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(57) ABSTRACT 

Embodiments of the present invention relates to the incorpo 
ration and use of a regulated genetic Suicide mechanism for 
use in the improved purification of biologics, including 
adjunct use in various eubacterial minicell production and 
purification methodologies. Described herein are high-yield 
eubacterial minicell-producing strains with genetic modifica 
tions that comprise a regulated genetic Suicide mechanism 
that irreparably destroys the parent cell chromosome Such 
that live parental cells in a culture can be functionally elimi 
nated at any time during the course of a minicell production 
and purification run. Embodiments of the present invention 
also describe methods useful in the elimination of live paren 
tal cells during the production of other cell-based biologics. 
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Single stranded I-Ceul DNA recognition sequence: 

5 ... CGTAACTATAACGGTCCTAAGGTAGCGAA...3 

Double stranded I-Ceul DNA cleavage Site: 

5...cGTAACTATAACGGTCCTAAG GTAGCGAA... 3 
3...GCATTGATATTGCCAGGATTC CATCGCTT ... 5 

FIGURE 9 
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REGULATED GENETIC SUCDE 
MECHANISM COMPOSITIONS AND 

METHODS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims the benefit of U.S. Provi 
sional Patent Applications 61/075,687 filed Jun. 25, 2008 and 
61/168,457 filed Apr. 10, 2009. The contents of each of these 
related applications are hereby incorporated by reference in 
their entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003 Embodiments of the present invention relate to com 
positions and methods for the production, purification, for 
mulation, and use of eubacterial minicells as targeted delivery 
vehicles for in vivo and in vitro nucleic acid, protein, and 
Small molecule drug delivery as well as a targeted in vivo 
imaging and diagnostic technology. 
0004 2. Description of the Related Art 
0005. The following description is provided to aid in 
understanding the present disclosure, but is not admitted to 
describe or constitute prior art to the present disclosure. 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 incorpo 
rated by reference in their entirety to the same extent as if each 
individual publication was specifically and individually indi 
cated to be incorporated by reference. Applicants reserve the 
right to physically incorporate into this application any and all 
materials and information from any Such articles, patents, 
patent applications, or other documents. 
0006 Minicells are achromosomal, membrane-encapsu 
lated biological nano-particles (sA00 nm) that are formed by 
bacteria following a disruption in the normal division appa 
ratus of bacterial cells. In essence, minicells are Small, meta 
bolically active replicas of normal bacterial cells with the 
exception that they contain no chromosomal DNA and as 
Such, are non-dividing and non-viable. Although minicells do 
not contain chromosomal DNA, plasmid DNA molecules, 
RNA molecules, native and/or recombinantly expressed pro 
teins, and other metabolites have all been shown to segregate 
into minicells. 
0007 Throughout the last century, minicells have been 
exploited as tools for research Scientists studying cell divi 
Sion, plasmid replication, plasmid segregation, RNA produc 
tion, protein production, plasmid isolation, plasmid charac 
terization, and plasmid-borne virulence factor production in 
prokaryotes. 
0008. As a result of advances in the fields of microbiology, 
microbial genetics, and molecular biology, any given mini 
cell, regardless of the parental cell species from which it was 
derived, can now be engineered and Subsequently used as in 
Vivo or in vitro targeted delivery or imaging vehicles. 
0009 Minicells are uniquely suited as in vivo delivery and 
imaging vehicles because they combine many of the singular 
advantages of other delivery technologies into a single, Ver 
satile delivery vehicle. Minicells can be “engineered to pref 
erentially encapsulate, be coupled to, or absorb biologically 
active molecules, including various nucleic acids, proteins, 
and Small molecule drugs for Subsequent delivery in both 
therapeutic and prophylactic medicinal applications. As 
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described in much more detail below, minicells have the 
added advantage in that they can be targeted to specific cell, 
tissue, and organ types, through the use of several different 
antibody or affinity-based approaches. 

SUMMARY OF THE INVENTION 

0010 Some embodiments provide a minicell-producing 
bacteria comprising: an expressible gene encoding a mini 
cell-producing gene product that modulates one or more of 
septum formation, binary fission, and chromosome segrega 
tion; and an expressible gene encoding an endonuclease, 
where the chromosome of the minicell-producing bacteria 
comprises one or more recognition sites of the endonuclease. 
In some embodiments, the minicell-producing gene is a cell 
division gene. The cell division gene includes, but is not 
limited to ftsZ, sulA, ccdB, and sfiC. In some embodiments, 
the minicell-producing gene is expressed under the control of 
an inducible promoter. In some embodiments, the endonu 
clease gene is located on the chromosome of the minicell 
producing bacteria. In some embodiments, the endonuclease 
is a homing endonuclease. The homing endonuclease 
includes, but is not limited to, I-Ceul, PI-SceI, I-Chul, I-CpaI, 
I-SceII, I-Cre, I-MsoI, I-SceI, I-SceV, I-CSmI, I-DmoI, 
I-Pori, PI-Tli I, PI-Tli II, and PI-ScpI. In some embodiments, 
the endonuclease is expressed under the control of an induc 
ible promoter. In some embodiments, the minicell-producing 
bacteria is a Gram-negative bacteria. The Gram-negative bac 
teria includes, but is not limited to Campylobacter jejuni, 
Lactobacillus spp., Neisseria gonorrhoeae, Legionella pneu 
mophila, Salmonella spp., Shigella spp. Pseudomonas aerugi 
nosa, and Escherichia coli. In some embodiments, the mini 
cell-producing bacteria comprising a gene encoding a gene 
product that is involved in lipopolysaccharide synthesis, 
where the gene is genetically modified compared to a corre 
sponding wild-type gene. In some embodiments, the gene is a 
msbB gene that encodes a gene product that causes the bac 
teria to produce an altered lipid A molecule compared to lipid 
A molecules in a corresponding wild-type bacteria. In some 
embodiments, the altered lipid A molecule is deficient with 
respect to the addition of myristolic acid to the lipidA portion 
of the lipopolysaccharide molecule compared to lipid A mol 
ecules in a corresponding wild-type bacteria. The minicell 
producing bacteria can be a Gram-positive bacteria. The 
Gram-positive bacteria includes, but is not limited to, Staphy 
lococcus spp., Streptococcus spp., Bacillus subtilis or Bacil 
lus cereus. In some embodiments, the minicell-producing 
bacteria comprising a gene that is involved in homologous 
recombination, where the gene is genetically modified com 
pared to a corresponding wild-type gene, where the minicell 
producing bacteria is deficient in DNA damage repair. 
0011. Some other embodiments provides a method of 
making minicells, comprising culturing the minicell-produc 
ing bacteria disclosed herein and Substantially separating 
minicells from the minicell-producing parent cells, thereby 
generating a composition comprising minicells. In some 
embodiments, the method further comprises inducing mini 
cell formation from the minicell-producing parent cell. In 
Some embodiments, the method further comprises inducing 
expression of the gene encoding the endonuclease. In some 
embodiments, minicell formation is induced by the presence 
of one or more chemical compound selected from isopropyl 
B-D-1-thiogalactopyranoside (IPTG), rhamnose, arabinose, 
Xylose, fructose, melbiose, and tetracycline. In some embodi 
ments, the expression of the gene encoding the endonuclease 
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is induced by a change in temperature. In some embodiments, 
the method further comprises purifying the minicells from the 
composition. In some embodiments, the minicells are Sub 
stantially separated from the parent cells by a process selected 
from the group consisting of centrifugation, ultracentrifuga 
tion, density gradation, immunoaffinity and immunoprecipi 
tation. 
0012 Some other embodiments provide a eubacterial 
minicell comprising an outer membrane, where the outer 
membrane comprises Lipid A molecules having no myristolic 
acid moiety. In some embodiments, the outer membrane of 
the eubacterial minicell disclosed herein has a composition 
that results in the reduction of pro-inflammatory immune 
responses in a mammalian host compared to the outer mem 
brane of eubacterial minicells that are derived from a corre 
sponding wild-type bacteria. In some embodiments, the 
eubacterial minicell further comprises one or more biologi 
cally active compounds. In some embodiments, at least one of 
the biologically active compounds is selected from the group 
consisting of a radioisotope, a polypeptide, a nucleic acid, and 
a small molecule. The biologically active compound can be a 
Small drug molecule, a small molecule imaging agent, a che 
motherapeutic agent, or a pro-drug converting enzyme. The 
biologically active compound can also be a combination of a 
nucleic acid and a small molecule; a combination of a small 
molecule imaging agent and a small molecule drug; a com 
bination of a small molecule drug, a small molecule imaging 
agent, and a nucleic acid, or a combination of a nucleic acid 
and a polypeptide. In some embodiments, the eubacterial 
minicell disclosed herein further comprises a cell-surface 
localized targeting moiety. In some embodiments, the cell 
Surface localized targeting moiety is a fusion protein, wherein 
the fusion protein is a fusion of a eubacterial outer membrane 
anchoring domain and an antibody fragment. In some 
embodiments, the cell-Surface localized targeting moiety is a 
fusion protein, wherein the fusion protein is a fusion of 
Neisserriagonorrheae IgAP and an antibody fragment that 
recognizes a mammanlian cell Surface antigen. In some 
embodiments, the mammalian cell Surface antigens is 
selected from the group consisting of adipophilin, AIM-2, 
BCLX (L), BING-4, CPSF, Cyclin D1, DKK1, ENAH, Ep 
CAM, EphA3, FGF5, G250/MN/CAIX, HER-2/neu, IL-13R 
alpha 2., Intestinal carboxyl esterase, alpha-foetoprotein, 
M-CSF, MCSP, mdm-2, MMP-2, MUC-1, p. 53, PBF, 
PRAME, PSMA, RAGE-1, RGS5, RNF43, RU2AS, secernin 
1, SOX10, STEAP1, Survivin, Telomerase, WT1, Cdc27, 
CDK4, CDKN2a, BCR-ABL, BAGE-1, GAGE1-8, GnTV. 
HERV-K-MEL, KK-LC-1, KM-HN-1, LAGE-1, MAGE A1, 
MAGE-A2, MAGE-A3, MAGE-A4, MAGE-A6, MAGE 
A9, MAGE-A9, mucin, NA-88, NY-ESO-1, LAGE-2, SAGE, 
Sp17, SSX-2, SSX-4, TRAG-3, CD-166, and TRP2-INT2. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 FIG. 1 is a graph showing effects of I-CeuI on E. coli 
culture growth. 
0014 FIG. 2 is a graph showing effects of I-CeuI on E. coli 

viability. 
0015 FIGS. 3A and 3B are bar graphs showing simulta 
neous overexpression offtsZ and induction of I-CeuI leads to 
higher minicell yields compared to minCDE-mutants or the 
overexpression of fisZ, alone. 
0016 FIGS. 4A-D are images showing overexpression of 
ftsZ and induction of I-CeuI based suicide system causes 
increased parent cell filamentation. 
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0017 FIG. 5 is a bar graph showing I-CeuI based suicide 
system introduces irreparable double-stranded chromosomal 
breaks. 
0018 FIG. 6 is a bar graph showing I-CeuI based suicide 
system reduces parental cell contaminations among purified 
minicells. 
(0019 FIG. 7 is a silver stained SDS-PAGE gel showing 
deletion of the msbb gene in S. typhimurium changes LPS 
profiles. 
0020 FIG. 8 is a bar graph showing deletion of msbb 
causes J774. A1 mouse macrophage like cells to produce 
lower levels of tumor necrosis factor alpha (TNFC.) against S. 
typhimurium LPS. 
(0021 FIG. 9 shows the single stranded I-CeuI DNA rec 
ognition sequence and the double stranded I-Ceul DNA 
cleavage site. 

DETAILED DESCRIPTION 

Definitions 

0022. The term “cell division gene' used herein refer to a 
gene that encodes a gene product that participates in the cell 
division process. Many cell division genes have been discov 
ered and characterized in the art. Examples of cell division 
genes include, but are not limited to, Zip A, SulA, SecA, dicA, 
dicB, dicC, dicF, fts.A. fts.I. ftsN, ftsK, fts.L. ftsQ, ftsW. ftsZ. 
minC, minD, minE, seqA, ccdB, sfiC, and ddlB. 
0023 The term “transgene' used herein refers to a gene or 
genetic material that has been transferred naturally or by any 
of a number of genetic engineering techniques from one 
organism to another. In some embodiments, the transgene is a 
segment of DNA containing a gene sequence that has been 
isolated from one organism and is introduced into a different 
organism. This non-native segment of DNA may retain the 
ability to produce RNA or protein in the transgenic organism, 
or it may alter the normal function of the transgenic organ 
ism's genetic code. In some embodiments, the transgene is an 
artificially constructed DNA sequence, regardless of whether 
it contains a gene coding sequence, which is introduced into 
an organism in which the transgene was previously not found. 
0024. As used herein, an agent is said to have been “puri 
fied if its concentration is increased, and/or the concentra 
tion of one or more undesirable contaminants is decreased, in 
a composition relative to the composition from which the 
agent has been purified. Purification thus encompasses 
enrichment of an agentina composition and/or isolation of an 
agent thereform. 
(0025. The term “domain” or “protein domain” used herein 
refers to a region of a molecule or structure that shares com 
mon physical and/or chemical features. Non-limiting 
examples of protein domains includehydrophobic transmem 
brane or peripheral membrane binding regions, globular 
enzymatic or receptor regions, protein-protein interaction 
domains, and/or nucleic acid binding domains. 
0026. The terms “Eubacteria' and “prokaryote” are used 
herein as these terms are used by those in the art. The term 
“eubacterial' and “prokaryotic” used herein encompass 
Eubacteria, including both Gram-negative and Gram-positive 
bacteria, prokaryotic viruses (e.g., bacteriophage), and obli 
gate intracellular parasites (e.g., Richettsia, Chlamydia, etc.). 
0027. The term “nucleic acid used herein refers to any 
collection of diverse nucleic acid molecules. A nucleic acid 
may be a ssDNA, a dsDNA, a ssRNA, a dsRNA, a tRNA 
(including a rare codon usage tRNA), a mRNA, a ribosomal 
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RNA (rRNA), a peptide nucleic acid (PNA), a DNA:RNA 
hybrid, an antisense oligonucleotide, a ribozyme, or an 
aptamer. 
0028. The term “overexpression used herein refers to the 
expression of a polypeptide or protein encoded by a DNA in 
a host cell, wherein the polypeptide or protein is either not 
normally present in the host cell, or wherein the polypeptide 
or protein is present in the host cell at a higher level than that 
normally expressed from the endogenous gene encoding the 
polypeptide or protein. 
0029. The term “modulate” as used herein means to inter 
act with a target either directly or indirectly so as to alter the 
activity of the target to regulate a biological process. The 
mode of “modulate' includes, but is not limited to, enhancing 
the activity of the target, inhibiting the activity of the target, 
limiting the activity of the target, or extending the activity of 
the target. 

