. L. Young DC, Arze R, Johnson C R. Screening of 
cyclic peptide phage libraries identifies ligands that bind 
streptavidin with high affinities. Biochemistry. 1995 Nov. 28; 
34(47): 15430-5; de Kruif J. Logtenberg T. Leucine Zipper 
dimerized bivalent and bispecific scFv antibodies from a 
semi-synthetic antibody phage display library. J Biol Chem. 
1996 Mar. 29: 271 (13):7630-4; Hoogenboom H R, Hen 
derikX P. de Haard H. Creating and engineering human anti 
bodies for immunotherapy. Adv Drug Deliv Rev. 1998 Apr. 6; 
31(1-2):5-31; Helfrich W. Haisma HJ, Magdolen V.Luther T, 
Bom VJ, Westra J. van der Hoeven R, Kroesen BJ, Molema 
G. de LeijL. A rapid and versatile method for harnessing schv 
antibody fragments with various biological effector func 
tions. J Immunol Methods. 2000 Apr. 3: 237(1-2): 131-45: 
Hoess R H. Bacteriophage lambda as a vehicle for peptide 
and protein display. Curr Pharm Biotechnol 2002 March; 
3(1):23-8: Baek H, Suk KH, Kim Y H, Cha S. An improved 
helper phage system for efficient isolation of specific anti 
body molecules in phage display. Nucleic Acids Res. 2002 
Mar. 1:30(5): e18; and Rondot S. Koch J, Breitling F, Dubel S. 
A helper phage to improve single-chain antibody presenta 
tion in phage display. Nat Biotechnol. 2001 January; 19(1): 
75-8. 

0502. Other display systems include without limitation 
“Yeast Display” (Curr Opin Biotechnol 1999 October; 10(5): 
422-7. Applications of yeast in biotechnology: protein pro 
duction and genetic analysis. Cereghino G. P. Cregg J. M.); 
“Baculovirus Display” (Kost TA, Condreay J P. Recombi 
nant baculoviruses as expression vectors for insect and mam 
malian cells. Curr Opin Biotechnol. 1999 October; 10(5): 
428-33; and Liang M, Dubel S. LiD, Queitsch I, Li W. Bautz 
E K. Baculovirus expression cassette vectors for rapid pro 
duction of complete human IgG from phage display selected 
antibody fragments. J Immunol Methods. 2001 Jan. 1: 247 
(1-2): 119-30): “Ribosome Display” (Hanes J. Schaffitzel C, 
Knappik A. Pluckthun A. Picomolar affinity antibodies from 
a fully synthetic naive library selected and evolved by ribo 
some display. Nat Biotechnol. 2000 December; 18(12): 1287 
92; Hanes J. Jermutus L. Pluckthun A. Selecting and evolving 
functional proteins in vitro by ribosome display. Methods 
Enzymol. 2000:328:404-30; Schaffitzel C, Hanes J, Jermutus 
L. Pluckthun A. Ribosome display: an in vitro method for 
selection and evolution of antibodies from libraries. JImmu 
nol Methods. 1999 Dec. 10; 231(1-2): 119-35; Hanes J, Jer 
mutus L. Weber-Bornhauser S, Bosshard HR, Pluckthun A. 
Ribosome display efficiently selects and evolves high-affinity 
antibodies invitro from immune libraries. Proc Natl AcadSci 
USA. 1998 Nov. 24:95(24): 14130-5: Hanes J. Pluckthun A. 
In vitro selection and evolution of functional proteins by 
using ribosome display. Proc Natl AcadSci USA. 1997 May 
13; 94(10):4937-42: Coia G, Pontes-Braz. L. Nuttall S D, 
Hudson PJ. Irving R A. Panning and selection of proteins 
using ribosome display. J Immunol Methods. 2001 Aug. 1: 
254(1-2):191-7.: Irving RA, Coia G, Roberts A, Nuttall SD, 
Hudson PJ. Ribosome display and affinity maturation: from 
antibodies to single V-domains and steps towards cancer 
therapeutics. J Immunol Methods. 2001 Feb. 1; 248(1-2):31 
45); and “Bacterial Display' (Hoischen C, Fritsche C. 
Gumpert J. Westermann M. Gura K. Fahnert B. Novel bacte 
rial membrane Surface display system using cell wall-less 
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L-forms of Proteus mirabilis and Escherichia coli. Appl 
Environ Microbiol. 2002 February: 68(2):525-31; Etz H, 
Minh D B, Schellack C. Nagy E. Meinke A. Bacterial phage 
receptors, Versatile tools for display of polypeptides on the 
cell surface. J Bacteriol. 2001 December; 183(23):6924-35; 
Patel D. Vitovski S, Senior HJ, Edge MD, Hockney RC, 
Dempsey M.J. Sayers J. R. Continuous affinity-based selec 
tion: rapid screening and simultaneous amplification of bac 
terial surface-display libraries. Biochem J. 2001 Aug. 1; 357 
(Pt3):779-85; Lang H. Outer membrane proteins as surface 
display systems. Int J Med Microbiol. 2000 December; 290 
(7):579-85; Earhart C F. Use of an Lpp-Omp A fusion vehicle 
for bacterial surface display. Methods Enzymol. 2000: 326: 
506-16; Benhar I, Azriel R. Nahary L. Shaky S, Berdichevsky 
Y. Tamarkin A. Wels W. Highly efficient selection of phage 
antibodies mediated by display of antigen as Lpp-Omp A 
fusions on live bacteria. J Mol Biol. 2000 Aug. 25; 301(4): 
893-904; Xu Z. Lee SY. Display of polyhistidine peptides on 
the Escherichia coli cell surface by using outer membrane 
protein C as an anchoring motif. Appl Environ Microbiol. 
1999 November; 65(11):5142-7: Daugherty PS, Olsen M.J, 
Iverson B L. Georgiou G. Development of an optimized 
expression system for the screening of antibody libraries 
displayed on the Escherichia coli surface. Protein Eng. 1999 
July; 12(7):613-21; Chang HJ. Sheu SY, Lo SJ. Expression 
of foreign antigens on the Surface of Escherichia coli by 
fusion to the outer membrane protein traT. J. Biomed Sci. 
1999 January; 6(1):64-70; Maurer J, Jose J, Meyer T F. Auto 
display: one-component system for efficient surface display 
and release of soluble recombinant proteins from Escherichia 
coli. J. Bacteriol. 1997 February; 179(3):794-804. 
0503 Antibodies, particularly single-chain antibodies, 
directed to Surface antigens specific for a particular cell type 
may also be used as cell- or tissue-specific targeting elements. 
Single-chainantibody amino acid sequences have been incor 
porated into a variety of fusion proteins, including those with 
transmembrane domains and/or membrane-anchoring 
domains. See, for example, Kuroki et al., “Specific Targeting 
Strategies of Cancer Gene Therapy Using a Single-Chain 
Variable Fragment (scFv) with a High Affinity for CEA. 
Anticancer Res., pp. 4067-71, 2000; U.S. Pat. No. 6,146,885, 
to Dornburg, entitled "Cell-Type Specific Gene Transfer 
Using Retroviral Vectors Containing Antibody-Envelope 
Fusion Proteins'; Jiang et al., “In Vivo Cell Type-Specific 
Gene Delivery With Retroviral Vectors That Display Single 
Chain Antibodies.” Gene Ther. 1999, 6:1982-7: Engelstadter 
et al., “Targeting Human T Cells By Retroviral Vectors Dis 
playing Antibody Domains Selected From A Phage Display 
Library.” Hum. Gene Ther. 2000, 11:293-303; Jiang et al., 
“Cell-Type-Specific Gene Transfer Into Human Cells With 
Retroviral Vectors That Display Single-Chain Antibodies. J. 
Virol 1998, 72:10148-56; Chu et al., “Toward Highly Effi 
cient Cell-Type-Specific Gene Transfer With Retroviral Vec 
tors Displaying Single-Chain Antibodies. J. Virol 1997, 
71:720-5; Chu et al., “Retroviral Vector Particles Displaying 
The Antigen-Binding Site Of An Antibody Enable Cell-Type 
Specific Gene Transfer.” J. Virol 1995, 69:2659-63; Chu et al., 
“Cell Targeting With Retroviral Vector Particles Containing 
Antibody-Envelope Fusion Proteins. Gene Ther. 1994, 
1:292-9: Esshar et al., “Specific activation and targeting of 
cytotoxic lymphocytes through chimeric single chains con 
sisting of antibody-binding domains and the Dor DSubunits 
of the immunoglobulin and T-cell receptors. Proc. Natl. 
Acad. Sci. USA, 1993, Vol. 90:720-724; Einfeld et al., “Con 
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struction of a Pseudoreceptor That Mediates Transduction by 
Adenoviruses Expressing a Ligand in Fiber or Penton Base.” 
J. Virol. 1999, 73.9130-9136; Marinet al., “Targeted Infec 
tion of Human Cells via Major Histocompatibility Complex 
Class I Molecules by Moloney Murine Leukemia Virus-De 
rived Viruses Displaying Single-Chain Antibody Fragment 
Envelope Fusion Proteins,” J. Virol., 1996, 70:2957-2962: 
Somia et al., “Generation of targeted retroviral vectors by 
using single-chain variable fragment: An approach to in vivo 
gene delivery.” Proc. Natl. Acad. Sci. USA, 1995, 92:7570 
7574; Liu et al., “Treatment of B-Cell Lymphoma With Chi 
meric IgG and Single-Chain Fv Antibody-Interleukin-2 
Fusion Proteins. Blood, 1998, 92:2103-2112: Martin et al., 
“Retrovirus Targeting by Tropism Restriction to Melanoma 
Cells,” J. Virol., 1999, 73:6923-6929; Ramjiawan et al., 
“Noninvasive Localization of Tumors by Immunofluores 
cence Imaging Using a Single Chain FV Fragment of a Human 
Monoclonal Antibody with Broad Cancer 
(0504 Specificity.” Amer. Cancer Society, 2000, 89:1134 
1144; Snitkovsky et al., “A TVA-Single-Chain Antibody 
Fusion Protein Mediates Specific Targeting of a Subgroup A 
Avian Leukosis Virus Vector to Cells Expressing a Tumor 
Specific Form of Epidermal Growth Factor Receptor. J. 
Virol., 2000, 74:9540-9545; Chu et al., “Toward Highly Effi 
cient Cell-Type-Specific Gene Transfer with Retroviral Vec 
tors Displaying Single-Chain Antibodies. J. Virol., 1997, 
71:720-725; Kulkarni et al., Programmed cell death signaling 
via cell-surface expression of a single-chain antibody trans 
gene, Transplantation 2000 Mar. 27: 69(6):1209-17. 
(0505 IX.B. Non-Catalytic Derivatives of Active Sites of 
Enzymes 
0506 Enzymes bind their substrates, at least transiently, in 
regions known as “active sites. It is known in the art that 
non-catalytic derivatives of enzymes, which bind but do not 
chemically alter their substrates may be prepared. Non-cata 
lytic enzymes, particularly the mutant active sites thereof, are 
used to bind substrate molecules. 
0507 As a non-limiting example, enzymes from which 
biologically inactive (non-catalytic) sphingolipid-binding 
derivatives are obtained. Such derivatives of these enzymes 
bind their Substrate sphingolipid. Sphingosine-1-phosphate 
(S1P) is bound by non-catalytic derivatives of enzymes hav 
ing S1P as a substrate, e.g., S1P lyase and S1P phosphatase. 
Sphingosine (SPH) is bound by non-catalytic derivatives of 
enzymes having SPH as a substrate, e.g., SPH kinase and 
ceramide synthase. Ceramide (CER) is bound by non-cata 
lytic derivatives of enzymes having CER as a substrate, such 
as, by way of non-limiting example, ceramidase, sphingomy 
elin synthase, ceramide kinase, and glucosylceramide Syn 
thase. Sphingomyelin is boundby non-catalytic derivatives of 
sphingomyelinase, an enzyme having sphingomyelin as a 
substrate. 
(0508 IX.C. Nucleic Acid Binding Domains 
0509 Nucleic acid binding polypeptide domains may 
bind nucleic acids in a sequence-dependent or sequence 
independent fashion and/or in a manner that is specific for 
various nucleic acids having different chemical structures 
(e.g., single- or double-stranded DNA or RNA, RNA:DNA 
hybrid molecules, etc.). Non-limiting examples of mem 
brane-based transcription factors and DNA-binding protein 
include Smad proteins (Miyazono et al., TGF-beta signaling 
by Smad proteins (Review), Adv Immunol 75:115-57, 2000); 
SREBPs (sterol regulatory element binding proteins) (Yeet 
al., Asparagine-proline sequence within membrane-spanning 



US 2012/0135503 A1 

segment of SREBP triggers intramembrane cleavage by 
site-2 protease, Proc Natl Acad Sci USA 97.5123-8, 2000; 
Shimomura et al., Cholesterol feeding reduces nuclear forms 
of sterol regulatory element binding proteins in hamster liver, 
Proc Natl AcadSci USA94:12354-9, 1997: Brown and Gold 
stein, The SREBP pathway: regulation of cholesterol metabo 
lism by proteolysis of a membrane-bound transcription factor 
(Review), Cell 89:331-40, 1997: Scheek et al., Sphingomy 
elin depletion in cultured cells blocks proteolysis of sterol 
regulatory element binding proteins at site 1, Proc Natl Acad 
Sci USA 94:11179-83, 1997); mitochondrial DNA-binding 
membrane proteins, e.g., Abf2p and YhmZp (Cho et al. A 
novel DNA-binding proteinbound to the mitochondrial inner 
membrane restores the null mutation of mitochondrial his 
tone Abf2p in Saccharomyces cerevisiae, Mol Cell Biol 
18:5712-23, 1998); and bacterial DNA-binding membrane 
proteins (Smith et al., Transformation in Bacillus subtilis: 
purification and partial characterization of a membrane 
bound DNA-binding protein., J Bacteriol 156:101-8, 1983). 
0510 IX.D. Attaching Binding Moities, or Other Com 
pounds, to Minicells 
0511 Binding compounds or moieties can be chemically 
attached (conjugated) to minicells via membrane proteins 
that are displayed on the minicells. The compound to be 
conjugated to minicells (the “attachable compound') may of 
any chemical composition, i.e., a small molecule, a nucleic 
acid, a radioisotope, a lipid or a polypeptide. One type of 
attachable compound that can be covalently attached to mini 
cells is a binding moitiety, e.g., an antibody or antibody 
derivative. Another non-limiting example of attachable com 
pounds is polyethylene glycol (“PEG'), which lowers the 
uptake in vivo of minicells by the reticuloendothelical system 
(RES). Another non-limiting example of creating stealth 
minicells to avoid the RES is to express proteins or other 
molecules on the Surfaces of minicells whose lipid composi 
tions have been modified. Such as anionic lipid-rich minicells. 
0512. By way of non-limiting example, it is possible to 
prepare minicells that express transmembrane proteins with 
cysteine moieties on extracellular domains. Linkage of the 
membrane protein may beachieved through surface cysteinyl 
groups by, e.g., reduction with cysteinyl residues on other 
compounds to form disulfide bridges (S—S). If appropriate 
cysteinyl residues are not present on the membrane protein 
they may be introduced by genetic manipulation. The Substi 
tution of cysteine for another amino acid may be achieved by 
methods well-known to those skilled in the art, for example, 
by using methods described in Maniatis, Sambrook, and 
Fritsch (Molecular Cloning: A Laboratory Manual, Cold 
Spring Harbor Laboratory Press, 1989). As a non-limiting 
example, bioactive lysosphingolipids (e.g., sphingosine, sph 
ingosine-1-phosphate, sphingosylphosphoryl choline) are 
covalently linked to proteins expressed on the Surfaces of 
minicells such that these bioactive lipids are on the surface of 
the minicells and accessible for therapeutic or diagnostic uses 
in vivo or in vitro. 

0513. When the attachable moiety and the membrane pro 
tein both have a reduced sulfhydryl group, a homobifunc 
tional cross-linker that contains maleimide, pyridyl disulfide, 
or beta-alpha-haloacetyl groups may be used for cross-link 
ing. Examples of such cross-linking reagents include, but are 
not limited to, bismaleimidohexane (BMH) or 1,4-Di-3'-(2'- 
pyridyldithio)propionamidobutane (DPDPB). Alternatively, 
a heterobifunctional cross-linker that contains a combination 
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of maleimide, pyridyl disulfide, or beta-alpha-haloacetyl 
groups can be used for cross-linking. 
0514. As another non-limiting example, attachable moi 
eties may be chemically conjugated using primary amines. In 
these instances, a homobifunctional cross-linker that contains 
Succiminide ester, imidoester, acylazide, or isocyanate 
groups may be used for cross-linking. Examples of Such 
cross-linking reagents include, but are not limited to: Bis2 
(succinimidooxycarbonyloxy)ethylsulfone (BSOCOES); 
Bis2-(sulfosuccinimidooxycarbonyloxy)ethylsulfone 
(sulfo-BSCOCOES); Disuccinimidyl suberate (DSS); Bis 
(Sulfosuccinimidyl) Suberate (BS3); Disuccinimidyl glut 
arate (DSG); Dithiobis(succinimidylpropionate) (DSP); 
Dithiobois(sulfosuccinimidylpropionate) (DTSSP); Disulfo 
succinimidyl tartrate (sulfo-DST); Dithio-bis-maleimidoet 
hane (DTME); Disuccinimidyl tartrate (DST); Ethylene gly 
colbis(sulfosuccinimidylsuccinate) (sulfo-EGS); Dimethyl 
malonimidate.2HCl (DMM); Ethylene glycolbis(succinim 
idylsuccinate) (EGS); Dimethyl succinimidate.2HCl 
(DMSC); Dimethyl adipimidate.2HCl (DMA); Dimethyl 
pimelimidate.2 HCl (DMP); and Dimethyl suberimidate.2. 
HCl (DMS), and Dimethyl 3,3'-dithiobispropionimidate. 
2HCl (DTBP). Heterobifunctional cross-linkers that contains 
a combination of imidoester or Succinimide ester groups may 
also be used for cross-linking. 
0515. As another non-limiting example, attachable moi 
eties may be chemically conjugated using sulfhydryl and 
primary amine groups. In these instances, heterobifunctional 
cross-linking reagents are preferable used. Examples of such 
cross-linking reagents include, but are not limited to: N-Suc 
cinimidyl 3-(2-pyridyldithio)propionate (DPDP); N-succin 
imidyl 6-3'-(2-pyridyldithio)-propionamidohexanoate 
(sulfo-LC-SPDP); m-maleimidobenzoyl-N-hydroxysuccin 
imide ester (MBS); m-maleimidobenzoyl-N-hydroxysulfos 
uccinimide ester (sulfo-MBS); succinimidyl 4-P-maleimi 
dophenylbutyrate (SMPB); sulfosuccinimidyl 4-p- 
maleimidophenylbutyrate (sulfo-SMPB); N 
“ -Maleimidobutyryloxysuccinimide ester (GMBS), N 
-maleimidobutyryloxysulfosuccinimide ester (sulfo 

GMBS); N-I-maleimidocaproyloxysuccinimide ester 
(EMCS); N-I-maleimidocaproyloxysulfosuccinimide 
ester (sulfo-EMCS); N-succinimidyl(4-iodoacetyl)ami 
nobenzoate (SIAB); sulfosuccinimidyl(4-iodacetyl)ami 
nobenzoate (sulfo-SIAB); succinimidyl 4-(N-maleimidom 
ethyl)cyclohexane-1-carboxylate (SMCC); 
sulfosuccinimidyl 4-(N-maleimidomethyl)cyclohexane-1- 
carboxylate (sulfo-SMCC); succiminidyl-4-(N-maleimi 
domethyl)cyclohexane-1-carboxy-(6-amido-caproate) (LC 
SMCC); 4-Succinimidyloxycarbonyl-methyl-(2- 
pyridyldithio) toluene (SMPT); and sulfo-LC-SMPT. 
0516. As an exemplary protocol, a minicell Suspension is 
made 5 mM EDTA/PBS, and a reducing solution of 2-mer 
captoethylamine in 5 mM EDTA/PBS is added to the mini 
cells. The mixture is incubated for 90 minutes at 37°C. The 
minicells are washed with EDTA/PBS to remove excess 
2-mercaptoethylamine. The attachable moiety is dissolved in 
PBS, pH 7.2. A maleimide crosslinker is added to the solu 
tion, which is then incubated for 1 hour at room temperature. 
Excess maleimide is removed by column chromatography. 
0517. The minicells with reduced sulfhydryl groups are 
mixed with the derivatized compounds having an attachable 
moiety. The mixture is allowed to incubate at 4°C. for 2 hours 
or overnight to allow maximum coupling. The conjugated 
minicells are washed to remove unreacted (unattached) com 
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pounds having the attachable moiety. Similar protocols are 
used for expressed membrane proteins with other reactive 
groups (e.g., carboxyl, amine) that can be conjugated to an 
attachable moiety. 
0518. IX.E. Non-Genetic Methods for Directing Com 
pounds to Membranes 
0519 Included within the scope of the invention are com 
pounds that can be inserted into the membrane of segregated 
minicells. Such compounds include attachable moieties that 
are chemically conjugated to the Surface of a minicell, and 
compounds that associate with and/or insert into a membrane 
“spontaneously, i.e., by virtue of their chemical nature. By 
way of non-limiting example, proteins that “spontaneously 
insert into membranes include but are not limited to Thyka 
loid membrane proteins (Woolhead et al., J. Biol. Chem. 
276:14607-14613, 2001), the mitochondrial adenine nucle 
otide translocator (Jacotot et al., J. Exp. Med. 193:509-519, 
2001), and polypeptides obtained using the methods of Hunt 
et al. (Spontaneous, pH-dependent membrane insertion of a 
transbilayer alpha-helix, Biochem 36:15177-15192, 1997). 
Lipids, gangliosides, sphingomyelins, plasmalogens glyco 
syl diacylglycerols, and sterols can also be incorporated into 
the membranes of segregated minicells. 
0520 X. Membrane Proteins 
0521. In certain aspects of the invention, membrane pro 
teins from non-eubacterial organisms are expressed and dis 
played by minicells. The cellular membrane (a.k.a. the 
“plasma membrane') is a lipid bilayer that forms the bound 
ary between the interior of a cell and its external environment. 
The term “membrane proteins’ refers to proteins that are 
found in membranes including without limitation cellular and 
organellar membranes. 
0522 X.A. Types of Membrane Proteins 
0523 X.A.1. In General 
0524 Membrane proteins consist, in general, oftwo types, 
peripheral membrane proteins and integral membrane pro 
teins. 
0525 Integral membrane proteins can span both layers (or 
“leaflets’) of a lipid bilayer. Thus, such proteins may have 
extracellular, transmembrane, and intracellular domains. 
Extracellular domains are exposed to the external environ 
ment of the cell, whereas intracellular domains face the cyto 
sol of the cell. The portion of an integral membrane protein 
that traverses the membrane is the “transmembrane domain.” 
Transmembrane domains traverse the cell membrane often by 
one or more regions comprising 15 to 25 hydrophobic amino 
acids which are predicted to adopt an alpha-helical confor 
mation. 
0526 Intergral membrane proteins are classified as bitopic 
or polytopic (Singer, (1990) Annu. Rev. Cell Biol. 6:247-96). 
Bitopic proteins span the membrane once while polytopic 
proteins contain multiple membrane-spanning segments. 
0527. A peripheral membrane protein is a membrane pro 
tein that is bound to the surface of the membrane and is not 
integrated into the hydrophobic layer of a membrane region. 
Peripheral membrane proteins do not span the membrane but 
instead are bound to the Surface of a membrane, one layer of 
the lipid bilayer that forms a membrane, or the extracellular 
domain of an integral membrane protein. 
0528 X.A.2. In General 
0529. The invention can be applied to any membrane pro 

tein, including but not limited to the following exemplary 
receptors and membrane proteins. The proteins include but 
are not limited to are receptors (e.g., GPCRs, sphingolipid 
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receptors, neurotransmitter receptors, sensory receptors, 
growth factor receptors, hormone receptors, chemokine 
receptors, cytokine receptors, immunological receptors, and 
compliment receptors, FC receptors), channels (e.g., potas 
sium channels, sodium channels, calcium channels.), pores 
(e.g., nuclear pore proteins, water channels), ion and other 
pumps (e.g., calcium pumps, proton pumps), exchangers 
(e.g., Sodium/potassium exchangers, sodium/hydrogen 
exchangers, potassium/hydrogen exchangers), electron trans 
port proteins (e.g., cytochrome oxidase), enzymes and 
kinases (e.g., protein kinases, ATPases, GTPases, phos 
phatases, proteases.), structural/linker proteins (e.g., Caveo 
lins, clathrin), adapter proteins (e.g., TRAD, TRAP, FAN), 
chemotactic/adhesion proteins (e.g., ICAM11, selectins, 
CD34, VCAM-1, LFA-1, VLA-1), and phospholipases such 
as PI-specific PLC and other phospholipiases. 
0530 X.A.3. Receptors 
0531. Within the scope of the invention are any receptor, 
including without limitation: 
0532. The nuclear receptors, e.g. the nuclear export recep 
tor; 
0533. The peripheral (mitochondrial) benzodiazephine 
receptor (Gavish et al., “Enigma of the Peripheral Benzodi 
aZephine Receptor.” Pharmacological Reviews, Vol. 51, No. 
4); 
0534 Adrenergic and muscarinic receptors (Brodde et al., 
Adrenergic and Muscarinic Receptors in the Human Heart'. 
Pharmacological Review, Vol. 51, No. 4): 
0535 Gamma-aminobutyric acid receptors (Barnard et 

