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MINICELL-BASED BIOREMEDIATION 

RELATED APPLICATIONS 

[0001] This application claims priority to the following 
US. patent applications: 

[0002] Serial No. 60/295,566 entitled “Minicell 
Compositions and Methods” by Roger Sabbadini, 
?led May 24, 2001; 

[0003] Serial No. 60/359,843 entitled “Minicell 
Compositions and Methods” by Sabbadini, et al., 
?led Feb. 25, 2002; and 

[0004] Ser. No. (attorney docket No. 089608 
0401), entitled “Methods of Making Minicells,” by 
Surber, et al., ?led May 24, 2002. 

[0005] All of the preceding applications are hereby incor 
porated in their entirety (including draWings) by reference 
thereto. 

FIELD OF THE INVENTION 

[0006] 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 dis 
covery and functional proteomics, research tools, and in 
other applications as Well. 

BACKGROUND OF THE INVENTION 

[0007] 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 speci? 
cally and individually indicated to be incorporated by ref 
erence. 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 
documents. 

[0008] 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 
Minicells, 101 Methods in EnZymology 347 (1983); Reeve 
and Mendelson, Minicells of Bacillus subtilis. A neW system 
for transport studies in absence of macromolecular biosyn 
thesis, 352 Biochim. Biophys. Acta 298-305 (1974). Mini 
cells are capable of plasmid-directed synthesis of discrete 
polypeptides 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 Ribo 
nucleic 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 minicell-producing E. coli strains, In: Micro 
bial Drug Resistance, Editors Susumu Mitsuhashi & Hajime 
Hashimoto, p. 169 (Baltimore: University Park Press 1976). 
Early descriptions of minicells include those of Adler et al., 
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Genetic control of cell division in bacteria, 154 Science 417 
(1966), and Adler et al. (Miniature Escherichia coli cells 
de?cient in DNA, 57 Proc. Nat. Acad. Sci (Wash.) 321 
(1967)). HoWever, discovery of the production of minicells 
can arguably be traced to the 1930’s (Frazer and Curtiss III, 
Production, Properties and Utility of Bacterial Minicells, 69 
Curr. Top. Microbiol. Immunol. 1-3 (1975)). 

[0009] 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 Encod 
ing Guanosine Kinase of Escherichia coli, 177(8) J. of 
Bacteriology 2236 (1995); Carol L. Pickett, et al., Cloning, 
Sequencing, and Expression of the Escherichia coli Cyto 
lethal Distinding Toxin Genes, 62(3) Infection & Immunity 
1046 (1994); Raimund Eck & Jorn Belter, Cloning and 
characteriZation of a gene coding for the catechol 1,2 
dioxygenase of Arthrobacter sp. mA3, 123 Gene 87 (1993); 
Andreas Schlossser, 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, 173(10) J. of Bacteriology 3170 
(1991); Mehrdad Jannatipour, et al., Translocation of Vibrio 
harveyi N, N‘-Diacetylchitobiase 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 Streptococcus mutans promoter in Escherichia coli 
K-12, 83(6) Proc. Natl. Acad. Sci. USA 1926 (1986); 

[0010] 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 deliv 
ery vectors for mammalian cells, 10 Current Opinion in 
Biotechnology 477 (1999); Johnsen et al., Transfer of DNA 
from Genetically Modi?ed Organisms (GMOs), Biotechno 
logical Institute, 1-70 (2000); SiZemore et al., Attenuated 
Shigella as a DNA delivery vehicle for DNA-mediated 
immuniZation, 270(5234) Science 299 (1995); Patrice Cour 
valin, et al., Gene transfer from bacteria to mammalian cells, 
318 C. R. Acad. Sci. 1207 (1995); SiZemore, et al. Attenu 
ated bacteria as a DNA delivery vehicle for DNA-mediated 
immuniZation, 15(8) Vaccine 804 (1997). 

[0011] US. 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 expres 
sion of proteins. 

[0012] US. 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. 

[0013] Eubacterial minicells expressing immunogens 
from other prokaryotes have been described. Purcell et al., 
Molecular cloning and characteriZation of the 15-kilodalton 
major immunogen of Treponema pallidum, Infect. Immun. 
57:3708, 1989. 

[0014] In “Biotechnology: Promise . . . and Peril” (IDRC 
Reports 9:4-7, 1980) authors Fleury and Shirkie aver that 
George Khachatourians at the Unveristy of SaskatcheWan, 
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Canada, “is Working on a vaccine against cholera using 
‘minicells.’” The minciells are said to contain “genes from 
the pathogenic agent,” and the “pathogen antigens are car 
ried on the surface of the minicells” 5, paragraph 
brigding the central and right columns). 

[0015] Lundstrom et al., Secretion of Semliki Forest virus 
membrane glycoprotein E1 from Bacillus subtilis, Virus 
Res. 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 trans 
membrane domain have been removed and replaced With 
signal sequences from a gene from Bacillus amyloliquefa 
ciens. The authors aver that “E1 is properly translocated 
through the cell membrane and secreted” 81, 1.1. 19-20), 
and note that “it has been difficult to express viral membrane 
proteins in prokaryotes” (p. 81, 1. 27). 

[0016] US. 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. 

[0017] US. patent application Serial No. 60/293,566 
(attorney docket Nos. 078853-0401 and 089608-0201), is 
entitled “Minicell Compositions and Methods,” and Was 
?led May 24, 2001, by Sabbadini, Roger A., Berkley, Neil 
L., and Klepper, Robert E., and is hereby incorporated in its 
entirety by reference. 

[0018] Jespersen et al. describes the use of “proteolipo 
somes” to generate antibodies to the AMPA receptor. Jes 
persen 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 

[0019] 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 
diagnostics, therapeutics, research, compound screening and 
drug discovery, as Well as agents for the delivery of nucleic 
acids and other bioactive compounds to cells. 

[0020] Minicells are derivatives of cells that lack chromo 
somal DNA and Which are sometimes referred to as anucle 
ate 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 
chromosomes” or “achromosomal,” as opposed to “anucle 
ate.” 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 deriva 
tives 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. 

[0021] In one aspect, the invention is draWn to a eubac 
terial minicell comprising a membrane protein that is not 
naturally found in a prokaryote, i.e., a membrane protein 
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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 com 
prises. The membrane protein may be one found in any 
non-eubacterial membrane, including, by Way of non-limit 
ing example, a cellular membrane, a nuclear membrane, a 
nucleolar membrane, a membrane of the endoplasmic reticu 
lum (ER), a membrane of a Golgi body, a membrane of a 
lysosome a membrane of a peroxisome, a caveolar mem 
brane, an outer membrane of a mitochondrion or a chloro 
plast, and an inner membrane of a mitochondrion or a 
chloroplast. By Way of non-limiting 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 proteins. 