DESCRIPTION 

0030 Eubacterial minicells are very well suited to serve as 
targeted delivery and imaging vectors. Because they are 
derived from bacteria that are often times inherently patho 
genic or at least opportunistically pathogenic, it is advanta 
geous that any contaminating parental cells be functionally 
eliminated from a given population before systemic in vivo 
administration, particularly if given intravenously. Conse 
quently, the desired minicell formulation would be one in 
which the residual live parental cell count would be as low as 
possible as minicells are processed and purified. One way to 
accomplish this is to introduce a Suicide mechanism to kill 
residual parental cells after the physical separation step has 
been completed. The enhanced safety profile reduces the risks 
of infection and sepsis, decrease the possibility of genetic 
reversions through recombination events with other bacteria 
and minimize the risks of insertion events in the host. It is 
preferred that antibiotic resistance markers be eliminated 
from the bacterial chromosome of the minicell-producing 
parental cell strain. The elimination of antibiotic resistance 
gene markers in minicell-producing strains of bacteria is 
desirable to overcome regulatory hurdles imposed by the U.S. 
Food and Drug Administration (FDA) for use in humans. The 
FDA will only tolerate the use of the Kanamycin resistance 
gene marker for selection purposes for bacteria or bacterial 
production strains wherein the final product is intended for 
use in humans. Further, the FDA requires certain standards 
for the certification of analysis of drug product and the mini 
cell final formulation would have to meet USP and ICH 
guidelines for purity, absence of aggregates and, absence of 
particular matter. Thus, upstream, and downstream process 
ing of drug product would have to fall under the company's 
Chemistry, Manufacturing, and Control (CMC) drug product 
production activities. 
0031. The need for better purification methodologies is a 
roadblock to the development of minicells derived from 
pathogenic bacteria. Embodiments of the present invention 
relate to the incorporation and use of a regulated genetic 
Suicide mechanism that upon exposure to the appropriate 
signals, introduces irreparable double-stranded breaks to the 
chromosomes of minicell-producing parental cells resulting 
in parent cell death. The activation of the suicide mechanism 
also increases minicell yields compared to other minicell 
producing strains, and simultaneously converts all of the 
minicell-producing parent cells into an irreversible filamen 
tous phenotype. Thus, the Suicide mechanism disclosed 
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herein is not limited to promoting death of chromosome 
bearing parental bacterial cells but can have other multifunc 
tional actions that act in consort to improve minicell produc 
tion. In some embodiments, the multifunctional Suicide 
mechanism, the “MSM system, disclosed herein functions 
to kill chromosomal-bearing parental cells. In some embodi 
ments, the “MSM system disclosed herein functions to 
increase minicell yield. In some embodiments, the “MSM 
system disclosed herein functions to induce an irreversible 
filamentous phenotype exclusively by parental cells to aid in 
parental cell separation from minicells. In some embodi 
ments, the “MSM system disclosed herein functions simul 
taneously to (i) kill chromosomal-bearing parental cells, (ii) 
increase minicell yield and (iii) induce an irreversible fila 
mentous phenotype exclusively by parental cells to aid in 
parental cell separation from minicells. The multifunctional 
actions of the MSM system can improve minicell production 
and purity using techniques described herein. 
0032 Some embodiments relate to compositions and 
methods for optimizing the yield and purity of minicells 
produced while reducing or eliminating the number of viable 
contaminating minicell-producing live eubacterial parent 
cells by the introduction of a multifunctional genetic Suicide 
mechanism, the “MSM system, to a minicell-producing 
parental cell line. Some embodiments also relate to the use of 
the MSM system for use in synthetic biology applications. 
0033. The presence of contaminating live parental cells in 
a final preparation of minicells is problematic especially for 
minicells produced from live pathogenic and opportunisti 
cally pathogenic bacteria. Safety and CMC issues related to 
contaminating parental bacterial are of concern when produc 
ing biologics or medicaments from bacteria that are intended 
for use in humans or other mammals because of their ability 
to cause disease, profound inflammation, and in Some cases, 
death. The compositions and methods of producing bacterial 
minicells described herein not only improve minicell produc 
tion and purity but simultaneously improve the safety profile 
of minicell preparations for in vivo and other uses. Without 
being limited to the following examples, in vivo applications 
of high purity and safe minicell preparations can be used in 
targeted bio-imaging and the therapeutic prevention and 
treatment of cancer(s), genetic disorders, and infectious dis 
eases. Some embodiments of the present disclosure relates to 
the incorporation and use of a regulated genetic MSM mecha 
nism that, upon exposure to the appropriate signals, intro 
duces irreparable damage to the chromosomes of minicell 
producing parental cells. The Suicide mechanism 
simultaneously facilitates purification techniques designed to 
better eliminate viable parental cells from preparations of 
minicells intended for use in a multitude of targeted delivery 
applications. 
0034. The term “regulated genetic suicide mechanism’ 
used herein refer to a mechanism in where a cell or a group of 
cells is/are stimulated by a known and external source to 
produce a gene product or products that is/are capable of 
irreversibly damaging a biologically essential component or 
cellular process of a cell Such that said cell(s) are no longer 
viable nor able to recover from said event. The term, multi 
functional suicide mechanism, MSM, refers to the use of the 
regulated genetic Suicide mechanism to simultaneously 
induce high level minicell production, parental cell death, and 
a filamentous phenotype exclusively in the parental cells dur 
ing induction of the Suicide element. 
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0035. The term “targeted minicell' or “targeted delivery” 
used herein refers to a minicell composition in which said 
minicell encapsulates one or more bioactive molecule(s) of 
choice and displays targeting moieties on the external Sur 
faces of the minicells whether the minicells are (i) fully intact, 
(ii) protoplasts (outer membrane and cell wall removed) or, 
(iii) poroplasts (outer membrane removed or permeabilized) 
Such that said moieties specifically bind to, are boundby, or in 
Some other way specifically recognized and thereby deliver, 
localize to, or aggregate within a specific cell, organ, or tissue 
type to deliver the molecular contents of said minicell to said 
target cell, tissue, and organ type in vitro or in vivo. This 
specific targeting is intended to use minicells to deliver a 
payload to the targeted cell or tissue. 
0036. The in vivo delivery applications using minicells 
includebut are not limited to the targeted delivery of bioactive 
(synonymous with biologically active) Small molecule drugs, 
bioactive nucleic acids, bioactive proteins, and bioactive 
lipopolysaccharides to produce a “biological effect” (synony 
mous with biological response) in an animal. Biological 
effects include but are not limited to the an effect that kills the 
target cell (e.g. a cancer cell), replaces a gene that might be 
deficient or dysfunctional within a particular cell type that is 
targeted, reduces the expression and/or activity of a protein or 
signaling molecule that is dysregulated in a particular target 
cell(s), reduces or increases the secretion of hormone from a 
particular cell(s), reduces or increases the secretion of pro 
teins from a particular cell(s), stimulates an adaptive cellular 
immune response to one or more antigens, stimulates an 
adaptive humoral response against one or more antigens, 
stimulates both adaptive humoral and cellular immune 
responses from one or more antigens, stimulates or represses 
one or more innate immune responses; an effect that posi 
tively or negatively impacts a biological process in an animal; 
and an effect that impacts a biological process in a pathogenic 
parasite, bacterium, virus, or other pathogenic microbe to 
treat or prevent a disease in said animal. The biologically 
active element does not necessarily have to be immunogenic 
itself in order to induce an immune reaction in the host ani 
mal, but can indirectly elicit an immune response as a conse 
quence of its biological activity. 
0037 Eubacterial minicells have a distinct advantage in 
delivery as they can be engineered to target and deliver bio 
active molecules to specific cell types in vivo. Targeting can 
beachieved by coupling to the surface of minicells antibodies 
or antibody derivatives specific for target cell surface mol 
ecules. Alternatively, targeting can be achieved through the 
genetic engineering of minicell-producing parental strains 
Such that the minicells they produce express and display on 
the minicell outer membrane antibody fragments or other 
polypeptides with affinity for target cell specific surface mol 
ecules. In this later case, the targeting moiety that is decorated 
on the minicell surface can be tethered to the membrane by 
making a chimeric fusion protein between a cell-surface 
localizing targeting moiety and a transmembrane protein 
sequence, e.g. IgAP from Neisserriagonorrhea (see below). 
Minicells displaying said antibodies and targeting moieties 
on their surfaces are used to target specific cell types in vivo 
to preferentially deliver their bioactive payloads to the tar 
geted tissue, organ, and cell type. 
0038 Antibodies, or any portion thereof, intended to aid in 
the targeting of minicells to a specific tissue, organ, and cell 
type may be derived from or be part of any immunoglobulin 
or immunoglobulin Subclass, including but not limited to IgA, 

May 6, 2010 

IgM, Ig), IgG, or IgE. Antibodies of any subclass intended 
for facilitating the targeting function of minicells may be 
"humanized, although any antibody of any Subclass against 
a cell specific antigen can be raised in any animal known to 
generate antibody responses through adaptive immunity to 
achieve the same goal. In nature, antibodies are generated 
Such that they contain two separate arms with distinct speci 
ficities for their respective antigens. Without being limited by 
the following, a targeting moiety decorating the Surface of the 
minicells could be derived from a phage display library or 
could be a chimeric fusion protein derived from an extracel 
lular receptor fragment that recognizes a ligand on the target 
cell. 

0039 Antibodies can be engineered to be independently 
specific for different antigens, such that a single antibody 
targets two separate antigens simultaneously. This is referred 
to as a bispecific antibody or bispecific targeting moiety. 
By way of non-limiting example, antibodies could be engi 
neered to recognize putative Surface components of a given 
eubacterial minicell (e.g., LPS O-antigens) on one Fab' and 
the other Fab' of the bispecific antibody can be engineered to 
recognize a cell-specific Surface antigen Such as those listed 
below. Additionally, those skilled in the art readily recognize 
that two separate antibodies, with separate specificities, can 
be non-covalently attached by coupling them to Protein AIG 
to form a bispecific antibody derivative capable of adhering to 
the surface of minicells wherein one antibody within the 
complex specifically adheres to the surface of said minicell 
and the other antibody is displayed to specifically recognize 
and thereby “target a specific cell, tissue, or organ type in 
vivo. Similarly, one skilled in the art will recognize that two 
separate antibodies, with separate specificities, could be 
covalently link using myriad cross-linking techniques to 
achieve the same effect. 

0040. In some embodiments, minicells are genetically 
“engineered to express and display recombinant targeting 
proteins on their surfaces. This has been Successfully accom 
plished in Salmonella enterica by using fusion proteins that 
contain an Antigen 43-O. outer membrane anchoring domain 
fused to a single chain Fv (sclv) antibody fragment with 
specificity for Chlam 12 or CTP3. In a similar study, E. coli 
cells expressing and displaying single chain FV antibody frag 
ments directed towards Coronavirus epitopes fused with the 
outer membrane localized IgA protease of Neisseria gonor 
hoeae were shown to neutralize Coronavirus and prevent 
infection in vitro. The same types of strategies could be 
employed to generate and display targeted fusion proteins on 
the surfaces of minicells. Other native outer membrane pro 
teins including LamB, Ompf, OmpC, Omp A, Ompl), PhoE, 
PAL, and various Flagellins have been used as membrane 
anchoring and display domains in gram negative Enterobac 
teriacea family members. Generally, the same approach could 
be used to express and display antibody fragments on the 
surface of minicells derived from any Enterobacteriaceae or 
Bacillaceae family member such that said minicells become 
“specific’ targeted delivery vehicles for antigens present on 
the Surface of cell, tissue, or organ types involved in various 
clinical indications. Achieving this goal is a matter of creating 
a nucleic acid sequence encoding for a fusion proteinbetween 
a putative or predicted outer membrane protein or outer mem 
brane localization sequence and an antibody, antibody deriva 
tive, or other polypeptide sequence with affinity for a Surface 
molecule present in a given cell, tissue, or organ type. 
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0041 Another advantage in the use of minicells as deliv 
ery vehicles (targeted or non-targeted) is that bioactive mol 
ecules may be delivered in combination. For example, it has 
been demonstrated that minicells can Successfully generate 
humoral immune responses against a heterologous antigen 
when used as a delivery vehicle for plasmid DNA vaccines. 
When minicells were used to simultaneously deliver both a 
DNA vaccine and the corresponding protein, humoral 
responses were greatly improved upon, illustrating the ben 
efits of the flexibility of minicells with respect to delivery 
options. In similar fashion, minicells are used to encapsulate 
and deliver combinations of different nucleic acid types such 
as plasmid DNA or various antisense interference RNA (e.g., 
shRNA, siRNA) molecules specific for different mRNA tran 
Scripts such that several genes are silenced in a single delivery 
event. Minicells are also used to deliver two or more small 
molecule drugs simultaneously such that several intracellular 
targets are addressed in a single delivery event. 
0.042 Some embodiments disclosed herein describe a tar 
geted eubacterial minicell capable of delivering several 
classes of bioactive payload in concert or singularly wherein 
the final preparation of minicells is substantially free of any 
remaining viable contaminating parent cells by virtue of the 
combined effects of an inducible genetic Suicide mechanism 
applied to conventional separation techniques. 

1. Minicell Production 

0043 Minicells are achromosomal, membrane-encapsu 
lated biological nano-particles (sA00 nm) that are formed by 
bacteria following a disruption in the normal division appa 
ratus of bacterial cells. In essence, minicells are Small, meta 
bolically active replicas of normal bacterial cells with the 
exception that they contain no chromosomal DNA and as 
Such, are non-dividing and non-viable. Although minicells do 
not contain chromosomal DNA, the ability of plasmids, RNA, 
native and/or recombinantly expressed proteins, and other 
metabolites have all been shown to segregate into minicells. 
Some methods of construction of minicell-producing bacte 
rial Strains are discussed in detail in U.S. patent application 
Ser. No. 10/154,951, filed May 24, 2002, which is hereby 
incorporated by reference in its entirety. 
0044) Disruptions in the coordination between chromo 
Some replication and cell division lead to minicell formation 
from the polar region of most rod-shaped prokaryotes. Dis 
ruption of the coordination between chromosome replication 
and cell division can be facilitated through the overexpression 
of some of the genes involved in Septum formation and binary 
fission. Alternatively, minicells can be produced in strains 
that harbor mutations in genes that modulate septum forma 
tion and binary fission. Impaired chromosome segregation 
mechanisms can also lead to minicell formation as has been 
shown in many different prokaryotes. 
0045 Similarly, minicell production can be achieved by 
the overexpression or mutation of genes involved in the seg 
regation of nascent chromosomes into daughter cells. For 
example, mutations in the parC or mukBloci of E. coli have 
been demonstrated to produce minicells. Both affect separate 
requisite steps in the chromosome segregation process in 
Enterobacteriacea. Like the cell division genes described 
herein, manipulation of wild type levels of any given gene 
involved in the chromosome segregation process that result in 
minicell production will have similar effects in other family 
members. 
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0046 Because the cell division and chromosome replica 
tion processes are so critical to Survival, there exists a high 
level of genetic and functional conservancy amongst prokary 
otic family members with respect to genes responsible for 
these processes. The overexpression or mutation of a cell 
division gene capable of driving minicell production in one 
family member, can be used to produce minicells in another. 
For example, it has been shown that the overexpression E. coli 
FtsZ gene in other Enterobacteriacea family members such as 
Salmonella spp. and Shigella spp as well as other class mem 
bers such as Pseudomonas spp. will result in similar levels of 
minicell production. 
0047. The same can be demonstrated in the mutation 
based minicell producing strains of the family Enterobacte 
riacea. For example, deletion of the min locus in any of 
Enterobacteriacea family members results in minicell pro 
duction. Cell division genes from the Enterobacteriacea in 
which mutation can lead to minicell formation includebutare 
not limited to the min genes (MinCDE). While minicell pro 
duction from the min mutant strains is possible, these strains 
have limited commercial value in terms of being production 
strains. The reason for this is that strains with deletions or 
mutations within the min genes make minicells at constitu 
tively low levels. This presents two problems in terms of 
commercialization and economies of scale. The first is that 
minicell yields from these strains are low, which increases 
production cost. The second is that minicell yields are highly 
variable with the mutant strains and lot-to-lot variability has 
enormous impacts on variable production costs associated 
with manufacturing quality control and regulatory assur 
ances. Using the mutant strains to produce minicells that have 
encapsulated biologically active molecules Such as proteins, 
RNA, DNA, and other metabolites for delivery made first by 
the parental cells So that the minicells produced encapsulate 
said biologically active molecules is problematic. The onset 
of minicell production in the mutant strains cannot be con 
trolled and occurs at a low level so that the end result is that 
Some minicells will contain no biologically active molecules 
while others will contain widely variable amounts of biologi 
cally active molecules. These shortcomings when taken 
together or separately greatly restricts the possibility of using 
these mutant strains to produce minicell at commercially 
viable yields and/or quality. 
0048 Minicell-producing strains that overexpress cell 
division genes (“overexpressers') are preferred over muta 
tion-based strains because the minicell-production pheno 
type is controllable when the cell division genes to be over 
expressed are placed under the control of an inducible or other 
conditionally active eubacterial promoter system. Minicell 
production from Strains overexpressing the cell division gene 
ftsZ was discovered by researchers who were identifying 
essential cell division genes in E. coli using plasmid-based 
complementation studies. In these studies, the fitsZ gene was 
present in over 10 copies per cell. The presence of multiple 
gene copies of ftsZ was demonstrated to produce minicells 
and extremely long filamented cells. Ultimately, this transi 
tion into the irreversible filamentous phenotype negatively 
impacts minicell yields from Strains overexpressing ftsZ from 
multi-copy plasmids, although the number of minicells pro 
duced is still higher than that of any mutant strain. It has since 
been demonstrated that by reducing the number offtsZ gene 
copies to a single, chromosomal duplication, the number of 
minicells produced increases over those strains where fisZ, is 
located on multi-copy plasmids and that the filamentous phe 
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notype is less profound. Thus, some preferred composition(s) 
are inducible minicell-producing strains that overexpress the 
ftsZgene from a duplicate, chromosomally integrated copy of 
ftsZ. The duplicate ftsZ gene used can be derived directly 
from the species of bacteria in which the minicell-production 
phenotype is being engineered and can also be derived from 
theftsZ gene sequence from other species of bacteria. By way 
of non-limiting example, overexpression of the fitsZ gene of 
Escherichia coli can be used to generate minicells from 
Escherichia coli and Salmonella typhimurium. Resulting 
strains are comprised of the wild type ftsZ gene and a sepa 
rate, duplicative, and inducible copy of the fisZ gene on the 
chromosome and the inducible genetic Suicide mechanism(s) 
described in greater detail below. 
0049. This inducible phenotype approach to minicell pro 
duction has several distinct advantages over the mutant sys 
tems. The first is that because there are no genetic mutations 
in these strains, there exists no selective pressure during nor 
mal growth and the cells of the culture maintain a very stable 
and normal physiology until the minicell phenotype is 
induced. The end result is that inducible minicell producing 
strains are healthier and more stable, which ultimately results 
in higher yields of minicells as shown in FIG. 3. Another 
distinct advantage of using the inducible phenotype approach 
to minicell production is in cases where minicells are to be 
used to deliver biologically active molecules such as proteins, 
RNA, DNA, and other metabolites that can be made by the 
minicell-producing parent cells themselves such that the 
minicells that are produced encapsulate those biologically 
active molecules. In these cases, a preferred method is to 
induce the formation of the biologically active molecule(s) 
within the parental cells prior to inducing the minicell phe 
notype so that all of the minicells produced will contain 
Sufficient amounts of the desired molecule(s) to be encapsu 
lated for delivery. These advantages, when used in combina 
tion, result in a higher quality and quantity of minicells. By 
way of non-limiting example, division genes that can be 
over-expressed to produce minicells in the family Enterobac 
teriaceae include but are not limited to FtsZ. MinF, SulA, 
CcdB, and SfiC. A preferred composition is to have a dupli 
cate copy(s) of a cell division gene(s) under the control of an 
inducible promoter that is stably integrated into the chromo 
Some of a given eubacterial strain. This same strategy could 
be carried out if the inducible cell division gene cassette were 
present on a plasmid, cosmid, bacterial artificial chromosome 
(BAC), recombinant bacteriophage or other episomal DNA 
molecule present in the cell. Homologs of these gene or gene 
products from other organisms may also be used. 
0050. The novel, inducible MSM system described herein 
increases minicell yields of the inducible minicell strains 
even further. The activation of the MSM system results in 
greater than 10-fold increases in minicell yields compared to 
other strains that merely over produce fisZ to promote mini 
cell formation (EXAMPLE 3). It is possible to combine the 
MSM system with minicell-producing strains that harbor a 
mutation(s) or deletion(s) in the MinCDE. One preferred 
embodiment is one in which the MSM system controls both 
the inducible minicell-producing phenotype, increases mini 
cell yields, results in irreparable cell damage, and promotes a 
filamentous phenotype amongst the parent cell population. A 
preferred MSM gene combination is comprised of an induc 
ible minicell-producing strain that over expresses fitsZorany 
functional homolog thereof and the inducible expression of a 
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homing endonuclease, preferably the I-Ceul gene from the 
algae Chlamydomonas moewusi as described in more detail 
below. 
0051. The minicell producing and parental cell suicide/ 
filamentation phenotypes that result from activation of the 
inducible MSM system is not limited to the family Entero 
bacteriacea but can be reproduced in any rod-shaped bacilli 
including those from either Gram-negative or Gram-positive 
origin. For example, minicell producing strains of Bacillus 
subtilis and other members of the Bacillaceae have been 
studied in great detail. Similar to the minicell producing 
strains within the family Enterobacteriacea, all of the family 
Bacillaceae minicell-producing strains are a result of muta 
tions in or overexpression of genes involved in the cell divi 
sion or chromosome segregation process. Therefore, Suffi 
cient evidence exists to Support the idea that the manipulation 
of conserved genes involved in the cell division or chromo 
Some segregation processes of any rod-shaped bacilli family 
or genera, can be useful increating minicell producing strains 
amongst other members of the same family or genera of 
organism(s). Similarly, and as demonstrated by Table 1 (be 
low), the class of genes useful in creating the MSM system 
can recognize and destroy the chromosomes of many differ 
ent rod-shaped gram-negative and gram-positive bacterial 
species. 