al., “International Union of Pharmacology. IV. Subtypes of 
S-Aminobutyric Acid Receptors: Classification on the Basis 
of Submit Structure and Receptor Function. Pharmacologi 
cal Reviews, Vol. 50, No. 2); 
0536 Kinin B receptors (Marceau et al., “The B Recep 
tors for Kinins. Pharmacological Reviews, Vol. 50, No. 3); 
0537 Chemokine receptors (Murphy et al., “International 
Union of Pharmacology. XXII. Nomenclature for Chemokine 
Receptors' Pharmacological Reviewa, Vol. 52, No. 1); 
0538 Glycine and NMDA Receptors (Danyszet al., “Gly 
cine and N-Methyl-D-Aspartate Receptors: Physiological 
Significance and Possible Therapeutic Applications.” Phar 
macological Reviews, Vol. 50, No. 4): 
0539 Glutamate receptor ion channels (Dingledine et al., 
“The Glutamate Receptor Ion Channels’. Pharmacological 
Reviews, Vol. 51, No. 1); 
0540 Purine and pyrimidine receptors including puriner 
gic (e.g., P2) receptors (Ralevic et al., “Receptors for Purines 
and Pyrimidines’. Pharmacological Reviews, Vol. 50, No. 3): 
CNS receptors and membrane transporters (E. Sylvester Vizi, 
“Role of High-Affinity Receptors and Membrane Transport 
ers in Nonsynaptic Communication and Drug Action in the 
Central Nervous System.” Pharmacological Reviews, Vol. 52, 
No. 1); 
0541. Opoid receptors, including but not limited to the 
b -opioid receptor (Quock et al., “The b -Opioid Receptor: 
Molecular Pharmacology, Signal Transduction and the Deter 
mination of Drug Efficacy’. Pharmacological Review, Col. 
51, No. 3): 
0542 Angiotensin II receptors (Gasparo et al., “Interna 
tional Union of Pharmacology. XXIII. The Angiotensin II 
Receptors' Pharmalogical Review, Vol. 52, No. 3): 
0543 Cholecystokinin receptors (Noble et al., “Interna 
tional Union of Pharmacology. XXI. Structure, Distribution, 
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and Functions of Cholecystokinin Receptors’. Pharmaco 
logical Reviews, Vol. 51, No. 4) 
0544 Hormone receptors, including but not limited to, the 
estrogen receptor, the glucocorticoid receptor, and the insulin 
receptor; 
0545 Receptors found predominantly in the central ner 
Vous system, including but not limited to, neuronal nicotinic 
acetylcholine receptors; the dopamine D2/D3 receptor; 
GABA receptors; central cannabinoid receptor CB1; opoid 
receptors, e.g., the kappa opioid receptor, and the methadone 
specific opioid receptor; nicotinic acetylcholine receptors; 
serotonin receptors, e.g., the serotonin 5-HT3 receptor, the 
serotonin 5-HT4 receptor, and the serotonin-2 receptor; and 
dopamine receptors, e.g., the dopamine D2/D3 receptor, and 
the neurotensin receptor; 
0546 Receptors for growth factors, including but not lim 
ited to, the erythropoietin receptor; the FGF receptor; the 
EGF receptor; the VEGF receptor; VEGF receptor-2 protein: 
VEGF-receptor protein (KDR); fibroblast growth factor 
receptor; the p75 nerve growth factor receptor; epidermal 
growth factor receptor; IGF-1 receptor; platelet factor-4 
receptor; alpha platelet-derived growth factor receptor; hepa 
tocyte growth factor receptor; and human fibroblast growth 
factor receptor; 
0547 Receptors for sphingolipids and lysophospholipids 
such as the Edg family of GPCRs: 
0548 Receptors for interleukins, e.g., receptors for inter 
leukin-1 (IL-1), IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, 
IL-10, IL-11, IL-12, IL-13, et seq., and 
0549 Various receptors, including by way of non-limiting 
example, receptors described in U.S. Pat. No. 6,210,967 
(DNA encoding a mammalian LPA receptor and uses 
thereof): U.S. Pat. No. 6,210,921 (CAR: a novel coxsackievi 
rus and adenovirus receptor, U.S. Pat. No. 6,211,343 (Lacto 
ferrin receptor protein: U.S. Pat. No. 6,218,509 (LH/CG 
receptor, DNA and use thereof; U.S. Pat. No. 6,214,972 
(DNA encoding prostaglandin receptor DP); U.S. Pat. No. 
6.221,613 (DNA encoding a human melanin concentrating 
hormone receptor (MCH1) and uses thereof): U.S. Pat. No. 
6,221,660 (DNA encoding SNORF25 receptor); U.S. Pat. 
No. 6,225,080 (Mu-subtype opioid receptor); U.S. Pat. No. 
6,222,015 (Estrogen receptor); U.S. Pat. No. 6,228,610 (Hu 
man metabotropic glutamate receptor Subtypes (hmR4, 
hmR6, hmR7) and related DNA compounds); U.S. Pat. No. 
6,235,496 (Nucleic acid encoding mammalian mu opioid 
receptor); U.S. Pat. No. 6,258,556 (cDNA and genomic 
clones encoding human mu. opiate receptor and the purified 
gene product); U.S. Pat. No. 6,245,531 (Polynucleotide 
encoding insect ecdysone receptor); U.S. Pat. No. 6,225.531 
Glucan elicitor receptor, DNA molecule coding therefor, fun 
gus-resistant plants transformed with the DNA molecule and 
method for creating the plants); U.S. Pat. No. 6.245,893 (Re 
ceptor that binds anti-convulsant compounds); U.S. Pat. No. 
6.248,712 (Urokinase-type plasminogen activator receptor; 
U.S. Pat. No. 6,248,554 (DNA sequence coding for a BMP 
receptor); U.S. Pat. No. 6,248.520 (Nucleic acid molecules 
encoding nuclear hormone receptor coactivators and uses 
thereof): U.S. Pat. No. 6.242.251 (Rhesus neuropeptide Y5 
receptor); U.S. Pat. No. 6.252,056 (Human lysophosphatidic 
acid receptor and use thereof): U.S. Pat. No. 6.255,472 (Iso 
lated nucleic acid molecule encoding a human skeletal 
muscle-specific receptor); U.S. Pat. No. 6.291.207 (Herpes 
virus entry receptor protein); U.S. Pat. No. 6,291.206 (BMP 
receptor proteins); U.S. Pat. No. 6,291,195 (DNA encoding a 
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human melanin concentrating hormone receptor (MCH1)and 
uses thereof): U.S. Pat. No. 6,344,200 (Lactoferrin receptor 
protein); U.S. Pat. No. 6,335,180 (Nucleic acid sequences 
encoding capsaicin receptor and uses thereof): U.S. Pat. No. 
6,265,184 (Polynucleotides encoding chemokine receptor 
88C); U.S. Pat. No. 6,207,799 (Neuropeptide Y receptor Y5 
and nucleic acid sequences); U.S. Pat. No. 6,290,970 (Trans 
ferrin receptor protein of Moravella); U.S. Pat. No. 6,326,350 
(Transferrin receptor subunit proteins of Neisseria meningiti 
dis); U.S. Pat. No. 6,313,279 (Human glutamate receptor and 
related DNA compounds); U.S. Pat. No. 6,313.276 (Human 
endothelin receptor); U.S. Pat. No. 6,307,030 (Androgen 
receptor proteins, recombinant DNA molecules coding for 
such, and use of such compositions); U.S. Pat. No. 6,306,622 
(cDNA encoding a BMP type II receptor); U.S. Pat. No. 
6,300,087 (DNA encoding a human serotonin receptor 
(5-HT4B) and uses thereof): U.S. Pat. No. 6,297,026 
(Nucleic acids encoding the C140 receptor); U.S. Pat. No. 
6,277.976 (Or-1, an orphan receptor belonging to the nuclear 
receptor family); U.S. Pat. No. 6,274,708 (Mouse interleu 
kin-11 receptor); U.S. Pat. No. 6,271,347 (Eosinophileotaxin 
receptor); U.S. Pat. No. 6,262,016 (Transferrin receptor 
genes); U.S. Pat. No. 6,261,838 (Rat melanocortin receptor 
MC3-R): U.S. Pat. No. 6,258,943 (Human neurokinin-3 
receptor); U.S. Pat. No. 6,284.870 (Gamma retinoic acid 
receptor); U.S. Pat. No. 6.258,944 (OB receptor isoforms and 
nucleic acids encoding them); U.S. Pat. No. 6,261,801 
(Nucleic acids encoding tumor necrosis factor receptor 5); 
U.S. Pat. No. 6,261,800 (Luteinizing hormone/choriogona 
dotropin (LH/CG) receptor); U.S. Pat. No. 6,265,563 (Opioid 
receptor genes); U.S. Pat. No. 6,268.477 (Chemokine recep 
tor 88-C); U.S. Pat. No. 6,316,611 (Human N-methyl-D- 
aspartate receptor Subunits, nucleic acids encoding same and 
uses therefor); U.S. Pat. No. 6,316,604 (Human C3b/C4b 
receptor (CR1)); U.S. Pat. No. 6,287,855 (Nucleic acid 
encoding ratgalanin receptor (GALR2)); U.S. Pat. No. 6,268, 
221 (Melanocyte stimulating hormone receptor and uses); 
and U.S. Pat. No. 6,268.214 (Vectors encoding a modified 
low affinity nerve growth factor receptor). 
0550 X.A.3. Other Membrane Proteins 
0551. Other membrane proteins are within the scope of the 
invention and include but are not limited to channels (e.g., 
potassium channels, sodium channels, calcium channels.), 
pores (e.g., nuclear pore proteins, water channels), ion and 
other pumps (e.g., calcium pumps, proton pumps), exchang 
ers (e.g., sodium/potassium exchangers, sodium/hydrogen 
exchangers, potassium/hydrogen exchangers), electron trans 
port proteins (e.g., cytochrome oxidase), enzymes and 
kinases (e.g., protein kinases, ATPases, GTPases, phos 
phatases, proteases.), structural/linker proteins (e.g., Caveo 
lins, clathrin), adapter proteins (e.g., TRAD, TRAP, FAN), 
0552. X.A.3.a. Cellular Adhesion Molecules 
0553 Cellular adhesion molecules, including but not lim 
ited to human rhinovirus receptor (ICAM-1), ICAM-2, 
ICAM-3, and PECAM-1, and chemotactic/adhesion proteins 
(e.g., selectins, CD34, VCAM-1, LFA-1, VLA-1) are within 
the scope of the invention. See also Alpin et al., “Signal 
Transduction and Signal Modulation by Cell Adhesion 
Receptors: The Role of Integrins, Cadherins, Immunoglobu 
lin-Cell Adhesion Molecules, and Selectins’. Pharmacologi 
cal Reviews, Vol. 50, No. 2. 
0554 X.A.3.b. Cytochrome P450 Enzymes 
0555. The family of enzymes known as “cytochrome 
P450 enzymes (since they absorb light in the 450 nanometer 
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range), or as “cytochrome oxidase' enzymes (since they oxi 
dize a wide range of compounds that do not naturally occur in 
circulating blood), are included within the scope of the inven 
tion. P450 enzymes encompasses a variety of enzymes, many 
of which are involved in xenobiotic metabolism, including by 
way of non-limiting example the metabolism of drugs, pro 
drugs and toxins. Directories and databases of P450s, and 
information regarding their substrates, are available on-line 
(Fabian et al., The Directory of P450-containing Systems in 
1996, Nucleic Acids Research 25:274-277, 1997). Inhumans, 
at least about 200 different P450s are present (for a review, see 
Hasler et al., Human cytochromes P450, Molecular Aspects 
of Medicine 20:1-137, 1999). There are multiple forms of 
these P450s and each of the individual forms exhibit degrees 
of specificity towards individual compounds or sets of com 
pounds. In some cases, a Substrate, whether it is a drug or a 
carcinogen, is metabolized by more than one cytochrome 
P450. 

0556 Members of the cytochrome P450 family are 
present in varying levels and their expression and activities 
are controlled by variables Such as chemical environment, 
sex, developmental stage, nutrition and age. The cytochrome 
P450s are found at high concentrations in liver cells, and at 
lower concentrations in other organs and tissues such as the 
lungs (e.g., Forme-Pfister et al., Xenobiotic and endobiotic 
inhibitors of cytochrome P-450 dbl function, the target of the 
debrisoquine/sparteine type polymorphism, Biochem. Phar 
macol. 37:3829-35, 1988). By oxidizing lipophilic com 
pounds, which makes them more water-soluble, cytochrome 
oxidase enzymes help the body eliminate (via urine, or in 
aerosols exhaled out of the lungs) compounds that might 
otherwise act as toxins or accumulate to undesired levels. 

0557. In humans, several cytochrome P450s have been 
identified as being involved in xenobiotic metabolism. These 
include CYP1A1, CYP1A2, CYP2A6, CYP2B6, CYP2C8, 
CYP2C9, CYP2C18, CYP2C19, CYP2D6, CYP2E1, 
CYP3A4, and CYP3A5 (Crespi et al., The use of heterolo 
gously expressed drug metabolizing enzymes—state of the 
art and prospects for the future, Pharm Ther 84:121-131, 
1999). 
0558 X.A.3.c. Miscellaneous Membrane Proteins 
0559. In addition to the preceding non-limiting examples, 
the invention can be applied to the membrane proteins 
described in U.S. Pat. No. 6,335,018 (High molecular weight 
major outer membrane protein of moraxella); U.S. Pat. No. 
6.264,954 (Haemophilus outer membrane protein); U.S. Pat. 
No. 6,197.543 (Human vesicle membrane protein-like pro 
teins); U.S. Pat. No. 6,121,427 (Major outer membrane pro 
tein CD of branhamella); U.S. Pat. No. 6,083,743 and U.S. 
Pat. No. 6,013,514 (Haemophilus outer membrane protein); 
U.S. Pat. No. 6,004,562 (Outer membrane protein B1 of 
Moraxella catarrhalis); U.S. Pat. No. 5,863,764 (DNA 
encoding a human membrane protein); U.S. Pat. No. 5,861, 
283 (DNA encoding a limbic system-associated membrane 
protein); U.S. Pat. No. 5,824.321 (Cloned leptospira outer 
membrane protein): U.S. Pat. No. 5,821,085 (Nucleotide 
sequences of a T. pallidum rare outer membrane protein); 
U.S. Pat. No. 5,821,055 (Chlamydia major outer membrane 
protein); U.S. Pat. No. 5,808,024 (Nucleic acids encoding 
high molecular weight major outer membrane protein of 
moraxella); U.S. Pat. No. 5,770,714 (Chlamydia major outer 
membrane protein); U.S. Pat. No. 5,763,589 (Human mem 
brane protein); U.S. Pat. No. 5,753.459 (Nucleotide 
sequences of T. pallidum rare outer membrane protein); U.S. 
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Pat. No. 5,607.920 (Concanavalin a binding proteins and a 76 
kD chondrocyte membrane protein (CMP) from chondro 
cytes and methods for obtaining same); and U.S. Pat. No. 
5,503.992 (DNA encoding the kD outer membrane protein of 
Haemophilus influenzae). 
0560 X.B. Membrane Anchoring Domains 
0561. A membrane-anchoring domain can be incorpo 
rated into a fusion protein of the invention. Non-limiting 
examples of membrane anchoring domains include those 
derived from Prostaglandin H2 synthases (PGHS-1 and -2) 
(Nina et al., Anchoring of a monotopic membrane protein: the 
binding of prostaglandin H2 synthase-1 to the Surface of a 
phospholipid bilayer, Eur. Biophys.J. 29:439-54, 2000; Otto 
and Smith, Photolabeling of prostaglandin endoperoxide H 
synthase-1 with 3-trifluoro-3-(m-125I]iodophenyl)diazirine 
as a probe of membrane association and the cyclooxygenase 
active site, J Biol Chem 271.9906-10, 1996; and Otto and 
Smith, The orientation of prostaglandin endoperoxide Syn 
thases-1 and -2 in the endoplasmic reticulum, J Biol Chem 
269:19868-75, 1994; those derived from carboxypeptidase E 
(EC 3.4.17.10) (Fricker et al., Identification of the pH-depen 
dent membrane anchor of carboxypeptidase E (EC 3.4.17. 
10), J. Biol. Chem., 265, 2476-2482, 1990); and peptide 
convertase 3 (PC3) (Smeekens et al., Identification of a cDNA 
encoding a second putative prohormone convertase related to 
PC2 in AtT20 cells and islets of Langerhans, Proc Natl Acad 
Sci USA 88,340-344, 1990). 
0562 X.C. Transmembrane Domains 
0563 A variety of types and examples of transmembrane 
domain are known. Proteins with up to 12 transmembrane 
domains are known (Fujiwara et al., Identification of thyroid 
hormone transporters in humans: different molecules are 
involved in a tissue-specific manner, Endocrinology 2001 
142:2005-12; Sharina et al., Mutational analysis of the func 
tional role of conserved arginine and lysine residues in trans 
membrane domains of the murine reduced folate carrier, Mol 
Pharmacol 2001 59:1022-8). However, the invention is not 
limited to any particular number of transmembrane domains. 
0564 Monotropic (“single pass') domains, which 
traverse a membrane once, include by way of non-limiting 
example, those found in receptors forepidermal growth factor 
(EGF), receptors for tumor necrosis factor (TNF) and the like. 
Polytropic (“multipass') proteins traverse a membrane two or 
more times. Non-limiting examples of polytropic proteins are 
as follows. 
0565 Biotropic (2 passes') membrane proteins include, 
but are not limited to: EnvZ of E. coli: the peroxisomal mem 
brane protein PeX11-1p (Anton et al., ARF- and coatomer 
mediated peroxisomal vesiculation, Cell Biochem Biophys 
2000; 32 Spring:27-36); pleitropic drug ABC transporters of 
S. cervisiae (Rogers et al., The pleitropic drug ABC trans 
porters from Saccharomyces cerevisiae, J Mol Microbiol 
Biotechnol 2001 3:207-14); and human and rate urate trans 
porters hUAT and rUAT (Lipkowitz et al., Functional recon 
stitution, membrane targeting, genomic structure, and chro 
mosomal localization of a human urate transporter, J. Clin 
Invest 2001 107:1103-15). 
0566 Tritropic (“3 pass') membrane proteins include, but 
are not limited to: the ethylene receptor ETR1 of Arabidopsis: 
the Cauliflower Card Expression protein CC1 (Palmer et al., 
A Brassica oleracea Gene Expressed in a Variety-Specific 
Manner May Encode a Novel Plant Transmembrane Recep 
tor, Plant Cell Physiol 2001 42:404-413); and a splice variant 
of the mitochondrial membrane protein hMRS3/4 (Li et al., 
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Characterization of a novel human putative mitochondrial 
transporter homologous to the yeast mitochondrial RNA 
splicing proteins 3 and 4, FEBS Lett 2001 494:79-84). 
0567 Tetraspanins or tetraspans are non-limiting 
examples of membrane proteins with four transmembrane 
domains. (Levy et al., J. Biol. Chem, 226:14597-14602, 
1991; Tomlinson et al., J. Immol. 23:136-40, 1993; and Bar 
clay et al., (In) The Leucocyte antigen factbooks, Academic 
press, London, 1993). These proteins are collectively known 
as the transmembrane 4 superfamily (TM4) because they 
span the plasma membrane four times. The proteins known to 
belong to this family include, but are not limited to: mamma 
lian antigen CD9 (MIC3), a protein involved in platelet acti 
Vation and aggregation; mammalian leukocyte antigen CD37. 
expressed on B lymphocytes; mammalian leukocyte antigen 
CD53 (OX-44), which may be involved in growth regulation 
in hematopoietic cells; mammalian lysosomal membrane 
protein CD63 (Melanoma-associated antigen ME491; anti 
gen AD1); mammalian antigen CD81 (cell Surface protein 
TAPA-1), which may play an important role in the regulation 
of lymphoma cell growth; mammalian antigen CD82 (Protein 
R2; Antigen C33; Kangai 1 (KAI1)), which associates with 
CD4 or CD8 and delivers costimulatory signals for the TCR/ 
CD3 pathway; mammalian antigen CD151 (SFA-1); Platelet 
endothelial tetraspan antigen 3 (PETA-3); mammalian 
TM4SF2 (Cell surface glycoprotein A15; TALLA-1; MXS1); 
mammalian TM4SF3 (Tumor-associated antigen CO-029); 
mammalian TM4SF6 (Tspan-6: TM4-D); mammalian 
TM4SF7 (Novel antigen 2 (NAG-2); Tspan-4); mammalian 
Tspan-2: Mammalian Tspan-3 (TM4-A); mammalian Tet 
raspan NET-5; and Schistosoma mansoni and japonicum 23 
Kd surface antigen (SM23/SJ23). 
0568. Non-limiting examples of membrane proteins with 
six transmembrane domains include the EBV integral mem 
brane protein LMP-1, and a splice variant of the mitochon 
drial protein hMRS3/4 (Li et al., Characterization of a novel 
human putative mitochondrial transporter homologous to the 
yeast mitochondrial RNA splicing proteins 3 and 4, FEBS 
Lett 2001 Apr. 6: 494(1-2):79-84). Proteins with six trans 
membrane domains also include STEAP (six transmembrane 
epithelial antigens of the prostate) proteins (Afar et al., U.S. 
Pat. No. 6,329.503). The prototype member of the STEAP 
family, STEAP-1, appears to be a type Ma membrane protein 
expressed predominantly in prostate cells in normal human 
tissues. Structurally, STEAP-1 is a 339 amino acid protein 
characterized by a molecular topology of six transmembrane 
domains and intracellular N- and C-termini, Suggesting that it 
folds in a "serpentine' manner into three extracellular and 
two intracellular loops. 
0569. Literally hundreds of 7-pass membrane proteins are 
known. G-protein coupled receptors (GPCRs), including 
without limitation beta-adreno receptors, adrenergic recep 
tors, EDG receptors, adenosine receptors, B receptors for 
kinins, angiotensin receptors, and opiod receptors are of par 
ticular interest. GPCRs are described in more detail else 
where herein. 

0570 A non-limiting example of a protein with 9 trans 
membrane domains is Lipocalin-1 interacting membrane 
receptor (Wojnar et al., Molecular cloning of a novel Lipoca 
lin-1 interacting human cell membrane receptor (LIMR) 
using phage-display, J Biol Chem 2001 3: epub ahead of 
print). 
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0571 Proteins with both transmembrane and anchoring 
domains are known. For example, AMPA receptor subunits 
have transmembrane domains and one membrane-anchoring 
domain. 
0572. A variety of databases that describe known, and 
Software programs that predict, membrane anchoring and 
transmembrane domains are available to those skilled in the 
art. See, for example Gcrdb.dba GCRDb G Protein Coupled 
Receptor database. Tmbase.dbaTmbase database of trans 
membrane domains. Prodom. Srv Propom Protein domains, 
Tmap.srv TMAP Protein transmembrane segments predic 
tion, Tm7. Srv TM7 Retrieval of data on G protein-coupled 
receptors, and Memsat.sof MEMSAT transmembrane 
structure prediction program. 
(0573 Quentin and Fichant (J Mol Microbiol Biotechnol 
2000 2:501-4, ABCdb: an ABC transporter database) have 
described a database devoted to the ATP-binding cassette 
(ABC) protein domains (ABCdb), the majority of which 
energize the transport of compounds across membranes. In 
bacteria, ABC transporters are involved in the uptake of a 
wide range of molecules and in mechanisms of virulence and 
antibiotic resistance. In eukaryotes, most ABC transporters 
are involved in drug resistance, and many are associated with 
diseases. ABCdb can be accessed via the World Wide Web 
(http://ir21ch.cnrs-mrs.fr/ABCdb/). See also Sanchez 
Fernandez et al., The Arabidopsis thaliana ABC protein 
superfamily: a complete inventory, J Biol Chem 2001 May 9: 
epub ahead of print, and Rogers et al., The pleitropic drug 
ABC transporters from Saccharomyces cerevisiae, J Mol 
Microbiol Biotechnol 2001 April:3(2):207-14. 
0574 X.D. Functions and Activites of Membrane Proteins 
0575. Non-limiting examples of membrane proteins 
include membrane-associated enzymes. Membrane-associ 
ated enzymes include but not limited to certain enzymes of 
the electron transport chain (ETC), antigenic proteins such as 
the major histocompatability (MHC) antigens, transport pro 
teins, channels, hormone receptors, cytokine receptors, glu 
cose permeases, gap junction proteins and bacteriorhodop 
S1S. 