[0022] 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 epi 
somal 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 
comprising an expression element, Which may be an induc 
ible 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 inven 
tion 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 inducible expression element, that 
comprises expression sequences operably linked to an ORF 
that encodes a non-eubacterial membrane protein; and pre 
paring 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. 
[0023] 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 
“display” is de?ned 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 
membrane protein or chimeric construct to be inserted in or 
associated With the minicell membrane such that the extra 
cellular 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 avail 
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able for interaction With extracellular components. A mem 
brane-associated protein may have more than one extracel 
lular domain, and a minicell of the invention may display 
more than one membrane-associated protein. 

[0024] Amembrane protein displayed by eubacterial mini 
cells may be a receptor. Receptors include, by Way of 
non-limiting example, G-coupled protein receptors, hor 
mone 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 receptor and, in some aspects, is internaliZed or 
inactivated 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 quanti?ed. In the latter circumstance, the minicells 
may be used to identify and isolate, from a pool of com 
pounds, 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 throughput screening (HTS) systems and other drug 
discovery methods, for the purpose of preparing compounds 
that in?uence the activity of a receptor of interest. 

[0025] 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 detect 
able, the reaction catalyZed by the membrane-bound enZyme 
may be quanti?ed. 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 through 
put screening (HTS) systems and other drug discovery 
methods, for the purpose of preparing compounds that 
in?uence the activity of an enZyme or enZymatic moiety of 
interest. 

[0026] The membrane protein displayed by minicells may 
be a fusion protein, i.e., a protein that comprises a ?rst 
polypeptide having a ?rst amino acid sequence and a second 
polypeptide having a second amino acid sequence, Wherein 
the ?rst 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 eucary 
ote, 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 eucaryotic virus, e.g., an adenovirus or a retrovirus. Such 
domains may be from a membrane protein naturally found 
in an archaebacterium such as a thermophile. 

[0027] The displayed domain of a membrane fusion pro 
tein may be an enZymatic domain such as one having 
oxidoreductase, transferase, hydrolase, lyase, isomerase 
ligase, lipase, kinase, phosphatase, protease, nuclease and/or 
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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 reaction catalyZed by the mem 
brane-bound enZyme may be quanti?ed. 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 com 
pounds that in?uence the activity of an enZyme or enZymatic 
moiety of interest. 

[0028] The displayed domain of a membrane fusion pro 
tein may be a binding moiety. By Way of non-limiting 
example, binding moieties used for particular purposes may 
be a binding moiety directed to a compound or moiety 
displayed by a speci?c cell type or cells found predomi 
nantly in one type of tissue, Which may be used to target 
minicells and their contents to speci?c 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 moi 
ety 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 compositions and methods for com 
pound screening and drug discovery. By “diseased cell” it is 
meant pathogen-infected cells, malfunctioning cells, and 
dysfunctional cells, e.g., cancer cells. 

[0029] 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 itself has a 
biological effect, or that it modi?es, causes, promotes, 
enhances, blocks, reduces, limits the production or activity 
of, or reacts With or binds 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 immunore 

active 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 compo 
sitions, complexes or compounds may be used in therapeu 
tic, 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 condi 
tion in an animal suffering therefrom; limiting the groWth of 
or killing a pathogen in an animal infected thereby; aug 
menting the phenotype or genotype of an animal; stimulat 
ing a prophylactic immunoreactive response in an animal; or 
diagnosing a disease or disorder in an animal. 

[0030] 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, 
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complex 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. 

[0031] 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 composi 
tions and kits. For diagnostic purposes, a preferred biologi 
cally active composition or compound is one that can be 
detected, typically (but not necessarily) by virtue of com 
prising a detectable polypeptide. Antibodies to an epitope 
found on composition or compound may also be used for its 
detection. 

[0032] In the context of prophylactic applications of the 
invention, the term “biologically active” indicates that the 
composition or compound induces or stimluates an immu 
noreactive response. In some preferred embodiments, the 
immunoreactive response is designed to be prophylactic, 
i.e., prevents infection by a pathogen. In other preferred 
embodiments, 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 comprising antigens are formulated as a vac 
c1ne. 

[0033] It Will be understood by those skilled in the art that 
a given composition, complex or compound may be bio 
logically active in therapeutic, diagnostic and prophylactic 
applications. 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 
component” of a composition or compound is a portion 
thereof that is biologically active once it is liberated from the 
composition or compound. It should be noted, hoWever, that 
such a component may also be biologically active in the 
context of the composition or compound. 

[0034] In one aspect, the minicells of the invention com 
prise a therapeutic agent. Such minicells may be used to 
deliver therapeutic agents. In a preferred embodiment, a 
minicell comprising a therapeutic agent displays a binding 
moiety that speci?cally binds a ligand present on the surface 
of a cell, so that the minicells may be “targeted” to the cell. 
The therapeutic agent may be any type of compound or 
moiety, including Without limitation small molecules, 
polypeptides, antibodies 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 introduced into a subject in need of 
treatment; or an immunogen. 

[0035] 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 
“detectable” produces a signal that can detected by spectro 
scopic, photochemical, biochemical, immunochemical, 
electromagnetic, radiochemical, or chemical means such as 

?uorescence, chemi?uoresence, or chemiluminescence, 
electrochemilumenscence, or any other appropriate means. 
A detectable compound may be a detectable polypeptide, 
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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 ?uorescent 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 
compound or a radioisotope. A detectable compound or 
moiety may be a small molecule such as, by Way of 
non-limiting example, a ?uorescent dye; a radioactive 
iostope; or a compound 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. 

[0036] 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 
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 
surface 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 
operably linked to a nucleotide sequence that serves as a 
template for a bioactive nucleic acid. 

[0037] 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 intracelluar parasite, organelle or 
virus With the provisio that, in prophylactic applications, the 
immunogenic polypeptide is not derived from a prokaryote, 
including a eubacterial virus. The source organism for the 
immunogen 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. 