Inducible Promoter 

0.052 Inducible promoter can be used to regulate gene 
expression by turning on or off gene transcription at certain 
stages of development of an organism. The activity of these 
promoters can be induced by the presence or absence of biotic 
or abiotic factors. 
0053 Inducible promoters include, but are not limited to, 
chemically-regulated promoters and physically-regulated 
promoters. The transcriptional activity of chemically-regu 
lated promoters including promoters can be regulated by the 
presence or absence of one or more chemical compounds. 
The chemical compounds include, but are not limited to, 
Small molecules, nucleic acids, polypeptides, and proteins. 
Non-limiting examples of the chemical compound are iso 
propyl 3-D-1-thiogalactopyranoside (IPTG), rhamnose, ara 
binose, Xylose, fructose, melbiose, tetracycline, alcohol, Ste 
roids, metal, and other compounds. Physically-regulated 
promoters include promoters whose transcriptional activity 
regulated by the presence or absence of one or more physical 
factors, such as water or salt stress, illumination, light or 
darkness, radiation, low or high temperatures, oxygen, and 
nitrogen. 
2. Separation of Minicells from Parent Cells and Minicell 
purification 
0054 Because minicells are derived from bacteria that are 
often times inherently pathogenic or at least opportunistically 
pathogenic, it is advantageous that any contaminating paren 
tal cells be functionally eliminated from a given population 
before administration. Conventionally, live parental cells 
have been eliminated through either physical means or bio 
logical means. 
0055 Physical means include the use of centrifugation 
based separation procedures, filtration methodologies, chro 
matography methodologies, density gradation, immunoaffin 
ity, immunoprecipitation, or any combination thereof. While 
effective, each has its drawbacks and no one physical sepa 
ration methodology has been fully adapted to eliminate viable 
parental cells from minicells. Ultimately for commercial pro 
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duction, filtration methodologies or a combination thereof is 
the most preferable technique because of its simplicity, prac 
ticality, low cost, and scalability. However, current filtration 
schemes are limited because many contaminating parental 
cells make it through the filters; and while this can be avoided, 
there is a compromise in reducing final minicell yield. Ulti 
mately, the design and use of biological factors that influence 
parent cell size and viability in conjunction with conventional 
filtration methodologies will result in the best elimination of 
live cells. As shown below, the MSM system disclosed herein 
allows for the inducible development of elongated, filamen 
tous parental cells that can be more easily separated from the 
minicells during production. 
0056 Biological elimination is achieved by, but not lim 
ited to, the preferential lysis of parental cells, the use of 
auxotrophic parental strains, treatment with antibiotics, treat 
ment with UV radiation, diaminopimelic acid (DAP) depri 
Vation, selective adsorption of parental cells, and treatment 
with other DNA damaging agents. 
0057 Preferential lysis of parental cells is typically medi 
ated by inducing the lytic cycle of a lysogenic prophage. In 
the case of minicell producing strains, it is most useful to use 
a prophage that is lysis competent but defective at re-infec 
tion, Such that minicells are not subsequently infected and 
lysed during activation of the lytic phenotype. Alternatively 
and by way of non-limiting example, individual genes such as 
those classified as members of the holin gene family, can be 
expressed to achieve similar levels of lysis without the con 
cerns over re-infection inherent to the use of lysogenic proph 
ages. Both approaches are limited by the fact that the lysis 
event, regardless of the method used to achieve it, expels 
unacceptable amounts of free endotoxin into the media. 
Removal of Such large amounts of free endotoxin is time 
consuming, Suffers from lot to lot variability, and is ultimately 
cost prohibitive. 
0058. The use of auxotrophic strains raises concerns over 
reversion and as such can only be used in cases where mini 
cells are to be produced from commensal or non-pathogenic 
strains of bacteria. Thus, their application is limited with 
respect to being used as a method for elimination of live 
parental cells in minicells production. 
0059 Treating minicell preparations with antibiotics raise 
concerns about the development of antibiotic resistance, 
especially when making minicells from pathogenic or oppor 
tunistically pathogenic parental strains. Regulatory concerns 
and cost can also be of great concern when using antibiotics to 
eliminate parental cells from a given minicell production run. 
0060 Treatment with UV irradiation can be useful in the 
elimination of live parental cells on a minicell production run 
with the exception of the fact that UV irradiation is random 
and results are highly variable from lot to lot. In addition, this 
method is not preferred when using minicells to deliver thera 
peutic or prophylactic nucleic acids as UV irradiation does 
not discriminate when it randomly damages nucleic acids. 
For instance, plasmid DNA would also be highly susceptible 
to DNA damage by UV irradiation and may be rendered 
ineffective although still effectively delivered by minicells. 
0061 DAP deprivation can be useful in the elimination of 
live parental cells with the exception that this approach is 
limited by the number of species it can be used for. In other 
words, not all parent cell species capable of producing mini 
cells require DAP for survival, in which case this approach is 
of no consequence. Reversion of DAP dependent strains is 
also a concern with this approach. 
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0062 Selective adsorption methodologies have yet to be 
explored with respect to purifying minicells from viable 
parental cells. Selective adsorption is defined as any process 
in where parental cells are preferentially adsorbed to a sub 
strate by virtue of their affinity for a substrate. By way of 
non-limiting example, high affinity protein-protein interac 
tions can be exploited for this use. By way of non-limiting 
example, the outer membrane protein Invasin from the gram 
negative species Yersinia pseudotuberculosis has a high affin 
ity for RGD motifs embedded in the protein sequence of 
Beta-integrins. The gene encoding for invasin under the con 
trol an inducible promoter could easily be introduced into a 
minicell producing strain. Minicells can be produced from 
this strain prior to the activation of expression of the invasin 
gene Such that the minicells produced do not express or dis 
play invasin on their cell Surface. Once the desired quantity of 
minicells is produced from said strain, the viable cells within 
the culture could be given the signal to produce the invasin 
protein Such that invasin is only expressed and displayed upon 
viable cells. Once invasin is expressed on the surface of viable 
parental cells, they can be easily adsorbed to a substrate 
coated with Beta-integrins or RGD motifs embedded into a 
synthetic polypeptide or other recombinant protein. Once 
absorbed, minicells can be selectively purified away from 
viable parental cells by a number of different means depen 
dent upon the substrate type used. Substrates include but are 
not limited to Solid-phase chromatographic columns used in 
gravity filtration applications, magnetic beads, ion exchange 
columns, or HPLC columns. This approach is limited by the 
disadvantage that no single protein-protein interaction will 
work for all species of minicell producing parent cells. For 
instance, the invasin-integrin approach described above 
would be useful for most Gram-negative Enterobacteriacea 
family members but not for use with minicell producing 
Gram-positive Bacillaceae family members. 
0063. The use of the previously mentioned filamentous 
phenotype of minicell-producing parent strains presents a 
very distinct advantage in terms of aiding in conventional, 
size-based physical separation technologies such as filtration 
because it preferentially increases the size of contaminating 
live cells from a length of ~1 uM to lengths of ~10-15 uM. 
Minicells however, remain their typical size of ~400 nM. The 
increased disparity in size between minicells and filamentous 
parental cells greatly simplifies and obviates filtration 
schemes as a preferred method of viable parental cell elimi 
nation. Filamentation can be induced in rod-shaped eubacte 
ria by several means and the most common include imparting 
physiological stress upon cells by the addition of high con 
centrations of salts or by increasing or decreasing the pH of 
the culture, the overexpression of cell division genes (such as 
thefts genes as described above), and the induction of the SOS 
response. The induction of the SOS stress response in bacteria 
is typically induced by introduction of significant chromo 
Somal damage although other mechanisms have been shown 
to work. The problem with applying physiological stress to a 
culture of cells to induce filamentation is that not all cells 
within the population respond equally to the stress which 
leads to variations in size that range from parental cells that 
are not affected at all to those cells that are partially fila 
mented to those that are completely filamented. This unequal 
response amongst the population limits this approach with 
respect to reproducibility between purification runs. The 
same is true for the induction of the SOS response by the 
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addition of an exogenous DNA-damaging agent in that not all 
of the cells in the population will respondequally to that agent 
and make filaments. 

0064. Given all of the limitations of the biological 
approaches listed above, a great need remains to develop a 
universally reliable and effective method of eliminating 
viable minicell producing parental cells to improve the safety 
profile of minicells for in vivo applications. To this end, 
embodiments of the present invention addresses this need and 
provide methods capable of irreparably damaging the chro 
mosomes of viable minicell producing parental cells by use of 
a previously undescribed regulated genetic Suicide mecha 
nism. The activation of the genetic Suicide mechanism simul 
taneously and irreversibly kills cells while inducing a fila 
mentous phenotype useful for aiding in conventional, 
filtration-based separation techniques of minicells from live 
contaminating parental cells. 
0065. A preferred and novel way to ensure that all viable 
parental minicell-producing cells of a population will become 
uniformly filamentous is to genetically engineer onto the 
chromosome of minicell-producing strains a gene or set of 
genes under inducible promoter control that upon activation 
with inducer will cause filamentation as is achieved with the 
MSM system described herein (EXAMPLE 4). It was deter 
mined that the activation of the genetic suicide (MSM) 
mechanism described herein causes profound filamentation 
(EXAMPLE 4). Thus, embodiments of the present invention 
overcomes the uniformity issues present with other 
approaches to filamentation by ensuring that any viable cell (a 
cell with a chromosome) will become filamented on com 
mand. It is desirable to circumvent Suicide mechanism 
expression problems associated with inducer uptake and 
other physiological factors that affect promoter activities to 
ensure that all cells in a given population will commit Suicide 
when given the appropriate signals. To eliminate insufficient 
promoter activities and ensure that each cell within the popu 
lation will become filamented, one preferred promoter sys 
tem for activating the genetic Suicide mechanism is ther 
moregulated, such as that used by the CI857ts promoter 
system. Some embodiments comprises a gram-negative or 
gram positive bacterial strain that contains a nucleic acid 
further comprising a gene that encodes for a minicell-produc 
ing gene (preferably fisZ) which is operably linked to induc 
ible prokaryotic expression signals, and a second nucleic acid 
comprising a gene that encodes for a Suicide gene that does 
not lyse the parental cells (preferably the homing endonu 
clease I-CeuI) which is operably linked to inducible prokary 
otic expression signals (preferably CI857ts). The prokaryotic 
expression signals linked to the minicell producing gene and 
the Suicide gene may be under the controlo the same prokary 
otic expression signals or different prokaryotic expression 
signals. Further, the minicell producing gene and the Suicide 
gene may be located on the same or different nucleic acids 
within a cell, one of which may be an episomal nucleic acid 
(e.g. plasmid). In some other embodiments, the minicell pro 
ducing gene and the Suicide gene are operably linked in a 
transcriptional fusion (i.e. on the same mRNA transcript) and 
under the control of common inducible prokaryotic expres 
sion signals. Both the minicell producing gene and the Suicide 
gene may be located in more than one gene copy per cell. 
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0066. In some embodiments, minicells are substantially 
separated from the minicell-producing parent cells in a com 
position comprising minicells. After separation, the compo 
sitions comprising the minicells is less than about 99.9%, 
99.5%, 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 
90%, 89%, 88%, 87%. 86%, 85%, 84%, 83%, 82%, 81%, 
80%, 79%, 78%, 77%, 76%, 75%, 74%, 73%, 72%, 71%, 
70%, 65%, 60%, 55%, 50%, 45%, 40%, 35% or 30% free of 
minicell-producing parent cells. 