0576. A “transport protein’ or “transporter is a type of 
membrane protein that allows Substances to cross plasma 
membranes at a rate that is faster than what is found by 
diffusion alone. Some transport proteins expend energy to 
move Substances (active transport). Many active transport 
proteins are ATPases (e.g., the Na-K ATPase), or at least 
bind ATP by virtue of comprising an ATP-binding cassette 
(ABC) (see, e.g., Rogers et al., The pleitropic drug ABC 
transporters from Saccharomyces cerevisiae, J Mol Micro 
biol Biotechnol 3:207-14, 2001). Nucleobase transporters are 
reviewed by De Koning and Diallinas (Nucleobase Trans 
porters, Mol Membr Biol 17:75-94, 2000). 
0577. A “channel protein' is a protein that facilitates the 
diffusion of molecules/ions across lipid membranes by form 
ing a hydrophilic pore or “channel that provides molecules/ 
ions access through lipid membranes, which are generally 
hydrophobic. Channels are often multimeric, with the pore 
being formed by Subunit-Subunit interactions. 
0578. A “receptor is a molecular entity, typically a pro 
tein, that is displayed on the Surface of a cell. A receptor is 
characterized by high affinity, often a specific binding of a 
specific Substance, typically resulting in a specific biochemi 
cal or physiological effect. 
0579. A "hormone' is a naturally occurring substance 
secreted by specialized cells that affects the metabolism or 
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behavior of other cells having receptors for the hormone. 
Non-limiting examples of hormones having receptors include 
but are not limited to insulin, cytokines, Steroid hormones, 
histamines, glucagon, angiotensin, catecholamines, low den 
sity lipids (LDLs), tumor necrosis factor alpha, tumor necro 
sis factor beta, estrogen, and testosterone. 
0580 X.E. G-Protein-Coupled Receptors 
0581 G protein-coupled receptors (GPCRs) constitute the 
most prominent family of validated drug targets within bio 
medical research and are thought to be involved in Such 
diseases and disorders as heart disease, hypertension, cancer, 
obesiy, and depression and other mental illnesses. Over half 
of approved drugs elicit their therapeutic effects by selec 
tively addressing members of this target family and more than 
1000 sequences of the human genome encode for GPCRs 
containing the classical 7-pass membrane structure charac 
teristic of this family of proteins (Marinissen, M. and J. S. 
Gutkind, G-protien-coupled receptors and signaling net 
works: emerging paradigms (Review), Trends. Phamacol. 
Sci. 22: 368-376, 2001). Many pharmacological drug com 
panies are interested in the study of G-coupled proteins. It is 
possible to co-express a G-coupled protein receptor and its 
associated G-protein to study their pharmacological charac 
teristics (Strosberg and Marullo, Functional expression of 
receptors in microorganisms. TiPS, 1992. 13: 95-98). 
0582 G-protein-coupled receptors (GPCRs) are reviewed 
by Marinissen, M. and J. S. Gutkind, G-protien-coupled 
receptors and signaling networks: emerging paradigms. 
Trends. Phamacol. Sci. 22:368-376, 2001; Sautel and Milli 
gan, Molecular manipulation of G-protein-coupled receptors: 
a new avenue into drug discovery, Curr Med Chem 2000 
889-96; Hibert etal. This is not a G protein-coupled receptor, 
Trends Pharmacol Sci 1993, 14:7-12: Wilson et al., Orphan 
G-protein-coupled receptors: the next generation of drug tar 
gets?, Br J Pharmacol 1998, 125:1387-92; Roth et al., G 
protein-coupled receptor (GPCR) trafficking in the central 
nervous system: relevance for drugs of abuse, Drug Alcohol 
Depend 1998, 51:73-85; Ferguson and Caron, G protein 
coupled receptor adaptation mechanisms, Semin Cell Dev 
Biol 1998, 9:119-27; Wank, G protein-coupled receptors in 
gastrointestinal physiology. I. CCK receptors: an exemplary 
family, Am J Physiol 1998, 274:G607-13; Rohrer and 
Kobilka, G protein-coupled receptors: functional and mecha 
nistic insights through altered gene expression. (Review), 
Physiol Rev 1998, 78:35-52; and Larhammar et al., The 
receptor revolution-multiplicity of G-protein-coupled recep 
tors. (Review), Drug Des Discov 1993, 9:179-88. 
0583 GPCR localization and regulation has been studied 
using GFP-comprising fusion proteins (Kallal and Benovic, 
Using green fluorescent proteins to study G-protein-coupled 
receptor localization and trafficking. (Review), Trends Phar 
macol Sci 2000 21:175-80; and Ferguson, Using green fluo 
rescent protein to understand the mechanisms of G-protein 
coupled receptor regulation. (Review), Braz. J Med Biol Res 
1998, 31:1471-7); and by using chimeric GPCRs (Milligan 
and Rees, Chimaeric Galpha proteins: their potential use in 
drug discovery. (Review), Erratum in: Trends Pharmacol Sci 
1999 June; 20(6):252. 
0584 GPCRs belong to a superfamily of at least 6 families 
of receptors, the most important of which is the main family, 
A. Members of the membrane protein gene superfamily of 
GPCRs have been characterized as having seven putative 
transmembrane domains. The transmembrane domains are 
believed to represent transmembrane alpha-helices con 
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nected by extracellular or cytoplasmic loops. A functional 
G-protein is a trimer which consists of a variable alpha sub 
unit coupled to much more tightly-associated and constant 
beta and gamma Subunits, although G-protein independent 
actions have been postulated (Marinissen, M. and J. S. Gut 
kind, G-protien-coupled receptors and signaling networks: 
emerging paradigms. Trends. Phamacol. Sci. 22: 368-376, 
2001 Review). A variety of ligands have been identified 
which function through GPCRs. In general, binding of an 
appropriate ligand (e.g., bioactive lipids, ions, bioactive 
amines, photons, odorants, hormones, neurotransmitters, 
peptides, nucleosides, etc.) to a GPCR leads to the activation 
of the receptor. G-protein coupled receptors include a wide 
range of biologically active receptors, such as hormone, viral, 
growth factor and neuroreceptors. Typically, activation of a 
GPCR initiates the regulatory cycle of a corresponding 
G-protein. This cycle consists of GTP exchange for GDP. 
dissociation of the alpha and beta/gamma Subunits, activation 
of the second messenger pathway by a complex of GTP and 
the alpha subunit of the G-protein, and return to the resting 
state by GTP hydrolysis via the innate GTPase activity of the 
G-protein alpha Subunit A. 
0585 GPCRs include, without limitation, dopamine 
receptors which bind to neuroleptic drugs used for treating 
psychotic and neurological disorders. Other examples of 
members of this family include calcitonin, adrenergic, endot 
helin, cAMP, adenosine, muscarinic, acetylcholine, seroto 
nin, histamine, thrombin, kinin, follicle stimulating hormone, 
opsins and rhodopsins, odorant, cytomegalovirus receptors, 
and the like. 
0586 Most GPCRs have single conserved cysteine resi 
dues in each of the first two extracellular loops which form 
disulfide bonds that are believed to stabilize functional pro 
tein structure. The seven transmembrane regions, each com 
prising conserved hydrophobic stretches of about 20 to 30 
amino acids, are designated as TM1, TM2, TM3. TM4, TMS, 
TM6, and TM7. TM3 is also implicated in signal transduc 
tion. 
0587 Although not wishing to be bound by any particular 
theory, it is believed that GPCRs participate in cell signaling 
through their interactions with heterotrimetric G-proteins 
composed of alpha, beta and gamma Subunits (Marinissen, 
M. and J. S. Gutkind, G-protien-coupled receptors and sig 
naling networks: emerging paradigms. Trends. Phamacol. 
Sci. 22:368-376, 2001). In some aspects of the invention, 
GPCRs and homologs are displayed on the surfaces of mini 
cells. 
0588 X.F. EDG Receptors and Other Sphingolipid-Bind 
ing Receptors 
0589. The Endothelial Differentiation Gene (EDG) recep 
tor family includes but is not limited to eight presently known 
GPCRs that have a high affinity to lipid ligands (Lynch et al., 
Life on the edg. Trends Pharmacol. Sci., 1999. 20: 273-5). 
These transmembrane receptors are found in several different 
tissues in different species. EDG receptors have been shown 
to be involved in calcium mobilization, activation of mitogen 
activated protein kinase, inhibition of adenylate cyclase acti 
vation, and alterations of the cytoskelaton. The EDG family is 
divided into two different groups based on homology and 
ligand specificity. The EDG 2, 4, and 7 receptors are specific 
for the ligand lysophosphatidic acid (LPA) (An et al., Signal 
ing Mechanism and molecular characteristics of G protein 
coupled receptors for lysophosphatidic acid and sphingosine 
1-phosphate. J. Cell Biochem, 30/31:147-157, 1998; Goetzl 
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et al., Distinctive expression and functions of the type 4 
endothelial differentiation gene-encoded G protein-coupled 
receptor for lysophosphatidic acid in ovarian cancer. Cancer 
Res., 59:5370-5, 1999). In contrast, EDG 1, 3, and 5 bind 
sphingosine-1-phosphate (S1P) (Zhang et al., Comparative 
analysis of three murine G-protein coupled receptors acti 
vated by sphingosine-1-phosphate. Gene, 227:89-99, 1999). 
EDG-6 is believed to interact with S1P (Yamazaki et al., 
Edg-6 as a putative sphingosine 1-phosphate receptor cou 
pling to Ca2" signaling pathway. Biochem Phys Res Com, 
268:583-589, 2000). 
0590 Receptors that bind S1P and other sphingolipids are 
used in one aspect of the invention (for a review of some 
S1P-binding receptors, see Spiegel et al., Biochim. Biophys. 
Acta 1484:107-116, 2000). Such receptors includebut are not 
limited to members of the EDG family of receptors (a.k.a. 
1 p.A receptors, Chun, Crit. Rev. Neuro. 13:151-168, 1999), 
and isoforms and homologs thereof such as NRG1 and 
AGR16. 

0591 EDG-1 was the first identified member of a class of 
G protein-coupled endothelial-derived receptors (EDG). 
Non-limiting examples of other EDG family members that 
also bind S1P include EDG-3 (a.k.a. ARG16: the rathomolog 
of EDG-3 is designated H218), EDG-5, EDG-6 and EDG-8. 
For reviews, see Goetzlet al., Adv. Exp. Med. Biol. 469:259 
264, 1999; and Chun et al., Cell. Biochem. Biophys. 30:213 
242, 1999). 
0592. EDG-1 is described by Lee et al., (Ann. NY Acad. 
Sci. 845:19-31, 1998). Liu and Hla, The mouse gene for the 
inducible G-Protein-coupled receptor edg-1. Genomics, 
1997, 43: p. 15-24. Human EDG-1c genes and proteins are 
described in published PCT application WO 99/46277 to 
Bergsma et al. 
0593 EDG-3 is described by Okamoto et al. (Biochem. 
Biophys. Res. Commun. 260:203-208, 1999) and An et al. 
(FEBS Letts. 417:279-282, 1997). See also An et al., J. Biol. 
Chem. 275:288-296, 2000. 
0594 EDG-5 human and mammalian genes are described 
in U.S. Pat. No. 6,057,126 to Munroe etal. and published PCT 
application WO99/33972 to Munroe et al. The rathomolog, 
H218, is described in U.S. Pat. No. 5,585,476 to MacLennan 
et al. Van Brocklyn et al., J. Biol. Chem. 274:4626-4632, 
1999; and Gonda et al., Biochem.J.337:67-75, 1999. See also 
An et al., J. Biol. Chem. 275:288-296, 2000. 
0595 EDG-6 is described by Graler et al. (Genomics 
53:164-169, 1998), Yamazaki et al. (Biochem. Biophys. Res. 
Commun. 268:583-589, 2000), and Van Brocklyn et al. (Sph 
ingosine-1-phosphate is a ligand for the G protein-coupled 
receptor EDG-6, Blood 95:2624–9, 2000). 
0596 EDG-8 from rat brain is described by Im et al., (J. 
Biol. Chem. 275:14281-14286, 2000). Homologs of EDG-8 
from other species, including humans, may also be used in the 
present invention. 
0597. The Mil receptor (Mil is an abbreviation for “miles 
apart”) binds SIT and regulates cell migration during verte 
brate heart development. The Mil receptor of Zebrafish is 
described by Mohler et al. (J. Immunol. 151:1548-1561, 
1993). Another SIP receptor is NRG1 (nerve growth factor 
regulated gene-1), the rat version of which has been identified 
(Glickman et al., Mol. Cel. Neurosci. 14:141-152, 1999). 
0598. Receptors that bind sphingosylphosphoryl choline 
(SPC) are also used in this aspect of the invention. Such 
receptors include but are not limited to members of the 
SCaMPER family of receptors (Mao et al., Proc. Natl. Acad. 
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Sci. U.S.A. 93:1993-1996, 1996: Betto et al., Biochem. J. 
322:327-333, 1997). Some evidence suggests that EDG-3 
may bind SPC in addition to S1P (Okamoto et al., Biochem. 
Biophys. Res. Commun. 260:203-208, 1999). Derivatives of 
EDG-3 that bind both SIT and SPC are used in one aspect of 
the invention. 

0599 Receptors that bind lysophophatidic acid may be 
used in the present invention. These include EDG-2 (LPA1), 
EDG-4 (LPA2), EDG-7 (LPA3). See Molleret al., Expression 
and function of lysophosphatidic acid receptors in cultured 
rodent microglial cells, J Biol Chem2001 May 4 epub ahead 
of print: Fukushima and Chun, The LPA receptors, Prostag 
landins 64(1-4):21-32, 2001; Contos and Chun, The mouse 
1p(A3)/Edg7 lysophosphatidic acid receptor gene: genomic 
structure, chromosomal localization, and expression pattern, 
Gene 267:243-53, 2001; Schulte et al., Lysophosphatidic 
acid, a novel lipid growth factor for human thyroid cells: 
over-expression of the high-affinity receptor edg4 in differ 
entiated thyroid cancer, IntJCancer 92249-56, 2001; Kimura 
et al. Two novel Xenopus homologs of mammalian LP(A1)/ 
EDG-2 function as lysophosphatidic acid receptors in Xeno 
pus oocytes and mammalian cells, J Biol Chem 276:15208 
15, 2001; and Swarthout and Walling, Lysophosphatidic acid: 
receptors, signaling and survival (Review), Cell Mol Life Sci 
57: 1978-85, 2000. 
0600 Examples of lysophospholipid receptors including, 
but not limited to EDG proteins, are disclosed in Fukushima 
et al. (Lysophospholipid receptors. Annu. Rev. Pharmacol. 
Toxicol. 41:507-534, 2001) Malek and Lee (Nrg-1 Belongs to 
the Endothelial Differentiation Gene Family of G Protein 
coupled Sphingosine-1-phosphate Receptors, J. Biol. Chem. 
276:5692-5699, 2001), Hla et al. (Sphingosine-1-phosphate 
signaling via the EDG-1 family of G-protein-coupled recep 
tors (Review), Ann NY Acad Sci 905:16-24, 2000; Chun, 
Lysophospholipid receptors: implications for neural signal 
ing (Review), Crit Rev Neurobiol 13:151-68, 1999); and 
Chun et al. (A growing family of receptor genes for lysophos 
phatidic acid (LPA) and other lysophospholipids (LPs) (Re 
view), Cell Biochem Biophys 30:213-42, 1999). 
0601 XI. Recombinant DNA Expression 
0602. In order to achieve recombinant expression of a 
fusion protein, an expression cassette or construct capable of 
expressing a chimeric reading frame is introduced into an 
appropriate host cell to generate an expression system. The 
expression cassettes and constructs of the invention may be 
introduced into a recipient eubacterial or eukaryotic cell 
either as a nonreplicating DNA or RNA molecule, which may 
be a linear molecule or, more preferably, a closed covalent 
circular molecule. Since Such molecules are incapable of 
autonomous replication, the expression of the gene may occur 
through the transient expression of the introduced sequence. 
Alternatively, permanent expression may occur through the 
integration of the introduced DNA sequence into the host 
chromosome. 

0603 XI.A. Recombinant DNA Expression Systems 
0604. A variety of eubacterial recombinant DNA expres 
sion systems may be used to produce the fusion proteins of the 
invention. Host cells that may be used in the expression sys 
tems of the present invention are not strictly limited, provided 
that they are suitable for use in the expression of the fusion 
protein of interest and can produce minicells. Non-limiting 
examples of recognized eubacterial hosts that may be used in 
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the present invention include bacteria Such as E. coli, Bacil 
lus, Streptomyces, Pseudomonas, Salmonella, Serratia, and 
the like. 

0605 Eubacterial expression systems utilize plasmid and 
viral (bacteriophage) expression vectors that contain replica 
tion sites and control sequences derived from a species com 
patible with the host may be used. Suitable phage or bacte 
riophage vectors include Xgt10, Xgt11 and the like. 
Suitable virus vectors may include pMAM-neo, pKRC and 
the like. Appropriate eubacterial plasmid vectors include 
those capable of replication in E. coli (such as, by way of 
non-limiting example, pBR322, puC118, puC119, ColE1. 
pSC101, p.ACYC 184, OVX. See “Molecular Cloning: A 
Laboratory Manual 1989). Bacillus plasmids include 
pC194, pC221, pT127, and the like (Gryczan, In: The 
Molecular Biology of the Bacilli, Academic Press, NY. pp. 
307-329, 1982). Suitable Streptomyces plasmids include 
p1J101 (Kendall et al., J. Bacteriol. 169:4177-4183, 1987), 
and Streptomyces bacteriophages Such as C31 (Chater et al., 
In: Sixth International Symposium on Actinomycetales Biol 
ogy, Akademiai Kaido, Budapest, Hungary, pp. 45-54, 1986). 
Pseudomonas plasmids are reviewed by John et al. (Rev. 
Infect. Dis. 8:693-704, 1986), and Izaki (Jpn. J. Bacteriol. 
33:729-742, 1978). See also Brent et al., “Vectors Derived 
From Plasmids.” Section II, and Lech et al. “Vectors derived 
from Lambda and Related Bacteriophages' Section III, in 
Chapter 1 of Short Protocols in Molecular Biology, 2nd Ed., 
Ausubel et al., eds., John Wiley and Sons, New York, 1992, 
pages 1-13 to 1-27; Lechet al. “Vectors derived from Lambda 
and Related Bacteriophages' Section III and Id. pages 1-28 to 
page 1-52. 
0606 To express a protein, including but not limited to a 
fusion protein, in a eubacterial cell, it is necessary to operably 
link the ORF encoding the protein to a functional eubacterial 
or viral promoter. Such promoters may be either constitutive 
or, more preferably, regulatable (i.e., inducible orderepress 
ible). Examples of constitutive promoters include the int pro 
moter of bacteriophage lambda, the bla promoter of the beta 
lactamase gene sequence of pBR322, and the cat promoter of 
the chloramphenicol acetyl transferase gene sequence of 
pPR325, and the like. Examples of inducible eubacterial pro 
moters include the major right and left promoters of bacte 
riophage lambda (P, and P), the trp, recA, lacZ, lad, and gal 
promoters of E. coli, the alpha-amylase (Ulmanen et al., J. 
Bacteriol. 162:176-182, 1985) and the sigma-28-specific pro 
moters of B. subtilis (Gilman et al., Gene Sequence 32:11-20, 
1984), the promoters of the bacteriophages of Bacillus (Gry 
czan, in: The Molecular Biology of the Bacilli, Academic 
Press, Inc., NY, 1982), and Streptomyces promoters (Ward et 
al., Mol. Gen. Genet. 203:468-478, 1986). Eubacterial pro 
moters are reviewed by Glick (Ind. Microbiot. 1:277-282, 
1987), Cenatiempo (Biochimie 68:505-516, 1986), and Got 
tesman (Ann. Rev. Genet. 18:415-442, 1984). 
0607 Proper expression also requires the presence of a 
ribosome-binding site upstream of the gene sequence-encod 
ing sequence. Such ribosome-binding sites are disclosed, for 
example, by Gold et al. (Ann. Rev. Microbiol. 35:365-404, 
1981). The selection of control sequences, expression vec 
tors, transformation methods, and the like, are dependent on 
the type of host cell used to express the gene. As used herein, 
“cell”, “cell line', and “cell culture' may be used inter 
changeably and all Such designations include progeny. Thus, 
the words “transformants' or “transformed cells' include the 
primary subject cell and cultures derived therefrom, without 
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regard to the number of transfers. It is also understood that all 
progeny may not be precisely identical in DNA content, due 
to deliberate or inadvertent mutations. However, as defined, 
mutant progeny have the same functionality as that of the 
originally transformed cell. 
0608 Mammalian expression systems utilize host cells 
such as HeLa cells, cells of fibroblast origin such as VERO or 
CHO-K1, or cells of lymphoid origin and their derivatives. 
Preferred mammalian host cells include SP2/0 and J558L, as 
well as neuroblastoma cell lines such as IMR 332, which may 
provide better capacities for correct post-translational pro 
cessing. Non-limiting examples of mammalian extrachromo 
somal expression vectors include pCR3.1 and pcDNA3.1, 
and derivatives thereof including but not limited to those that 
are described by and are commercially available from Invit 
rogen (Carlsbad, Calif.). 
0609. Several expression vectors are available for the 
expression of polypeptides in mammalian host cells. A wide 
variety of transcriptional and translational regulatory 
sequences may be employed, depending upon the nature of 
the host. The transcriptional and translational regulatory sig 
nals may be derived from viral sources, such as adenovirus, 
bovine papilloma virus, cytomegalovirus (CMV), simian 
virus, or the like, where the regulatory signals are associated 
with a particular gene sequence which has a high level of 
expression. Alternatively, promoters from mammalian 
expression products, such as actin, collagen, myosin, and the 
like, may be employed. Transcriptional initiation regulatory 
signals may be selected which allow for repression or activa 
tion, so that expression of the gene sequences can be modu 
lated. Of interest are regulatory signals that are temperature 
sensitive since, by varying the temperature, expression can be 
repressed or initiated, or are subject to chemical (Such as 
metabolite) regulation. 
0610 Preferred eukaryotic plasmids include, for example, 
BPV, vaccinia, SV40, 2-micron circle, and the like, or their 
derivatives. Such plasmids are well known in the art (Botstein 
et al., Miami Wntr. Symp. 19:265-274, 1982: Broach, in: The 
Molecular Biology of the Yeast Saccharomyces: Life Cycle 
and Inheritance, Cold Spring Harbor Laboratory, Cold Spring 
Harbor, N.Y., p. 445-470, 1981; Broach, Cell 28:203-204, 
1982; Bollon et al., J. Clin. Hematol. Oncol. 10:39-48, 1980; 
Maniatis, In: Cell Biology: A Comprehensive Treatise, Vol. 3, 
Gene Sequence Expression, Academic Press, NY. pp. 563 
608, 1980). 
0611 Expression of polypeptides in eukaryotic hosts gen 
erally involves the use of eukaryotic regulatory regions. Such 
regions will, in general, include a promoter region Sufficient 
to direct the initiation of RNA synthesis. Preferred eukaryotic 
promoters include, for example, the promoter of the mouse 
metallothionein I gene sequence (Hamer et al., J. Mol. Appl. 
Gen. 1:273-288, 1982); the TK promoter of Herpes virus 
(McKnight, Cell 31:355-365, 1982); the SV40 early pro 
moter (Benoist et al., Nature (London) 290:304-31, 1981): 
and the yeast galA gene sequence promoter (Johnston et al., 
Proc. Natl. Acad. Sci. (USA) 79:6971-6975, 1982: Silver et 
al., Proc. Natl. Acad. Sci. (USA) 81:5951-5955, 1984). 
0612 Expression sequences and elements are also 
required for efficient expression. Non-limiting examples 
include Kozak and IRES elements in eukaryotes, and Shine 
Delgarno sequences in prokaryotes, which direct the initia 
tion of translation (Kozak, Initiation of translation in prokary 
otes and eukaryotes. Gene, 1999. 234: 187-208; Martinez 
Salas et al., Functional interactions in internal translation 
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initiation directed by viral and cellular IRES elements, Jour. 
of Gen. Virol. 82:973-984, 2001); enhancer sequences; optio 
anl sites for repressor and inducers to bind; and recognition 
sites for enaymes that cleave DNA or RNA in a site-specific 
manner. Translation of mRNA is generally initiated at the 
codon which encodes the first methionine; if so, it is prefer 
able to ensure that the linkage between a eukaryotic promoter 
and a preselected ORF does not contain any intervening 
codons that encode a methionine (i.e., AUG). The presence of 
Such codons results either in the formation of a fusion protein 
with an uncharacterized N-terminal extension (if the AUG 
codon is in the same reading frame as the ORF) or a frame 
shift mutation (if the AUG codon is not in the same reading 
frame as the ORF). 
0613) XI.B. Expression of Membrane Proteins Presently, 
the most commonly used expression systems for the expres 
sion of integral membrane proteins are eukaryotic and eubac 
terial whole cell expression systems. Although minicells have 
been used to express several eubacterial membrane proteins, 
the production of non-eubacterial membrane proteins has not 
been reported. One aspect of the invention is the discovery 
that the minicell expression system can be made to express 
and preferably display integral membrane proteins from non 
eubacterial organisms. 
0.614 Some commonly used expression systems include 
in vitro systems, such as the Rabbit Reticulocyte Lysate Sys 
tem and E. coli S30 Extract System (both available from 
Promega) (Zubay, Methods Enz. 65.856, 1980) and in vivo 
systems, such as eukaryotic cell culture expression, and bac 
terial expression systems. Although this is not an exhaustive 
list, these systems are representative. 
0615. The Rabbit Reticulocyte Lysate system utilizes a 
cell lysate that contains all the enzymes required for tran 
Scription and translation to drive protein expression, and is a 
good in vitro system for producing Small amounts of labeled 
and unlabeled protein. However, this system is not well 
Suited for the production of large quantities of proteins and is 
limited to soluble proteins as there are no membranes in 
which to incorporate membrane proteins. 
0616) In eukaryotic cell culture systems, expression vec 
tors Suited for expression in host eukaryotic cells are trans 
fected into cultured cells and protein is translated from 
mRNA produced from the vector DNA template Kaufman, 
Overview of vector design for mammalian gene expression. 
Mol Biotechnol, 2001. 16:151-160; Lee, et al., Heterologous 
gene expression in avian cells: Potential as a producer of 
recombinant proteins. J BiomedSci, 1999. 6: 8-17; Voorma et 
al., Initiation of protein synthesis in eukaryotes. Mol Biol 
Rep, 1994. 19: 139-45). Cells can then either be harvested to 
prepare at least partially purified proteins or proteins pro 
duced from the expression element can be studied in the host 
cell environment. 
0617 Regarding membrane proteins, such systems have 
limitations. Primary cell lines are difficult to maintain and are 
short lived. Immortalized cell lines divide indefinitely, but 
have been altered in many ways and can be unpredictable. The 
transfection efficiency is very low in most eukaryotic cells 
and some cell types are refractory to transformation. More 
over, other proteins are expressed in these cells along with the 
protein of interest. This can cause difficulties when perform 
ing certain experiments and when attempting to immunopre 
cipitate the protein. Good experimental data are difficult to 
obtain from studies such as binding assays (because of high 
background due to endogenous proteins), and crystal deter 
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mination of protein structure (because it is difficult to obtain 
enough purified protein to efficiently form crystals). 
0618. Bacterial expression systems are generally similar 
to that of the eukaryotic expression systems in that they both 
use the host cell enzymes to drive protein expression from 
recombinant expression vectors (Cornelis, P. Expressing 
genes in different Escherichia coli compartments. Curr Opin 
Biotechnol, 2000. 11: p. 450-454; Laage and Langosch, Strat 
egies for prokaryotic expression of eukaryotic membrane 
proteins. Traffic, 2001. 2:99-104; Pines, O. and M. Inouye, 
Expression and secretion in E. coli. Mol Biotechnol, 1999. 
12:25-34). 
0619. In bacterial expression systems, bacterial cells are 
transformed with expression elements, and transcription and 
translation is driven from a bacterial promoter. Bacteria 
divide very rapidly and are easy to culture; it is relatively easy 
to produce a large number of bacteria in a short time. More 
over, incorporation of expression elements vector into bacte 
rial cells is efficient. Transformed cells can be isolated that 
arise from a single bacterium. Cultures of transformed cells 
are thus genetically identical and all cells in the culture will 
contain the expression element. However, there are proteins 
that are not suitable for expression in bacteria because of 
differences between eukaryotic cells and bacterial cells in 
transcription, translation, and post-translational modifica 
tion. 