[0038] In a separate aspect, the invention is draWn to 
minicells that display an immunogen derived from a non 
functional, dysfunctional and/or diseased cell. By Way of 
non-limiting example, the minicells display an immuno 
genic 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 or an obligate intracellular parasite (e. g., Rickettsiae) 
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displays an immunogenic polypeptide that is encoded by the 
genome of the infected cell but is aberrenatly expressed in 
an infected cell. Avaccine comprising a minicell displaying 
an immunogen derived from a nonfunctional, dysfunctional 
and/or diseased cell is used in methods of treating or 
preventing hyperproliferative diseases or disorders, includ 
ing Without limitation a cell comprising an intracellular 
pathogen. 

[0039] In one aspect, the invention is draWn to methods of 
using minicells, and expression systems optimiZed there 
fore, to manufacture, on a large scale, proteins using recom 
binant 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 puri?cation, the minicells can be used for 
crystallography, the study of intracellular or extracellular 
protein-protein interactions, the study of intracellular or 
extracellular protein-nucleic acid interactions, the study of 
intracellular or extracellular protein-membrane interactions, 
and the study of other biological, chemical, or physiological 
event(s). 
[0040] In one aspect, the invention is draWn to minicells 
having a membrane protein that has an intracellular domain. 
By Way of non-limiting example, the intracellular domain is 
exposed on the inner surface of the minicell membrane 
oriented toWards the cytoplasmic compartment. The intrac 
ellular protein domain is available for interaction With 
intracellular components. Intracellular components may be 
naturally present in the minicells or their parent cells, or may 
be introduced into minicells after segregation from parent 
cells. A membrane-associated protein may have more than 
one intracellular domain, and a minicell of the invention 
may display more than one membrane-associated protein. 

[0041] In one aspect, the invention is draWn to a minicell 
comprising a membrane protein that is linked to a conju 
gatable compound (a.k.a. “attachable compound”). The con 
jugatable 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 
capacity to be speci?cally cross-linked on its extracellular 
domain. Through this approach, any conjugatable com 
pound of interest may be quickly and easily attached to the 
outer surface of minicells containing this expressed mem 
brane-spanning domain. In aspects of the invention Wherein 
minicells are used for drug delivery in vivo, a preferred 
conjugatable compound 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 polysaccha 
rides, polynucleotides, lipopolysaccharides, lipoproteins, 
glycosylated proteins, synthetic chemical compounds, and/ 
or chimeric combinations of these examples listed. 

[0042] In various aspects of the invention, the minicell 
displays a polypeptide or other compound or moiety on its 
surface. 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 
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compound that is bound to its receptor and, in some aspects, 
is internaliZed by the minicells. In drug discovery applica 
tions of this aspect of the invention, the ligand for the 
receptor may be detectably labeled so that its binding to its 
receptor may be quanti?ed. 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 stimu 
late 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 com 
pounds that in?uence the activity of a receptor of interest. 

[0043] The non-eubacterial membrane protein displayed 
by minicells may be a fusion protein, i.e., a protein that 
comprises a ?rst polypeptide having a ?rst amino acid 
sequence and a second polypeptide having a second amino 
acid sequence, Wherein the ?rst 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 a retrovirus. Such domains may be from a 
membrane protein naturally found in an archaebacterium 
such as a thermophile. 

[0044] The displayed domain of a membrane fusion pro 
tein may be an enZymatic domain such as one having the 
activity of a lipase, a kinase, a phosphatse, 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 mem 
brane-bound enZyme may be quanti?ed. 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 com 
pounds that in?uence the activity of an enZyme or enZymatic 
moiety of interest. 

[0045] The displayed domain of a membrane fusion pro 
tein may be a binding moiety. By Way of non-limiting 
example, binding moieties used for particular purposes may 
be a binding moiety directed to a compound or moiety 
displayed by a speci?c cell type or cells found predomi 
nantly in one type of tissue, Which may be used to target 
minicells and their contents to speci?c 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 moi 
ety may be a domain that alloWs for the minicells to be 
covalently or non-covalently attached to a support material, 
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Which may be used in compositions and methods for com 
pound screening and drug discovery. 

[0046] In one aspect, the invention provides compositions 
and methods for preparing a soluble and/or secreted protein 
Where the protein remains in the cytoplasm of the minicell 
or is secreted following native secretory pathWays for 
endogenous 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 puri?cation, targeted therapeutic appli 
cations 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 
stimulate targeted minicell-cell fusion or interaction events 
Where the protein produced stimulates cell-cell fusion upon 
targeted stimulation. 

[0047] In one aspect, the invention provides compositions 
and methods for preparing antibodies and/or antibody 
derivatives that recogniZe an immunogenic epitope present 
on the native form of a membrane protein, but Which is not 
immunogenic When the membrane protein is denatured or 
When prepared as a synthetic oligopeptide. Such antibodies 
and antibody derivatives are said to be “conformation sen 
sitive.” Unlike most antibodies and antibody derivatives 
prepared by using a denatured membrane protein or an 
oligopeptide derived from the membrane protein, confor 
mation sensitive antibodies and antibody derivatives spe 
ci?cally bind membrane proteins in their native state (i.e., in 
a membrane) With high af?nity. Conformation sensitive 
antibodies and antibody derivatives are used to target com 
pounds and compositions, including a minicell of the inven 
tion, to a cell displaying the membrane protein of choice. 
Conformation sensitive antibodies and antibody derivatives 
are also used to prevent receptors from binding their natural 
ligands by speci?cally binding to the receptor With a high 
af?nity and thereby limiting access of the ligand to the 
receptor. Conformation sensitive antibodies and antibody 
derivatives can be prepared that are speci?c for a speci?c 
isoform or mutant of a membrane protein, Which can be 
useful in research and medical applications. 

[0048] 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 surface plasmon resonance. A biosensor 
comprising minicells can be used in methods of detecting 
the presence of an undesirable compound. Undesirable com 
pounds 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 operatively associated With a bio 
sensor comprising a minicell. The device can further com 
prise an actuator that performs a responsive function When 
the sensor detects a preselected level of a marker. 

[0049] 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 scienti?c 
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research regarding all amino acid comprising compounds 
including, but not limited to membrane-associated proteins, 
chimeric membrane fusion proteins, and soluble proteins. 
Such scienti?c 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. 

[0050] 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). 

[0051] 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 
limited to diagnostic, therapeutic, research and screening 
applications. In a related aspect, the invention is draWn to 
pharmaceutical compositions, reagents and kits comprising 
minicells. 

[0052] 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 
protoplast exist. 