3. Methods of Inducing Irreparable Chromosomal Damage 

0067. The concept that irreparable amounts of damage to 
the chromosome of a given cell will result in irreversible cell 
death has been best illustrated by the use of UV irradiation. 
UV irradiation causes the formation of thymine dimers 
between adjacent thymine nucleotides in a given DNA mol 
ecule. If the number of thymine dimers reaches a threshold 
level in where insufficient amounts of the proteins involved in 
the DNA repair of these adducts are available, the cell will 
effectively die. However, as mentioned above, this approach 
is severely limited because of its lack of specificity amongst 
adduct formation sites within the chromosome, its unbiased 
effects on all nucleic acid types, and variability independent 
of exposure time. 
0068 Irreparable damage to the chromosome can also be 
achieved by the overexpression of endonucleases. Endonu 
cleases can cleave double stranded DNA at sequence specific 
cleavage sites. Cleavage can result in blunt-ended or stag 
gered cleavage products dependent upon the restriction 
enzyme employed. 
4. I-Ceul Gene of Chlamydomonas moewusii 
0069. The I-Ceul restriction enzyme encoded by the chlo 
roplast DNA (SEQ ID NO: 1) of the algae Chlamydomonas 
moewusi is particularly useful for introducing irreparable 
damage to the chromosome of a broad range of eubacterial 
minicell producing parental strains. I-CeuI belongs to a 
unique family of intron encoded Type I restriction enzymes 
commonly known as homing endonucleases. The I-Ceul 
homing restriction enzyme specifically cleaves within the 
15-19 base pair conserved sequence of the 23S ribosomal 
RNA (rRNA) rrn operon sites (SEQID NO:2). Because 23S 
rRNA sequences are so conserved amongst eubacteria, 
I-CeuI may be used to introduce irreparable chromosome 
damage amongsta wide range of minicell producing parental 
cell species. The 23S rRNA sites are located at any where 
from 4-10 distinct positions in most eubacteria (see Table 1), 
a range of sites that will Support irreparable damage. Typi 
cally, no 23S rRNA sites are located within the sequence of 
common plasmid DNA molecules and as such I-CeuI can be 
used to eliminate parental cells while still allowing for the 
propagation and segregation of plasmids into minicells with 
the intent to deliver them as a therapeutic or prophylactic 
payload. Furthermore, the I-Ceul homing endonuclease oper 
ates most efficiently at 42-47°C., thereby making it uniquely 
Suited for use with a thermoregulated promoter system Such 
as the CI857ts promoter system from phage lambda. The 
CI857ts promoter system is inactivated attemperatures below 
39° C. and when shifted to 42-45° C. becomes extraordinarily 
highly active allowing for the rapid, prolonged, and uniform 
exposure of each minicell-producing parental cell within the 
culture to I-Ceul. Activation of this promoter system is 
largely independent of many prohibitive physiological fac 
tors such as inducer uptake. 
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TABLE 1. 
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List of I-CeuI Recognition Sites Within Different Eubacterial Genomes 

Recognition ATCC 
Bacterium Sites 

Escherichia Coi K12 MG1655 7 
Escherichia Coi W3110 7 
Escherichia Coii O157:H7 Str. Sakai 7 

Shigella dysenteriae Sd197 7 
Shigella flexneri 2a str. 2457T 7 

Shigella boydii Sb227 7 
Shigella sonnei Ss046 7 
Salmonella enterica serovar Typhi Ty2 7 

Salmonella enterica serovar Typhimurium LT2 7 

Salmonella enterica Subsp. Enterica serovar Choleraesuis str. 7 
SC-B67 
Salmonella enterica Subsp. enterica serovar Paratyphi A 7 
Salmonella enterica Subsp. Enterica serovar Paratyphi B str. 7 
SPB7 
Pseudomonas aeruginosa PA7 4 
Pseudomonas aeruginosa PAO1 4 
Pseudomonas aeruginosa UCBPP-PA14 4 
Pseudomonas entomophila str. L48 7 
Pseudomonas putida F1 6 

Pseudomonas Stutzeri A1501 4 
Vibrio choierae O395 chromosome 2 8 
Vibrio choierae O1 biovar eltor str. N16961 chromosome I 7 
Yersinia pestis Angola 7 
Neisseria meningitidis MC58 4 

Neisseria meningitidis serogroup C FAM18 4 

Neisseria gonorrhoeae FA1090 4 

Listeria monocytogenes strain EGDe 6 

Legionella pneumophia Subsp. pneumophia Str. Philadelphia 1 3 
Staphylococcus aureus Subsp. aureus strain MRSA252 5 
Staphylococcusatiretts Subsp. aureus Mu3 5 

Staphylococcus epidermidis FDA strain PCI 1200 5 
Streptococci is pyogenes M1 GAS 6 

Streptococci is pneumoniae R6 4 

Enterococcus faecalis V583 4 

Cliostridium bointinum Astr. ATCC 19397 8 
Cliostridium bointinum Astr. ATCC 3502 9 
Clostridium difficile 630 11 

0070. Originally, I-CeuI was isolated from Chlamydomo 
nas moewusii to digest purified eubacterial chromosomal 
DNA molecules for pulse field gel electrophoretic genome 
analysis. It is commercially available for research use and has 
been exploited for years by microbiologists studying genome 
arrangements, genomic rearrangements, performing BAC 
cloning, and performing other analyses of eubacterial chro 
mosomal DNA. I-CeuI and its Type I family members are 
unique in that they are not affected by different DNA methy 
lation patterns which can vary greatly amongst the eubacteria. 
Thus, I-Ceul can be used in a broad range of different minicell 
producing parent strains. By way of non-limiting example, 
I-Ceul has been used in vitro to analyze the genomes of 
Salmonella, Shigella, E. coli, Pseudomonas spp., Aeromonas 
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spp., Clostridium spp., Staphylococcus spp., Bacillus spp., 
and Neisseria spp. all with equivalent efficiency. 
(0071. Further, I-CeuI is a member of the subfamily of 
homing endonucleases known as the LAGLIDADG family. 
Members of this family number over 100 and all contain the 
conserved amino acid sequence motif LAGLIDADG that 
serves as the homodimerinteraction interface as well as active 
site formation and function. 

0072 I-Ceul and the other Type I restriction enzymes are 
not as stringent as the more typical Type II restriction endo 
nucleases with respect to the sequence within which they 
recognize and perform their respective cleavage reactions. 
While some bases within the 15-19 base pair sequence are 
essential for cleavage, others are dispensable. Thus, certain 
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variations of the 15-19 base pair sequence could be engi 
neered Such that they differ in sequence at non-critical bases 
but are still functional cleavage sites. Such sites could be 
engineered and introduced into the chromosome(s) of mini 
cell producing parent strains as such. These modified cleav 
age sites would also serve as targets recognized by I-Ceul in 
vivo or in vitro and could be used to introduce irreparable 
damage to the chromosome. 

5. The Use of Functional Equivalents of I-CeuI 
0073. As mentioned previously, the I-Ceul gene of 
Chlamydomonas moewusii is a member of a subclass of hom 
ing endonucleases known as the LAGLIDADG family. As 
Such, some embodiments include constructing and utilizing a 
similar genetic Suicide mechanism by utilizing one of the 
other LAGLIDADG homing endonuclease family members. 
Members of the LAGLIDADG that can be substituted for 
I-Ceul include but are not limited to PI-Sce, I-Chul, I-CpaI, 
I-SceII, I-Crel, I-MsoI, I-SceI, I-SceV. I-CSmI, I-DmoI, 
I-Pori, PI-Tli I, PI-Tli II, and PI-Scp.I. 
0074 Another subfamily of Type I homing endonucleases 

is termed the GIY-YIG family. Members of this family 
include but are not limited to the bacteriophage T4 endonu 
clease I-TeVI, Amatpase-6, and SegA. 
0075 Yet another subfamily of Type I homing endonu 
cleases is termed the H N H family and its members 
include but are not limited to Eco CoE8, Eco CoE9, Eco 
CoE2, Eco Micr, I-Hmul, I-TevIII, Cpc1 gpII, Cpc2 gpI, Avi 
gp1. SobgpII, and See gpI. 
0076. The last subfamily of Type I homing endonucleases 

is termed the His-Cys box family and its members include but 
are not limited to I-Diri, I-Naal, and I-Ppol. 
0077. Any or all of the 4 classes of homing endonucleases 
and their respective DNA target sequences or functional vari 
ants thereof can be used to construct a regulated genetic 
suicide system described herein for use in the elimination of 
contaminating viable parental cells from minicells. 
6. Overexpression offtsZ, in Combination with Activation of 
the Genetic Suicide Mechanism Generates High Yield Mini 
cell Producing Strains 
0078. As shown in FIG. 3, the simultaneous activation of 
I-Ceul and induction of the minicell-producing phenotype 
worked in concert to have positive effects on minicell pro 
duction and yield as well as decreased viability and filamen 
tation of contaminating parent cells. EXAMPLE 3 shows 
high yield minicell-producing strains as the number of mini 
cells produced increased 10-fold when ftsZ and I-CeuI were 
simultaneously overexpressed. High yield minicell produc 
ing strains were defined to be those that generate 10 or 
greater minicells from a 100 mL starting culture. In addition 
to generating high yields of minicells, the parental cells 
became uniformly filamentous upon activation of the I-CeuI 
and ftsZ genes as shown in FIG. 4. The resulting filamentous 
phenotype is a factor which is exploited to better facilitate 
filtration-based minicell purification schemes. 

7. Homologous Recombination and Other DNA Damage 
Repair Pathways 

0079 Homologous recombination pathways in eubacteria 
are highly conserved in terms of function and mechanism of 
action. Essentially, homologous DNA recombination is 
mediated by the introduction of a double stranded break in 
duplex DNA followed by 5' to 3' exonuclease activity that 
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creates single stranded DNA overhangs to be used in an 
enzyme dependent process known as strand invasion. During 
Strand invasion, homologous regions of two separate duplex 
DNA molecules base pair with each other. The synthesis of 
new DNA replaces the region(s) degraded by exonucleases 
and the result is a short-lived 4-armed heteroduplex DNA 
structure termed a Holliday junction. The Holliday junction is 
Subject to a helicase dependent process known as branch 
migration in where the center of the heteroduplex DNA struc 
ture can shift from its original position to any other position 
along the length of any of the 4 arms of the Holliday junction. 
Once stabilized, the heteroduplex Holliday junction is 
“resolved by enzymes termed resolvases and two separate 
duplex DNA molecules result. In some cases, significant 
amounts of DNA are transferred from one DNA molecule to 
the other, hence the term recombination. 
0080. It is known that in some instances, double stranded 
break repair is mediated through the homologous recombi 
nation pathway(s) of eubacteria. As Stated previously, I-Ceul 
and the other Type I homing endonuclease family members 
introduce double stranded breaks and said breaks are subject 
to repair by homologous recombination. Thus, eliminating 
the ability of the cell to perform homologous recombination 
also eliminates the possibility that the double stranded breaks 
introduced by a Type I homing endonuclease family member 
will be repaired. Repair of the chromosome is essential to 
recovery in the case of double stranded breaks and as such, the 
use of homologous recombination pathway null or condi 
tional mutants in conjunction with said genetic Suicide 
mechanism would be of great benefit in reducing viable con 
taminating minicell producing parent cells. Some embodi 
ments provide the use of DNA recombination and damage 
repair pathways to prevent cells containing the genetic Sui 
cide mechanism from repairing any chromosomal lesions 
introduced as a result of the activation of the Suicide mecha 
1S. 

I0081. In the eubacterial family Enterobacteriacea, genes 
involved in homologous recombination or any step of the 
process described herein that can be mutated, inactivated, 
made to be expressed conditionally, or modified in any way as 
to aid in the elimination of viable contaminating minicell 
producing parental cells upon the activation of the genetic 
Suicide mechanism include, but are not limited to, recA, 
recBCD, uvrABC, lex A, recN, recCR, recR, ruv, gyraB, helD. 
lig, polA, SSb, recC), mutH, mutL. mutS, top A, uVrD, XseA, 
SrfA, recF, rec, recE. recT, ruSA, dam, dut, Xth, or rdgB. Any 
homologs of said genes can be disrupted in other genera and 
separate eubacterial families. 
I0082 Mutations that affect the expression of these genes 
may be present singularly or in combination with each other. 
The transcription levels of said gene(s) can be affected by 
chromosomal deletion, promoter disruption, promoter 
replacement, promoter modification, or RNA-mediated pro 
moterinterference. Translation of said gene(s) can be affected 
by the expression of antisense mRNA, shRNA, siRNA, or by 
modification of the Shine Dalgarno sequence. Function of 
said gene(s) product(s) can be affected by the overexpression 
of dominant negative version(s) of said gene(s) or other Sup 
pressors of said gene(s) such that function is impaired. 
I0083. Some embodiments provide the replacement of any 
and all of the genes involved in homologous recombination or 
double strand break repair pathways listed above with an 
allele of said gene(s) that is a well characterized temperature 
sensitive mutant. In an illustrative example of this, the gene 
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product, RecA for example, would function normally attem 
peratures below 39°C. so to allow for normal growth, physi 
ology, and minicell production but would not function at 
temperatures higher than 39° C. such that when the tempera 
ture of the minicell-producing culture was shifted to 42-45° 
C. to activate the I-CeuI gene, the RecA molecules present 
within the cell would be unable to perform their necessary 
function(s) at a level Sufficient enough to aid in the repair of 
double stranded chromosomal lesions. This approach expe 
dites the effective killing of I-Ceul while providing another 
level of assurance in the elimination of viable minicell-pro 
ducing parent cells by providing the cell with no repair 
mechanism(s). 
0084. In some embodiments, the wild type copy of the 
gene leXA is replaced with a cleavage deficient mutant allele. 
The LexA protein is a global regulator of the SOS response 
genes in eubacteria and acts as a repressor to genes within that 
regulon by juxtaposed occupation of the transcriptional start 
sites within the promoter regions of SOS response genes. 
Thus, when the Lex A repressor is bound to the promoter 
regions of the SOS response genes, the genes are inactivated 
as a result of transcription factor inaccessibility due to Lex A 
mediated steric hindrance. In the event that cells are subjected 
to stress such as that provided when double stranded chromo 
somal DNA breaks are introduced, Lex A is cleaved. As a 
result of cleavage, Lex A can no longer bind and repress the 
activity of SOS response genes. Cleavage can occur through 
two mechanisms. The first is RecA-mediated cleavage that is 
stimulated by the activity of RecA proteins in the presence of 
single stranded DNA. Single stranded DNA is produced by 
the RecBCD exonuclease complex as the very next sequence 
of events immediately following the introduction of double 
Stranded chromosomal breaks. The second mechanism is 
termed “autocleavage' and occurs spontaneously in an 
intramolecular reaction in response to changes in temperature 
or pH. Both cleavage mechanisms rely on serine protease 
activity mediated by the serine residue atamino acid position 
119 (S-119) and the lysine residue atamino acid position 156 
(L-156). Cleavage occurs between the alanine residue at 
amino acid position 84 (A-84) and the adjacent glycine resi 
due at amino acid position 85 (G-85). The well characterized 
cleavage deficient mutant allele of the leXA gene termed 
lexA3 and its counterpart lex A33 may be used with some 
embodiments of the present invention. 