0620. The E. coli whole cell expression system has been 
used to express functional integral membrane proteins. For a 
review, see Strosberg, Functional expression of receptors in 
microorganisms. TiPS, 1992. 13: 95-98. Examples of mam 
malian integral membrane proteins that have been expressed 
in Escherichia coli include rat alpha-2B-adrenoceptors (Xia 
et al., Functional expression of rat B2B-adrenoceptor in E. 
coli. Euro J. Pharma, 1993. 246: 129-133) and the human 
beta2-adrenergic receptor (Marullo et al., Human $2-adren 
ergic receptors expressed in Escherichia coli membranes 
retain their pharmacological properties. Proc. Natl. Acad. Sci. 
USA, 1988.85: 7551-7555). In some of these studies, the 
integral membrane proteins were not only expressed in E. coli 
expression systems, but also retained their pharmacological 
properties. This allows for binding studies to be performed 
with minimal background signal (“noise') from host cell 
proteins. It has also been shown that signal sequences (the 
short hydrophobic amino acid sequence at the N-terminus of 
integral membrane proteins that signals the transport of the 
protein to the membrane) from mammalian cells may be 
functional in the E. coli system. 
0621. As is discussed herein, the expression of membrane 
proteins such as GPCRs, ion channels, and immuno-receptors 
in minicells, and their incorporation into the membranes 
thereof, allows for the study and use of such non-eubacterial 
membrane proteins. The minicell system of the invention is 
particularly well-suited for the study and expression of EDG 
proteins because of the lipid nature of the ligands for these 
receptors. The identification of ligand binding kinetics and 
biochemistry of these receptors because of the physiochemi 
cal properties of the lipid ligands (LPA and S1P), which 
results in high non-specific binding (Lee et al., Sphingosine 
1-phosphate is a ligand for the G protein-coupled receptor 
EDG-1. Science, 1998.279: 1552-1555; Van Brocklyn et al., 
Sphingosine-1-phosphate is a ligand for the G protein 
coupled receptor EDG-6. Blood, 2000.95: 2624-2629; Liu et 
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al., Edg-1, the G protein-coupled receptor for sphingosine-1- 
phosphate, is essential for vascular maturation. J. Clin. Inves 
tigation, 2000. 106: 951-961). 
0622. It is believed, for example, that in the case of the ion 
channels, the minicell expression system is less cumbersome 
then procedures that are presently used to study properties of 
ion channels, such as, e.g., reconstitution studies (Montal, 
Molecular anatomy and molecular design of channel pro 
teins. FASEB J., 1990. 4: p. 2623-2635). Ionic conditions 
both inside and outside of minicells can be manipulated in 
various ways, and the properties of an ion channel that is 
expressed in a minicell, and factors that activate or modulate 
the activities of the channel, can be studied. Binding and 
kinetic studies are performed on ligand mediated ion chan 
nels. This type of study is enhanced when the ion channel is 
able to interact specifically with its ligand and has a low 
background of non-specific binding from the endogenous 
proteins. This can be accomplished by making the minicells 
into protoplasts or poroplasts in which the ligand-activated 
ion channels in the inner membrane are exposed to the exter 
nal environment and have better access to their specific 
ligand. 
0623. A “recombinant expression system’ (or simply 
“expression system') is one that directs the production of 
exogenous gene products in a host cell or minicell of choice. 
By "expressed it is meant that a gene product of interest 
(which can be a protein or nucleic acid) is produced in the 
expression system of choice. 
0624 Host cells (and/or minicells) harboring an expres 
sion construct are components of expression systems. An 
“expression vector is an artificial nucleic acid molecule into 
which an exogenous ORF encoding a protein, or a template of 
a bioactive nucleic acid can be inserted in Such a manner so as 
to be operably linked to appropriate expression sequences 
that direct the expression of the exogenous gene. By the term 
“operably linked it is meant that the part of a gene that is 
transcribed is correctly aligned and positioned with respect to 
expression sequences that promote, are needed for and/or 
regulate this transcription. The term “gene product” refers to 
either a nucleic acid (the product of transcription, reverse 
transcription, or replication) or a polypeptide (the product of 
translation) that is produced using the non-vector nucleic acid 
sequences as a template. 
0625. In some applications, it is preferable to use an 
expression construct that is an episomal element. If the epi 
Somal expression construct expresses (or, preferably in some 
applications, over-expresses) a an ORF that has been incor 
porated into the episomal expression construct, the minicells 
will direct the production of the polypeptide encoded by the 
ORF. At the same time, any mRNA molecules transcribed 
from a chromosomal gene prior to minicell formation that 
have been transferred to the minicell are degraded by endog 
enous RNases without being replaced by new transcription 
from the (absent) bacterial chromosome. 
0626 Chromosomally-encoded mRNAs will not be pro 
duced in minicells and will be "diluted as increasing 
amounts of mRNAs transcribed from the episomal element 
are generated. A similar dilution effect is expected to increase 
the relative amount of episomally-generated proteins relative 
to any chromosomally-encoded proteins present in the mini 
cells. It is thus possible to generate minicells that are enriched 
for proteins encoded by and expressed from episomal expres 
sion constructs. 
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0627. Althoughby no means exhaustive, a list of episomal 
expression vectors that have been expressed in eubacterial 
minicells is presented in Table 4. 
0628. It is also possible to transform minicells with exog 
enous DNA after they have been prepared or separated from 
their parent cells. For example, phage RNA is produced in 
minicells after infection by lambda phage (Witkiewicz and 
Taylor, Ribonucleic acid synthesis after adsorption of the 
bacteriophage lambda on Escherichia coli minicells, Acta 
Microbiol Pol A 7:21-4, 1975), even though replication of 
lambda phage may not occur in minicells (Witkiewicz and 
Taylor. The fate of phage lambda DNA in lambda-infected 
minicells, Biochim Biophys Acta 564:31-6, 1979). 
0629. Because it is the most characterized minicell-pro 
ducing species, many of these episomal elements have been 
examined in minicells derived from E. coli. It is understood 
by practitioners of the art, however, that many episomal ele 
ments that are expressed in E. coli also function in other 
eubacterial species, and that episomal expression elements 
for minicell systems in other species are available for use in 
the invention disclosed herein. 

0630. In one aspect of the invention, eukaryotic and 
archeabacterial minicells are used for expression of mem 
brane proteins, particularly in instances where such desirable 
proteins have enhanced or altered activity after they undergo 
post-translational modification processes such as phosphor 
lyation, proteolysis, mystrilation, GPI anchoring and glyco 
Sylation. Expression elements comprising expression 
sequence operably linked to ORFs encoding the membrane 
proteins of interest are transformed into eukaryotic cells 
according to methods and using expression vectors known in 
the art. By way of non-limiting example, primary cultures of 
rat cardiomyocytes have been used to produce exogenous 
proteins after transfection of expression elements therefor by 
electroporation (Nakajima et al., Expression and character 
ization of Edg-1 receptors in rat cardiomyocytes: Calcium 
deregulation in response to sphingosine-1-phosphate, Eur. J. 
Biochem. 267: 5679-5686, 2000). 
0631 Yeast cells that produce minicells are transformed 
with expression elements comprising an ORF encoding a 
membrane protein operably linked to yeast expression 
sequences. Cells that harbor a transferred expression element 
may be selected using a gene that is part of the expression 
element that confers resistant to an antibiotic, e.g., neomycin. 
0632 Alternatively, in one aspect of the invention, bacte 
rial minicells are prepared that contain expression elements 
that are prepared from shuttle vectors. A "shuttle vector” has 
sequences required for its replication and maintenance in 
cells from two different species of organisms, as well as 
expression elements, at least one of which is functional in 
bacterial cells, and at least one of which is functional in yeast 
cells. For example, E. coli-yeast shuttle vectors are known in 
the art and include, by way of non-limiting example, those 
derived from Yip, Yrp, Ycp and Yep. Preferred E. coli-yeast 
shuttle vectors are episomal elements that can segregrate into 
yeast minicells (i.e., Yrp, Ycp and Yep. Particularly preferred 
are expression vectors of the Yep (yeast episomal plasmid) 
class, and other derivatives of the naturally occurring yeast 
plasmid known as the 2 um circle. The latter vectors have 
relatively high transformation frequencies and are stably 
maintained through mitosis and meiosis in high copy number. 
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TABLE 4 

EPISOMAL ELEMENT REFERENCES 

Plasmids 

R6K, R1 DRD19 Nesvera et al., Folia Microbiol. (Praha) 23:278-285 (1978) 
PSC101 Fox et al., Blood 69: 1394-1400 (1987) 
PBR322 Fox et al., Blood 69: 1394-1400 (1987) 
F element Cohen et al., Proc. Natl. Acad. Sci. 61: 61-68 (1968); 

Khachatourians G. G., Biochim. Biophys. Acta. 561:294-300 (1979) 
NR1 Hochmannova et al., Folia Microbiol. (Praha) 26: 270-276 
R681 Hochmannova et al., Folia Microbiol. (Praha) 26: 270-276 
PTTQ18 Rigg et al., Arch. Oral. Biol. 45: 41-52 (2000) 
PGPR2.1 Rigg et al., Arch. Oral. Biol. 45: 41-52 (2000); expresses cell 

“mini-plasmid 
Surface antigen of Pgingivalis 
Firshein et al., J. Bacteriol. 150: 1234-1243 (1982) 

derivative of RK2 
Col.1 Rashtchian et al., J. Bacteriol. 165: 82-87 (1986); Witkiewicz et al., 

Acta. Microbiol. Pol. A 7: 21-24 (1975) 
PSC101 Rashtchian et al., J. Bacteriol. 165: 82-87 (1986); Curtiss, Roy, III, 

U.S. Pat. No. 4,190.495; Issued Feb. 26, 1980 
pACYC184 Chang et al., J. Bacteriol. 134:1141-1156 (1978); Rose, Nucleic 

Co1 Ib, Col Ib7 DRD& 
Acids Res 16:355 (1988) 
Skorupska et al., Acta. Microbiol. Pol. A 8: 17-26 (1976) 
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pUC19 Heighway et al., Nucleic Acids Res. 17:6893-6901 (1989) 
R-plasmid Hochmannova et al., Folia Microbiol. (Praha) 25: 11-15 (1980) 
PCR1 Hollenberg et al., Gene 1: 33-47 (1976); yeast shuttle vector 
Bacteriophage 

Lambda Witkiewicz et al., Acta. Microbiol. Pol. A 7: 21-24 (1975) 
M13 Staudenbauer et al., Moi. Gen. Genet. 138: 203-212 (1975) 
T7 Libby, Mech Ageing Dev. 27: 197-206 (1984) 
P1 Curtiss, Roy, III, U.S. Pat. No. 4,190.495; Issued Feb. 26, 1980; 

J Bacteriol 1995; 177: 2381-6, Partition of P1 plasmids in Escherichia 
ColimukB chromosomal partition mutants, Funnell and Gagnier. 

0633 For expression of membrane proteins, and/or other 
proteins of interest in the recipient cell, ORFs encoding such 
proteins are operably linked to eukaryotic expression 
sequences that are appropriate for the recipient cell. For 
example, in the case of E. coli-yeast shuttle vectors, the ORFs 
are operably linked to expression sequences that function in 
yeast cells and/or minicells. In order to assess the effective 
ness of a gene delivery vehicle, or a gene therapy expression 
element, an ORF encoding a detectable polypeptide (e.g., 
GFP, beta-galactosidase) is used. Because the detectable 
polypeptide is operably linked to eukaryotic expression ele 
ments, it is not expressed unless it has been transferred to its 
recipient (eukaryotic) cell. The signal from the detectable 
polypeptide thus correlates with the efficiency of gene trans 
fer by a gene delivery agent, or the degree of expression of a 
eukaryotic expression element. 
0634 Gyuris and Duda (High-efficiency transformation 
of Saccharovinces cells by bacterial minicell protoplast 
fusion, Mol Cel Biol 6:329507, 1986) allegedly demonstrated 
the transfer of plasmid molecular by fusing minicell proto 
plasts with yeast protoplasts. Gyuris and Duda state that 10% 
of Saccharomyces cerevisiae cells were found to contain 
transforming DNA sequences. However, the plasmids did not 
contain eukaryotic expression elements, were not shuttle vec 
tors, and genetic expression of the plasmids in yeast cells was 
not examined. 

0635 XII. Uses of Minicells in Research 
0636 XII.A. In General 
0637. The minicells of the invention can be used in 
research applications such as, by way of non-limiting 

example, proteomics, physiology, chemistry, molecular biol 
ogy, physics, genetics, immunology, microbiology, proteom 
ics, Virology, pathology, botany, and neurobiology. Research 
applications include but are not limited to protein-ligand 
binding studies, competitive inhibition studies, structural 
studies, protein interaction studies, transfection, signaling 
studies, viral interaction studies, ELISA, antibody studies, 
gel electrophoresis, nucleotide acid) applications, peptide 
production, cell culture applications, cell transport studies, 
isolation and separation studies, chromatography, labeling 
studies, synthesis of chemicals, chemical cross linking, flow 
cytometry, nanotechnology, micro Switches, micro-ma 
chines, agricultural studies, cell death studies, cell-cell inter 
actions, proliferation studies, and protein-drug interactions. 
Minicells are applicable to research applications involving, 
by way of non-limiting example, the elucidation, manipula 
tion, production, replication, structure, modeling, observa 
tions, and characterization of proteins. 
0638. The types of proteins that can be involved in 
research applications of minicells can be either soluble pro 
teins or membrane bound proteins, and include but are not 
limited to receptors (e.g., GPCRs, sphingolipid receptors, 
neurotransmitter receptors, sensory receptors, growth factor 
receptors, hormone receptors, chemokine receptors, cytokine 
receptors, immunological receptors, and compliment recep 
tors, FC receptors), channels (e.g., potassium channels, 
Sodium channels, calcium channels.), pores (e.g., nuclear 
pore proteins, water channels), ion and other pumps (e.g., 
calcium pumps, proton pumps), exchangers (e.g., Sodium/ 
potassium exchangers, sodium/hydrogen exchangers, potas 
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sium/hydrogen exchangers), electron transport proteins (e.g., 
cytochrome oxidase), enzymes and kinases (e.g., protein 
kinases, ATPases, GTPases, phosphatases, proteases.), struc 
tural/linker proteins (e.g., Caveolins, clathrin), adapter pro 
teins (e.g., TRAD, TRAP, FAN), chemotactic/adhesion pro 
teins (e.g., ICAM11, selectins, CD34, VCAM-1, LFA-1, 
VLA-1), and chimeric/fusion proteins (e.g., proteins in which 
a normally soluble protein is attached to a transmembrane 
region of another protein). 
0639 Research products are designed for any specific type 
of application. These products may be packaged and distrib 
uted as, by way of non-limiting example, kits, chemicals, 
Solutions, buffers, powders, solids, filters, columns, gels, 
matrixes, emulsions, pellets, capsules, and aerosols. Kits and 
reagents for certain research applications may be required by 
regulatory agency to be labeled “research use only' in order 
to indicate that the reagents are not intended for use in 
humans. 
0640 XII.B. Transfection 
0641 Transfection is the process of introducing genetic 
material into eukaryotic and archaebacterial cells using bio 
logical, biochemical or physical methods. This process 
allows researchers to express and study target proteins in 
cultured cells (research use) as well as to deliver genetic 
material to cells in vivo or ex vivo systems (gene therapy). 
There are a variety of techniques which allow for the intro 
duction and expression of proteins into target cells. These 
include mechanical transfection (Biolistic particles and Elec 
troporation), calcium phosphate, DEAE-dextran?polybrene, 
viral based techniques and lipid based techniques. 
0642. The genetic material and/or nucleic acid to be deliv 
ered can be, by way of non-limiting example, nucleic acids 
that repair damaged or missing genes, nucleic acids for 
research applications, nucleic acids that kill a dysfunctional 
cell Such as a cancer cell, antisense oligonucleotides to reduce 
or inhibit expression of a gene product, genetic material that 
increases expression of another gene, nucleotides and nucle 
otide analogs, peptide nucleic acids (PNAS), tRNAs, rRNAs, 
catalytic RNAs, RNA:DNA hybrid molecules, and combina 
tions thereof. 
0.643. The genetic material may comprise a gene express 
ing a protein. exemplary proteins include, but are not limited 
to, receptors (e.g., GPCRs, sphingolipid receptors, neu 
rotransmitter receptors, sensory receptors, growth factor 
receptors, hormone receptors, chemokine receptors, cytokine 
receptors, immunological receptors, and compliment recep 
tors, FC receptors), channels (e.g., potassium channels, 
Sodium channels, calcium channels.), pores (e.g., nuclear 
pore proteins, water channels), ion and other pumps (e.g., 
calcium pumps, proton pumps), exchangers (e.g., Sodium/ 
potassium exchangers, sodium/hydrogen exchangers, potas 
sium/hydrogen exchangers), electron transport proteins (e.g., 
cytochrome oxidase), enzymes and kinases (e.g., protein 
kinases, ATPases, GTPases, phosphatases, proteases), struc 
tural/linker proteins (e.g., Caveolins, clathrin), adapter pro 
teins (e.g., TRAD, TRAP, FAN), chemotactic/adhesion pro 
teins (e.g., ICAM11, selectins, CD34, VCAM-1, LFA-1, 
VLA-1), and chimeric/fusion proteins (e.g., proteins in which 
a normally soluble protein is attached to a transmembrane 
region of another protein). 
0644. A minicell that is used to deliver therapeutic agents 
may comprise and display a binding moiety. By way of non 
limiting example, binding moieties used for particular pur 
poses may be a binding moiety directed to a compound or 
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moiety displayed by a specific cell type or cells found pre 
dominantly in one type of tissue, which may be used, among 
other things, to target minicells and their contents to specific 
cell types or tissues. A preferred binding moiety is an anti 
body or antibody derivative. Other binding moieties include, 
but are not limited to, receptors, enzymes, ligands, binding 
peptides, fusion proteins, Small molecules conjugated to 
transmembrane proteins, ligands conjugated to transmem 
brane proteins, viral fusion proteins, and fusion/chimeric pro 
teins. 
0645. A minicell containing genetic material may be to a 
target cell by methods including, but not limited to, receptor 
mediated endocytosis, cell fusion, or phagocytosis (Aderem 
et al., Mechanism of Phagocytosis in Macrophages, Annu. 
Rev. Immunol. 17:593-623, 1999). The minicell gene deliv 
ery system is used to deliver genetic material in culture for 
research applications as well as to cells in vivo as part of gene 
therapy or other therapeutic applications. 
0646 By way of non-limiting example, a minicell may 
express a protein Such as invasin to induce receptor mediated 
endocytosis (Pepe et al., “Yersinia enterocolitica invasin: A 
primary role in the initiation of infection.” Proc. Natl. Acad. 
Sci. U.S.A. 90:6473-6477, 1993; Alrutz et al., “Involvement 
of focal adhesion kinase in invasin-mediated uptake. Proc. 
Natl. Acad. Sci. U.S.A. 95:13658-13663, 1998). Invasin 
interacts with the Beta2 Integrin protein and causes it to 
dimerize. Upon dimerization the Beta2 Integrin signals for an 
endocytotic event. Thus a minicell expressing the invasin 
protein will be taken up by cells expressing Beta2 Integrin via 
endocytosis. 
0647. Another non-limiting example of the minicell gene 
delivery and transfection system using invasin involves the 
expression of invasin following a targeting event. In this 
example, a minicell expresses a targeting protein that is 
capable of bringing the minicell in contact with a specific 
target cell. Upon contact with the target cell, the minicell will 
be induced to transcribe and translate invasin. The induction 
is accomplished via signaling events or with a transcription 
factor dimerization event. The minicells can be engineered to 
contain targeting proteins that induce protein expression only 
upon contact with a specific target cell. By way of non 
limiting example, the invasin is expressed only at the target 
cell where it induces endocytosis, thus preventing the mini 
cell from entering any cell but the target cell. 
0648. Proteins can be induced and expressed post contact 
with target cells include but are not limited to antibodies and 
antibody derivatives, receptors, enzymes, ligands, binding 
peptides, fusion proteins, Small molecules conjugated to 
transmembrane proteins, ligands conjugated to transmem 
brane proteins, viral fusion proteins, antibiotics, apoptotic 
proteins, hormones, toxins, poisons, and fusion/chimeric pro 
teins. 
0649. Another non-limiting example of gene delivery or 
transfection using the minicell involves the use of the type III 
secretion apparatus of bacteria. The type III Secretion appa 
ratus is expressed in the minicell and used to transfer genetic 
material to a target cell. 
0650 Another non-limiting example of gene delivery and 
transfection using minicells involves minicells that have been 
engineered to contain anionic lipids or cationic lipids (Axel et 
al., “Toxicity, Uptake Kinetics and Efficacy of New Transfec 
tion Reagents: Increase of Oligonucleotide Uptake.” Jour. of 
Vasc. Res. 040: 1-14, 2000). Many types of lipids have been 
shown to induce or enhance transfection and gene delivery in 
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a variety of cell types. Minicells containing Such lipids could 
be used to transfer genetic material to specific cell types. 
Minicells can also be engineered to express targeting proteins 
that would allow the minicell to associate tightly with a target 
cell, which will facilitate the lipid interactions and gene trans 
fer. 
0651. Another non-limiting example of gene delivery or 
transfection using minicells involves the use of ligands to 
induce receptor mediated endocytosis. By way of non-limit 
ing example, the ligand is expressed on the Surface of the 
minicell, or is attached to the surface of the minicell. A mini 
cell containing genetic material is then able to associate with 
a target cell expressing the target receptor for the ligand. The 
receptor/ligand interaction will result in the endocytosis of 
the minicell into the target cell where the minicell would 
release and deliver the genetic material. 
0652) Another non-limiting example of gene delivery or 
transfection using minicells involves the use of fusion pro 
teins, such as but not limited to viral capsid proteins. In this 
example the fusion protein would be expressed or attached to 
the outside of the minicell. The fusion protein would then 
induce fusion of a target cell with the minicell upon contact. 
The contact could be initiated via random non-targeting 
events or via the use of specific targeting proteins. In both 
cases the end result would be the fusion of the minicell with 
a target cell and the delivery of the genetic material. 
0653 XII.C. Non-Limiting Examples of Research Appli 
cations of Minicells 
0654 XII.C.1. Phage Interactions with Bacterial Mem 
branes 
0655 One non-limiting example of a research application 
for minicells would be the study of phage interactions with a 
bacterial membrane. The minicells could be used to study 
how phage associate and enter into a host bacterium. Another 
non-limiting example is the research application of minicells 
is to study isolated cell signaling pathways. The proteins of a 
signaling pathway could be expressed in the minicell and the 
signal cascade could be monitored. Another non-limiting 
example of research applications is the use of minicells to 
determine how recombination events occur. In this example 
the minicell is used to provide an environment to study the 
recombination event between two episomal plasmid DNA 
units. 
0656 XII.C.2. Matrices 
0657 Another non-limiting example of a research appli 
cation of minicells is to form chromatography matrices for 
immunoprecipitation, isolation and separation techniques. 
The minicell can express and display target proteins with 
binding activity, including but not limited to antibodies and 
antibody derivatives. The minicell is then used to generate a 
matrix and loaded in a column or tube. The solution to be 
separated is mixed or passed through the column allowing the 
minicell to bind its target. The minicells are then separated 
away with the attached substance. 
0658 XII.C.3. Mutagenesis 
0659 Another non-limiting example of a research appli 
cation for minicells involves site directed mutagenesis studies 
of target proteins. In this application minicells are generated 
to express target proteins with various mutations and dele 
tions to study if function is compromised, enhanced or has an 
altered specificity for ligand binding. 
0660 XII.C.4. Metabolic Pathways 
0661. Another non-limiting example of research applica 
tions for minicells involves the study of metabolic rates of 
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proteins and metabolites. The minicell can be generated to 
express metabolic pathways and the kinetics and function of 
that pathway can be studied. 
0662 XII.C.5. Cell Free Production of Proteins 
0663 Another non-limiting example of a research appli 
cation for minicells involves uses in cell free production of 
functional proteins (Jermutus et al., Recent advances in pro 
ducing and selecting functional proteins by using cell-free 
translation, Current Opinion in Biotechnology 9:534-548. 
1999). Minicells can be prepared as a reagent used to prepare 
compositions for in vitro translation. As is described in detail 
elsewhere herein, the composition of minicells can be 
manipulated so as to be enriched for particular proteins or 
nulceic acids, including those involved in protein translation 
and folding and/or modification of the proteins so produced 
into functional forms, i.e., forms having the activity of the 
corresponding protein as it is isolated from natural Sources. 
Non-limiting examples of such proteins and nulceic acids are 
ribosomal RNAs, ribosomal proteins, tRNAs, and the like. 
0664 XII.C.6. Assays 
0665 Minicells could also be used in manual, semi-auto 
mated, automated and/or robotic assays for the in vitro deter 
minations of the compounds of interest including, by way of 
non-limiting example, ligands, proteins, Small molecules, 
bioactive lipids, drugs, heavy metals, and the like in environ 
mental samples (e.g., air, water, Soil), blood, urine or tissue of 
humans or samples from non-human organisms (e.g., plants, 
animals, protists) for the purpose of quantifying one or more 
compounds in a sample. A non-limiting example of this type 
of ressearch applications is the expression on the Surfaces of 
the minicells of a receptor such as the receptor that binds a 
toxin produced by Baccillus anthracis. The protein, protec 
tive antigen (PA), is a 82.7 kDa protein that binds one of the 
secreted anthrax toxins, lethal factor (LF) (see Price, B. et al., 
Infection and Immunity 69: 4509-4515. 2001). Minicells 
expressing the PA protein could be used to detect LF in an 
environmental sample or in human blood, urine or tissue for 
the purposes of determining the presence of anthax. As a 
non-limiting example, a competitive binding assay oran anti 
body-based assay could be used to indicate binding of LF in 
the environmental or tissue sample. Another non-limiting 
example is the use of PA-expressing minicells in a lateral flow 
diagnostic where interaction between the minicells and the 
LF-containing sample is indicated by the presence of a col 
ored reaction product on a test strip. 
0666 XIII. Minicell-Based Delivery of Biologically 
Active Agents 
0667 XIII.A. General Considerations 
0668. The minicells of the invention are capable of encap 
Sulating and/or loading into a membrane a variety of Sub 
stances, including but not limited to biologically active 
agents, including but not limited to diagnostic and therapeutic 
agents. Biologically active agents include, but are not limited 
to, nucleic acids, e.g., DNA, RNA, gene therapy constructs, 
ribozymes, antisense and other synthetic oligonucleotides 
including those with chemical modifications; peptide nucleic 
acids (PNAS); proteins; synthetic oligopeptides; peptomimet 
ics; Small molecules; radioisotopes; antibiotics; antibodies 
and antibody derivatives; and combinations and/or prodrugs 
of any of the preceding. 
0669. The surface of a minicell may be chemically altered 
in order to have certain properties that are desirable for their 
use as drug delivery agents. By way of non-limiting example, 
minicells may be chemically conjugated to polyethylene gly 
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col (PEG), which provides for “stealth' minicells that are not 
taken as well and/or as quickly by the reticuloendothelial 
system (RES). Other compounds that may be attached to 
minicells include without limitation polysaccharides, poly 
nucleotides, lipopolysaccharides, lipoproteins, glycosylated 
proteins, synthetic chemical compounds, and/or combina 
tions of any of the preceding. 
0670 A minicell that is used to deliver therapeutic agents 
may comprise and display a binding moiety. By way of non 
limiting example, binding moieties used for particular pur 
poses may be a binding moiety directed to a compound or 
moiety displayed by a specific cell type or cells found pre 
dominantly in one type of tissue, which may be used, among 
other things, to target minicells and their contents to specific 
cell types or tissues. A preferred binding moiety is an anti 
body or antibody derivative, which are described in deatil 
elsewhere herein. Other binding moieties include, but are not 
limited to, receptors, enzymes, ligands, binding peptides, 
fusion proteins, Small molecules conjugated to transmem 
brane proteins, ligands conjugated to transmembrane pro 
teins, viral fusion proteins, and fusion/chimeric proteins. 
0671 XIII.B. Cellular Uptake 
0672. In addition to binding moieties, proteins and other 
compounds that induce or enhance the uptake or fusion of the 
minicell with the target gene can be displayed on the Surface 
of a minicell for applications involving the delivery of thera 
peutic agents, gene therapy, and/or transfection or other 
research applications. See, generally, Adhesion Protein Pro 
tocols, Vol. 96, Dejana, E. and Corada, M., eds., Humana 
Press, 1999. 
0673 XIII.B. 1. Cellular Uptake Sequences from Eukary 
otic Cells 
0674 Eukaryotic adhesion receptors, which mediate 
intercellular adhesion, can be used as agents or targets for 
cellular uptake. There are at least three distinct classes of 
adhesive molecules that leukocytes employ during their adhe 
sive interactions (a) integrins, including but not limited to 
LEC-CAMS/Selectins (ELAM-1, LAM-1/Leu8/TQ1, and 
GMP140/PADGEM); (b) those belonging to the immunoglo 
bulin superfamily including but not limited to CD2(LFA-2), 
CD3/TCR, CD4, CD8, CD28, CD44, CD54 (ICAM-1), 
ICAM-2, CD58 (LFA-3), VCAM-1, B7; and (c) Class I and II 
Major Histocompatability Antigens (MHC). 
0675. The adhesion receptors that belong to the integrin 
family and control intercellular interactions are of particiular 
interest. At least ten different structurally related cell surface 
heterodimeric (alpha and beta complexes) molecules have 
been defined as integrins and further classified into subfami 
lies (Springer T.A., 1990, Nature 346:425-434; Hynes, R.O., 
1987, Cell 48:549-554; Moller, G. Editor, 1990, Immunol. 
Rev. 114.:1-217). Each subfamily has a unique beta subunit, 
designated integrin beta1 (CD29), integrin beta2 (CD18), and 
integrin beta3 (CD61), each of which can associate with 
multiple alpha Subunits, each with at least one di-Valent cation 
binding site. The integrin family includes receptors for extra 
cellular matrix components such as fibronectin, laminin, Vit 
ronectin, and collagen which recognize Arg-Gly-Asp in their 
ligands and utilize the beta1 or beta3 subunits (Springer T.A., 
1990, Nature 346:425-434; Hynes, R.O., 1987, Cell 48:549 
554; Hemler, M. E., 1988, Immunol. Today 9:109-113: Patar 
royo, M., and Makgoba, M. W., 1989, Scand. J. Immunol. 
30:129-164: Moller, G. Editor, 1990, Immunol. Rev. 11.4:1- 
217). There are at least six distinct alpha subunits alpha1 
(CD49a), alpha2 (CD49b), alpha3 (CD49c), alpha-4 
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(CD49d), alpha5 (CD49e), and alphaG (CD49f) capable of 
associating with beta1 (CD29). The beta1 integrins are 
expressed on many nonhematopoietic and leukocyte cell 
types and are thought to play an active role in tissue organi 
Zation by binding to extracellular matrix components found 
in many tissues and in the basement membranes underlying 
muscles, nervous system, epithelium and endothelium. While 
the expression of many beta1 integrins on leukocytes requires 
consistent activation, their expression on nonhematopoietic 
cells does not (Hemler, M. E., 1988, Immunol. Today 9:109 
113: Patarroyo, M., and Makgoba, M. W., 1989, Scand. J. 
Immunol.30:129-164). The complexity of the integrin family 
has been increased by the discovery of novel beta subunits 
beta3 (CD61), beta4 and beta5 that can associate with alpha 4. 
alpha 6, and alpha V subunits (Springer T. A., 1990, Nature 
346:425-434; Hemler, M. E., 1988, Immunol. Today 9:109 
113). This combinatorial use of alpha and beta subunits con 
fers considerable diversity in ligand recognition and also 
helps regulate communications between the inside and out 
side of the cell. 
0676 By way of non-limiting example, a minicell display 
an adhesion receptor, or a fusion protein that has a transmem 
brane domain linked to a functional portion of an adhesion 
receptor. Such minicells will bind to cells displaying the 
ligand for the adhesion receptor. 
0677 XIII.B.2. Cellular Uptake Sequences from Prokary 
Otes 