[0053] In a ?rst aspect, the invention provides a minicell 
comprising a membrane protein selected from the group 
consisting of a eukaryotic membrane protein, an archeabac 
terial membrane protein and an organellar membrane pro 
tein. In another embodiment, Wherein the minicell comprises 
a biologically active compound. By Way of non-limiting 
example, the biologically active compound is a radioisotope, 
a polypeptide, a nucleic acid or a small molecule. 

[0054] In another embodiment, the minicell comprises a 
expression construct, Wherein the ?rst 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. 

[0055] 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 repress 
ible. In a related embodiment, the gene product of the gene 
regulates 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. Amembrane 
protein can be a membrane fusion protein comprising a ?rst 
polypeptide, Which comprises at least one transmembrane 
domain or at least one membrane anchoring domain; and a 
second polypeptide. 

[0056] In one aspect, the invention provides a minicell 
comprising a membrane fusion protein, the fusion protein 
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comprising a ?rst polypeptide, the ?rst polypeptide com 
prising 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. In various embodiments, the 
minicell is a eubacterial minicell, a poroplast, a spheroplast 
or a protoplast. In one embodiment, the minicell comprises 
a biologically active compound. 

[0057] 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. 

[0058] 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 
repression of the gene causes or enhances the production of 
minicells; 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. 

[0059] Relevant gene products are factors involved in or 
modulating DNA replication, cellular division, cellular par 
titioning, septation, transcription, translation, or protein 
folding. The minicells are separated from parent cells by 
processes such as centrifugation, ultracentrifugation, density 
gradation, immunoaf?nity, immunoprecipitation and other 
techniques described herein. 

[0060] 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 condi 
tions, 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, polyethylene 
imine, polycationic peptides, cationic leukocyte peptides, 
aminoglycosides, aminoglycosides, protamine, insect 
cecropins, reptilian magainins, polymers of basic amino 
acids, polymixin B, chloroform, nitrilotriacetic acid and 
sodium hexametaphosphate; by exposure to conditions 
selected from the group consisting of osmotic shock and 
insonation; and by other methods described herein. 

[0061] 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 
preferably 95%, most preferably 99% or >99% of LPS is 
removed from an initial preparation of minicells. In a related 
embodiment, the minicell-producing parent cell comprises a 
mutation in a gene required for lipopolysaccharide synthe 
sis. 

[0062] In on embodiment, the minicell is a spheroplast, 
and the method further comprises (d) treating the minicells 
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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. 

[0063] 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 com 
prises protoplasts; and purifying protoplasts from the 
composition. In one embodiment, the method further com 
prises preparing a denuded minicell from the minicell. In 
one embodiment, the method further comprises covalently 
or non-covalently linking one or more components of the 
minicell to a conjugated moiety. 

[0064] In one aspect, the invention provides a L-form 
minicell comprising (a) culturing an L-form eubacterium, 
Wherein the eubacterium comprises one or more of the 
folloWing: an expression element that comprises 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 expression 
construct; (ii) a mutation in an endogenous gene, Wherein 
the mutation regulates the copy number of an episomal 
expression construct; (iii) 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 (iv) a mutation in an endogenous gene, 
Wherein the mutation causes or enhances minicell produc 
tion; (b) culturing the L-form minicell-producing parent cell 
in media under conditions Wherein minicells are produced; 
and (c) separating the minicells from the parent cell, thereby 
generating a composition comprising L-form minicells, 
Wherein an inducer or repressor is present Within the mini 
cells 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. 
[0065] 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 

[0066] In one embodiment, the expression elements seg 
regate into the minicells, and the ORF is expressed betWeen 
steps (c) and In one embodiment, the protein is a soluble 
protein contained Within the minicells, and the method 
further comprises (e) lysing the minicells. 

[0067] In one embodiment, the protein is a secreted pro 
tein, and the method further comprises (e) collecting a 
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composition in Which the minicells are suspended or With 
Which the minicells are in contact. 

[0068] 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) 
[0069] 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 

[0070] 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. 

[0071] In one embodiment, the method further comprises 
(f) purifying the protein from the poroplasts. 

[0072] 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). 
[0073] In one embodiment, the method further comprises 
(f) purifying the protein from the spheroplasts. 

[0074] 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 . 

[0075] In one embodiment, the method further comprises 
(f) purifying the protein from the protoplasts. 

[0076] 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 

[0077] In one embodiment, the method further comprises 
(f) purifying the protein from the membrane preparations. 

[0078] In one embodiment, the minicell-producing parent 
cell is an L-form bacterium. 

[0079] In one aspect, the invention provides a method of 
producing a protein, comprising (a) transforming a minicell 
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. 

[0080] In one embodiment, the method further comprises 
(c) purifying the protein from the minicells. 

[0081] 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 compris 
ing the protein and a polypeptide, Wherein a protease 
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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. 
[0082] 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. 

[0083] 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 
solution, Wherein 90% or more of an equivalent amount of 
spheroplasts or protoplasts lyse in the solution under the 
same conditions. 

[0084] In one embodiment, 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 a fusion protein, the fusion protein com 
prising a ?rst polypeptide, the ?rst polypeptide comprising 
at least one transmembrane domain or at least one mem 

brane 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. 

[0085] In one embodiment, the poroplast comprises a 
membrane component that is chemically linked to a conju 
gated compound. 
[0086] 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. 

[0087] In one aspect, the invention provides a solid sup 
port comprising a minicell. In various embodiments, the 
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solid support is a dipstick, a bead or a microtiter multiWell 
plate. In one embodiment, the minicell comprises a detect 
able compound, Which may be a calorimetric, ?uorescent or 
radioactive compound. 

[0088] In one embodiment, the minicell displays a mem 
brane component selected from the group consisting of 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. 

[0089] 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. 

[0090] In one aspect, the invention provides a solid sup 
port comprising a minicell, Wherein the minicell displays a 
fusion protein, the fusion protein comprising a ?rst polypep 
tide that comprises at least one transmembrane domain or at 
least one membrane anchoring domain, and a second 
polypeptide. In various embodiments, the second polypep 
tide comprises a binding moiety or an enZyme moiety. 

[0091] In one aspect, the invention provides a solid sup 
port comprising a minicell, Wherein the minicell comprises 
a membrane conjugate comprising a membrane component 
chemically linked to a conjugated compound. In one 
embodiment, the conjugated compound is a spacer. In one 
embodiment, the spacer is covalently linked to the solid 
support. In one embodiment, the conjugated compound is 
covalently linked to the solid support. 

[0092] 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 or binding moiety is part of a fusion protein com 
prising a ?rst polypeptide that comprises at least one trans 
membrane 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. 