8. Targeting Minicells 

0085. Following production, activation of the genetic sui 
cide mechanism, and Subsequent purification, minicells are 
used as targeted delivery vehicles. Minicells displaying anti 
bodies, antibody derivatives, and other targeting moieties on 
their Surfaces are used to target specific cell types in vivo to 
preferentially deliver their bioactive payloads to the targeted 
tissue, organ, and cell type. 
I0086 Antibodies, or any portion thereof, intended to aid in 
the targeting of minicells to a specific tissue, organ, and cell 
type may be derived from or be part of any immunoglobulin 
Subclass, including but not limited to IgA, IgM, Ig|D, IgG, or 
IgE. Antibodies of any subclass intended for facilitating the 
targeting function of minicells may be “humanized'. 
although any antibody of any subclass against a cell specific 
antigen can be raised in any animal known to generate anti 
body responses through adaptive immunity to achieve the 
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same goal. In nature, antibodies are generated Such that they 
contain two separate arms with distinct specificities for their 
respective antigens. 
I0087 Antibodies can be engineered to be independently 
specific for different antigens, such that a single antibody 
targets two separate antigens simultaneously. By way of non 
limiting example, antibodies could be engineered to recog 
nize putative Surface components of a given eubacterial mini 
cell (e.g., LPS O-antigens) on one arm and the other arm be 
engineered to recognize a cell-specific Surface antigen. In this 
approach, minicell Surface molecules that would be of use 
include but are not limited to naturally occurring molecules 
Such as lipopolysaccharides (LPS), outer membrane proteins 
(OMPs), flagellar proteins, pilus proteins, and porins. Alter 
natively, minicell-producing parental strains can be engi 
neered to express and display protein or LPS molecules on 
their Surfaces that are not naturally occurring or occur in other 
organisms such that said molecule is recognized by one or 
more arms of an antibody used to couple targeting antibodies 
or other targeting moieties to the Surfaces of minicells. For 
example, a protein engineered to express and display the 
FLAG epitope could be designed and utilized such that one 
arm or antibody recognizes the FLAG epitope and that the 
other can recognize a specific cell selective antigen of choice. 
Additionally, those skilled in the art readily recognize that 
two separate antibodies, with separate specificities, can be 
non-covalently attached by coupling them to Protein AIG to 
form a bi-specific antibody derivative capable of adhering to 
the surface of minicells wherein one antibody within the 
complex specifically adheres to the Surface of said minicell 
and the other antibody is displayed to specifically recognize 
and thereby “target a specific cell, tissue, or organ type in 
vivo. Similarly, one skilled in the art will recognize that two 
separate antibodies, with separate specificities, could be 
covalently linked using myriad cross-linking techniques to 
achieve the same effect. All of these potential approaches to 
targeting are readily recognized by those skilled in the art. 
I0088 Alternative and preferable to the exogenous addi 
tion of antibodies and antibody derivatives, minicells can be 
“engineered to express and display recombinant targeting 
proteins on their surfaces by creating outer membrane fusion 
proteins that display polypeptide-based targeting moieties. 
This can be accomplished using any of the outer membrane 
proteins from Gram-negative bacteria although some outer 
membrane proteins or regions therein are more Suitable for 
display. This has been Successfully accomplished in Salmo 
nella enterica by using fusion proteins that contain an Anti 
gen 43-O. outer membrane anchoring domainfused to a single 
chain FcV antibody fragment with specificity for Chlam 12 or 
CTP3. In a similar study, E. coli cells expressing and display 
ing single chain FcV antibody fragments directed towards 
Coronavirus epitopes fused with the outer membrane local 
ized, autotransporter IgA protease (IgAP) of Neisseria gon 
orrhoeae were shown to neutralize Coronavirus and prevent 
infection in vitro. The same types of strategies could be 
employed to generate and display targeted fusion proteins on 
the surfaces of minicells. Other native outer membrane pro 
teins including LamB, Ompf, OmpC, Omp A, Ompl), PhoE, 
PAL, and various Flagellins have been used as membrane 
anchoring and display domains in gram negative Enterobac 
teriacea family members. Generally, the same approach could 
be used to express and display antibody fragments on the 
surface of minicells derived from any Enterobacteriacea or 
Bacillaceae family member such that said minicells become 
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“specific’ targeted delivery vehicles for antigens present on 
the Surface of cell, tissue, or organ types involved in various 
clinical indications. One skilled in the art will recognize that 
achieving this goal is a matter of creating a nucleic acid 
sequence encoding for a fusion protein between a putative or 
predicted outer membrane protein or outer membrane local 
ization sequence and an antibody, antibody derivative, or 
other polypeptide sequence with affinity for a surface mol 
ecule present in a given cell, tissue, or organ type. 
0089. A preferred embodiment to displaying antibodies, 
antibody fragments, and any of the other polypeptide-based 
targeting moieties described herein on the Surface of mini 
cells is by fusion with an outer membrane of the “autotrans 
porter family. The monomeric autotransporters belonging to 
the Sub-class type 5 secretion system of autotransporters 
(commonly classified as type 5a) are most preferred. Of those 
autotransporters classified as type 5a, the IgA protease (IgAP) 
of Neisseria gonorrhoeae is preferred. The IgAP autorans 
porter passenger domain is easily replaced by variable light 
and heavy antibody chains that are spaced by a short 8-10 
repeat proline linker sequence. Sequences from variable 
heavy (VH) and light (VL) chains are easily identified, iso 
lated, sequenced, and cloned from B-cell hybridomas or any 
other conventional recombinant DNA or RNA sources of 
variable light and heavy chain sequence as one ordinarily 
skilled in the art will readily recognize. Several different 
antibody fragments and antibody fragment types have been 
displayed and characterized using the IgAP system in E. coli 
although this approach is entirely novel with respect to their 
use to target tissues, organs, or cell types in conjunction with 
use in minicells. Thus, by identifying antibody 
0090. One skilled in the art will recognize that there are 
other methods by which targeting of minicells to specific cell, 
organ, or tissue types could be achieved in addition to the 
display of antibodies or antibody derivatives that have speci 
ficity for cell-specific Surface antigens on the Surface of mini 
cells. One Such method is to express and display on the outer 
most surface of minicells, non-antibody derived polypeptides 
that target cell-specific antigens. These polypeptides can be 
derived but are not limited to, naturally occurring sequences 
or useful portions thereof and synthetically derived 
Sequences. 
0091 Naturally-occurring sequences include those that 
are known in the art to interact with a cell-specific Surface 
antigen. Examples of these types of interactions include but 
are not limited to naturally occurring ligand and receptor 
interactions such as the well-characterized VEGF and the 
VEGF receptor interaction. For example, VEGF receptors 
displayed on the surfaces of endothelial or other cells could be 
targeted by decorating minicells with receptor binding 
domains of the VEGF protein, thus providing a targetings 
moiety for delivering minicells to endothelial cells. This 
would be an alternative to using a schv fragment of an anti 
VEGF receptor as the targeting moiety. In some embodi 
ments, the same naturally occurring Surface-localized mol 
ecules of the minicell listed above can be engineered using 
standard molecular biological techniques to create fusion 
proteins that display the binding portion(s) of these ligands 
Such that said minicells are now capable of specifically rec 
ognizing, localizing, and delivering their respective payloads 
to specific cell types, tissues, and organs of interest. 
0092 Synthetic molecules that selectively bind to cell 
specific Surface antigens, such as mammalian cell Surface 
antigens, may be identified and incorporated into some 

May 6, 2010 

embodiments of the present invention to serve as targeting 
moieties. For instance, peptide sequences identified by phage 
display library can easily be cloned as fusions with any of the 
native minicell outer membrane proteins as described above 
to serve as targeting molecules. Similarly, synthetic targeting 
molecules can be coupled to the Surface of minicells using 
standard chemical conjugation or cross-linking techniques. 
0093 Cancer cells, in particular, are highly sought after 
cell types that can be targeted using minicells. Many cancers 
display cell Surface protein variants or other immunologically 
distinguishable cell Surface markers known collectively as 
tumor-specific antigens or sometimes referred to as tumor 
selective antigens (TSAs). Many antibodies that specifically 
recognize TSAS, and nucleic acid sequences of the variable 
regions therefore, are already known in the art. Any of these 
antibodies can be used in exogenous fashion with invention or 
alternatively, expressed as a membrane-bound fusion protein 
and displayed on the surface of the minicell as described 
above. Many TSAs have been identified to which there no 
antibodies and therefore nucleic acid sequences of the vari 
able regions of those antibodies currently available. However, 
methods to produce antibodies to TSAs are well known in the 
art and the methods disclosed herein are designed Such that 
any and all antibodies to TSAs, or any other cell-specific 
Surface antigen, can be incorporated in to the composition as 
described. 
0094 Tumor-selective antigens include, but are not lim 
ited to, adipophilin, AIM-2, BCLX (L), BING-4, CPSF, 
Cyclin D1, DKK1, ENAH, Ep-CAM, EphA3, FGF5, G250/ 
MN/CALX, HER-2/neu, IL-13Ralpha2, Intestinal carboxyl 
esterase, alpha-foetoprotein, M-CSF, MCSP MMP-2, MUC 
1, p53, PBF, FRAME, PSMA, RAGE-1, RGS5, RNF43, 
RU2AS, secernin I, SOX10, STEAP1, Survivin, Telomerase, 
WT1, Cdc27, CDK4, CDKN2O., BCR-ABL, BAGE-1, 
GAGE1-8, GnTV, HERV-K-MEL, KK-LC-1, KM-HN-1, 
LAGE-1, MAGE-A1, MAGE-A2, MAGE-A3, MAGE-A4, 
MAGE-A6, MAGE A9, MAGE-A9, mucin, NA-88, 
NY-ESO-1, LAGE-2, SAGE, Sp17, SSX-2, SSX-4, TRAG-3, 
and TRP2-INT2. 
0095. In addition to targeting cancer cells and tumors 
derived therefrom, embodiments of the present invention also 
encompass any cell type that displays a selective cell Surface 
antigen?s). For instance, targeting minicells to the pancreas to 
deliver diabetes drugs, or targeting minicells to dendritic cells 
or any subclass thereof to deliver protein, carbohydrate, or 
nucleic acids encoding for antigens for use in vaccine devel 
opment or innate immune regulation are desirable. AVEGF 
based targeting system for endothelial cells is described 
above. Similarly, targeting minicells to specific cell types of 
the mucosal epithelium, such as the Peyer's patches of the 
Small intestine, are desirable. 

9. Payload Types 

0096 Eubacterial minicells are capable of encapsulating 
and delivering several classes of biologically active com 
pounds that have therapeutic, prophylactic, or diagnostic ben 
efit to an animal. Types of the biologically active compounds 
(payloads) that can be delivered by minicells include but are 
not limited to Small molecules, nucleic acids, polypeptides, 
radioisotope, lipids, lipopolysaccharides, and any combina 
tion thereof. 
0097. The term “small molecule' used herein includes any 
chemical or other moiety that can act to affect biological 
processes in a positive or a negative sense. Small molecules 
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can include any number of therapeutic agents presently 
known and used, or can be Small molecules synthesized in a 
library of such molecules for the purpose of screening for 
biological function(s). Small molecules are distinguished 
from macromolecules by size. The Small molecules as dis 
closed herein usually have molecular weight less than about 
5,000 daltons (Da), preferably less than about 2,500 Da, more 
preferably less than 1,000 Da, most preferably less than about 
500 Da. 

0098. Small molecules include without limitation organic 
compounds, peptidomimetics and conjugates thereof. As 
used herein, the term “organic compound” refers to any car 
bon-based compound other than the macromolecules nucleic 
acids and polypeptides. In addition to carbon, organic com 
pounds may contain calcium, chlorine, fluorine, copper, 
hydrogen, iron, potassium, nitrogen, oxygen, Sulfur and other 
elements. An organic compound may be in an aromatic or 
aliphatic form. Non-limiting examples of organic compounds 
include acetones, alcohols, anilines, carbohydrates, 
monosaccharides, oligosaccharides, polysaccharides, amino 
acids, nucleosides, nucleotides, lipids, retinoids, steroids, 
proteoglycans, ketones, aldehydes, Saturated, unsaturated 
and polyunsaturated fats, oils and waxes, alkenes, esters, 
ethers, thiols, Sulfides, cyclic compounds, heterocylcic com 
pounds, imidizoles and phenols. An organic compound as 
used herein also includes nitrated organic compounds and 
halogenated (e.g., chlorinated) organic compounds. 
0099 “Small molecules' can be synthetic, naturally 
occurring, and purified from a natural source. Small mol 
ecules include, but are not limited to, Small molecule drugs 
and Small molecule imaging agents. Types of small molecule 
drugs include those that prevent, inhibit, stimulate, mimic, or 
modify a biological or biochemical process within a cell, 
tissue type, or organ to the benefit of an animal Suffering from 
a disease, whether somatic, germinal, infectious, or other 
wise. Examples of drugs include chemotherapeutic agents 
(cancer drugs), antibiotics, antivirals, antidepressants, anti 
histamines, anticoagulants, and any other class or Subclass 
thereof as listed in the Physicians Desk Reference. Small 
molecules also include the class of molecules collectively 
known as fluorophores. Minicells encapsulating fluorophores 
and displaying cell-specific targeting moieties can be used for 
in vivo imaging of cell types, tissues, organs, or tumors in an 
animal. Small molecule fluorophores include but are not lim 
ited to DAN, Cybr Gold, Cybr Green, Ethidium Bromide, 
Alexa Flour, Texas Red, CFSE, and the like. Small molecule 
chemotherapeutic agents can be targeted and delivered to 
tissues, cells, and organs using minicells displaying targeting 
molecules. The term “chemotherapeutic agent used herein 
refers to anti-cancer, anti-metastatic, anti-angiogenic, and 
other anti-hyperproliferative agents. Put simply, a “chemo 
therapeutic agent” refers to a chemical intended to destroy 
cells and tissues. Such agents include, but are not limited to: 
(I) DNA damaging agents and agents that inhibit DNA syn 
thesis such as anthracyclines (doxorubicin, donorubicin, epi 
rubicin), alkylating agents (bendamustine, buSulfan, carbopl 
atin, carmustine, cisplatin, chlorambucil, cyclophosphamide, 
dacarbazine, hexamethylmelamine, ifosphamide, lomustine, 
mechlorethamine, melphalan, mitotane, mytomycin, pipo 
broman, procarbazine, Streptozocin, thiotepa, and triethylen 
emelamine), platinum derivatives (cisplatin, carboplatin, cis 
diamminedichloroplatinum), telomerase and topoisomerase 
inhibitors (Camptosar), (2) tubulin-depolymerizing agents 
such as taxoids (Paclitaxel, docetaxel, BAY 59-8862), (3) 
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anti-metabolites such as capecitabine, chlorodeoxyadenos 
ine, cytarabine (and its activated form, ara-CMP), cytosine 
arabinoside, dacabazine, floxuridine, fludarabine, 5-fluorou 
racil, 5-DFUR, gemcitibine, hydroxyurea, 6-mercaptopu 
rine, methotrexate, pentostatin, trimetrexate, and 6-thiogua 
nine (4) anti-angiogenics (Avastin, thalidomide, Sunitinib, 
lenalidomide), vascular disrupting agents (flavonoids/fla 
vones, DMXAA, combretastatin derivatives such as CA4DP, 
ZD6126, AVE8062A, etc.), (5) biologics such as antibodies 
orantibody fragments (Herceptin, Avastin, Panorex, Rituxan, 
Zevalin, Mylotarg, Campath, Bexar, ErbituX, Lucentis), and 
(6) endocrine therapy Such as aromatase inhibitors (4-hy 
droandrostendione, exemestane, aminoglutehimide, anastro 
Zole, letozole), anti-estrogens (Tamoxifen, Toremifine, Raox 
ifene, Faslodex), Steroids such as dexamethasone, (7) 
immuno-modulators: cytokines such as IFN-beta and IL2), 
inhibitors to integrins, other adhesion proteins and matrix 
metalloproteinases), (8) histone deacetylase inhibitors, (9) 
inhibitors of signal transduction Such as inhibitors of tyrosine 
kinases like imatinib (Gleevec), (10) inhibitors of heat shock 
proteins, (11) retinoids such as all trans retinoic acid, (12) 
inhibitors of growth factor receptors or the growth factors 
themselves, (13) anti-mitotic compounds Such as navelbine, 
Paclitaxel, taxotere, vinblastine, Vincristine, Vindesine, and 
vinorelbine, (14) anti-inflammatories such as COX inhibitors 
and (15) cell cycle regulators such as checkpoint regulators 
and telomerase inhibitors. 

0100 Nucleic acids include DNA and RNA and their 
structural equivalents such as RNA molecules or DNA mol 
ecules that utilize phosphothiolate backbones as opposed to 
the naturally occurring phosphodiester backbones. DNA 
molecules include episomal DNA (not located on or part of 
the host cell chromosome) and include plasmid DNA, cosmid 
DNA, bacteriophage DNA, and bacterial artificial chromo 
somes (BACs). DNA molecules encode for proteins as 
described by the central dogma of molecular biology. Thus 
DNA may encode for proteins of any origin, naturally occur 
ring or synthetic. Likewise, DNA can be engineered to con 
tain promoter sequences” that are recognized by host cell 
machinery to activate expression of said encoded proteins. 
Promoter sequences can be cell specific, tissue specific, or 
inducer specific. Inducers are exogenously applied signals 
that help to activate said promoters to produce said proteins. 
Inducers can be chemical or physical in nature. Many pro 
moter systems are known to those skilled in the art as are the 
sequences that render them functional. Preferred prokaryotic 
expression sequences include but are not limited to the pRHA 
system, the pBAD system, the T7 polymerase system, the 
pLac System and its myriad derivatives, the pTet system, and 
the CI857ts system. Preferred eukaryotic promoter systems 
include but are not limited to the CMV promoter, the SV40 
promoter system, and the BGH promoter system. RNAs 
includebutare not limited to messenger RNA (mRNA), trans 
fer RNA (tRNA), and small nuclear RNAs. Many RNAs, 
classified as antisense RNAs, include but are not limited to 
small-interfering RNAs (siRNA), short hairpin RNAs (shR 
NAs), and full length antisense RNAs. MicroRNAs are also 
included. 