0678 Bacterial adhesion proteins are another source of 
polypetides that are used to stimulate uptake of minicells. 
See, generally, Handbook of Bacterial Adhesion. Priniciples, 
Methods, and Applications, Yuehuei H. An: Richard J. Fried 
man, eds., Humana Press, 2000; and Hultgren et al., “Bacte 
rial Adhesions and Their Assembly. Chapter 150 in: Esche 
ricia coli and Salmonella typhimurium. Cellular and 
Molecular Biology, 2" Ed., Neidhardt, Frederick C. Editor 
in Chief, American Society for Microbiology, Washington, 
D.C., 1996, Volume 2, pages 1903-1999, and references cited 
therein. 
0679. By way of non-limiting example, a minicell may 
express a protein Such as invasin to induce receptor mediated 
endocytosis (Pepe et al., Yersinia enterocolitica invasin: A 
primary role in the initiation of infection, Proc. Natl. Acad. 
Sci. U.S.A. 90:6473-6477, 1993; Alrutz et al., Involvement of 
focal adhesion kinase in invasin-mediated uptake, Proc. Natl. 
Acad. Sci. U.S.A. 95:13658-13663, 1998). Invasin interacts 
with the Beta2 Integrin protein and causes it to dimerize. 
Upon dimerization the Beta2 Integrin signals for an endocy 
totic event. Thus a minicell expressing the invasin protein will 
be taken up by cells expressing Beta2 Integrin via endocyto 
S1S. 

0680. As another non-limiting example, the pneumococ 
cal adhesin protein CpbA interacts with the human polyim 
munoglobulin receptor (hplgR) as either a part of the outer 
Surface of a bacterial cell or as a free molecule Zhang et al. 
(Cell 102:827-837, 2000). The regions of CpbA:hplgR inter 
action were mapped using a series of large peptide fragments 
derived from CpbA. CpbA (Swiss-Prot Accession No. 
O30874) contains a choline binding domain containing resi 
dues 454-663 and two N-terminal repetitive regions called R1 
and R2 that are contained in residues 97-203 and 259-365, 
respectively. Polypeptides containing R1 and R2 interact with 
hplgR, whereas polypeptides containing other sequences 
from CpbA do not bind to hplgR. The R1 and/or R2 
sequences of the CpbA polypeptide, and/or essentially iden 
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tical, Substantially identical, or homologous amino acid 
sequences, are used to facilitate the uptake of minicells by 
cells. 
0681 Another non-limiting example of gene delivery or 
transfection using the minicell involves the use of the type III 
secretion apparatus of bacteria. The type III Secretion appa 
ratus is expressed in the minicell and used to transfer genetic 
material to a target cell. 
0682. Other non-limiting examples of a minicell gene 
delivery and transfection targeting moiety are ETA (detoxi 
fied exotoxin a) protein delivery element described in U.S. 
Pat. No. 6,086,900 to Draper; Interalin and related proteins 
from Listeria species (Galan, Alternative Strategies for 
Becoming an Insider: Lessons from the Bacterial World, Cell 
103:363-366, 2000); Intimin from pathogenic E. coli strains 
(Frankel et al., Intiminand the host cell is it bound to end in 
Tir(s)? Trends in Microbiology 9:214-218); and SpeB, strep 
tococcal pyrogenic exotoxin B (Stockbauer et al. A natural 
variant of the cysteine protease virulence factor of group A 
Streptococcus with an arginine-glycine-aspartic acid (RGD) 
motif preferentially binds human integrins CfB and O?3. 
Proc. Natl. Acad. Sci. U.S.A. 96:242-247, 1999). 
0683 XIII.B.3. Cellular Uptake Sequences from Viruses 
0684 Cellular uptake sequences derived from viruses 
include, but are not limited to, the VP22 protein delivery 
element derived from herpes simplex virus-1 and vectors 
containing sequences encoding the VP22 protein delivery 
element are commercially available from Invitrogen (Carls 
bad, Calif.; see also U.S. Pat. No. 6,017,735 to Ohare et al.); 
and the Tat protein delivery element derived from the amino 
acid sequence of the Tat protein of human immunodeficiency 
virus (HIV). See U.S. Pat. Nos. 5,804.604; 5,747,641; and 
5,674,980. 
0685 XIII.B.4. Lipids 
0686. Another non-limiting example of gene delivery and 
transfection using minicells involves minicells that have been 
engineered to contain anionic lipids or cationic lipids (AXelet 
al., Toxicity, Uptake Kinetics and Efficacy of New Transfec 
tion Reagents: Increase of Oligonucleotide Uptake, Jour. of 
Vasc. Res. 040: 1-14, 2000). Many types of lipids have been 
shown to induce or enhance transfection and gene delivery in 
a variety of cell types. Minicells containing Such lipids could 
be used to transfer genetic material to specific cell types. 
Minicells can also be engineered to express targeting proteins 
that would allow the minicell to associate tightly with a target 
cell, which will facilitate the lipid interactions and gene trans 
fer 
0687 Another non-limiting example of gene delivery or 
transfection using minicells involves the use of ligands to 
induce receptor mediated endocytosis. By way of non-limit 
ing example, the ligand is expressed on the Surface of the 
minicell, or is attached to the surface of the minicell. A mini 
cell containing genetic material is then able to associate with 
a target cell expressing the target receptor for the ligand. The 
receptor/ligand interaction will result in the endocytosis of 
the minicell into the target cell where the minicell would 
release and deliver the genetic material. 
0688. Another non-limiting example of gene delivery or 
transfection using minicells involves the use of fusion pro 
teins, such as but not limited to viral capsid proteins. In this 
example the fusion protein would be expressed or attached to 
the outside of the minicell. The fusion protein would then 
induce fusion of a target cell with the minicell upon contact. 
The contact could be initiated via random non-targeting 
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events or via the use of specific targeting proteins. In both 
cases the end result would be the fusion of the minicell with 
a target cell and the delivery of the genetic material. 
0689 XIII.C. Post-Targeting Expression of Cellular 
Uptake Sequences 
0690 Another non-limiting example of the minicell gene 
delivery and transfection system using invasin involves the 
expression of invasin following a targeting event. In this 
example, a minicell expresses a targeting protein that is 
capable of bringing the minicell in contact with a specific 
target cell. Upon contact with the target cell, the minicell will 
be induced to transcribe and translate invasin. The induction 
is accomplished via signaling events or with a transcription 
factor dimerization event. The minicells can be engineered to 
contain targeting proteins that induce protein expression only 
upon contact with a specific target cell. By way of non 
limiting example, the invasin is expressed only at the target 
cell where it induces endocytosis, thus preventing the mini 
cell from entering any cell but the target cell. 
0691 Proteins can be induced and expressed post contact 
with target cells include but are not limited to antibodies and 
antibody derivatives, receptors, enzymes, ligands, binding 
peptides, fusion proteins, Small molecules conjugated to 
transmembrane proteins, ligands conjugated to transmem 
brane proteins, viral fusion proteins, antibiotics, apoptotic 
proteins, hormones, toxins, poisons, and fusion/chimeric pro 
teins. 
0692 XIII.D. Intracellular Targeting and Organellar 
Delivery 
0693. After delivery to and entry into a targeted cell, a 
minicell may be designed so as to be degraded, thereby releas 
ing the therapeutic agent it encapsulates into the cytoplasm of 
the cell. The minicell and/or therapeutic agent may include 
one or more organellar delivery elements, which targets a 
protein into or out of a specific organelle or organelles. For 
example, the ricin. A chain can be included in a fusion protein 
to mediate its delivery from the endosome into the cytosol. 
Additionally or alternatively, delivery elements for other 
organelles or Subcellular spaces such as the nucleus, nucleo 
lus, mitochondria, the Golgi apparatus, the endoplasmic 
reticulum (ER), the cytoplasm, etc. are included Mammalian 
expression constructs that incorporate organellar delivery 
elements are commercially available from Invitrogen (Carls 
bad, CA: pShooterTM vectors). An H/KDEL (i.e., His/Lys 
Asp-Glu-Leu Sequence) may be incorporated into a fusion 
protein of the invention, preferably at the carboxy-terminus, 
in order to direct a fusion protein to the ER (see Andres et al., 
J. Biol. Chem. 266:14277-142782, 1991; and Pelham, Trends 
Bio. Sci. 15:483-486, 1990). 
0694. Another type of organellar delivery element is one 
which directs the fusion protein to the cell membrane and 
which may include a membrane-anchoring element. Depend 
ing on the nature of the anchoring element, it can be cleaved 
on the internal or external leaflet of the membrane, thereby 
delivering the fusion protein to the intracellular or extracel 
lular compartment, respectively. For example, it has been 
demonstrated that mammalian proteins can be linked to i) 
myristic acid by an amide-linkage to an N-terminal glycine 
residue, to ii) a fatty acid or diacylglycerol through an amide 
or thioether-linkage of an N-terminal cysteine, respectively, 
or covalently to iii) a phophotidylinositol (PI) molecule 
through a C-terminal amino acid of a protein (for review, see 
Low, Biochem. J. 244:1-13, 1987). In the latter case, the PI 
molecule is linked to the C-terminus of the protein through an 
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intervening glycan structure, and the PI then embeds itself 
into the phopholipid bilayer; hence the term “GPI anchor. 
Specific examples of proteins know to have GPI anchors and 
their C-terminal amino acid sequences have been reported 
(see Table 1 and FIG. 4 in Low, Biochemica et Biophysica 
Acta,988:427-454, 1989; and Table 3 in Ferguson, Ann. Rev. 
Biochem., 57:285-320, 1988). Incorporation of GPI anchors 
and other membrane-targeting elements into the amino- or 
carboxy-terminus of a fusion protein can direct the chimeric 
molecule to the cell surface. 
(0695 XIII.E. Minicell-Based Gene Therapy 
0696. The delivery of nucleic acids to treat diseases or 
disorders is known as gene therapy (Kay et al., Gene Therapy, 
Proc. Natl. Acad. Sci. USA 94:12744-12746, 1997). It has 
been proposed to use genetherapy to treat genetic disorders as 
well as pathogenic diseases. For reviews, see Desnicket al., 
Gene Therapy for Genetic Diseases, Acta Paediatr. Jpn. 
40:191-203, 1998; and Bunnell et al., Gene Therapy for 
Infectious Diseases, Clinical Microbiology Reviews 11:42 
56, 1998). 
0697 Gene delivery systems use vectors that contain or 
are attached to therapeutic nucleic acids. These vectors facili 
tate the uptake of the nucleic acid into the cell and may 
additionally help direct the nucleic acid to a preferred site of 
action, e.g., the nucleus or cytoplasm (Wu et al., “Delivery 
Systems for Gene Therapy,” Biotherapy 3:87-95, 1991). Dif 
ferent gene delivery vectors vary with regards to various 
properties, and different properties are desirable depending 
on the intended use of such vectors. However, certain prop 
erties (for example, safety, ease of preparation, etc.) are gen 
erally desirable in most circumstances. 
0698. The minicells of the invention may be used as deliv 
ery agents for any therapeutic or diagnostic agent, including 
without limitation gene therapy constructs. Minicells that are 
used as delivery agents for gene therepay constructs may, but 
need not be, targeted to specific cells, tissues, organs or sys 
tems of an organism, of a pathogen thereof, using binding 
moieties as described in detail elsewhere herein. 