[0093] 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 eukaryotic membrane protein; (b) an archeabacterial mem 
brane protein; (c) an organellar membrane protein; and (d) 
a fusion protein, the fusion protein comprising a ?rst 
polypeptide, the ?rst 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 polypep 
tide, and Wherein the polypeptide comprises a binding 
moiety. 

[0094] 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 a preferred embodiment, the 
binding moiety is a single-chain antibody. In one embodi 
ment, one of the ORFs encodes a protein that comprises the 
binding moiety. 
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[0095] 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. 

[0096] In one embodiment, the invention further com 
prises a ?rst and second nucleic acid, Wherein the ?rst 
nucleic acid comprises eukaryotic expression sequences 
operably linked to a ?rst ORF, and a second nucleic acid, 
Wherein the second nucleic acid comprises eubacterial 
expression sequences operably linked to a second ORF. 

[0097] 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 ?rst ORF comprises eukaryotic secretion 
sequences and/or the protein encoded by the second ORF 
comprises eubacterial secretion sequences. 

[0098] In one aspect, the invention provides a method of 
associating a radioactive compound With a cell, Wherein the 
cell displays a ligand speci?cally recogniZed by a binding 
moiety, comprising contacting the cell With a minicell that 
comprises the radioactive compound and displays the bind 
ing moiety. In a diagnostic embodiment, the amount of 
radiation emitted by the radioactive isotope is suf?cient to be 
detectable. In a therapeutic embodiment, the amount of 
radiation emitted by the radioactive isotope is suf?cient 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 embodiment, the binding moiety is selected from the 
group consisting 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. 

[0099] In one aspect, the invention provides a method of 
delivering a biologically active compound to a cell, Wherein 
the cell displays a ligand speci?cally recogniZed by a 
binding moiety, comprising contacting the cell With a mini 
cell 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 radio 
active compound, an ion and a small molecule. 

[0100] 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. A 
representative system for transferring a molecule from the 
interior of a minicell into the cytoplasm of the cell is a Type 
III secretion system. 

[0101] In one embodiment, the minicell further comprises 
a ?rst and second nucleic acid, Wherein the ?rst nucleic acid 
comprises eukaryotic expression sequences operably linked 
to a ?rst 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 
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 
derepressed When the nucleic acid is in the cytoplasm of a 
eukaryotic cell. In one embodiment, the protein encoded by 
the ?rst 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. 

[0102] In one aspect, the invention provides a minicell 
displaying a synthetic linking moiety, Wherein the synthetic 
linking moiety is covalenty or non-covalently attached to a 
membrane component of the mincell. 

[0103] 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 com 
prises a PEG moiety, a carboxylic group of a polyalkylene 
glycol or PEG stearate. 

[0104] In one aspect, the invention provides a minicell 
having 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 con 
sisting of a eubacterial minicell, a poroplast, a spheroplast 
and a protoplast. In one embodiment, the exogenous lipid is 
a derivitiZed lipid Which may, by Way of non-limiting 
example, be phosphatidylethanolamine derivatiZed With 
PEG, DSPE-PEG, PEG stearate; PEG-derivatiZed phospho 
lipids, a PEG ceramide or DSPE-PEG. 

[0105] 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, sph 
ingomyelin, monosialoganglioside GM1, galactocerebro 
side sulfate, 1,2-sn-dimyristoylphosphatidylcholine, phos 
phatidylinositol and cardiolipin. 

[0106] In one embodiment, the linking moiety is non 
covalently attached to the minicell. In one embodiment, one 
of the linking moiety and the membrane component com 
prises 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. 

[0107] 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 suf?cient for the transfer to occur. 

[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 
pathogen, a membrane of an infected cell and a membrane 
of a hyperproliferative cell. In one embodiment, the biologi 
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cal 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 that has been removed from an animal, the 
contacting occurs in vitro, after Which the cell is returned to 
the organism. 

[0109] 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 ?rst polypeptide, the ?rst polypeptide com 
prising at least one polypeptide, Wherein the second 
polypeptide has enZymatic acitivity. 

[0110] In one embodiment, the membrane protein is a 
membrane fusion protein, the membrane fusion protein 
comprising a ?rst polypeptide, the ?rst polypeptide com 
prising at least one transmembrane domain or at least one 
membrane anchoring domain; and a second polypeptide. 

[0111] In one embodiment, the second polypeptide is a 
biologically active polypeptide. In one embodiment, the 
minicell displays ligand or a binding moiety. 

[0112] 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. 

[0113] 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 
pathogen, a membrane of an infected cell and a membrane 
of a hyperproliferative cell. In one embodiment, the minicell 
displays 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 mem 
brane fusion protein comprising a ?rst polypeptide, the ?rst 
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 consisting of a cytokine, hormone, and a small 
molecule. 

[0114] In one aspect, the invention provides a pharmaceu 
tical composition comprising a minicell, Wherein the mini 
cell displays a membrane protein, Wherein 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 
membrane protein is selected from the group consisting of a 
receptor, a channel protein, a cellular adhesion factor and an 
integrin. In one embodiment, the pharmaceutical formula 
tion further comprises an adjuvant. In one embodiment, the 
membrane protein comprises a polypeptide epitope dis 
played 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. 

[0115] In one aspect, the invention provides a pharmaceu 
tical composition comprising a minicell, Wherein the mini 
cell displays a membrane protein that is a fusion protein, the 
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fusion protein comprising a ?rst polypeptide, the ?rst 
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. In one embodiment, the 
pharmaceutical formulation further comprises an adjuvant. 
In one embodiment, the second polypeptide comprises a 
polypeptide epitope displayed by a hyperproliferative cell. 
In one embodiment, the membrane protein comprises an 
epitope displayed by a eukaryotic pathogen, an archeabac 
terial pathogen, a virus or an infected cell. 

[0116] In one aspect, the invention provides a pharmaceu 
tical composition comprising a minicell, Wherein the mini 
cell displays a membrane conjugate, Wherein the membrane 
conjugate comprises a membrane component chemically 
linked to a conjugated compound. In one embodiment, the 
membrane protein is selected from the group consisting of a 
receptor, a channel protein, a cellular adhesion factor and an 
integrin. 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 
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, a sphingolipid and a soluble protein. 