0101 Proteins are comprised of polypeptides and are 
encoded for by DNA. Proteins can be biologically functional, 
Such as enzymes or signaling proteins. Proteins can be struc 
tural. Such as is the case for actin and the like. Proteins can 
serve as immunogens or serve other therapeutic purposes 
(such as Supplying or restoring enzyme in a target cell, tissue, 
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organ, or animal). Proteins can aid in the post-endocytosis 
intracellular transfer of other payload types. For example, 
proteins such as listeriolysin 0 from Listeria monocytogenes 
can be employed to facilitate the transfer of the minicell 
payload(s) from the endocytotic compartment(s) of a target 
cell to the cytosol of a target cell. Proteins can also be pro 
drug converting enzymes. 
0102) Any and all of these payload types may be used in 
combination or singular at the discretion of the user. One 
skilled in the art will appreciate and recognize which combi 
nations are to be used for which purposes. 

10. Reducing Toxicity of LPS 
0103) Safety concerns surrounding the immunogenicity 
and pyrogenic effects of lipopolysaccharides (LPS), a consti 
tutive component of the minicell outer membrane commonly 
referred to as endotoxin, is advantageously addressed to fur 
ther the commercial viability of minicell-based targeted 
delivery compositions. These safety concerns are advanta 
geously addressed in addition to addressing safety issues that 
revolve around the possible contamination of minicell-based 
targeted delivery compositions for use in vivo with viable 
minicell-producing parent cells. The LPS molecule(s) is 
essentially comprised of three parts. The first part is the pair of 
hydrocarbon chains that anchor the molecule into the outer 
leaflet of the outer membrane which are collectively called 
the “Lipid A' portion of the molecule. The second is a series 
of sugar residues commonly referred to the “inner core”. The 
inner core is different from genera to genera but is identical 
amongst inter-genera members. For example, Salmonella and 
Shigella have different inner core structures because they are 
not members of the same genera while Salmonella typhi and 
Salmonella typhimurium share the same inner core structures 
because they are both members of the genera Salmonella. The 
third component of the LPS molecule, commonly called the 
“O-antigen' is a series of Sugar molecules, the chain length, 
branch structure, sequence, and composition of varies greatly 
amongst bacteria, even amongst genera members. Many 
genes involved in lipopolysaccharide synthesis have been 
identified and sequenced. For instance, the rfa gene clusters 
contains many of the genes for LPS core synthesis, includes at 
least 17 genes. 
0104. While the LPS molecule as a whole is very pyro 
genic, the major contributor to pyrogenicity with respect to 
the three components described above is the Lipid A compo 
nent. The Lipid A component has been shown to bind to and 
activate Toll-like receptors, a family of signaling molecule 
present on the Surface of mammalian cells that help to recog 
nize specific pathogen associated molecular patterns 
(PAMPs) of which LPS is a classic member. The potent 
pyrogenic effects of Lipid A are mediated by a specific por 
tion of the Lipid A molecule that comprising a myristolic acid 
group attached to one of the hydrocarbon chains. In gram 
negative bacteria, this myristolic acid group is added by a 
single, non-essential gene commonly referred to as msbB. By 
eliminating the msbB gene, the myristolic acid component is 
eliminated, and the pyrogenicity of the LPS molecule(s) is 
drastically reduced. This approach has been exploited to 
reduce toxicity of LPS in attenuated, living Salmonella sero 
vars that happen to colonize hypoxic regions within tumors as 
an experimental cancer therapy used in human clinical trials. 
The same msbB gene or its functional equivalent, leads to 
reduced toxicity of the LPS incorporated into minicells, when 
deleted from the parental minicell-producing Strain(s). The 
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reduced toxicity of the LPS has been shown to result in the 
reduction of pro-inflammatory immune responses in a mam 
malian host. 

0105. As shown in FIGS. 7 and 8, successful deletion of 
msbB in a minicell-producing Salmonella strain gave rise to 
minicells with reduced toxicity as measured by the produc 
tion of TNF-C. by cultured murine macrophages exposed to 
minicells produced from Strains harboring msbB mutations 
Versus those minicells produced from wild type strains. 

11. Free Endotoxin Removal 

0106. In most in vivo applications, it is desirable to remove 
any free endotoxin, primarily in the form of free LPS, from 
the composition. By and large endotoxin removal can be 
facilitated by the filtration technologies and methodologies 
employed. As an example, a dead-end filtration step captures 
minicells and allows smaller molecules such as LPS to pass 
through the membrane filter, thereby effectively eliminating a 
large majority of free endotoxin. It is desirable to achieve 
endotoxin levels for in vivo applications that are at or below 
the levels mandated by the United States Food and Drug 
Administration (www.fda.gov). Other conventional and well 
described approaches that can be used in lieu of or in con 
junction with filtration-based endotoxin removal are different 
chromatographic, immuno-chromatographic, and immuno 
precipitation methodologies. In the case of immuno-based 
methods, a typical method is to use an antibody or other 
moiety that specifically recognizes and binds to the Lipid A 
portion of the LPS molecule. The advantage in targeting this 
segment of the LPS molecule is two-fold. The first advantage 
is that Lipid A is only exposed when LPS is liberated from the 
outer membrane of the minicells and thus creates a selective 
bias towards the removal of only free endotoxin versus the 
removal of intact minicells. Secondly, many commercially 
available anti-LipidA antibodies are available. Coupling anti 
bodies to a solid or semi-solid matrix Such as a column or 
magnetic beads has further advantage in that free endotoxin 
can be readily and selectively absorbed or adsorbed to the 
matrix to better facilitate endotoxin removal from minicell 
compositions. Endotoxin levels in final preparations can be 
determined by pelleting minicells and analyzing the Superna 
tant for endotoxin levels using the quantitative limulus amoe 
bocyte lysate (LAL) test. 

12. Pharmaceutical Compositions. 

0107 Another aspect of the present invention relates to 
compositions, including but not limited to pharmaceutical 
compositions. The term “composition used herein refers to a 
mixture comprising at least one carrier, preferably a physi 
ologically acceptable carrier, and one or more minicell com 
positions. The term “carrier used herein refers to a chemical 
compound that does not inhibit or prevent the incorporation 
of the biologically active peptide(s) into cells or tissues. A 
carrier typically is an inert Substance that allows an active 
ingredient to be formulated or compounded into a suitable 
dosage form (e.g., a pill, a capsule, a gel, a film, a tablet, a 
microparticle (e.g., a microsphere), a solution; an ointment; a 
paste, an aerosol, a droplet, a colloid or an emulsion etc.). A 
“physiologically acceptable carrier is a carrier suitable for 
use under physiological conditions that does not abrogate 
(reduce, inhibit, or prevent) the biological activity and prop 
erties of the compound. For example, dimethyl sulfoxide 
(DMSO) is a carrier as it facilitates the uptake of many 
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organic compounds into the cells or tissues of an organism. 
Preferably, the carrier is a physiologically acceptable carrier, 
preferably a pharmaceutically or veterinarily acceptable car 
rier, in which the minicell composition is disposed. 
0108. A “pharmaceutical composition” refers to a compo 
sition wherein the carrier is a pharmaceutically acceptable 
carrier, while a “veterinary composition' is one wherein the 
carrier is a veterinarily acceptable carrier. The term “pharma 
ceutically acceptable carrier' or “veterinarily acceptable car 
rier used herein includes any medium or material that is not 
biologically or otherwise undesirable, i.e., the carrier may be 
administered to an organism along with a minicell composi 
tion without causing any undesirable biological effects or 
interacting in a deleterious manner with the complex or any of 
its components or the organism. Examples of pharmaceuti 
cally acceptable reagents are provided in The United States 
Pharmacopeia, The National Formulary, United States Phar 
macopeial Convention, Inc., Rockville, Md. 1990, hereby 
incorporated by reference herein into the present application. 
The terms “therapeutically effective amount’ or “pharmaceu 
tically effective amount’ mean an amount Sufficient to induce 
or effectuate a measurable response in the target cell, tissue, 
or body of an organism. What constitutes a therapeutically 
effective amount will depend on a variety of factors, which 
the knowledgeable practitioner will take into account in arriv 
ing at the desired dosage regimen. 
0109 The compositions can further comprise other 
chemical components, such as diluents and excipients. A 
"diluent” is a chemical compound diluted in a solvent, pref 
erably an aqueous solvent, that facilitates dissolution of the 
composition in the solvent, and it may also serve to stabilize 
the biologically active form of the composition or one or more 
of its components. Salts dissolved in buffered solutions are 
utilized as diluents in the art. For example, preferred diluents 
are buffered solutions containing one or more different salts. 
A preferred buffered solution is phosphate buffered saline 
(particularly in conjunction with compositions intended for 
pharmaceutical administration), as it mimics the salt condi 
tions of human blood. Since buffer salts can control the pH of 
a solution at low concentrations, a buffered diluent rarely 
modifies the biological activity of a biologically active pep 
tide. 

0110. An "excipient' is any more or less inert substance 
that can be added to a composition in order to confer a suitable 
property, for example, a Suitable consistency or to form a 
drug. Suitable excipients and carriers include, in particular, 
fillers such as Sugars, including lactose, Sucrose, mannitol, or 
Sorbitol cellulose preparations such as, for example, maize 
starch, wheat Starch, rice starch, agar, pectin, Xanthan gum, 
guar gum, locust bean gum, hyaluronic acid, casein potato 
starch, gelatin, gum tragacanth, methyl cellulose, hydrox 
ypropylmethyl-cellulose, polyacrylate, sodium carboxym 
ethylcellulose, and/or polyvinylpyrrolidone (PVP). If 
desired, disintegrating agents can also be included. Such as 
cross-linked polyvinyl pyrrolidone, agar, or alginic acid or a 
salt thereofsuch as Sodium alginate. Other Suitable excipients 
and carriers include hydrogels, gellable hydrocolloids, and 
chitosan. Chitosan microspheres and microcapsules can be 
used as carriers. See WO98/52547 (which describes micro 
sphere formulations for targeting compounds to the stomach, 
the formulations comprising an inner core (optionally includ 
ing a gelled hydrocolloid) containing one or more active 
ingredients, a membrane comprised of a waterinsoluble poly 
mer (e.g., ethylcellulose) to control the release rate of the 
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active ingredient(s), and an outer layer comprised of a bioad 
hesive cationic polymer, for example, a cationic polysaccha 
ride, a cationic protein, and/or a synthetic cationic polymer; 
U.S. Pat. No. 4,895,724. Typically, chitosan is cross-linked 
using a suitable agent, for example, glutaraldehyde, glyoxal, 
epichlorohydrin, and Succinaldehyde. Compositions employ 
ing chitosan as a carrier can be formulated into a variety of 
dosage forms, including pills, tablets, microparticles, and 
microspheres, including those providing for controlled 
release of the active ingredient(s). Other suitable bioadhesive 
cationic polymers include acidic gelatin, polygalactosamine, 
polyamino acids such as polylysine, polyhistidine, polyorni 
thine, polyduaternary compounds, prolamine, polyimine, 
diethylaminoethyldextran (DEAE). DEAE-imine, DEAE 
methacrylate, DEAE-acrylamide, DEAE-dextran, DEAE 
cellulose, poly-p-aminostyrene, polyoxethane, copoly 
methacrylates, polyamidoamines, cationic starches, 
polyvinylpyridine, and polythiodiethylaminomethyl 
ethylene. 
0111. The compositions can be formulated in any suitable 
manner. Minicell compositions may be uniformly (homoge 
neously) or non-uniformly (heterogenously) dispersed in the 
carrier. Suitable formulations include dry and liquid formu 
lations. Dry formulations include freeze dried and lyo 
philized powders, which are particularly well suited for aero 
Sol delivery to the sinuses or lung, or for long term storage 
followed by reconstitution in a suitable diluent prior to 
administration. Other preferred dry formulations include 
those wherein a composition disclosed herein is compressed 
into tablet or pill form suitable for oral administration or 
compounded into a sustained release formulation. When the 
composition is intended for oral administration but is to be 
delivered to epithelium in the intestines, it is preferred that the 
formulation be encapsulated with an enteric coating to protect 
the formulation and prevent premature release of the minicell 
compositions included therein. As those in the art will appre 
ciate, the compositions of the invention can be placed into any 
suitable dosage form. Pills and tablets represent some of such 
dosage forms. The compositions can also be encapsulated 
into any Suitable capsule or other coating material, for 
example, by compression, dipping, pan coating, spray drying, 
etc. Suitable capsules include those made from gelatin and 
starch. In turn, Such capsules can be coated with one or more 
additional materials, for example, and enteric coating, if 
desired. Liquid formulations include aqueous formulations, 
gels, and emulsions. 
0112 Some preferred embodiments concern composi 
tions that comprise a bioadhesive, preferably a mucoadhe 
sive, coating. A "bioadhesive coating is a coating that allows 
a Substance (e.g., a minicell composition) to adhere to a 
biological Surface or Substance better than occurs absent the 
coating. A "mucoadhesive coating is a preferred bioadhesive 
coating that allows a Substance, for example, a composition to 
adhere better to mucosa occurs absent the coating. For 
example, micronized particles (e.g., particles having a mean 
diameter of about 5, 10, 25, 50, or 100 um) can be coated with 
a mucoadhesive. The coated particles can then be assembled 
into a dosage form Suitable for delivery to an organism. Pref 
erably, and depending upon the location where the cell Sur 
face transport moiety to be targeted is expressed, the dosage 
form is then coated with another coating to protect the for 
mulation until it reaches the desired location, where the 
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mucoadhesive enables the formulation to be retained while 
the composition interacts with the target cell Surface transport 
moiety. 
0113 Compositions disclosed herein may be adminis 
tered to any organism, preferably an animal, preferably a 
mammal, bird, fish, insect, or arachnid. Preferred mammals 
include bovine, canine, equine, feline, Ovine, and porcine 
animals, and non-human primates. Humans are particularly 
preferred. Multiple techniques of administering or delivering 
a compound exist in the art including, but not limited to, oral, 
rectal (e.g. an enema or Suppository) aerosol (e.g., for nasal or 
pulmonary delivery), parenteral, and topical administration. 
Preferably, sufficient quantities of the biologically active pep 
tide are delivered to achieve the intended effect. The particu 
lar amount of composition to be delivered will depend on 
many factors, including the effect to be achieved, the type of 
organism to which the composition is delivered, delivery 
route, dosage regimen, and the age, health, and sex of the 
organism. As such, the particular dosage of a composition 
incorporated into a given formulation is left to the ordinarily 
skilled artisan's discretion. 

0114 Those skilled in the art will appreciate that when the 
compositions of the present invention are administered as 
agents to achieve a particular desired biological result, which 
may include a therapeutic or protective effect(s) (including 
vaccination), it may be possible to combine the fusion pro 
teins with a suitable pharmaceutical carrier. The choice of 
pharmaceutical carrier and the preparation of the fusion pro 
tein as a therapeutic or protective agent will depend on the 
intended use and mode of administration. Suitable formula 
tions and methods of administration of therapeutic agents 
include those for oral, pulmonary, nasal, buccal, ocular, der 
mal, rectal, or vaginal delivery. 
0115 Depending on the mode of delivery employed, the 
context-dependent functional entity can be delivered in a 
variety of pharmaceutically acceptable forms. For example, 
the context-dependent functional entity can be delivered in 
the form of a Solid, Solution, emulsion, dispersion, micelle, 
liposome, and the like, incorporated into a pill, capsule, tab 
let, Suppository, aerosol, droplet, or spray. Pills, tablets, Sup 
positories, aerosols, powders, droplets, and sprays may have 
complex, multilayer structures and have a large range of sizes. 
Aerosols, powders, droplets, and sprays may range from 
Small (1 micron) to large (200 micron) in size. 
0116 Pharmaceutical compositions disclosed herein can 
be used in the form of a solid, a lyophilized powder, a solu 
tion, an emulsion, a dispersion, a micelle, a liposome, and the 
like, wherein the resulting composition contains one or more 
of the compounds of the present invention, as an active ingre 
dient, in admixture with an organic or inorganic carrier or 
excipient Suitable for enteral or parenteral applications. The 
active ingredient may be compounded, for example, with the 
usual non-toxic, pharmaceutically acceptable carriers fortab 
lets, pellets, capsules, Suppositories, solutions, emulsions, 
Suspensions, and any other form Suitable for use. The carriers 
which can be used include glucose, lactose, mannose, gum 
acacia, gelatin, mannitol, starch paste, magnesium trisilicate, 
talc, corn starch, keratin, colloidal silica, potato starch, urea, 
medium chain length triglycerides, dextrans, and other carri 
ers suitable for use in manufacturing preparations, in Solid, 
semisolid, or liquid form. In addition auxiliary, stabilizing, 
thickening and coloring agents and perfumes may be used. 
Examples of a stabilizing dry agent includes triulose, prefer 
ably at concentrations of 0.1% or greater (See, e.g., U.S. Pat. 
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No. 5,314.695). The active compound is included in the phar 
maceutical composition in an amount Sufficient to produce 
the desired effect upon the process or condition of diseases. 