0699. In order to enhance the effectiveness of gene deliv 
ery vectors in, by way of non-limiting example, gene therapy 
and transfection, it is desirable in some applications of the 
invention to target specific cells or tissues of interest (targeted 
cells or tissues, respectively). This increases the effective 
dose (the amount of therapeutic nucleic acid present in the 
targeted cells or tissues) and minimizes side effects due to 
distribution of the therapeutic nucleic acid to other cells. For 
reviews, see Peng et al., “Viral Vector Targeting. Curr. Opin. 
Biotechnol. 10:454-457, 1999; Gunzburg et al., “Retroviral 
Vector Targeting for Gene Therapy. Cytokines Mol. Ther. 
2:177-184, 1996.; Wickham, “Targeting Adenovirus. Gene 
Ther. 7:110-114, 2000: Dachs et al., “Targeting Gene 
Therapy to Cancer: A Review.” Oncol. Res. 9:313-325, 1997: 
Curiel, “Strategies to Adapt Adenoviral Vectors for Targeted 
Delivery.” Ann NY Acad. Sci. 886:158-171, 1999; Findeis et 
al., “Targeted Delivery of DNA for Gene Therapy via Recep 
tors. Trends Biotechnol. 11:202-205, 1993. 
0700 Some targeting strategies make use of cellular 
receptors and their natural ligands in whole or in part. See, for 
example, Cristiano et al., “Strategies to Accomplish Gene 
Delivery Via the Receptor-Mediated Endocytosis Pathway.” 
Cancer Gene Ther. Vol. 3, No. 1, pp. 49-57, January-Febru 
ary 1996.; S.C. Philips, “Receptor-Mediated DNA Delivery 
Approaches to Human Gene Therapy. Biologicals, Vol. 23. 
No. 1, pp. 13-6, March 1995; Michael et al., “Strategies to 
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Achieve Targeted Gene Delivery Via the Receptor-Mediated 
Endocytosis Pathway. Gene Ther. Vol. 1, No. 4, pp. 223-32, 
July 1994; Lin et al., “Antiangiogenic Gene Therapy Target 
ing The Endothelium-Specific Receptor Tyrosine Kinase 
Tie2, Proc. Natl. Acad. Sci., USA, Vol. 95, pp. 8829-8834, 
1998. Sudimacket al., “Targeted Drug Delivery Via the Folate 
Receptor.” Adv. Drug Deliv., pp. 147-62, March 2000; Fanet 
al., “Therapeutic Application of Anti-Growth Factor Recep 
tor Antibodies.” Curr. Opin. Oncol., Vol. 10, No. 1, pp. 67-73, 
January 1998: Wadhwa et al., “Receptor Mediated Glycotar 
geting.” J. Drug Target, Vol. 3, No. 2, pp. 111-27, 1995; 
Perales et al., “An Evaluation of Receptor-Mediated Gene 
Transfer Using Synthetic DNA-Ligand Complexes. Eur. J. 
Biochem, Vol. 1, No. 2, pp. 226, 255-66, December 1994: 
Smith et al., “Hepatocyte-Directed Gene Delivery by Recep 
tor-Mediated Endocytosis.” Semin Liver Dis. Vol. 19, No. 1, 
pp. 83-92, 1999. 
0701 Antibodies, particularly single-chain antibodies, to 
Surface antigens specific for a particular cell type may also be 
used as targeting elements. See, for example, Kuroki et al., 
“Specific Targeting Strategies of Cancer Gene Therapy Using 
a Single-Chain Variable Fragment (scFV) with a High Affinity 
for CEA. Anticancer Res., pp. 4067-71, 2000; U.S. Pat. No. 
6,146,885, to Dornburg, entitled "Cell-Type Specific Gene 
Transfer Using Retroviral Vectors Containing Antibody-En 
velope Fusion Proteins'; Jiang et al., “In Vivo Cell Type 
Specific Gene Delivery With Retroviral Vectors That Display 
Single Chain Antibodies.” Gene Ther. 1999, 6:1982-7: Engel 
stadter et al., “Targeting Human T Cells By Retroviral Vectors 
Displaying Antibody Domains Selected From A Phage Dis 
play Library.” Hum. Gene Ther. 2000, 11:293-303; Jiang et 
al., “Cell-Type-Specific Gene Transfer Into Human Cells 
With Retroviral Vectors That Display Single-Chain Antibod 
ies,” J. Virol 1998, 72: 10148-56; Chu et al., “Toward Highly 
Efficient Cell-Type-Specific Gene Transfer With Retroviral 
Vectors Displaying Single-Chain Antibodies. J. Virol 1997, 
71:720-5; Chu et al., “Retroviral Vector Particles Displaying 
The Antigen-Binding Site Of An Antibody Enable Cell-Type 
Specific Gene Transfer.” J. Virol 1995, 69:2659-63; and Chu 
et al., “Cell Targeting With Retroviral Vector Particles Con 
taining Antibody-Envelope Fusion Proteins. Gene Ther. 
1994, 1:292-9. 
0702 Minicells are used to deliver DNA-based gene 
therapy to targeted cells and tissues. Double minicell trans 
formants are used not only to target a particular cell/tissue 
type (e.g. HIV-infected T-cells) but are also engineered to fuse 
with and enter targeted cells and deliver a protein-based toxin 
(e.g., antibiotic, or pro-apoptotic gene like Bax), an antisense 
expression construct (e.g., antisense to a transcription factor), 
or antisense oligonucleotides (e.g., antisense to an anti-apo 
ptotic gene such as Bcl-2. The doubly-transformed minicells 
express not only these cell death promoters, but also only 
target particular cells/tissues, thus minimizing toxicity and 
lack of specificity of gene therapy vectors. By “doubly-trans 
formed it is meant that the minicell comprises 2 expression 
elements, one eubacterial, the other eukaryotic. Alternatively, 
shuttle vectors, which comprise eubacterial and eukaryotic 
expression elementsin one vector, may be used. 
0703 Minicell-based gene therapy is used to deliver 
expression plasmids that could correct protein expression 
deficiencies or abnormalities. As a non-limiting example, 
minicell inhalants are targeted to pulmonary alveolar cells 
and are used to deliver chloride transporters that are deficient 
or otherwise material in cystic fibrosis. Protein hormone defi 
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ciencies (e.g., dwarfism) are corrected by minicell expression 
systems (e.g., growth hormone expression in pituitary cells). 
Duchene's muscular dystrophy is characterized by a mutation 
in the dystrophin gene; this condition is corrected by mini 
cell-based gene therapy. Angiogenesis treatment for heart 
patients is made effective by FGF or VGEF-producing mini 
cells targeted to the heart. In this case, plasmid-driven over 
expression of these grown factors is preferred. 
(0704 XIV. Therapeutic Uses of Minicells 
0705. In addition to minicell-based gene therapy, mini 
cells can be used in a variety of therapeutic modalities. Non 
limiting examples of these modalities include the following 
applications. 
0706 XIV.A. Diseases and Disorders 
0707 Diseases and disorders to which the invention can be 
applied include, by way of non-limiting example, the follow 
ing. 
0708 Diseases and disorders that involve the respiratory 
system, Such as cystic fibrosis, lung cancer and tumors, 
asthma, pathogenic infections, allergy-related diseases and 
disorders, such as asthma, allergic bronchopulmonary 
aspergillosis; hypersensitivity pneumonia, eosinophilic 
pneumonia; emphysema; bronchitis; allergic bronchitis bron 
chiectasis; cystic fibrosis; hypersensitivity pneumotitis; 
occupational asthma, sarcoid, reactive airway disease Syn 
drome, interstitial lung disease, hyper-eosinophilic Syn 
drome, parasitic lung disease and lung cancer, asthma, adult 
respiratory distress syndrome, and the like; 
0709 Diseases and disorders of the digestive system, such 
as those of the gastrointestinal tract, including cancers, 
tumors, pathogenic infections, colitis; ulcerative colitis, 
diverticulitis, Crohn's disease, gastroenteritis, inflammatory 
bowel disease, bowel Surgery ulceration of the duodenum, a 
mucosal villous disease including but not limited to coeliac 
disease, past infective villous atrophy and short gut Syn 
dromes, pancreatitis, disorders relating to gastroinstestinal 
hormones, Crohn's disease, and the like; 
0710 Diseases and disorders of the skeletal system, such 
as spinal muscular atrophy, rheumatoid arthritis, osteoarthri 
tis, osteoporosis, multiple myeloma-related bone disorder, 
cortical-striatal-spinal degeneration, and the like; 
0711 Autoimmune diseases, such as Rheumatoid arthritis 
(RA), multiple Sclerosis (MS), Sjogren's syndrome, sarcoi 
dosis, insulin dependent diabetes mellitus (IDDM), autoim 
mune thyroiditis, reactive arthritis, ankylosing spondylitis, 
Scleroderma, polymyositis, dermatomyositis, psoriasis, vas 
culitis, Wegener's granulomatosis, Crohn's disease and ulcer 
ative colitis amyotrophic lateral Sclerosis, multiple Sclerosis, 
autoimmune gastritis, systemic lupus erythematosus, autoim 
mune hemolytic anemia, autoimmune neutropenia, systemic 
lupus erythematosus, graft VS. host disease, bone marrow 
engraftment, Some cases of Type I diabetes, and the like; 
0712 Neurological diseases and disorders, such as 
depression, bipolar disorder, Schizophrenia, Alzheimer's dis 
ease, Parkinson's disease, familial tremors, Gilles de la 
Tourette syndrome, eating disorders, Lewy-body dementia, 
chronic pain and the like; 
0713 Pathological diseases and resultant disorders such 
as bacterial infections such as infection by Escherichia, Shi 
gella, Salmonella; sepsis, Septic shock, and bacteremia; 
infections by a virus Such as HIV, adenovirus, Smallpox virus, 
hepatovirus, and the like; and AIDS-related encephalitis, 
HIV-related encephalitis, chronic active hepatitis, and the 
like: 
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0714 Proliferative disease and disorders, such as acute 
lymphoblastic leukemia, acute myelogenous leukemia, 
chronic myelogenous leukemia, metastatic melanoma, Kapo 
si's sarcoma, multiple myeloma, breast cancer, anal cancer, 
Vulvar cancer, and the like; and 
0715 Various diseases, disorders and traumas including, 
but not limited to, apoptosis mediated diseases, inflammation, 
cerebral ischemia, myocardial ischemia, aging, sarcoidosis, 
granulomatous colitis, Scleroderma, degenerative diseases, 
necrotic diseases, alopecia, neurological damage due to 
stroke, diffuse cerebral cortical atrophy, Pick disease, 
mesolimbocortical dementia, thalamic degeneration, Hun 
tington chorea, cortical-basal ganglionic degeneration, cere 
brocerebellar degeneration, familial dementia with spastic 
paraparesis, polyglucosan body disease, Shy-Drager Syn 
drome, olivopontocerebellar atrophy, progressive Supra 
nuclear palsy, dystonia musculorum deformans, Haller 
Vorden-Spatz disease, Meige syndrome, acanthocytic chorea, 
Friedreich ataxia, Holmes familial cortical cerebellar atro 
phy, Gerstmann-Straussler-Scheinker disease, progressive 
spinal muscular atrophy, progressive balbar palsy, primary 
lateral Sclerosis, hereditary muscular atrophy, spastic 
paraplegia, glomeralonephritis, chronic thyroiditis, Grave's 
disease, thrombocytopenia, myasthenia gravis, psoriasis, 
peroneal muscular atrophy, hypertrophic interstitial poly 
neuropathy, heredopathia atactica polyneuritiformis, optic 
neuropathy, and ophthalmoplegia. 
0716 A variety of diseases and disorders caused or exac 
erbated by pathogens may be treated using the invention. For 
a comprehensive description of pathogens and associated 
diseases and disorders, see Zinsser Microbiology, 20th Ed., 
Joklik, ed., Appelton-Century-Crofts, Norwalk, Conn., 1992, 
and references cited therein. 
0717 Minicells could also be used for replacement 
therapy (via gene therapy) in a variety of conditions known to 
be caused by protein or proteins that are either absent (e.g. 
Duchene's Muscular Dystrophy), reduced in level (Dwarf 
ism) or abberant (Sickle-cell anemia). 
0718 For a comprehensive description of diseases and 
disorders that may be treated using the invention, see The 
Merck Manual of Diagnosis and Therapy, 17th Ed., Beers et 
al., eds.; published edition, Merck and Co., Rahway, N.J., 
1999; on-line edition, Medical Services, USmedsa, USHH, 
http://www.merck.com/pubs/mmanual/, and references cited 
therein. 
0719 XIV.B. Removal of Toxins and Pathogens by Selec 
tive Absorption 
0720. When introduced into the bloodstream of an animal, 
receptor-displaying minicells bind and absorb toxic com 
pounds, thereby removing Such compounds from the general 
circulation. A therapeutic benefit ensues as the bound toxic 
compound cannot access the cells upon which it would oth 
erwise exert its toxic effect. 
0721 Minicells expressing receptors for toxic substances 
are introduced IV in order to remove those toxins from the 
blood. One non-limiting example is in the treatment of sepsis. 
In one embodiment, a fusion protein is formed from the 
transmembrane domain of the EGF receptor or toxR and a 
known soluble receptor for LPS (lipopolysaccharide), such as 
the LBP (lipopolysaccharide binding protein) or the extracel 
lular domain of CD14 receptor protein, both of which bind the 
LPS bacterial endotoxin. These minicells inactivate LPS by 
initially binding to it and preventing LPS binding to naturally 
occurring CD14 receptors on heart cells and other cells 
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involved in the endotoxic shock response. Eventually, the 
minicell-LPS complex is cleared from the blood by macroph 
ages and other components of the immune system. 
0722. In another embodiment, minicells expressing recep 
tors for toxic drugs (e.g., morphine) are used to treat drug 
overdoses. In other embodiments, minicells of the invention 
are used to express receptors to Venoms (e.g., Snake Venom) 
or poisons (e.g., muscarinic receptor expression for the treat 
ment of muscarine poisoning). In other embodiments, mini 
cells of the invention expressing EDGRs are used to clear the 
blood of toxins and other undesirable compounds. 
0723. As another non-limiting example, minicells that 
bind pathogens are used to treat disease. Minicells, and patho 
gens bound thereto, may be ingested by human neutrophils 
and thus serve as an adjuvant to therapeutic processes medi 
ated by neutrophils (Fox et al., Fate of the DNA in plasmid 
containing Escherichia coli minicells ingested by human 
neutrophils, Blood 69:1394-400, 1987). In a related modality, 
minicells are used to bind compounds required for the growth 
of a pathogen. 
0724 XIV.C. Antiviral Therapy 
0725. In one modality, minicells of the invention are used 
as “sponges” for the selective absorption of any viral particle 
in the body. Without being limited to the following examples, 
minicells expression receptors or antibodies selectively 
directed against viruses such as HIV. Hepatitis B and small 
poX are used. 
0726 For the treatment of viremia, viruses are cleared 
from the blood by absorption during dialysis or by IV injec 
tion of minicells expressing targets for viral receptors. As the 
minicells interact with blood-borne virus particles, there is an 
initial reduction of host cell infection by virtue of the mini 
cell-viral complexes that are formed. Since viral particles 
attach to and/or enter the minicell, they are not active because 
of the lack of machinery needed for viral replication in the 
minicells. The virus infected minicells are then cleared from 
the system by macrophages and processed by the immune 
system. 
0727 Certain retroviruses that infect particular host cells 
express viral proteins on the surfaces of the infected cells. 
HIV infection of T-cells is one non-limiting example of this. 
The viral protein, GP120, is expressed on the surfaces of 
infected T-cells (Turner et al., Structural Biology of HIV. J. 
Mol. Biol. 285:1-32, 1999). Minicells expressing CD4 act as 
anti-GP120 minicells not only to target virus particles in an 
infected patient, but also to identify infected T-cells. It may be 
desirable to also express co-receptors such as CCR5, CXR4 
or ARD (Dragic, An overview of the determinants of CCR5 
and CXCR4 co-receptor function, J. Gen. Virol. 82:1807 
1814, 2001). The minicells are then used to kill the infected 
T-cells, or to inhibit viral replication and/or virion assembly. 
0728. In another non-limiting example of anti-pathogen 
therapy, minicells can by used to express bacterial Surface 
antigens on their surfaces that facilitate cellular uptake of the 
minicell by intracellular pathogens such as Mycobacterium 
tuberculosis (the causative agent of tuberculosis), Rickett 
siae, or viruses. In this 'Smart sponge' approach, selective 
absorption is accompanied by internalization of the pathogen 
by minicells. Destruction of the pathogen follows as a result 
of a combination of intraminicell digestion of pathogens and/ 
or by the eventual processing of the virus-containing minicell 
by the cellular immune system of the patient. 

May 31, 2012 

0729 XIV.D. Antibacterial and Antiparasitic Applications 
0730 Minicells may be used to kill pathogenic bacteria, 
protozoans, yeast and other fungi, parasitic worms, viruses 
and other pathogens by mechanisms that either do or do not 
rely on selective absorption. Antibiotics can be delivered to 
pathogenic organisms after first being targeted by the proteins 
or small molecules on the surfaces of the minicells that pro 
mote binding of the minicells to the Surfaces of the pathogen. 
Fusion or injection of minicell contents into the pathogenic 
cell can result in the death or disablement of the pathogen and 
thus lower the effective dose of an antibiotic or gene thera 
peutic agent. Delivery of antibiotics tethered to or encapsu 
lated by the minicells will reduce the effective dose of an 
antibiotic and will reduce its elimination by the renal system. 
In the case of delivering encapsulated molecules (e.g., anti 
biotics), purified/isolated minicells expressing membrane 
bound proteins for targeting can be incubated with the mol 
ecules in vitro prior to administration. This would be 
particularly applicable to the use of protoplast minicells or 
poroplast minicells that have their outer membrane and cell 
wall or outer membrane only removed, respectively, thus 
facilitating the diffusion of the small molecule into the intact 
minicell. 
0731. Without being limited by the following example, 
minicells can be use as antibacterial agents by expressing on 
the Surfaces of the minicells antigens, receptors, antibodies, 
or other targeting elements that will target the minicell to the 
pathogenic organism and facilitate the entry of plasmids, 
proteins, Small molecules in order to gain access to or entry 
into the organism. Antibiotics may be encapsulated by mini 
cells post isolation from the parent strain so that the antibiotic 
will not be effective against the minicell-producing bacteria 
itself. Since minicells are notable to reproduce, the antibiotic 
will not be lethal to the minicell delivery vehicle, but only to 
the targeted pathogen. In another non-limiting example, lyos 
genic factors e.g., complement may be expressed on the Sur 
faces of the minicells or encapsulated by same as to promote 
lysis of the pathogen. 
0732 Minicells can also be engineered to express toxic 
proteins or other elements upon binding to the pathogen. 
Induction of minicell protein expression can be an event that 
is coincident with targeting or triggered by minicell binding 
to the target pathogen, thus making minicells toxic only when 
contact is made with the pathogenic organism. Minicells can 
be engineered to express fusion/chimeric proteins that are 
tethered to the membrane by transmembrane domains that 
have signaling moieties on the cytoplasmic Surfaces of the 
minicells, such as kinases or transcription factors. In one 
non-limiting example, a minicell fusion membrane-bound 
protein could be expressed containing an extracellular 
domain with a receptor, ScPV, or other targeting protein that 
binds to the pathogen. The second segment of the chimera 
could be a transmembrane domain of a protein such as the 
EGF receptor or ToxR (that would tether the fusion protein to 
the membrane). Importantly, the cytoplasmic domain of the 
fusion protein could be a kinase that phosphorylates a bacte 
rial transcription factor present in the minicell or could be 
fused to a transcription factor that would be expressed on the 
cytoplasmic Surface of the minicell. The expression plasmid 
that was previously introduced into the minicells would then 
be activated by promoters utilizing the activated bacterial 
transcription factor pre-existing in the minicells or that which 
may be introduced by the minicell. Without being limited to 
the following example, the binding event could be signaled by 
a fusion protein containing elements of a receptor (e.g., EGF) 
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or by an adhesion protein (e.g., an integrin) that require oli 
gomerization. In the example of the use of integrins, bacterial 
or other transcription factors that also require dimerization 
could be cloned as fusion proteins such that the binding event 
would be signaled by a dimerization of two or more identical 
recombinant chimeric proteins that have association-depen 
dent transcription factors tagged to the C-terminus of the 
fusion protein. The minicells would only be toxic when con 
tact is made with the pathogen. 
0733. The proposed mechanism of induction coincident 
with targeting is not limited to the antiparasitic uses of mini 
cells but can be used in other therapeutic situations where 
minicells are used to express proteins of therapeutic benefit 
when directed against eucaryotic cells of the organism (e.g., 
kill cancer cells with protein toxins expressed only after bind 
ing of the minicell to the cancer cell). 
0734 Transfer of DNA-containing plasmids or other 
expression element, antisense DNA, etc. may be used to 
express toxic proteins in the target cells or otherwise inhibit 
transcription and/or translation in the pathogenic organism or 
would otherwise be toxic to the cell. Without being limited by 
the following example, minicells can be used to transfer plas 
mids expressing growth repressors, DNAses, or other pro 
teins or peptides (e.g., pro-apoptotic) that would be toxic to 
the pathogen. 
(0735 XIV.E. Cancer Therapy 
0736 Fusion proteins expressed in minicells are used for 
cancer therapy. In a non-limiting example, phage display 
antibody libraries are used to clone single chain antibodies 
against tumor-associated (tumor-specific) antigens, such as 
MUCH-1 or EGFVIII. Fusion proteins expressing these anti 
bodies, and further comprising a single-pass transmembrane 
domain of an integral membrane protein, are used to 
“present the antibody to the surface of the minicells. Injected 
minicells coated with anti-tumor antibodies target the tumor 
and deliver pro-apoptotic genes or other toxic Substances to 
the tumor. The minicells are engulfed by the tumor cells by 
processes Such receptor-mediated endocytosis (by, e.g., mac 
rophages). By way of non-limiting example, toxR-invasin 
could be expressed on the surfaces of the minicells to promote 
endocytosis through the interaction between invasin and 
beta2-integrins on the Surfaces of the target cells. 
0737. Fusion proteins possessing viral fusion-promoting 
proteins facilitate entry of the minicell to the tumor cell for 
gene therapy or for delivery of chemotherapy bioactive pro 
teins and nucleic acids. In these and similar applications, the 
minicell may contain separate eukaryotic and eubacterial 
expression elements, or the expression elements may becom 
bined into a single "shuttle vector.” 
(0738 XV. Diagnostic Uses of Minicells 
0739 Minicells are transformed with plasmids expressing 
membrane-bound proteins, such as receptors, that bind to 
specific molecules in a particular biological sample Such as 
blood, urine, feces, Sweat, saliva or a tissue Such as liver or 
heart. Minicells can also be used for delivery of therapeutic 
agents across the blood-brainbarrier to the brain. This modal 
ity is used, by way of non-limiting example, for imaging 
purposes, and for the delivery of therapeutic agents, e.g., 
anti-depressants, and agents for the treatment of cancer, obe 
sity, insomnia, Schizophrenia, compulsive disorders and the 
like. Recombinant expression systems are incorporated into 
minicells where the plasmid-driven protein expression con 
struct could be the produce a single gene product or a fusion 
protein, such as a soluble protein for the particular ligand 
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fused with a transmembrane domain of a different gene. The 
fusion protein then acts as a membrane bound receptor for a 
particular ligand or molecule in the sample. Conventional 
cloning techniques (e.g., PCR) are used to identify genes for 
binding proteins, or phage display is used to identify a gene 
for a single-stranded variable antibody gene expressing bind 
ing protein for a particular ligand. The protein product is 
preferably a soluble protein. By constructing a plasmid con 
taining this gene plus the transmembrane domain of a known 
single-pass membrane protein Such as that of the EGF recep 
tor, a fusion protein may be expressed on the Surfaces of the 
minicells as an integral membrane protein with an extracel 
lular domain that is preferably capable of binding ligand. 
0740. In another type of fusion protein, the transmem 
brane domain of the EGF receptor is fused to a known soluble 
receptor for a particular ligand, such as the LBP (lipopolysac 
charide binding protein) or the extracellular domain of CD14 
receptor protein, both of which bind the bacterial endotoxin, 
LPS (lipopolysaccharide). The LBP/EGF or CD14/EGF 
fusion protein is used to measure LPS in the serum of patients 
Suspected of sepsis. 
0741. The minicell system is used to express receptors 
such as those of the EDG (endothelial cell differentiation 
gene) family (e.g., EDG 1-9) that recognize sphingolipids 
Such as sphingosine-1-phosphate (S1P). Sphingosylphospho 
rylcholine (SPC) and the lysophospholipid, lysophosphatidic 
acid (LPA). Since these proteins are 7-pass integral mem 
brane proteins, no additional transmembrane domains of 
another protein are needed, and the receptor protein is thus 
not a fusion protein. 
0742 Truncated or mutant forms of a protein of interest 
are useful in a diagnostic assay. For example, a protein that is 
an ligand-binding enzyme can be altered so as to bind its 
Substrate of interest but can no longer convert Substrate into 
product. One example of this application of minicell technol 
ogy is the expression of a truncated or mutant lactic dehydro 
genase which is able to bind lactic acid, but is not able to 
convert lactic acid to pyruvate. Similarly, hexokinase derivi 
atives are used in minicells for glucose monitoring. 
0743 Minicells as diagnostic tools can be used either in 
vitro or in vivo. In the in vitro context, the minicells are used 
in an ELISA format or in a lateral flow diagnostic platform to 
detect the presence and level of a desired analyte. A sample 
(tissue, cell or body fluid sample) is taken and then tested in 
vitro. One advantage of the minicell system in detecting Sub 
stances in tissue, cells or in body fluids is that the minicells 
can be used in vitro assays where the minicell is labeled with 
either a radioactive or fluorescent compound to aid in its 
detectionina an ELISA format or lateral flow platform. Thus, 
the use of secondary antibody detection systems is obviated. 
0744. As an in vivo diagnostic, minicells can be radiola 
beled. One method of labeling is to incubate minicells for a 
short time (about 8 hr) with a T tracer (e.g., Tn.99M) that is 
useful for detecting tumor metastases. The Tn99M accumu 
lates in cells and loads into minicells after isolation or into the 
parent bacteria during growth phase. As Tn99M is oxidized 
by either the parent E. coli strain or by the minicells after 
isolation, the Tn99M is retained by the cell. Iodine-labled 
proteins may also be used (Krown et al., TNF-alpha receptor 
expression in rat cardiac myocytes: TNF-alpha inhibition of 
L-type Ca2+ transiets, FEBS Letters 376:24-30, 1995). 
0745. One non-limiting example of in vivo detection of 
cancer making use of radiolabeled minicells is the use of the 
minicells to express chimeric membrane-bound single-chain 
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antibodies against tumor-specific antigens (TSA) expressed 
on malignant melanoma or other transformed cells. Such 
TSAs include, but are not limited to, the breast cancer asso 
ciated MUC1 antigen and variant forms of the EGFR (EG 
FVIII). By way of non-limiting example, minicells expressing 
antibodies to melanoma cells can be injected (IV) into a 
patient and then subjected to CAT scan of the lymphatic 
drainage in order to determine if a metastasis has occurred. 
This diagnostic technique obviates the need for lymph node 
dissection. 
0746. Another example of an in vivo diagnostic is to use 
the minicell system to express antibodies against oxidized 
low-density lipoproteins (LDL). Oxidized LDLs are associ 
ated with atherogenic plaques. Radiolabeled minicells (pre 
pared as above) are injected IV into a person prior to nuclear 
imaging for image enhancement. MRI image contrast 
enhancement is performed by preparing minicells complexed 
(loaded) with contrast enhancers such as paramagnetic relax 
ivity agents and magnetic susceptibility agents. 
0747. In diagnostic as well as other applications, minicells 
preferentially detect a diagnostic marker, i.e., a marker asso 
ciated with a disease or disorder. A diagnostic marker is 
statistically more like to occur in individuals sufferening from 
a disease than in those who are not diseased. Preferably, a 
diagnostic marker directly causes or is produced during a 
disease; however, the association may be no more than a 
correlation. 
0748 XVI. Drug Discovery (Screening) with Minicells 
0749 XVI.A. Assays 
0750 Minicells can be used in assays for screening phar 
macological agents. By way of non-limiting example, the 
minicell system provides an environment for the expression 
of GPCRs and studies of their ligand binding kinetics. Such 
GPCR's include any member the Endothelial Differentiation 
Gene (EDG) receptor family. GPCRs may participate in neo 
plastic cell proliferation, angiogenesis and cell death. Small 
molecules that either activate or inhibit the action of these 
GPCRs can be used in therapeutic interaction. 
0751 Assays are performed to determine protein expres 
sion and protein function. For example, the production of the 
protein can be followed using protein S-Met labeling. This 
is performed by providing the cell only methionine that is 
labeled with S. The cells are treated with IPTG to induce 
protein expression, and the S-Met is incorporated into the 
protein. The cells are then lysed, and the resulting lysates 
were electrophoresed on an SDS gel and exposed to autora 
diography film. 
0752 Another technique for assessing protein expression 
involves the use of western blots. Antibodies directed to vari 
ous expressed proteins of interest have been generated and 
many are commercially available. Techniques for generating 
antibodies to proteins or polypeptides derived therefrom are 
known in the art (see, e.g., Cooperetal. Section III of Chapter 
11 in: Short Protocols in Molecular Biology, 2nd Ed., 
Ausubel et al., eds., John Wiley and Sons, New York, 1992, 
pages 11-22 to 11-46). Standard western blot protocols, 
which may be used to show protein expression from the 
expression vectors in minicells and other expression systems, 
are known in the art. (see, e.g., Winston et al., Unit 10.7 of 
Chapter 10 in: Short Protocols in Molecular Biology, 2nd Ed., 
Ausubel et al., eds., John Wiley and Sons, New York, 1992, 
pages 10-32 to 10-35). 
0753. The amount of functional protein produced from a 
minicell expression system is determined through the use of 
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binding studies. Ligands for the proteins of interest are used 
to show specific binding in the minicell system. Radiolabeled 
ligand is incubated with cells expressing the protein, in this 
case, a receptor for TNF-alpha. The cells are then centrifuged 
and the radioactivity counted in a Scintillation counter. The 
amount of ligand that is bound reflects the amount of func 
tional protein that is present in the sample. 
0754. By way of non-limiting example, the minicell sys 
tem can be made to express EDGRs for the purpose of screen 
ing combinatorial chemistry libraries for molecules that 
enhance EDG activity. EDG activity is assayed in the minicell 
environment in several ways. One way is to crystallize mini 
cells expressing an EDG protein (or any membrane-bound 
protein of choice) and then measure changes in the crystal 
structure to detect novel ligands. Circular dichroism (CD), 
X-ray diffraction, electron spin resonance (EPR) or other bio 
physical approaches are used to probe the structure of pro 
teins in the minicell context. Additionally or alternately, mini 
cells are produced that express not only the EDGR, but also 
express G-proteins (i.e., double transformants). An assay sys 
tem involving GTP binding and hydrolysis is used to identify 
and assess which Small molecules in the combinatorial chem 
istry library serve as activating ligands for EDG. The minicell 
expression system is used in in vitro binding assays and in 
high throughput drug screenings. The expression of mutant or 
truncated isoforms of proteins are used for functional analy 
ses in order to discover inactive or overactive proteins for 
potential use in diagnostics or therapeutics. 
(0755 XVI.B. High-Throughput Screening (HTS) 
0756 HTS typically uses automated assays to search 
through large numbers of compounds for a desired activity. 
Typically HTS assays are used to find new drugs by Screening 
for chemicals that act on aparticular enzyme or molecule. For 
example, ifa chemical inactivates an enzyme it might prove to 
be effective in preventing a process in a cell that causes a 
disease. High throughput methods enable researchers to try 
out thousands of different chemicals against each target very 
quickly using robotic handling systems and automated analy 
sis of results. 
0757. As used herein, “high throughput screening” or 
“HTS’ refers to the rapid in vitro screening of large numbers 
of compounds (libraries); generally tens to hundreds of thou 
sands of compounds, using robotic screening assays. Ultra 
high-throughput Screening (uHTS) generally refers to the 
high-throughput Screening accelerated to greater than 100, 
000 tests per day. 
0758 To achieve high-throughput screening, it is best to 
house samples on a multicontainer carrier or platform. A 
multicontainer carrier facilitates measuring reactions of a 
plurality of candidate compounds simultaneously. Multi-well 
microplates may be used as the carrier. Such multi-well 
microplates, and methods for their use in numerous assays, 
are both known in the art and commercially available. 
0759 Screening assays may include controls for purposes 
of calibration and confirmation of proper manipulation of the 
components of the assay. Blank wells that contain all of the 
reactants but no member of the chemical library are usually 
included. As another example, a known inhibitor (or activa 
tor) of an enzyme for which modulators are sought, can be 
incubated with one sample of the assay, and the resulting 
decrease (or increase) in the enzyme activity determined 
according to the methods herein. It will be appreciated that 
modulators can also be combined with the enzyme activators 
or inhibitors to find modulators which inhibit the enzyme 
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activation or repression that is otherwise caused by the pres 
ence of the known the enzyme modulator. Similarly, when 
ligands to a sphingolipid target are sought, known ligands of 
the target can be present in control/calibration assay wells. 
0760. The minicells of the invention are readily adaptable 
for use in high-throughput Screening assays for Screening 
candidate compounds to identify those which have a desired 
activity, e.g., inhibiting an enzyme that catalyzes a reaction 
that produces an undesirable compound, inhibiting function 
of a receptor independent of ligand interference, or blocking 
the binding of a ligand to a receptor therefor. The compounds 
thus identified can serve as conventional “lead compounds” 
or can themselves be used as therapeutic agents. 
0761 The methods of screening of the invention comprise 
using screening assays to identify, from a library of diverse 
molecules, one or more compounds having a desired activity. 
A 'screening assay is a selective assay designed to identify, 
isolate, and/or determine the structure of compounds within 
a collection that have a preselected activity. By “identifying 
it is meant that a compound having a desirable activity is 
isolated, its chemical structure is determined (including with 
out limitation determining the nucleotide and amino acid 
sequences of nucleic acids and polypeptides, respectively) 
the structure of and, additionally or alternatively, purifying 
compounds having the screened activity). Biochemical and 
biological assays are designed to test for activity in a broad 
range of systems ranging from protein-protein interactions, 
enzyme catalysis, Small molecule-protein binding, agonists 
and antagonists, to cellular functions. Such assays include 
automated, semi-automated assays and HTS (high through 
put screening) assays. 
0762. In HTS methods, many discrete compounds are 
preferably tested in parallel by robotic, automatic or semi 
automatic methods so that large numbers of test compounds 
are screened for a desired activity simultaneously or nearly 
simultaneously. It is possible to assay and Screen up to about 
6,000 to 20,000, and even up to about 100,000 to 1,000,000 
different compounds a day using the integrated systems of the 
invention. 
0763 Typically in HTS, target molecules are contained in 
each well of a multi-well microplate; in the case of enzymes, 
reactants are also present in the wells. Currently, the most 
widely established techniques utilize 96-well microtiter 
plates. In this format, 96 independent tests are performed 
simultaneously on a single 8 cmx12 cm plastic plate that 
contains 96 reaction wells. One or more blank wells contains 
all of the reactants except the candidate compound. Each of 
the non-standard wells contain at least one candidate com 
pound. 
0764. These wells typically require assay volumes that 
range from 50 to 500 ul. In addition to the plates, many 
instruments, materials, pipettors, robotics, plate washers and 
plate readers are commercially available to fit the 96-well 
format to a wide range of homogeneous and heterogeneous 
assays. Microtiter plates with more wells, such as 384-well 
microtiter plates, are also used, as are emerging methods such 
as the nanowell method described by Schulek et al. (Anal 
Biochem., 30246, 20-29, 1997). 
0765. In one modality, Screening comprises contacting a 
sphingolipid target with a diverse library of member com 
pounds, some of which are ligands of the target, under con 
ditions where complexes between the target and ligands can 
form, and identifying which members of the libraries are 
present in Such complexes. In another non limiting modality, 
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screening comprises contacting a target enzyme with a 
diverse library of member compounds, some of which are 
inhibitors (or activators) of the target, under conditions where 
a productor a reactant of the reaction catalyzed by the enzyme 
produce a detectable signal. In the latter modality, inhibitors 
of target enzyme decrease the signal from a detectable prod 
uct or increase a signal from a detectable reactant (or Vice 
Versa for activators). 
0766 Minicells of the invention expressing and/or dis 
playing a protein are used for screening assays designed to 
identify agents that modulate the activity of the target protein. 
Such assays include competitive inhibition binding assays for 
high throughput assays. Competitive inhibition assays 
includebut are not limited to assays that screen agents against 
a specific target protein to identify agents that inhibit, inter 
fere, block, or compete with protein-ligand interactions, pro 
tein-protein interactions, enzymatic activity, or function of a 
specific protein. Examples of competitive inhibition include 
but are not limited to the development of neutral inhibitors of 
the serine protease factor Xa that were discovered using a 
high throughput Screening assay using a compound library 
(Carretal, Neutral inhibitors of the serine protease factor Xa, 
Bioorg Med Chem Lett 11, 2001), the design and character 
ization of potent inhibitors for the human oxytocin receptor 
(Seyer et al. Design, synthesis and pharmacological charac 
terization of a potent radio iodinated and photoactivatable 
peptidic oxytocin antagonist, J Med Chem. 44:3022-30, 
2001), and the identification of non-peptide somatostatin 
antagonists of the Sst(3) protein (Thurieau et al. Identification 
of potent non-peptide Somatostatin antagonists with SSt(3) 
selectivity, J Med Chem. 44:2990-3000, 2001). 
0767 High throughput competitive inhibition assays are 
designed to identify agents that inhibit a specific target pro 
tein. Such assays include but are not limited to ones that 
measure enzymatic activity, protein-ligand interactions, pro 
tein-protein interactions and other functions of proteins. 
Minicells that express and/or display a specific protein could 
be used in all types of competitive inhibition assays. 
0768 One non-limiting example of high throughput com 
petitive inhibition screening using minicells for the purpose 
of this patent involves the competitive inhibition of known 
ligands. The ligand is attached to but not limited to a fluoro 
phore, fluorescent protein, tags Such as 6xHis tag or FLAG 
tag, chromophores, radiolabeled proteins and molecules, 
binding moieties such as avidin and strepavidin, Voltage sen 
sitive dies and proteins, bioluminescent proteins and mol 
ecules, or fluorescent peptides. The target protein, which 
binds the tagged ligand, is expressed and stably displayed by 
the minicell. When the ligand is added to the minicell solution 
the ligand binds to the target protein. Following a wash the 
interaction is detected via the fluorophore, fluorescent pro 
tein, tag, or fluorescent peptide. The ligand-bound minicells 
could either be centrifuged (taking advantage of the sedimen 
tation properties of the minicell particle) or immunoprecipi 
tated with an antibody against an antigen expressed on the 
minicell membrane or the minicells can be adsorbed/fixed to 
a substrate such as a standard 96 well plate. The competitive 
inhibition assay is carried out by adding agents to the minicell 
mix either before, together or after the ligand is added. Thus 
if the agent is a competitive inhibitor of the ligand to the target 
protein the ligand will be washed away from the minicell 
because it is not associated with the target protein. The agent 
prevents binding and thus eliminated the detection signal 
from the minicell. 
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0769 Minicells of this invention are used in “functional 
screening HTS assays”. Functional screening assays are 
defined as assays that provide information about the function 
of a specific target protein. Functional assays screen agents 
against specific target proteins to identify agents that either 
act as antagonist or as an agonist against the protein. Func 
tional assays require that the target protein be in an environ 
ment that allows it to carry out its natural function. Such 
functions include but are not limited to G-proteins coupling 
with a GPCR, enzymatic activity such as phosphorlyation or 
proteolysis, protein-protein interaction, and transport of mol 
ecules and ions. 