[0117] In one aspect, the invention provides a method of 
making a pharmaceutical composition comprising a mini 
cell, Wherein the minicell displays a membrane protein, 
Wherein the membrane protein is selected from the group 
consisting of a eukaryotic membrane protein, an archeabac 
terial membrane protein and an organellar membrane pro 
tein. In one embodiment, the method further comprises 
adding an adjuvant 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 modi?cation of the membrane protein. In one 
embodiment, the chemical modi?cation is selected from the 
group consisting of glycosylation, deglycosylation, phos 
phorylation, dephosphorylation and proteolysis. In one 
aspect, the invention provides a method of making a phar 
maceutical composition comprising a minicell, Wherein the 
minicell displays a membrane protein that is a fusion pro 
tein, the fusion protein comprising a ?rst polypeptide, the 
?rst 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. 

[0118] 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 
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at least one transmembrane domain or at least one mem 

brane anchoring domain, or a lipid that is part of a mem 
brane. In one embodiment, the conjugated compound is a 
polypeptide, and the chemical linkage betWeen the mem 
brane 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 com 
pound 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. 

[0119] In one aspect, the invention provides a method of 
detecting an agent that is speci?cally bound by a binding 
moiety, comprising contacting a minicell displaying the 
binding 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 
embodiment, the agent is associated With a disease. In one 
embodiment, the minicell comprises a detectable compound. 
In one embodiment, the binding moiety is antibody or 
antibody derivative. In one embodiment, the composition is 
an environmental sample. In one embodiment, the compo 
sition is a biological sample. In one embodiment, the bio 
logical sample is selected from the group consisting of 
blood, serum, plasma, urine, saliva, a biopsy sample, feces 
and a skin patch. 

[0120] In one aspect, the invention provides a method of 
in situ imaging of a tissue or organ, comprising administer 
ing to an organism a minicell comprising an imaging agent 
and a binding moiety and detecting the imaging agent in the 
organism. 
[0121] 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 speci? 
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-speci?c antigen. In one 
embodiment, the method of imaging is selected from the 
group consisting of magnetic resonance imaging, ultrasound 
imaging; and computer aXaial tomography (CAT). In one 
aspect, the invention provides a device comprising a micro 
chip operatively associated With a biosensor comprising a 
minicell, Wherein the microchip comprises or contacts the 
minicell, and Wherein the minicell displays a binding moi 
ety. 

[0122] In one embodiment, the invention provides a 
method of detecting a substance that is speci?cally 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 composition is a biological sample or an environmental 
sample. 

[0123] In one aspect, the invention provides a method of 
identifying an agent that speci?cally binds a target com 
pound, comprising contacting a minicell displaying the 
target compound With a library of compounds, and identi 
fying 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 
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from the group consisting of a phage display library, a 
phagemid display library, a baculovirus 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. 

[0124] 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 mem 
brane fusion protein comprising a ?rst polypeptide, Wherein 
the ?rst polypeptide comprises at least one transmembrane 
domain or at least one membrane anchoring domain; and a 
second polypeptide, Wherein the second polypeptide com 
prises amino acid sequences derived from a target polypep 
tide. In one embodiment, the method further comprises 
comparing the activity of the target compound in the pres 
ence of the agent to the activity of the target compound in 
the absence of the agent. 

[0125] 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 competition assay is used for the comparing. 

[0126] In one aspect, the invention provides a device 
comprising microchips operatively associated With a bio 
sensor 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 speci?cally 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 
compound. In one embodiment, the invention provides a 
method of identifying an agent that speci?cally 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. 

[0127] In one aspect, the invention provides a method of 
making a antibody that speci?cally 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 contacted With the cell, in order to generate an 
immunogenic response in Which the cell produces the anti 
body. 

[0128] In one embodiment, the protein displayed on a 
minicell is a membrane protein. In one embodiment, the 
membrane protein is a receptor or a channel protein. In one 
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embodiment, the domain is found Within the second 
polypeptide of a membrane fusion protein, Wherein the 
membrane fusion protein comprises a ?rst polypeptide, 
Wherein the ?rst polypeptide comprises at least one trans 
membrane domain or at least one membrane anchoring 
domain. In one embodiment, 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. 

[0129] In one aspect, the invention provides the method of 
making an antibody derivative that speci?cally binds a 
protein domain, Wherein the domain is in its native confor 
mation, 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 speci?cally binds the protein domain. In one 
embodiment, the protein library is selected from the group 
consisting of a phage display library, a phagemid display 
library, and a ribosomal display library. 

[0130] In one aspect, the invention provides a method of 
making an antibody or antibody derivative that speci?cally 
binds an epitope, Wherein the epitope is selected from the 
group consisting of 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 
component, (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 ?rst polypeptide, the ?rst 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 
immunogenic response in Which the cell produces the anti 
body. 
[0131] 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 
display library, a phagemid display library, and a ribosomal 
display library. 

[0132] 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 measured 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. 

[0133] 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 
element having eukaryotic expression sequences operably 
linked to an ORF encoding a detectable polypeptide, 
Wherein the minicell displays a binding moiety, and Wherein 
the binding moiety binds an epitope of the cell; and (b) 
detecting a signal from the detectable polypeptide, Wherein 
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a change in the signal corresponds to an increase in the 
amount of a nucleic acid transferred to a cell. 

[0134] 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. 

[0135] 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. In one embodi 
ment, the detectable polypeptide is a ?uorescent polypep 
tide. 

[0136] 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 
binding 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 polypeptide, Wherein an increase in the signal 
corresponds to an increase in the expression of the expres 
sion element. 

[0137] 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 
mammalian 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. 

[0138] 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) contact 
ing the cell to a minicell, Wherein 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 ?rst 
polypeptide that comprises organellar delivery sequences, 
and a second polypeptide 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. 

[0139] 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 
consisting of a eukaryotic membrane protein; (ii) an 
archeabacterial membrane protein; (iii) an organellar mem 
brane protein; and (iv) a fusion protein, the fusion protein 
comprising a ?rst polypeptide, the ?rst polypeptide com 
prising at least one transmembrane domain or at least one 
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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. 

[0140] 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 the eukaryotic membrane protein, (ii) 
the archeabacterial membrane protein, (iii) the organellar 
membrane protein; and (iv) the fusion protein. 

[0141] In one embodiment, the nucleic acid comprises an 
expression construct comprising expression sequences oper 
ably linked to an ORF, Wherein the ORF encodes a thera 
peutic polypeptide. In one embodiment, the therapeutic 
polypeptide 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. 

[0142] 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 
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. 

[0143] 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 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 ?rst 
polypeptide, the ?rst 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 polypep 
tide, and Wherein the polypeptide comprises a binding 
moiety; and Wherein the binding moiety binds an epitope of 
the cell. 