13. Production of Other Cell-Based Biologics 
0117. Although the disclosure thus far has been to the 
better purification of minicells with respect to the ratio of 
minicells to viable parental cells, it is certainly not limited 
solely to this application. Additionally, the present disclosure 
can be used in the production of other cell-based biologics as 
a means of eliminating viable production cells. By way of 
non-limiting example, the present disclosure can be useful in 
the production and preparation of enzymes and other pro 
teins, nucleic acids, bacterial ghosts, lipids, biofilms, Sugars, 
and Small molecules. 

0118. To this end, the present disclosure addresses this 
need as it provides a method capable of irreparably damaging 
the chromosomes of viable parental cells by use of a regulated 
genetic Suicide mechanism that has not been previously 
described. 

14. Use of the MSM System in Synthetic Biology 

0119) Another aspect of the present invention relates to the 
use of the MSM system in the field of synthetic biology. As 
used herein, “synthetic biology” includes the construction 
and use of a replication competent nucleic acid, a “synthetic 
genome' or a “synthetic chromosome', wherein said nucleic 
acid comprises a minimal gene set required for Sustained 
growth in defined media. Synthetic genomes may include one 
or more genes than are required to constitute a minimal gene 
set any or all of which may or may not be found together in 
nature. Synthetic genomes may be created using a transpo 
Son-mediated Subtractive approach wherein a starting 
genome has its non-essential genes removed or replaced 
through a combination of transposon-mediated disruption(s) 
and homologous recombination(s). Homologous recombina 
tion(s) can occur naturally, or may be facilitated by myriad 
recombination systems including but not limited to the Red 
recombinase system, the loXP system, the cre recombinase 
system and the like. Alternatively, the synthetic genome may 
be created using an additive approach wherein said synthetic 
genome is rationally designed and constructed de novo. Syn 
thetic genomes constructed using the additive de novo 
approach may but need not be first constructed in silico. It is 
desirable to have the synthetic genome further comprising a 
gene or set of genes that result in a discreet and desired 
phenotype. For instance, a new organism that can metabolize 
hydrocarbons to produce biofuels such as hydrogen, ethanol, 
or bio-diesel(s) could be created and commercialized by the 
introduction of a synthetic genome containing a gene or set of 
genes capable of said metabolism in a Surrogate microorgan 
ism. Other examples includebut are not limited to the creation 
of microorganisms that can fix carbon dioxide directly from 
the atmosphere, produce industrially relevant by-products or 
precursors thereto (e.g. sulfite for the production of sulfuric 
acid), or capable of adding beneficial molecules or removing 
toxic molecules from the environment. 
0.120. Once constructed, the synthetic genome may be 
introduced into a cell derived from a microorganism, includ 
ing but not limited to a bacterium, using standard transforma 
tion techniques, wherein the synthetic genome replaces the 
original genome of the Surrogate microorganism. One 
method to ensure that the synthetic genome has replaced the 
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original genome is through the incorporation of a selective 
genetic marker, including but not limited to an antibiotic 
resistance gene, and selecting for stable transformants. Other 
selection methodologies known to those skilled in the art will 
be readily recognized and applicable as alternative selection 
strategies. Selection strategies can be applied in singular or in 
plurality. The order of selection is at the sole discretion of the 
user and can be imparted in any order, temperature, and 
growth condition. 
0121 To ensure the elimination of the original genome 
from the Surrogate microorganism, it is preferred that the 
chromosome(s) of said Surrogate microorganism be 
destroyed or irreparably damaged at Some point during the 
transformation of the synthetic genome. Preferably, the 
irreparable destruction of the chromosome(s) would be 
inducible and would occur prior to the introduction of the 
synthetic genome into the Surrogate microorganism. The 
MSM system described herein facilitates the inducible and 
irreparable destruction of the chromosome(s) of bacteria and 
is easily utilized as a mechanism by which to destroy the 
original chromosome(s) of the Surrogate cell prior to the 
introduction of the synthetic genome. The modular nature of 
the MSM system is advantageous because it allows the sys 
tem to be employed in numerous strains of bacteria including 
but not limited to those listed in Table 1. 

15. The Use of Bacterial Minicells in Synthetic Biology 
0122) Another aspect of the present invention relates to 
use bacterial minicells as the surrogate cell for use in syn 
thetic biology applications as opposed to a bacterium with a 
chromosome that has been irreparably damaged by the MSM 
system. Minicells are anucleated cells derived directly from 
parental bacterial cells. Because bacterial cells are not com 
partmentalized as compared to eukaryotic cells, all of the 
DNA synthesis and replication machinery required to repli 
cate a synthetic genome is also present within the minicell. 
The advantage is that the minicell, by definition, has already 
“lost the parental chromosome. Minicells, just as whole cell 
bacterium, are transformed with synthetic genomes and other 
nucleic acid types using standard transformation and selec 
tion procedures readily recognized by those ordinarily skilled 
in the art. Selection of transformants can be performed as 
described above. 
0123. Overexpression of DNA synthesis and replication 
machinery proteins by the minicell-producing parent cell 
prior to induction of minicell formation will ensure that the 
synthetic genome is readily synthesized by the minicell upon 
transformation by providing an abundance of said compo 
nents by way of segregation into the minicells. Thus, said 
minicells are enriched with the DNA synthesis and replica 
tion machinery prior to transformation. For example, in E. 
coli, genes involved in the replication of the chromosome 
include but are not limited to dnaA, dnaB, dnaC, ssb, dnaG, 
polA. dna, dnaO, hole, dnaX, dnaN. dnaX, holA, holB. 
holc, hold, lig, gyra, and gyrB. These genes and their func 
tional equivalents can be overexpressed by the minicell-pro 
ducing parental cell prior to the induction of the minicell 
phenotype such that they are encapsulated in minicells. Rep 
lication and synthesis genes can be overexpressed in any 
combination and can be present on the chromosome of the 
parent cell line or on an episomal nucleic acid element such as 
a plasmid, cosmid, BAC, and the like. 
0.124 Similarly, genes involved in chromosome partition 
ing, segregation, and cell division per se may be overex 
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pressed and packaged into the minicell Such that said mini 
cells are capable of chromosome partitioning, segregation 
and cell division as a final requirement in completing the 
construction of a synthetic organism. 
0.125 Synthesis of the synthetic genome requires energy 
in the form of adenosine tri-phosphate (ATPs) molecules and 
free nucleotides (e.g., adenine, cytosine, guanine, thymine, 
and uracil or any of their nucleoside or nucleotide deriva 
tives). These molecules passively diffuse across the lipid 
bilayers of bacterial minicells and can be added back to 
Supplement transformed minicells until the synthetic genome 
is stabilized and replicating independently. Polypeptide(s) 
production from the newly introduced requires free amino 
acids to incorporate into nascent polypeptide chains. Free 
amino acids are added back to newly transformed minicells to 
Supplement said minicells with enough free amino acids Such 
as to support nascent protein synthesis from the synthetic 
genome. Once sufficient levels of metabolic proteins have 
been synthesized from the synthetic genome by the newly 
transformed minicells, amino acids may be removed as said 
minicells are now capable of producing their own stores of 
amino acids for protein synthesis. 
0.126 Minicells derived from any prokaryotic source may 
be used for construction of a synthetic organism using the 
methods described herein. 

16. Minicell Preparations 
I0127. Some embodiments provide a method of reducing 
the number of viable eubacterial minicell producing parental 
cells to improve the safety of minicell preparations intended 
for in vivo delivery applications with respect to the number of 
infectious particles administered. Some embodiments com 
prise a gram-negative or gram positive bacterial strain that 
contains a nucleic acid encoding for a minicell-producing 
gene (for example, ftsZ) which is operably linked to inducible 
prokaryotic expression signals, and a second nucleic acid 
comprising a gene that encodes for a Suicide gene that does 
not lyse the parental cells (for example, the homing endonu 
clease I-CeuI) which is operably linked to inducible prokary 
otic expression signals (for example, CI857ts). The prokary 
otic expression signals linked to the minicell producing gene 
and the Suicide gene may be under the control of the same 
prokaryotic expression signals or different prokaryotic 
expression signals. Further, the minicell producing gene and 
the Suicide gene may be located on the same or different 
nucleic acids within a cell, one of which may be an episomal 
nucleic acid (e.g. plasmid). Further yet, the minicell produc 
ing gene and the Suicide gene may be operably linked in a 
transcriptional fusion (i.e. on the same mRNA transcript) and 
under the control of common inducible prokaryotic expres 
sion signals. Both the minicell producing gene and the Suicide 
gene may be located in more than one gene copy per cell. 
Eubacterial strains containing the MSM system have the abil 
ity to (i) produce highyields of minicells (greater than 10 per 
100 mL of culture grown in normal shake flasks, FIG. 3), (ii) 
introduce irreparable cellular damage that does not lyse cells 
(FIGS. 1-2, 5-6), and (iii) enter into an irreversible filamen 
tous phenotype (FIG. 4). 
I0128 Minicells intended for use in in vivo delivery appli 
cations are produced from a eubacterial strain that contains 
said regulated MSM genetic suicide mechanism. Once the 
desired number of minicells is produced as needed per said 
application, the genetic suicide mechanism (MSM) would be 
activated by the exposure to a known stimulus, preferably a 
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shift in temperature, and allowed sufficient time to introduce 
irreparable damage to the chromosomes of said cells, thereby 
rendering said cells unviable. 
0129. Some embodiments of the present invention relate 

to induce the minicell production phenotype using the MSM 
system from an eubacterial minicell-producing strain prefer 
ably from, but not limited to, the family Enterobacteriaceae 
that contains a DNA molecule encoding for a therapeutic or 
deleterious gene or gene product, such that the resulting mini 
cell contains said DNA molecule by way of encapsulation. 
Following production of the desired quantity of minicells 
from a given culture and condition, activation of the genetic 
Suicide mechanism would be stimulated following exposure 
of said culture or cells to a known signal. The signal would be 
applied in each step of the purification process to ensure 
maximal killing of viable cells in the final preparation. 
0130. Some embodiments of the present invention relate 
to induce the minicell production phenotype from an opti 
mized eubacterial minicell-producing strain from, but not 
limited to, the family Enterobacteriaceae that contains any 
subclass of RNA, including but not limited to siRNA, anti 
sense RNA, ribozymes, shRNA, and miRNA such that the 
resulting minicell contains an enriched amount of said RNA 
molecules by way of encapsulation. Following production of 
the desired quantity of minicells from said culture and con 
dition, activation of the genetic suicide mechanism (MSM) 
would be stimulated following exposure of said culture or 
cells to a known signal. The signal would be applied in each 
step of the purification process to ensure maximal killing of 
viable cells in the final preparation. 
0131 Some embodiments of the present invention relate 
to induce the minicell production phenotype from an opti 
mized eubacterial minicell-producing strain from, but not 
limited to, the family Enterobacteriaceae that contains a pro 
tein molecule. Such that the resulting minicell contains said 
protein molecule by way of encapsulation. Following produc 
tion of the desired quantity of minicells from a given culture 
and condition, activation of the genetic Suicide mechanism 
would be stimulated following exposure of said culture or 
cells to a known signal. The signal would be applied in each 
step of the purification process to ensure maximal killing of 
viable cells in the final preparation. 
0132) Some embodiments of the present invention relate 
to induce the minicell production phenotype from an opti 
mized eubacterial minicell-producing strain from, but not 
limited to, the family Enterobacteriaceae that contains a pre 
determined and deliberate combination of DNA molecules 
encoding for a therapeutic or deleterious gene or gene prod 
uct, any subclass of RNA, and/or proteins, such that the 
resulting minicell contains said combination of molecules by 
way of encapsulation. Following production of the desired 
quantity of minicells from a given culture and condition, 
activation of the genetic Suicide mechanism would be stimu 
lated following exposure of said culture or cells to a known 
signal. The signal would be applied in each step of the puri 
fication process to ensure maximal killing of viable cells in 
the final preparation. 
0.133 Some embodiments of the present invention relate 
to induce the minicell production phenotype from an opti 
mized eubacterial minicell-producing strain from, but not 
limited to, the family Enterobacteriaceae such that it may be 
“loaded with small molecules that comprise but are not 
limited to a drug, a pro-drug, or a hormone following purifi 
cation. Following production of the desired quantity of 
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'empty' minicells from a given culture and condition, acti 
Vation of the genetic Suicide mechanism would be stimulated 
following exposure of said culture or cells to a known signal. 
The signal would be applied in each step of the purification 
process to ensure maximal killing of viable cells in the final 
preparation. Following purification, minicells would be 
“loaded with said small molecule(s) by incubation in a high 
concentration of said Small molecule at a temperature ranging 
from 4 to 65° C. 

0.134 Some embodiments of the present invention relate 
to induce the minicell production phenotype from an opti 
mized eubacterial minicell-producing strain from, but not 
limited to, the family Bacillaceae that contains a DNA mol 
ecule encoding for a therapeutic or deleterious gene or gene 
product, such that the resulting minicell contains said DNA 
molecule by way of encapsulation. Following production of 
the desired quantity of minicells from a given culture and 
condition, activation of the genetic Suicide mechanism would 
be stimulated following exposure of said culture or cells to a 
known signal. The signal would be applied in each step of the 
purification process to ensure maximal killing of viable cells 
in the final preparation. 
0.135 Some embodiments of the present invention relate 
to induce the minicell production phenotype from an opti 
mized eubacterial minicell-producing strain from, but not 
limited to, the family Bacillaceae that contains any Subclass 
of RNA, including but not limited to siRNA, antisense RNA, 
ribozymes, shRNA, and miRNA such that the resulting mini 
cell contains an enriched amount of said RNA molecules by 
way of encapsulation. Following production of the desired 
quantity of minicells from said culture and condition, activa 
tion of the genetic Suicide mechanism would be stimulated 
following exposure of said culture or cells to a known signal. 
The signal would be applied in each step of the purification 
process to ensure maximal killing of viable cells in the final 
preparation. 
0.136. Some embodiments of the present invention relate 
to induce the minicell production phenotype from an opti 
mized eubacterial minicell-producing strain from, but not 
limited to, the family Bacillaceae that contains a protein mol 
ecule. Such that the resulting minicell contains said protein 
molecule by way of encapsulation. Following production of 
the desired quantity of minicells from a given culture and 
condition, activation of the genetic Suicide mechanism would 
be stimulated following exposure of said culture or cells to a 
known signal. The signal would be applied in each step of the 
purification process to ensure maximal killing of viable cells 
in the final preparation. 
0.137 Some embodiments of the present invention relate 
to induce the minicell production phenotype from an opti 
mized eubacterial minicell-producing strain from, but not 
limited to, the family Bacillaceae that contains a predeter 
mined and deliberate combination of DNA molecules encod 
ing for a therapeutic or deleterious gene or gene product, any 
subclass of RNA, and/or proteins, such that the resulting 
minicell contains said combination of molecules by way of 
encapsulation. Following production of the desired quantity 
of minicells from a given culture and condition, activation of 
the genetic suicide mechanism would be stimulated follow 
ing exposure of said culture or cells to a known signal. The 
signal would be applied in each step of the purification pro 
cess to ensure maximal killing of viable cells in the final 
preparation. 
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0.138. Some embodiments of the present invention relate 
to induce the minicell production phenotype from an opti 
mized eubacterial minicell-producing strain from, but not 
limited to, the family Bacillaceae such that it may be “loaded’ 
with small molecules that comprise but are not limited to a 
drug, a pro-drug, or a hormone following purification. Fol 
lowing production of the desired quantity of "empty' mini 
cells from a given culture and condition, activation of the 
genetic Suicide mechanism would be stimulated following 
exposure of said culture or cells to a known signal. The signal 
would be applied in each step of the purification process to 
ensure maximal killing of viable cells in the final preparation. 
Following purification, minicells would be “loaded with 
said Small molecule(s) by incubation in a high concentration 
of said Small molecule at a predetermined temperature. 
0.139. In one embodiment, the level of minicell producing 
parental cell contamination is 1 in 10 minicells. 
0140. In another embodiment the level of minicell produc 
ing parental cell contamination is 1 in 10 minicells. 
0141. In another embodiment the level of minicell produc 
ing parental cell contamination is 1 in 10 minicells. 
0142. In another embodiment the level of minicell produc 
ing parental cell contamination is 1 in 10" minicells. 
0143. In another embodiment the level of minicell produc 
ing parental cell contamination is 1 in 10' minicells. 
0144. In another embodiment the level of minicell produc 
ing parental cell contamination is 1 in 10' minicells. 
0145. In another embodiment the level of minicell produc 
ing parental cell contamination is 1 in 10' minicells. 
0146 In another embodiment the level of minicell produc 
ing parental cell contamination is in 10' minicells. 
0147 In another embodiment the level of minicell produc 
ing parental cell contamination is in 10' minicells. 
0148. In another embodiment the level of minicell produc 
ing parental cell contamination is 1 in 10' minicells. 
0149. Unless defined otherwise, all technical and scien 

tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art. Although the 
present invention has been described with reference to 
embodiments and examples, it should be understood that 
various modifications can be made without departing from 
the spirit of the invention. All references cited herein are 
expressly incorporated herein by reference in their entirety. 