0770 Functional assays screen agents against proteins 
which are capable of natural function. Target proteins used in 
functional studies must carry out a function that is measur 
able. Examples of protein functions that are measurable 
include but are not limited to the use of Fluorescent Reso 
nance Energy Transfer (FRET) to measure the G-protein 
coupling to a GPCR (Ruiz-Velasco et al., Functional expres 
sion and FRET analysis of green fluorescent proteins fused to 
G-protein subunits in rat sympathetic neurons, J Physiol. 
537:679-692, 2001; Janetopoulos et al., Receptor-mediated 
activation of heterotrimeric G-proteins in living cells, Science 
291:2408-2411, 2001); Bioluminescence Resonance Energy 
Transfer (BRET) to assay for functional ligand induced 
G-protein coupling to a target GPCR (Menard, L. Biolumi 
nescence Resonance Energy Transfer (BRET): A powerful 
platform to study G-protein coupled receptors (GPCR) activ 
ity in intact cells, Assay Development, Nov. 28-30, 2001), the 
use of florescent Substrates to measure the enzymatic activity 
of proteases (Grant, Designing biochemical assays for pro 
teases using fluorogenic Substrates, Assay Development, 
Nov. 28-30, 2001); and the determination of ion channel 
function via the use of Voltage sensitive dies (Andrews et al. 
Correlated measurements of free and total intracellular cal 
cium concentration in central nervous system neurons, 
Microsc Res Tech. 46:370-379, 1999). 
0771. One non-limiting example of high throughput func 
tional screening assay using minicells for the purpose of this 
patent involves the functional coupling of GPCRs to their 
respective G-protein. Upon ligand binding, Voltage polariza 
tion, ion binding, light interaction and other stimulatory 
events activate GPCRs and cause them to couple to their 
respective G-protein. In a minicell, both the GPCR and its 
respective G-proteins can be simultaneously expressed. Upon 
activation of the GPCR the coupling event will occur in the 
minicell. Thus by detecting this coupling in the minicell, one 
could screen for agents that bind GPCRs to identify antago 
nists and agonists. The antagonists are identified using inhi 
bition assays that detect the inhibition of function of the 
GPCR. Thus the agent interacts with the GPCR in a way that 
it inhibits the GPCR from being activated. The agonists are 
identified by screening for agents that activate the GPCR in 
the absence of the natural activator. 

0772. The detection of GPCR activation and coupling in a 
minicell is accomplished by using systems that generate a 
signal upon coupling. One non-limiting example involves the 
use of BRET or FRET. These systems require that two fluo 
rescent or bioluminescent molecules or proteins be brought 
into close contact. Thus by attaching one of these molecules 
or proteins to the GPCR and one to the G-protein, they will be 
brought together upon coupling and a signal will be gener 
ated. This signal can be detected using specific detection 
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equipment and the coupling event can be monitored. Thus the 
function of the GPCR can be assayed and used in functional 
assays in minicells. 
0773) Another non-limiting functional assay for GPCRs 
and other proteins in minicells involves the use of transcrip 
tion factors. Many bacterial transcription factors and eukary 
otic transcription factors require dimerization for activation. 
By attaching one subunit of a transcription factor to a GPCR 
and the other subunit to a G-protein, the subunits will dimer 
ize upon coupling of the GPCR to the G-proteinbecause they 
will be brought into close contact. The dimerized transcrip 
tion factor will then be activated and will act on its target 
episomal DNA. In the minicell system the episomal DNA 
target will be a plasmid that encodes for proteins that provide 
a signal for detection. Such proteins include but are not lim 
ited to luciferase: green fluorescent protein (GFP), and 
derivatives thereof such as YFP, BFP, etc.; alcohol dehydro 
genase, and other proteins that can be assayed for expression. 
The activation of the GPCR will result in coupling and acti 
vation of the transcription factor. The transcription factor will 
then induce transcription and translation of specific detector 
proteins. Thus the activation of the GPCR will be monitored 
via the expression of the detector protein. 
0774. In another modality, the transcription factor can 
inhibit expression in the minicell system and thus allowing 
for the screening of constitutively active GPCRs and proteins. 
For example if the GPCR were constitutively active then the 
transcription factor to use would be one that inhibits tran 
Scription and translation. Thus agents could be screened 
against the constitutively active GPCR to identify agents that 
caused the constitutively active GPCR to uncouple. The 
uncoupling will result in the inactivation of the transcription 
factor. The inhibition caused by the transcription factor will 
be removed and transcription and translation will occur. Thus 
a detectable protein will be made and a signal will be 
received. 

0775. The transcription dimerization assay can be used for 
any protein function that involves a protein-protein interac 
tion, protein-ligand interaction and protein-drug interaction. 
Thus any assay involving Such interactions can be carried out 
in the minicell. 

0776. Another non-limiting functional screening assay 
involves the use of enzymatic function to screen for function 
ality. In this modality the receptor or other protein performs a 
specific enzymatic function. This function is then carried out 
in the minicell and monitored using biochemical and other 
techniques. For example if the target protein was a protease 
then fluorescent peptides with the cleavage site of the pro 
tease could be used to monitor the activity of the protease. If 
the protease was functioning then the peptide would be 
cleaved and the fluorescents would change. Thus agents can 
be screened against the protease in the minicell system and 
the fluorescents can be monitored using specific detection 
systems. In another non-limiting example, a membrane 
bound enzyme such as sphingomyelinase could be expressed 
in minicells and the minicell particles adsorbed to a standard 
substrate such as a 96 well plate. The enzymatic activity could 
be assessed by a standard in vitro assay involving the release 
of product (phosphocholine) (e.g., AmplexTM kit A-12220 
sold by Molecular Probes). Sphingomyelinase inhibitors 
could be screened by measuring the reduction of phospho 
choline production in the well when presented with substrate 
(sphingomyelin) in a coupled fluorescence assay. 
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0777. Another non-limiting example of minicells used for 
functional assays involves the screening of agonists/antago 
nists for ion channels. In this example the calcium channel, 
SCaMPER, is encoded on a poycistronic episomal plasmid, 
which also encodes for a luminescent soluble protein, 
aequorin. In this assay, the minicell will contain aequorin 
proteins in its cytoplasm and SCaMPER proteins expressed 
on the minicell membrane. Thus upon activation of SCaM 
PER by its ligand, SPC, or by an analog thereof, calcium will 
flow into the minicell and will be bound by the aequorin 
which will luminescence. Thus a detection signal for the 
functional activation of the calcium channel is obtained. 

0778 Minicell can also be employed for expression of 
target proteins and the preparation of membrane preparations 
for use in screening assays. Such proteins include but are not 
limited to receptors (e.g., GPCRs, sphingolipid receptors, 
neurotransmitter receptors, sensory receptors, growth factor 
receptors, hormone receptors, chemokine receptors, cytokine 
receptors, immunological receptors, and compliment recep 
tors, FC receptors), channels (e.g., potassium channels, 
Sodium channels, calcium channels.), pores (e.g., nuclear 
pore proteins, water channels), ion and other pumps (e.g., 
calcium pumps, proton pumps), exchangers (e.g., Sodium/ 
potassium exchangers, sodium/hydrogen exchangers, potas 
sium/hydrogen exchangers), electron transport proteins (e.g., 
cytochrome oxidase), enzymes and kinases (e.g., protein 
kinases, ATPases, GTPases, phosphatases, proteases.), struc 
tural/linker proteins (e.g., Caveolins, clathrin), adapter pro 
teins (e.g., TRAD, TRAP, FAN), chemotactic/adhesion pro 
teins (e.g., ICAM11, selectins, CD34, VCAM-1, LFA-1, 
VLA-1), and chimeric/fusion proteins (e.g., proteins in which 
a normally soluble protein is attached to a transmembrane 
region of another protein). In Such assays the membrane 
preparations are used to screen for agents that are either 
antagonists or agonists. These assays use various formats 
including but not limited to competitive inhibition. 
0779. The format for the screening of minicells includes 
but is not limited to the use of test tubes, 6 well plates, 12 well 
plates, 24 well plates, 96 well plates, 384 well plates, 1536 
well plates, and other microtiter well plates. In these systems 
the minicells can be immobilized, attached, bound, or fused 
with the above test tubes or plates. The minicells can also be 
free in solution for use in tubes and plates. The detection 
systems for the minicell assay include but are not limited to 
fluorescent plate readers, Scintillation counters, spectropho 
tometers, Viewlux CCD Imager, Luminex, ALPHAQuest, 
BIAcore, FLIPR and F-MAT. Minicell assays can be carried 
out with but not limited to techniques such as manual han 
dling, liquid handlers, robotic automated systems and other 
formats. 

0780 XVI.C. Chemical Libraries 
0781. Developments in combinatorial chemistry allow the 
rapid and economical synthesis of hundreds to thousands of 
discrete compounds. These compounds are typically arrayed 
in moderate-sized libraries of Small organic molecules 
designed for efficient Screening. Combinatorial methods, can 
be used to generate unbiased libraries suitable for the identi 
fication of novel inhibitors. In addition, smaller, less diverse 
libraries can be generated that are descended from a single 
parent compound with a previously determined biological 
activity. In either case, the lack of efficient screening systems 
to specifically target therapeutically relevant biological mol 
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ecules produced by combinational chemistry Such as inhibi 
tors of important enzymes hampers the optimal use of these 
SOUCS. 

0782. A combinatorial chemical library is a collection of 
diverse chemical compounds generated by either chemical 
synthesis or biological synthesis, by combining a number of 
chemical “building blocks. Such as reagents. For example, a 
linear combinatorial chemical library, such as a polypeptide 
library, is formed by combining a set of chemical building 
blocks (amino acids) in a large number of combinations, and 
potentailly in every possible way, for a given compound 
length (i.e., the number of amino acids in a polypeptide com 
pound). Millions of chemical compounds can be synthesized 
through Such combinatorial mixing of chemical building 
blocks. 
0783. A “library” may comprise from 2 to 50,000,000 
diverse member compounds. Preferably, a library comprises 
at least 48 diverse compounds, preferably 96 or more diverse 
compounds, more preferably 384 or more diverse com 
pounds, more preferably, 10,000 or more diverse compounds, 
preferably more than 100,000 diverse members and most 
preferably more than 1,000,000 diverse member compounds. 
By “diverse' it is meant that greater than 50% of the com 
pounds in a library have chemical structures that are not 
identical to any other member of the library. Preferably, 
greater than 75% of the compounds in a library have chemical 
structures that are not identical to any other member of the 
collection, more preferably greater than 90% and most pref 
erably greater than about 99%. 
0784 The preparation of combinatorial chemical libraries 