[0144] 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 the eukaryotic membrane protein, (ii) 
the archeabacterial membrane protein, (iii) the organellar 
membrane protein; and (iv) a fusion protein. 

[0145] In one embodiment, the nucleic acid comprises an 
expression construct comprising expression sequences oper 
ably linked to an ORF, Wherein the ORF encodes a thera 
peutic polypeptide. In one embodiment, the expression 
sequences are inducible and/or derepressible. In one 



US 2003/0219888 A1 

embodiment, the expression sequences are induced or dere 
pressed When the binding moiety displayed by the minicell 
binds its target compound. In one embodiment, the expres 
sion sequences are induced or derepressed by a transactiva 
tion 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. 

[0146] In one aspect, the invention provides a minicell 
comprising a nucleic acid, Wherein the nucleic acid com 
prises eukaryotic expression sequences and eubacterial 
expression sequences, each of Which is independently oper 
ably linked to an ORF. 

[0147] 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 
derepressed When the nucleic acid is in the cytoplasm of a 
eukaryotic cell. In one embodiment, the protein encoded by 
the ORF comprises eubacterial or eukaryotic secretion 
sequences. 

[0148] In one aspect, the invention provides a minicell 
comprising a ?rst and second nucleic acid, Wherein the ?rst 
nucleic acid comprises eukaryotic expression sequences 
operably linked to a ?rst ORF, and a second nucleic acid, 
Wherein the second nucleic acid comprises eubacterial 
expression sequences operably linked to a second ORF. 

[0149] 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 
derepressed When the nucleic acid is in the cytoplasm of a 
eukaryotic cell. In one embodiment, the protein encoded by 
the ?rst ORF comprises eukaryotic secretion sequences 
and/or the protein encoded by the second ORF comprises 
eubacterial secretion sequences. 

[0150] In one aspect, the invention provides a method of 
introducing into and expressing a nucleic acid in an organ 
ism, comprising contacting a minicell to a cell of the 
organism, Wherein the minicell comprises the nucleic acid. 

[0151] 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 consist 
ing of a membrane protein, a soluble protein and a protein 
comprising eukaryotic secretion signal sequences. In one 
embodiment, the nucleic acid comprises a eubacterial 
expression construct, Wherein the eubacterial expression 
construct comprises eubacterial expression sequences oper 
ably linked to an ORF. In one embodiment, the minicell 
displays a binding moiety, Wherein the eubacterial expres 
sion 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 
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eubacterial secretion sequences. In one aspect, the invention 
provides a minicell comprising a crystal of a membrane 
protein. In one embodiment, the minicell is a eubacterial 
minicell, a poroplast, a spheroplast or a protoplast. In one 
embodiment, the membrane protein is a receptor. In one 
embodiment, the receptor is a G-protein coupled receptor. In 
one embodiment, the crystal is displayed. 

[0152] In a related aspect, the invention provides a mini 
cell membrane preparation comprising a crystal of a mem 
brane protein. 

[0153] In one embodiment, the membrane protein is a 
fusion protein, the fusion protein comprising a ?rst polypep 
tide, the ?rst 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. 

[0154] 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 
protein in a minicell, and determining the three-dimensional 
structure of the crystal. 

[0155] In one aspect, the invention provides a method for 
identifying ligand-interacting atoms in a de?ned three-di 
mensional structure of a target protein, comprising (a) 
preparing 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) determining if a minicell displaying the variant protein 
binds the preselected ligand With increased or decreased 
af?nity as compared to the binding of the preselected ligand 
to the target protein. 

[0156] In one embodiment, the ligand is a protein that 
forms a multimer With the target protein, and the ligand 
interacting atoms are atoms in the de?ned three-dimensional 
structure are atoms that are involved in protein-protein 
interactions. In one embodiment, the ligand is a compound 
that induces a conformational change in the target protein, 
and the de?ned three-dimensional structure is the site of the 
conformational change. In one embodiment, the method for 
identifying ligands of a target protein, further comprising 
identifying the chemical differences in the variant proteins 
as compared to the target protein. In one embodiment, the 
invention further comprises mapping the chemical differ 
ences onto the de?ned three-dimensional structure, and 
correlating the effect of the chemical differences on the 
de?ned three-dimensional 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 poroplast, a spheroplast or a proto 
plast. In one embodiment, the exogenous protein is a dis 
played protein. In one embodiment, the exogenous protein is 
a membrane protein. In one embodiment, 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 comprises expression 
sequences operably linked to a nucleic acid having an ORF 
that encodes the exogenous protein. In one embodiment, the 
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nucleic acid has been mutageniZed; the mutagenesis can be 
site-directed or random. In one embodiment, an active site of 
the exogenous protein has a knoWn or predicted three 
dimensional structure, and the a portion of the ORF encod 
ing the active site has been mutageniZed. In one embodi 
ment, each of the minicells comprises an exogenous protein 
that is a variant of a protein having a knoWn or predicted 
three-dimensional structure. 

[0157] 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 ?rst polypeptide that is a con 
stant polypeptide, Wherein the constant polypeptide com 
prises 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, minicells 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 variant of an amino acid sequence from a protein having 
a knoWn or predicted three-dimensional structure. 

[0158] 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 variable 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 embodiment, one of the constant and variable pro 
teins is a G-protein, and the other of the constant and 
variable proteins is a G-protein coupled receptor. 

[0159] In one embodiment, one of the constant and vari 
able proteins comprises a ?rst transrepression domain, and 
the other of the constant and variable comprises a second 
transrepression domain, Wherein the transrepression 
domains limit or block expression of a reporter gene When 
the constant and variable proteins associate With each other. 

[0160] In one embodiment, one of the constant and vari 
able proteins comprises a ?rst transactivation domain, and 
the other of the constant and variable comprises a second 
transactivation domain, Wherein the transactivation domains 
stimulate expression of a reporter gene When the constant 
and variable proteins associate With each other. 

[0161] 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) 
separately 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 gener 
ate 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 chemi 
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cally 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 reac 
tion 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. 

[0162] 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 chemically altered derivative of the protein is detectably 
labeled. 

[0163] 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) 
contacting the ligand With a minicell library, Wherein mini 
cells 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 mini 
cells, 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 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. 

[0164] 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 com 
plexes, or in a minicell thereof. In one embodiment, the 
protein is a fusion protein. In one embodiment, the protein 
is a membrane or a soluble protein. In one embodiment, the 
protein comprises secretion sequences. In one embodiment, 
the preselected ligand is a biologically active compound. In 
one embodiment, the preselected ligand is a therapeutic 
drug. In one embodiment, the preselected ligand is a thera 
peutic 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. 