EXAMPLES 

Example 1 
Effects of I-CeuI on the Growth of E. coli 

0150 E. coli TOP10 cells were transformed with pVX-55 
expression vector (SEQ ID NO:6). The pVX-55 expression 
vector contains an I-Ceul gene under the control of the rham 
nose inducible pRHA promoter system. The transformed E. 
coli cell culture was grown in LB broth supplemented with 
Kanamycin (50 ug/ml). Glucose (0.2%) was added into the 
cell culture at 0 hours, and rhamnose (10 mM) were added 
into the cell culture at 2.22 hours and OD of 0.3. Growth of the 
bacterium was monitored by measuring absorbance at 600 
nm. FIG. 1 shows that the growth of the E. coli cell culture 
was significantly reduced by the induction of I-Ceul homing 
endonuclease. 

Example 2 
Effects of I-CeuI on Viability of E. coli 

0151 E. coli TOP10 cells were transformed with pVX-55 
expression vector. The pVX-55 expression vector contains an 
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I-CeuI gene under the control of the rhamnose inducible 
pRHA promoter system. The E. coli cells was cultured in LB 
broth with Kanamycin (50 g/ml) supplemented with glucose 
(0.2%) or rhamnose (10 mM) before spotted on LB agar 
plates. Viable cell populations (CFU/ml) were determined via 
colony counts on LB agar plates. No recovery of colonies was 
observed. FIG. 2 shows that the number of viable E. coli cells 
was significantly reduced by the induction of I-Ceul homing 
endonuclease. 

Example 3 
Simultaneous Overexpression offtsZ and Induction 
of I-CeuI (MSM) Lead to Higher Minicell Yields 

0152. An E. coli strain containing IPTG inducibleftsZand 
minCDE deletion mutation were grown in LB medium. A 
ftsZ construct (Ptac::ftsZ) and aftsZ construct with the heat 
inducible I-CeuI based suicide system (Ptac::ftsZS2CI857ts: 
I-CeuI) were integrated into the OttB, site on the chromo 
Some of the minicell-producing E. coli cells, respectively. 
Minicell productions of the Ptac::ftsZ strain was conducted at 
37° C. and minicell products of the Ptac::ftsZS2CI857ts::I- 
Ceul strain was conducted at 42° C. to induce the I-Ceul 
based suicide system. Minicells were purified via differential 
purifications. FIG. 3A shows the numbers of minicells puri 
fied from each ml of LB cultures used for minicell produc 
tions. FIG.3B shows the ratios of minicell yields of the IPTG 
inducible fisZ strains against the minCDE-strain. FIGS. 3A 
and 3B demonstrates that when ftsZ and I-Ceul were simul 
taneously overexpressed in the mini-cell producing cells, the 
number of minicells produced increased 36-fold compared to 
the minCDE-strain and increased 10-fold compared to the 
overexpression of fisZ, alone. 

Example 4 
Overexpression offtsZ and Induction of I-Ceul 

Based Suicide System (MSM) Caused Cell Filamen 
tation 

0153 E. coli strain VAX8I3 with the inducible fisZ. mini 
cell production system and heat inducible I-Ceul Suicide sys 
tem (pVX-66 (SEQ ID NO:5); Ptac::ftsZS2CI857ts::I-Ceul) 
were grown in LB medium. At O.D. A600 of 0.1, FtsZ and 
I-CeuI protein production were induced by elevating tem 
perature to 42°C. After 24 hours of induction, cells were 
Gram-stained. FIG. 4A shows the E. coli strain grown at 30° 
C. in presence of glucose (0.2%) to suppress I-Ceul and fisZ 
overexpression. In FIG. 4B, IPTG (20 ug/ml) was added to 
overexpress ftsZ., but the expression of I-CeuI was suppressed 
by incubating at 30°C. In FIG. 4C, the expression of I-CeuI 
was induced at 42°C., but the overexpression of fisZ was 
Suppressed by glucose. FIG. 4D shows that simultaneous 
overexpression offtsZ and induction of I-Ceul cause more 
extensive filamentation of cells compared to overexpression 
offtsZ, in FIG.48 and induction of I-CeuI expression alone in 
FIG. 4C. Accordingly, in addition to generating highyields of 
minicells, simultaneous overexpression of ftsZ and I-Ceul 
has the advantage of enabling the minicell-producing parent 
cells to become uniformly filamentous, which can better 
facilitate filtration-based minicell purification schemes. 

Example 5 
Induction of I-Ceul Based Suicide System (MSM) 

Caused Accumulation of Cells with TUNEL Labeled 
3'OH DNA Ends which Indicates Double-Stranded 

Chromosomal Breaks 

0154 E. coli strain VAX813, which contains the MSM 
system under the control of the CI857ts and pTac promoter 
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systems (pVX-66; Ptac::ftsZQCI857ts::I-Ceul, controlling 
the expression of I-Ceul and ftsZ. respectively) was grown at 
either 30° C. or 42°C. in LB medium supplemented with 
IPTG for 24 hours. Cells were TUNEL (FITC) stained at the 
indicated time points. As a comparative control, cells were 
also counter-stained with FM-464 (stains all cells) such that 
the percentage of TUNEL positive cells amongst the total 
population were quantified via FACS. FIG. 5 shows that the 
I-Ceul based Suicide system Successfully introduced irrepa 
rable double-stranded chromosomal breaks in the minicell 
producing parent cells, and resulted in the death of over 70% 
of the cell population within 12 hours after the induction of 
I-CeuI. 

Example 6 

I-CeuI Based Suicide System Reduced Parental Cell 
Contaminations Among Purified Minicells 

(O155 IPTG inducible ftsZ was integrated into attB, site 
on E. coli chromosome to make a minicell-producing E. coli 
strain (Ptac::ftsZ) via overexpression offtsZ. Heat-inducible 
I-Ceul based Suicide system was also integrated into the 
OttB, site together with the IPTG inducible ftsZ using the 
integration plasmid pVX-66 (pVX-66; Ptac::ftsZS2CI857ts: 
I-Ceul) to make a suicidal minicell-producing E. coli strain 
(Ptac::ftsZS2CI857ts::I-Ceul). The I-Ceul suicide system was 
activated by incubating at 42°C. Minicells were produced in 
LB medium supplemented with IPTG and purified via differ 
ential purifications. Purified minicells were spread onto LB 
agar plates Supplemented with glucose (0.2%) to examine the 
presence of live parental E. coli cells. After 48 hours of 
incubation at 30° C., colonies were counted and concentra 
tions of contaminating parental cells were calculated as 
colony forming unit (CFU) in 10" minicells. FIG. 6 shows 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 6 

<21 Os SEQ ID NO 1 
&211s LENGTH: 657 
&212s. TYPE: DNA 

<213> ORGANISM: Chlamydomonas moewusii 

<4 OOs SEQUENCE: 1 
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that the activation of the I-Ceul based suicide system reduced 
parental cell contamination by over 800 fold. 

Example 7 
Deletion of msbB in S. typhimurium Changed LPS 

Profiles 

0156 LPS was purified from S. typhimurium strains with 
wild type msbB (WT) and deleted msbB (msbB-). Deletion 
of msbB was conducted by substitution of msbB with FRT 
cat-FRT via Red recombinase system (Red Swap). Acetone 
dried cells were first treated with DNase I and RNase A 
followed by Proteinase K treatments. LPS was then extracted 
via hot water-phenol extraction. LPS was purified via dialysis 
against water. Purified LPS were separated with SDS-PAGE 
gel electrophoresis and silver stained. LPS of MsbB mutants 
have lipid A without myristoyl group. The lack of the myris 
toyl group reduces molecular weight that can be visualized by 
shifts in LPS band patterns. FIG. 7 shows that deletion of 
msbB gene resulted in altered LPS profiles in the S. typhimu 
rium mutant strain as compared to the wild-type S. typhimu 
rium strain. 

Example 8 
Deletion of msbB Causes J774. A1 Mouse Macroph 
age Like Cells to Produce Less Amounts of Tumor 
Necrosis Factor C. (TNFC) Against S. typhimurium 

LPS 

0157 LPS was purified from S. typhimurium strains with 
wild type (WT) msbB and S. typhimurium strains harboring 
msbB deletion mutation, respectively. J774. A1 mouse mac 
rophage-like cells (10° cells) were incubated with 0.1 ng of 
each type of purified LPS for 12 hours. TNFC. concentration 
was determined via Enzyme LinkedImmuno Sorbent Assay 
(ELISA). FIG. 8 shows that deletion of msbB in a minicell 
producing Salmonella strain gave rise to minicells with 
reduced toxicity as measured by the production of TNF-C. by 
cultured murine macrophages. 

atgtcaaact titat acttaa accqqgcgaa aaact acccc aaga caaact agaagaatta 60 

aaaaaaatta atgatgctgt taaaaaaacg aaaaatttct caaaat actt gattgactta 12O 

agaaaactitt ttcaaattga cqaagtic caa gtaacttctgaatcaaaact citttittagct 18O 

ggitttitt tag aaggtgaagic ttct ctaaat attagdacta aaaagctcqc tact tctaaa 24 O 

tttggtttgg tdgttgatcc taattcaat gtgacticaac atgtcaatgg ggittaaagtg 3 OO 

ctittatt tag cattagaagt atttaaaac a ggg.cg tatt c gt cataaaag togtag taat 360 

gcaactittag titttalactat tdacaatcqt caaagtttgg aagaaaaagt aatticcittitt 42O 

tatgaacaat atgttgttgc ctitcagttct coagaaaaag to aaacgtgt agctaattitt 48O 

aaagctttgt tagaattatt taataatgac got caccaag atttagaaca attggtaaac 54 O 
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- Continued 

aaaatcctac caatttggga t caaatgcgt aaacaacaag gacaaagtaa cqaaggctitt 6OO 

cctaatttag aag cagotca agactittgct cqtaattata aaaaaggitat aaagtag 657 

<210s, SEQ ID NO 2 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Single-Stranded I- Ceul DNA recognition site 

<4 OOs, SEQUENCE: 2 

cgitalactata acggtcct aa ggtagcgaa 29 

<210s, SEQ ID NO 3 
&211s LENGTH: 383 
212. TYPE: PRT 

<213> ORGANISM: Escherichia coli 

<4 OOs, SEQUENCE: 3 

Met Phe Glu Pro Met Glu Lieu. Thir Asn Asp Ala Val Ile Llys Val Ile 
1. 5 1O 15 

Gly Val Gly Gly Gly Gly Gly Asn Ala Val Glu. His Met Val Arg Glu 
2O 25 3O 

Arg Ile Glu Gly Val Glu Phe Phe Ala Val Asn. Thir Asp Ala Glin Ala 
35 4 O 45 

Lieu. Arg Llys Thir Ala Val Gly Glin Thir Ile Glin Ile Gly Ser Gly Ile 
SO 55 6 O 

Thir Lys Gly Lieu. Gly Ala Gly Ala Asn Pro Glu Val Gly Arg Asn Ala 
65 70 7s 8O 

Ala Asp Glu Asp Arg Asp Ala Lieu. Arg Ala Ala Lieu. Glu Gly Ala Asp 
85 90 95 

Met Val Phe Ile Ala Ala Gly Met Gly Gly Gly Thr Gly Thr Gly Ala 
1OO 105 11 O 

Ala Pro Val Val Ala Glu Val Ala Lys Asp Lieu. Gly Ile Lieu. Thr Val 
115 12 O 125 

Ala Val Val Thr Llys Pro Phe Asin Phe Glu Gly Llys Lys Arg Met Ala 
13 O 135 14 O 

Phe Ala Glu Glin Gly Ile Thr Glu Lieu. Ser Lys His Val Asp Ser Lieu. 
145 150 155 160 

Ile Thir Ile Pro Asn Asp Llys Lieu. Lieu Lys Val Lieu. Gly Arg Gly Ile 
1.65 17O 17s 

Ser Lieu. Lieu. Asp Ala Phe Gly Ala Ala Asn Asp Val Lieu Lys Gly Ala 
18O 185 19 O 

Val Glin Gly Ile Ala Glu Lieu. Ile Thr Arg Pro Gly Lieu Met Asn Val 
195 2OO 2O5 

Asp Phe Ala Asp Val Arg Thr Val Met Ser Glu Met Gly Tyr Ala Met 
21 O 215 22O 

Met Gly Ser Gly Val Ala Ser Gly Glu Asp Arg Ala Glu Glu Ala Ala 
225 23 O 235 24 O 

Glu Met Ala Ile Ser Ser Pro Lieu. Lieu. Glu Asp Ile Asp Lieu. Ser Gly 
245 250 255 

Ala Arg Gly Val Lieu Val Asn. Ile Thir Ala Gly Phe Asp Lieu. Arg Lieu 
26 O 265 27 O 

Asp Glu Phe Glu Thr Val Gly Asn. Thir Ile Arg Ala Phe Ala Ser Asp 
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- Continued 

27s 28O 285 

Asn Ala Thr Val Val Ile Gly. Thir Ser Lieu. Asp Pro Asp Met Asn Asp 
29 O 295 3 OO 

Glu Lieu. Arg Val Thr Val Val Ala Thr Gly Ile Gly Met Asp Lys Arg 
3. OS 310 315 32O 

Pro Glu Ile Thr Lieu Val Thr Asn Lys Glin Val Glin Gln Pro Val Met 
3.25 330 335 

Asp Arg Tyr Glin Gln His Gly Met Ala Pro Lieu. Thr Glin Glu Gln Lys 
34 O 345 35. O 

Pro Val Ala Lys Val Val Asn Asp Asn Ala Pro Glin Thr Ala Lys Glu 
355 360 365 

Pro Asp Tyr Lieu. Asp Ile Pro Ala Phe Lieu. Arg Lys Glin Ala Asp 
37 O 375 38O 

<210s, SEQ ID NO 4 
&211s LENGTH: 218 
212. TYPE: PRT 

<213> ORGANISM: Chlamydomonas moewusii 

<4 OOs, SEQUENCE: 4 

Met Ser Asn. Phe Ile Lieu Lys Pro Gly Glu Lys Lieu Pro Glin Asp Llys 
1. 5 1O 15 

Lieu. Glu Glu Lieu Lys Lys Ile Asin Asp Ala Wall Lys Llys Thir Lys Asn 
2O 25 3O 

Phe Ser Lys Tyr Lieu. Ile Asp Lieu. Arg Llys Lieu. Phe Glin Ile Asp Glu 
35 4 O 45 

Val Glin Val Thir Ser Glu Ser Lys Lieu. Phe