is well known to those of skill in the art. For reviews, see 
Thompson et al., Synthesis and application of small molecule 
libraries, Chem Rev 96:555-600, 1996; Kenan et al., Explor 
ing molecular diversity with combinatorial shape libraries, 
Trends Biochem Sci 19:57-64, 1994; Janda, Tagged versus 
untagged libraries: methods for the generation and screening 
of combinatorial chemical libraries, Proc Natl AcadSci USA. 
91: 10779-85, 1994; Leblet al., One-bead-one-structure com 
binatorial libraries, Biopolymers 37:177-98, 1995; Eichler et 
al., Peptide, peptidomimetic, and organic synthetic combina 
torial libraries, Med Res Rev. 15:481-96, 1995; Chabala, 
Solid-phase combinatorial chemistry and novel tagging 
methods for identifying leads, Curr Opin Biotechnol. 6:632 
9, 1995; Dolle, Discovery of enzyme inhibitors through com 
binatorial chemistry, Mol Divers. 2:223-36, 1997: Fauchere 
et al., Peptide and nonpeptide lead discovery using roboti 
cally synthesized soluble libraries, CanJPhysiol Pharmacol. 
75:683-9, 1997: Eichler et al., Generation and utilization of 
synthetic combinatorial libraries, Mol Med Today 1:174-80, 
1995; and Kay et al., Identification of enzyme inhibitors from 
phage-displayed combinatorial peptide libraries, Comb 
Chem High Throughput Screen 4:535-43, 2001. 
0785. Such combinatorial chemical libraries include, but 
are not limited to, peptide libraries (see, e.g., U.S. Pat. No. 
5,010,175, Furka, Int. J. Pept. Prot. Res., 37:487-493 (1991) 
and Houghton, et al., Nature, 354:84-881991). Other chem 
istries for generating chemical diversity libraries can also be 
used. Such chemistries include, but are not limited to, pep 
toids (PCT Publication No. WO91/19735); encoded peptides 
(PCT Publication WO 93/20242); random bio-oligomers 
(PCT Publication No. WO92/00091); benzodiazepines (U.S. 
Pat. No. 5,288,514); diversomers, such as hydantoins, ben 
Zodiazepines and dipeptides (Hobbs, et al., Proc. Nat. Acad. 
Sci. USA, 90:6909-6913 1993); vinylogous polypeptides 
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(Hagihara, et al., J. Amer. Chem. Soc. 114:6568 1992); non 
peptidal peptidomimetics with beta.-D-glucose scaffolding 
(Hirschmann, et al., J. Amer. Chem. Soc., 114:9217-9218 
1992); analogous organic syntheses of Small compound 
libraries (Chen, et al., J. Amer. Chem. Soc., 116:2661 1994); 
oligocarbamates (Cho, et al., Science, 261: 1303 1993); and/ 
or peptidyl phosphonates (Campbell, et al., J. Org. Chem. 
59:658 1994); nucleic acid libraries (see, Ausubel, Berger and 
Sambrook, all Supra); peptide nucleic acid libraries (see, e.g., 
U.S. Pat. No. 5,539,083); antibody libraries (see, e.g., 
Vaughn, et al., Nature Biotechnology, 14(3):309-314 (1996) 
and PCT/US96/10287); carbohydrate libraries (see, e.g., 
Liang, et al., Science, 274:1520-1522 (1996) and U.S. Pat. 
No. 5,593.853); small organic molecule libraries (see, e.g., 
benzodiazepines, Baum C&E News, Jan. 18, page 33 (1993); 
isoprenoids (U.S. Pat. No. 5,569.588); thiazolidinones and 
metathiazanones (U.S. Pat. No. 5,549,974); pyrrolidines 
(U.S. Pat. Nos. 5,525,735 and 5,519,134); morpholino com 
pounds (U.S. Pat. No. 5,506,337); benzodiazepines (U.S. Pat. 
No. 5,288,514); and the like. 
0786) Devices for the preparation of combinatorial librar 
ies are commercially available (see, e.g.,357 MPS,390 MPS, 
Advanced Chem. Tech, Louisville Ky., Symphony, Rainin, 
Woburn, Mass., 433A Applied Biosystems, Foster City, 
Calif., 9050 Plus, Millipore, Bedford, Mass.). In addition, 
numerous combinatorial libraries are themselves commer 
cially available (see, e.g., ComGenex, Princeton, N.J., 
Asinex, Moscow, Ru, Tripos, Inc., St. Louis, Mo., ChemStar, 
Ltd., Moscow, RU, 3D Pharmaceuticals, Exton, Pa., Martek 
Biosciences, Columbia, Md., etc.). 
0787 XVI.D. Measuring Enzymatic and Binding Reac 
tions During Screening Assays 
0788 Techniques for measuring the progression of enzy 
matic and binding reactions in multicontainer carriers are 
known in the art and include, but are not limited to, the 
following. 
0789 Spectrophotometric and spectrofluorometric assays 
are well known in the art. Examples of such assays include the 
use of colorimetric assays for the detection of peroxides, as 
disclosed in Example 1 (b) and Gordon, A.J. and Ford, R.A., 
The Chemist's Companion: A Handbook Of Practical Data, 
Techniques, And References, John Wiley and Sons, N.Y., 
1972, Page 437. 
0790 Fluorescence spectrometry may be used to monitor 
the generation of reaction products. Fluorescence methodol 
ogy is generally more sensitive than the absorption method 
ology. The use of fluorescent probes is well known to those 
skilled in the art. For reviews, see Bashford et al., Spectro 
photometry and Spectrofluorometry: A Practical Approach, 
pp. 91-114, IRL Press Ltd. (1987); and Bell, Spectroscopy. In 
Biochemistry, Vol. I, pp. 155-194, CRC Press (1981). 
0791. In spectrofluorometric methods, enzymes are 
exposed to Substrates that change their intrinsic fluorescence 
when processed by the target enzyme. Typically, the Substrate 
is nonfluorescent and converted to a fluorophore through one 
or more reactions. As a non-limiting example, SMase activity 
can be detected using the Amplex(R) Red reagent (Molecular 
Probes, Eugene, Oreg.). In order to measure sphingomyeli 
nase activity using Amplex Red, the following reactions 
occur. First, SMase hydrolyzes sphingomyelin to yield cera 
mide and phosphorylcholine. Second, alkaline phosphatase 
hydrolyzes phosphorylcholine to yield choline. Third, cho 
line is oxidized by choline oxidase to betaine. Finally, H2O, 
in the presence of horseradish peroxidase, reacts with Amplex 
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Red to produce the fluorescent product, Resorufin, and the 
signal therefrom is detected using spectrofluorometry. 
0792 Fluorescence polarization (FP) is based on a 
decrease in the speed of molecular rotation of a fluorophore 
that occurs upon binding to a larger molecule. Such as a 
receptor protein, allowing for polarized fluorescent emission 
by the bound ligand. FP is empirically determined by mea 
Suring the vertical and horizontal components of fluorophore 
emission following excitation with plane polarized light. 
Polarized emission is increased when the molecular rotation 
of a fluorophore is reduced. A fluorophore produces a larger 
polarized signal when it is bound to a larger molecule (i.e. a 
receptor), slowing molecular rotation of the fluorophore. The 
magnitude of the polarized signal relates quantitatively to the 
extent of fluorescent ligand binding. Accordingly, polariza 
tion of the “bound” signal depends on maintenance of high 
affinity binding. 
0793 FP is a homogeneous technology and reactions are 
very rapid, taking seconds to minutes to reach equilibrium. 
The reagents are stable, and large batches may be prepared, 
resulting in high reproducibility. Because of these properties, 
FP has proven to be highly automatable, often performed with 
a single incubation with a single, premixed, tracer-receptor 
reagent. For a eview, see Owickiet al., Application of Fluo 
rescence Polarization Assays in High-Throughput Screening, 
Genetic Engineering News, 17:27, 1997. 
0794 FP is particularly desirable since its readout is inde 
pendent of the emission intensity (Checovich, W. J., et al., 
Nature 375:254-256, 1995; Dandliker, W. B., et al., Methods 
in Enzymology 74:3-28, 1981) and is thus insensitive to the 
presence of colored compounds that quench fluorescence 
emission. FP and FRET (see below) are well-suited for iden 
tifying compounds that block interactions between receptors 
and their ligands. See, for example, Parker et al., Develop 
ment of high throughput Screening assays using fluorescence 
polarization: nuclear receptor-ligand-binding and kinase/ 
phosphatase assays, J Biomol Screen 5:77-88, 2000. 
0795 Exemplary normal-and-polarized fluorescence 
readers include the POLARION fluorescence polarization 
system (Tecan A G, Hombrechtikon, Switzerland). General 
multiwell plate readers for other assays are available. Such as 
the VERSAMAX reader and the SPECTRAMAX multiwell 
plate spectrophotometer (both from Molecular Devices). 
0796 Fluorescence resonance energy transfer (FRET) is 
another useful assay for detecting interaction and has been 
described previously. See, e.g., Heim et al., Curr. Biol. 6:178 
182, 1996; Mitra et al., Gene 173:13-17 1996; and Selvin et 
al., Meth. Enzymol. 246:300-345, 1995. FRET detects the 
transfer of energy between two fluorescent Substances in 
close proximity, having known excitation and emission wave 
lengths. As an example, a protein can be expressed as a fusion 
protein with green fluorescent protein (GFP). When two fluo 
rescent proteins are in proximity, Such as when a protein 
specifically interacts with a target molecule, the resonance 
energy can be transferred from one excited molecule to the 
other. As a result, the emission spectrum of the sample shifts, 
which can be measured by a fluorometer, such as a fMAX 
multiwell fluorometer (Molecular Devices, Sunnyvale 
Calif.). 
0797 Scintillation proximity assay (SPA) is a particularly 
useful assay for detecting an interaction with the target mol 
ecule. SPA is widely used in the pharmaceutical industry and 
has been described (Hanselman et al., J. Lipid Res. 38:2365 
2373 (1997); Kahl et al., Anal. Biochem. 243:282-283 
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(1996); Undenfriend et al., Anal. Biochem. 161:494-500 
(1987)). See also U.S. Pat. Nos. 4,626,513 and 4,568,649, and 
European Patent No. 0,154,734. An exemplary commercially 
available system uses FLASHPLATE scintillant-coated 
plates (NEN Life Science Products, Boston, Mass.). 
0798. The target molecule can be bound to the scintillator 
plates by a variety of well known means. Scintillant plates are 
available that are derivatized to bind to fusion proteins such as 
GST. His6 or Flag fusion proteins. Where the target molecule 
is a protein complex or a multimer, one protein or subunit can 
be attached to the plate first, then the other components of the 
complex added later under binding conditions, resulting in a 
bound complex. 
0799. In a typical SPA assay, the gene products in the 
expression pool will have been radiolabeled and added to the 
wells, and allowed to interact with the solid phase, which is 
the immobilized target molecule and Scintillant coating in the 
wells. The assay can be measured immediately or allowed to 
reach equilibrium. Either way, when a radiolabel becomes 
Sufficiently close to the Scintillant coating, it produces a sig 
nal detectable by a device such as a TOPCOUNTNXT micro 
plate scintillation counter (Packard BioScience Co., Meriden 
Conn.). If a radiolabeled expression product binds to the 
target molecule, the radiolabel remains in proximity to the 
Scintillant long enough to produce a detectable signal. 
0800. In contrast, the labeled proteins that do not bind to 
the target molecule, or bind only briefly, will not remain near 
the Scintillant long enough to produce a signal above back 
ground. Any time spent near the scintillant caused by random 
Brownian motion will also not result in a significant amount 
of signal. Likewise, residual unincorporated radiolabel used 
during the expression step may be present, but will not gen 
erate significant signal because it will be in Solution rather 
than interacting with the target molecule. These non-binding 
interactions will therefore cause a certain level ofbackground 
signal that can be mathematically removed. If too many sig 
nals are obtained, salt or other modifiers can be added directly 
to the assay plates until the desired specificity is obtained 
(Nichols et al., Anal. Biochem. 257:112-119, 1998). 
(0801 XVI.E. Screening for Novel Antibiotics 
0802. As bacteria and other pathogens acquire resistance 
to known antibiotics, there is an ongoing interest in identify 
ing novel antibiotics. See, e.g., Powell W. A. Catranis C M. 
Maynard CA. Synthetic antimicrobial peptide design. Mol 
Plant Microbe Interact 1995 September-October; 8(5):792-4. 
Minicells can be used to assay, identify and purify novel 
antibiotics to eubacteria. By way of non-limiting example, a 
minicell that comprises a detectable compound can be con 
tacted with a candidate antibiotic to see if the minicell is lysed 
by a candidate compound, which would release the detectable 
compound from the interior of the minicell into solution, this 
producing a signal that indicates that the candidate antibiotic 
is effective at lysing bacteria. In such assays, the detectable 
compound is such that it produces less or more of the same 
signal, or a different signal, inside the minicell as compared to 
in Solution post-lysis. By way of non-limiting example, the 
minicell could comprise a fluorescent compounds that, when 
contacted with a second fluorescent compound in solution, 
produces FRET. 
(0803 XVI.F. Reverse Screening 
0804. In one version of minicell display, the invention 
provides methods for screening libraries of minicells in 
which each minicell comprises an expression element that 
encodes a few, preferably one, membrane proteins in order to 
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identify a membrane protein that interacts with a preselected 
compound. By way of non-limiting example, sequences 
encoding membrane proteins, fusion proteins, or cytoplasmic 
proteins are cloned into an expression vector, either by 'shot 
gun' cloning or by directed cloning, e.g., by Screening or 
selecting for cDNA clones, or by PCR amplification of DNA 
fragments, that encode a protein using one or more oligo 
nucleotides encoding a highly conserved region of a protein 
family. For a non-limiting example of Such techniques, see 
Krautwurst, D., et al. 1998. Identification of ligands for olfac 
tory receptors by functional expression of a receptor library. 
Cell 95.917-926. By way of non-limiting example, a minicell 
expressing a receptor binds a preselected ligand, which may 
be a drug. Various assays for receptor binding, enzymatic 
activity, and channeling events are known in the art and may 
include detectable compounds; in the case of binding assays, 
competition assays may also be used (Masimirembwa, C.M., 
et al. 2001. In vitro high throughput screening of compounds 
for favorable metabolic properties in drug discovery. Comb. 
Chem. High Throughput Screen. 4:245-263; Mattheakis, L. 
C., and A. Saychenko. 2001. Assay technologies for screen 
ing ion channel targets. Curr. Opin. Drug Discov. Devel. 
4:124-134: Numann, R., and P. A. Negulescu. 2001. High 
throughput Screening strategies for cardiac ion channels. 
Trends Cardiovasc. Med. 11:54-59; Le Poul, E., et al. 2002. 
Adaptation of aequorin functional assay to high throughput 
screening. J. Biomol. Screen. 7:57-65; and Graham, D. L., et 
al. 2001. Application of beta-galactosidase enzyme comple 
mentation technology as a high throughput screening format 
for antagonists of the epidermal growth factor receptor. J. 
Biomol. Screen. 6:401-411). 
0805. Once a minicell has been identified by an assay and 
isolated, DNA is prepared from the minicell. The cloned 
DNA present in the minicell encodes the receptor displayed 
by the minicell. Having been cloned, the receptor is used as a 
therapeutic target. For example, the receptor is produced via 
recombinant DNA expression and used in minicell-based or 
other assays to identify and characterize known and novel 
compounds that are ligands, antagonists and/or agonists of 
the cloned receptor. The ligands, antagonists and agonists 
may be used as lead compounds and/or drugs to treat diseases 
in which the receptor plays a role. In particular, when the 
preselected ligand is a drug, diseases for which that drug is 
therapeutic are expected to be treated using the novelligands, 
antagonists and agonists, or drugs and prodrugs developed 
therefrom. 

0806 Preparations of minicells that express and secrete 
secretes a soluble protein can be prepared in order to identify 
ligands, including but not limited to Small molecules, that 
interact with the soluble protein. Soluble proteins include, but 
are not limited to, known secreted or proteolytically cleaved 
proteins and peptides, hormones and cytokines. In this for 
mat, minicells are placed in, or adhered to, the wells of a 
microtiter multiwell plate. A different compound or group of 
compounds is placed in each well, along with any reagents 
necessary to generate or squelch a signal corresponding to a 
change in the soluble protein produced by the minicell. Such 
changes include, by way of non-limiting example, conforma 
tional changes in the protein that may occur as a result of 
binding of a ligand or otherwise. A well that generates the 
appropriate signal contains a compound that causes a change 
in the soluble protein. 
0807. It is also possible to carry out procedures such as the 
one described in the immediately preceding paragraph in 
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reverse. In this format, a known ligand, which may be a drug, 
is used to identify soluble proteins that bind to the ligand/ 
drug. Libraries of minicells wherein each minicell secretes a 
different soluble protein are prepared, and each type of mini 
cell is placed into, or adhered to the wall of a well of a 
microtiter plate, along with reagents for generating a signal 
when the ligand/drug binds to a soluble protein. Minicells that 
generate the appropriate signal comprise a cloned DNA that 
encodes a soluble protein that interacts with the known 
ligand/drug. Once cloned, the soluble protein is prepared and 
used as a therapeutic target in order to identify known or novel 
compounds that bind thereto. When the preselected ligand is 
a drug, diseases for which that drug is therapeutic are 
expected to be treated using the known and novel compounds 
So identified, or using drugs and prodrugs developed from 
Such compounds. 
0808 Mincells expressing known membrane and soluble 
proteins can also be used to help characterize lead compounds 
and accelerate the generation of drugs therefrom. In particu 
lar, such studies may be used identify potentially detrimental 
interactions that might occur upon in vivo administration, 
e.g., ADME/Tox screening (Ekins, S., et al. 2002. In silico 
ADME/Tox: the state of the art. J. Mol. Graph. Model. 
20:305-309; and Li, A., et al. 2002. Early ADME/Tox studies 
and in silico screening. Drug Discov. Today 7:25-27). 
0809. By way of non-limiting example, a human receptor 
that is known to be important for the normal functioning of a 
cell may be expressed in mincells, and various chemical 
derivatives of a lead compound can be tested to ensure that 
they do not bind to the receptor, as such binding would be 
expected to have adverse effects in vivo. As another example, 
an enzyme that degrades a drug, Such as a cytochrome P450, 
is expressed in mincells and used to examine the Susceptibil 
ity of a candidate drug to Such degradation. The cytochrome 
P450 family of enzymes is primarily responsible for the 
metabolism of Xenobiotics Such as drugs, carcinogens and 
environmental chemicals, as well as several classes of endo 
biotics such as steroids and prostaglandins. Exemplary P450 
cytochromes involved in drug degradation include, but are not 
limited to, CYP2D6 (cytochrome P4502D6, also known as 
debrisoquine hydroxylase), CYP1A1, CYP1A2, CYP2A6, 
CYP2B6, CYP2C9, CYP2C18, CYP2C19, CYP2D6, 
CYP2E1, CYP3A4 and CYP3A5. 
0810 XVI.G. Molecular Variants 
0811. In one aspect of the invention, minicells are used in 
methods of Screening to identify agents that improve, 
enhance, or decrease the interaction of a protein with another 
compound. These methods include, by way of non-limiting 
example, modification of protein targets through directed or 
random mutagenic approaches to identify critical interactions 
between a wild-type protein target and a specific drug mol 
ecule. Information obtained from studies of mutant proteins is 
used to specifically produce or modify a therapeutic agent to 
interact more specifically and/or effectively with the wild 
type protein target, thus increasing the therapeutic efficacy of 
the parental drug and/or decreasing non-specific, potentially 
deleterious interactions. See, for example, Lietha, D., et al. 
2001. Crystal structures of NK1-heparin complexes reveal 
the basis for NK1 activity and enable engineering of potent 
agonists of the MET receptor. EMBO J. 20:5543-5555; and 
Chen, Y. Z. et al. Can an optimization/scoring procedure in 
ligand-protein docking be employed to probe drug-resistant 
mutations in proteins? J. Mol. Graph. Model. 19:560-570; 
Zhao, H. and F. H. Arnold. Combinatorial protein design: 
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Strategies for Screening protein libraries. Current Opinion in 
Structural Biology 7:480-485 (1997); and Carrupt PA, el 
Tayar N. Karlen A, Testa B. Molecular electrostatic potentials 
for characterizing drug-biosystem interactions. Methods 
Enzymol. 1991; 203:638-77. Martin Y C. Computer-assisted 
rational drug design. Methods Enzymol. 1991; 203:587-613. 
0812. By way of non-limiting example, information 
obtained using the methods of the invention may be in con 
junction with X-ray crystallographic structural determina 
tions to characterize receptor:ligand interactions (Muller, G. 
2000. Towards 3D structures of G protein-coupled receptors: 
a multidisciplinary approach. Curr. Med. Chem. 7:861-888). 
By way of non-limiting example, minicells may be used to 
display the family of molecular variants to characterize the 
specific mutagenic changes on the functional properties of the 
protein. 
0813 Studies of variant proteins can also be used to 
modify drugs to fit natural variants of proteins, especially 
those associated with pathogens. Pathogens such as viruses, 
including retroviruses such as HIV, may acquire mutations 
that change a site where a drug acts, thereby rendering the 
pathogen immune to the drug. Studies of variant proteins can 
be used to quickly produce derivatives of a drug that are active 
against a variant protein. See, for example, Varghese J. N. 
Smith PW, Sollis SL, Blick TJ, Sahasrabudhe A, McKimm 
Breschkin J. L. Colman PM. Drug design against a shifting 
target: a structural basis for resistance to inhibitors in a variant 
of influenza virus neuraminidase. Structure 1998 Jun. 15: 
6(6):735-46; and Baldwin ET, Bhat TN, Liu B, Pattabiraman 
N. Erickson J W. Structural basis of drug resistance for the 
V82A mutant of HIV-1 proteinase. 78: Nat Struct Biol 1995 
March; 2(3):244-9. 
0814 XVI.H. Directed Evolution 
0815. The minicells and methods described herein can be 
used in directed evolution. Unlike natural variation, directed 
evolution generates new protein variants in vitro (see, e.g., 
Arnold, F. H. and A. A. Violkov. Directed Evolution of Bio 
catalysts. Curr Op Chem Biol 1999. 3:54–59). Amino acid 
substitutions can be introduced into a protein of interest by 
mutating the gene encoding the protein. Mutations are intro 
duced by, e.g., replicating DNA in mutator strains, by chemi 
cal mutagenesis or radiation-induced mutagenesis (Drake, J. 
W., The Molecular Basis of Mutation, Holden-Day, San Fran 
cisco, 1970). Other methods include error-prone PCR and 
“domain shuffling’ (Moore, G. L. and C. D. Maranas. Mod 
eling DNA Mutation and Recombination for Directed Evo 
lution Experiments. J. Ther. Biol. 2000. 205:483-503). In the 
latter method, different regions of members of the same gene 
family are recombined so that the inherent variability of 
members of the family is used to produce novel "isoforms of 
genes. 

0816. A group of variants is screened to select for those 
variants which have the desired activity. The activity of the 
initial variants that are so isolated may be inadequate for a 
given application, but the process can be repeated using these 
initial members to generate a second group of variants, or 
reiterated as many times as is necessary to produce one or 
more variants having the desired activity or characteristics. 
0817 XVI.I. Isolation and Characterization of Compo 
nents of Signal Tranduction Pathways 
0818. In one version of minicell display, the invention 
provides methods for screening libraries of minicells, in 
which each minicell comprises a preselected component of a 
signal transduction pathway, in order to identify soluble and 
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membrane proteins that interact with the preselected compo 
nent. By way of non-limiting example, a plurality of mini 
cells, each of which displays the same G-protein-coupled 
receptor (GPCR), is used to prepare a minicell library in 
which a different G-protein encoding sequence is present and 
expressed in each minicell. Minicells comprising a G-protein 
that interacts with the GPCR are identified, e.g., via transac 
tivation assays described in Example 18. Once a minicell has 
been identified by an assay and isolated, DNA is prepared 
from the minicell. The cloned DNA present in the minicell 
encodes a G-protein that interacts with the GPCR of the 
disiplayed by the minicells of the library. Having been cloned, 
the G-protein is used as a therapeutic target that can be used in 
screening assays to identify novel lead compounds and drugs 
that interfere or alter the activity of the GPCR. In particular, 
when the GPCR of the minicell library is known to be a 
therapeutic target for a specific disease, it is expected that 
compounds that interfere or alter the activity of a G-protein 
that interacts with the GPCR will be or lead to therapeutics for 
that specific disease. 
0819. In addition to G-protein signal transduction path 
ways, other non-limiting examples of signal tranduction path 
ways include the MAPK pathway, the SAPK pathway, the 
p38 pathway and/or the ceramide-mediated stress response 
pathway. See Zhang, W., and L. E. Samelson. 2000. The role 
of membrane-associated adaptors in T cell receptor signal 
ling. Semin. Immunol. 12:35-41; Liebmann, C. 2001. Regu 
lation of MAP kinase activity by peptide receptor signalling 
pathway: paradigms of multiplicity. CellSignal. 13:777-785: 
Lee, Jr., J.T., and J. A. McCubrey. 2002. The Raf/MEK/ERK 
signal transduction cascade as a target for chemotherapeutic 
intervention in leukemia. Leukemia. 16:486-507; Tibbles, L. 
A., and J. R. Woodgett. 1999. The stress-activated protein 
kinase pathways. Cell Mol. Life Sci. 55:1230-1254; Rao, K. 
M. 2001. MAP kinase activation of macrophages. J. Leukoc. 
Biol. 69:3-10; Pelech, S. L., and D. L. Charest. 1995. MAP 
kinase-dependent pathways in cell cycle control. Prog. Cell 
Cycle Res. 1:33-52: Lee, S. H., et al. 2001. BetaPix-enhanced 
p38 activation by Cdc42/Rac/PAK/MKK3/6-mediated path 
way. Implication in the regulation of membrane ruffling. J. 
Biol. Chem. 276:25066-25072: Ono, K., et al. 2000. The p38 
signal transduction pathway Activation and function. Cellular 
Signalling 12:1-13: You, A. 2001. Differentiation, apoptosis, 
and function of human immature and mature myeloid cells: 
intracellular signaling mechanism. Int. J. Hematol. 73:438 
452; Johnson, D. I. 1999. Cdc42: An essential Rho-type 
GTPase controlling eukaryotic cell polarity. Microbiol. Mol. 
Biol. Rev. 63:54-105; Williams, J. A. 2001. Intracellular sig 
naling mechanisms activated by cholecystokinin-regulating 
synthesis and secretion of digestive enzymes in pancreatic 
acinar cells. Annu. Rev. Physiol. 63.77-97: Mathias, S., et al. 
1998. Signal trasduction of stress via ceramide. Biocehm J. 
335:465-480; and Hannun, Y.A., et al. 2000. Ceramide in the 
eukaryotic stress response. Trends Cell Biol. 10:73-80. 
0820 XVII. Determining the Structures of Membrane 
Proteins 

0821. Three-dimensional (3D) structures of proteins may 
be used for drug discovery. However, GPCRs and other mem 
brane proteins present challenging problems for 3D structure 
determination. Muller, Towards 3D structures of G protein 
coupled receptors: a multidisciplinary approach. (Review), 
Curr Med Chem 2000 pp. 861-88: Levy et al., Two-dimen 
sional crystallization on lipid layer: A Successful approach for 
membrane proteins, J Struct Biol 1999 127, 44-52. Although 
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the three-dimensional structures of hundreds of different 
folds of globular proteins have been determined, fewer than 
20 different integral membrane protein structures have been 
determined. There are many reasons for this. Extracting 
membrane proteins from the membrane can easily disrupt 
their native structure, and membrane proteins are notoriously 
difficult to crystallize 
0822. Some membrane proteins readily form two-dimen 
sional crystals in membranes and can be used for structure 
determination using electron diffraction spectroscopy (ED) 
instead of X-ray crystallography. This is the technique that 
was used to determine the structure of bacteriorhodopsin (see 
below). 
0823 Nuclear magnetic resonance (NMR) is an alterna 
tive method for determining membrane protein structure, but 
most membrane proteins are too large for high-resolution 
NMR at the present state of the art. Furthermore, membrane 
proteins require special conditions for NMR, e.g. deuterated 
lipids must be used to avoid confusing the signal of the protein 
protons with the noise of membrane lipid protons. 
0824 Membrane protein for which structures have been 
determined include photosynthetic reaction center, porin, 
porin Ompl. plant light-harvesting complex (chlorophylla-b 
binding protein), bacterial light-harvesting complex, cyto 
chrome c oxidase, glycophorin A, the Sec A translocation 
ATPase of Bacillus subtilis, and a bacterial potassium chan 
nel. For details, see: Weinkaufetal. (2001): Conformational 
stabilization and crystallization of the Sec A translocation 
ATPase from Bacillus subtilis. Acta Crystallogr D Biol Crys 
tallogr. 57:559-565; Cowan et al., (1992): Crystal structures 
explain functional properties of two E. coli porins. Nature 
358:727-33: Deisenhofer et al., (1984): X-ray structure 
analysis of a membrane protein complex. Electron density 
map at 3A resolution and a model of the chromophores of the 
photosynthetic reaction center from Rhodopseudomonas 
viridis. J Mol Biol 180:385-98; Deisenhofer et al., (1985): 
Structure of the protein subunits in the photosynthetic reac 
tion centre of Rhodopseudomonas viridis at 3 Angstroms 
resolution. Nature 318:618: Doyle et al., (1998): The struc 
ture of the potassium channel: molecular basis of K+ conduc 
tion and selectivity. Science 280:69-77; Henderson et al., 
(1990): Model for the structure ofbacteriorhodopsin based on 
high-resolution electron cryo-microscopy. J Mol Biol 213: 
899-929; Iwata et al., (1998): Complete structure of the 
11-subunit bovine mitochondrial cytochrome bc1 complex. 
Science 281:64-71; Koepke et al., (1996): The crystal struc 
ture of the light-harvesting complex II (B800-850) from Rho 
dospirillum molischianum. Structure 4:581-97; Kuhlbrandt 
et al., (1994): Atomic model of plant light-harvesting com 
plex by electron crystallography. Nature 367:614-21; Lem 
monet al., (1992): Sequence specificity in the dimerization of 
transmembrane alpha-helices. Biochemistry 31:12719-25; 
MacKenzie et al., (1997): A transmembrane helix dimer: 
structure and implications. Science 276:131-3; McDermottet 
al., (1995): Crystal structure of an integral membrane light 
harvesting complex from photosynthetic bacteria, Nature 
374:517-21; Michel (1982): Three-dimensional crystals of a 
membrane protein complex. The photosynthetic reaction cen 
tre from Rhodopseudomonas viridis. J Mol Biol 158:567-72; 
Tsukihara et al., (1996): The whole structure of the 13-sub 
unit oxidized cytochrome c oxidase at 2.8 A. Science 272: 
1136-44; and Weiss et al., (1991): The structure of porin from 
Rhodobacter capsulatus at 1.8A resolution. FEBS Lett 280: 
379-82. Table 5, which is based upon Preusch et al. (1998) as 
revised by White & Wimley (1999), lists membrane proteins 
whose crystallographic structures have been determined. 






























































































































































































































































































































































































