[0165] 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 ele 
ments, 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 
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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 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 

[0166] 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. 

[0167] 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 polypep 
tide derived from the protein, assaying the effect of candi 
date agents on the activity of the protein, and identifying 
agents that effect the activity of the protein. 

[0168] 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 embodiment, 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 aptam 
ers. In one embodiment, the library of compounds is a 
library of small molecules. 

[0169] 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 ?rst polypeptide, the ?rst 
polypeptide comprising at least one transmembrane domain 
or at least one membrane anchoring domain, and a second 
polypeptide, Wherein the second polypeptide comprises the 
protein domain. 
[0170] 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 
contacting a minicell that comprises the protein to the 
biologically active compound. In one embodiment, the 
invention provides comprises characteriZing the binding of 
the biologically active compound to the protein. In one 
embodiment, the invention provides comprises characteriZ 
ing the effect of the biologically active compound on the 
activity of the protein. 
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[0171] In one aspect, the invention provides a method for 
identifying an agent that effects the interaction of a ?rst 
signaling protein With a second signaling protein, compris 
ing (a) contacting a library of compounds With a minicell, 
Wherein the minicell comprises: a ?rst protein comprising 
the ?rst signaling protein and a ?rst trans-acting regulatory 
domain; (ii) a second protein comprising the second signal 
ing protein and a second trans-acting regulatory domain; and 
(iii) a reporter gene, the expression of Which is modulated by 
the interaction betWeen the ?rst trans-acting regulatory 
domain and the second trans-acting regulatory domain; and 
(b) detecting the gene product of the reporter gene. 

[0172] In one embodiment, the trans-acting regulatory 
domains are transactivation domains. In one embodiment, 
the trans-acting regulatory domains are transrepression 
domains. 

[0173] In one embodiment, the reporter gene is induced by 
the interaction of the ?rst trans-acting regulatory domain and 
the second trans-acting regulatory domain. In one embodi 
ment, the agent that effects the interaction of the ?rst 
signaling protein With the second signaling protein is an 
agent that causes or promotes the interaction. In one embodi 
ment, the reporter gene is repressed by the interaction of the 
?rst trans-acting regulatory domain and the second trans 
acting regulatory domain. In one embodiment, the agent that 
effects the interaction of the ?rst signaling protein With the 
second signaling protein is an agent that inhibits or blocks 
the interaction. 

[0174] In one embodiment, the ?rst signaling protein is a 
GPCR. In one embodiment, the GPCR is an Edg receptor or 
a ScAMPER. 

[0175] 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 
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. 

[0176] In one aspect, the invention provides a method for 
identifying an agent that effects the interaction of a ?rst 
signaling protein With a second signaling protein, compris 
ing contacting a library of tWo or more candidate agents With 
a minicell, Wherein the minicell comprises (a) a ?rst fusion 
protein comprising the ?rst signaling protein and a ?rst 
detectable domain; and (b) a second fusion protein compris 
ing the second signaling protein and a second detectable 
domain, Wherein a signal is generated When the ?rst and 
second signaling proteins are in close proximity to each 
other, and detecting the signal. 

[0177] In one embodiment, the signal is ?uorescence. In 
one embodiment, the ?rst detectable domain and the second 
detectable domain are ?uorescent and the signal is generated 
by FRET. In one embodiment, the ?rst and second detectable 
domains are independently selected from the group consist 
ing of a green ?uorescent protein, a blue-shifted green 
?uorescent protein, a cyan-shifted green ?uorescent protein; 
a red-shifted green ?uorescent protein; a yelloW-shifted 
green ?uorescent protein, and a red ?uorescent protein, 
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wherein the ?rst ?uorescent domain and the second ?uo 
rescent domain are not identical. 

[0178] In one aspect, the invention provides a method of 
bioremediation, the method comprising contacting a com 
position that comprises an undesirable substance With a 
minicell, Wherein the minicell alters the chemical structure 
and/or binds the undesirable substance. 

[0179] In one aspect, the invention provides a method of 
bioremediation, the method comprising contacting a com 
position that comprises an undesirable substance With a 
minicell, 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 mini 
cell. 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 ?rst polypeptide that comprises a 
transmembrane domain or at least one membrane-anchoring 
domain, and a second polypeptide, Wherein the second 
polypeptide is an enZyme moiety. 

[0180] In one aspect, the invention provides a method of 
bioremediation, the method comprising contacting a com 
position that comprises an undesirable substance With a 
minicell, Wherein the mincell comprises an agent that binds 
an undesirable substance. In one embodiment, the undesir 
able substance binds to and is internaliZed by the minicell or 
is otherWise inactivated by selective absorption. In one 
embodiment, 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 compris 
ing a ?rst 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 antibody derivative, the active site of a non-enZymati 
cally active mutant enZyme, a single-chain antibody and an 
aptamer. 

[0181] In one aspect, the invention provides a minicell 
producing parent cell, Wherein the parent cell comprises one 
or more of the folloWing (a) an expression element that 
comprises 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 expression construct; (b) a mutation in an endog 
enous gene, Wherein the mutation regulates the copy number 
of an episomal expression construct; (c) an expression 
element that comprises a gene operably linked to expression 
sequences that are inducible and/or repressible, Wherein 
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induction or repression of the gene causes or enhances the 
production of minicells; and (d) a mutation in an endog 
enous gene, Wherein the mutation causes or enhances mini 
cell production. 

[0182] In one embodiment, the invention comprises an 
episomal expression construct. In one embodiment, the 
invention further comprises a chromosomal expression con 
struct. In one embodiment, the expression sequences of the 
expression 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 replica 
tion, cellular division, cellular partitioning, septation, tran 
scription, translation, or protein folding. 

[0183] 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 
expression 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 
embodiment, the expression sequences of the regulatory 
expression construct are inducible and/or repressible. In one 
embodiment, 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 element or the regulatory expression element is 
located on an episomal expression construct. In one embodi 
ment, 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 pro 
duced from the parent cell. In one embodiment, the minicell 
producing parent cell comprises a biologically active com 
pound. In one embodiment, the biologically active 
compound segregates into minicells produced from the 
parent cell. In one embodiment, the ORF encodes a mem 
brane 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-T7. 

[0184] 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 pro 
toplast. 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-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 dis 
played 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 






























































































































































































































































































































































































































































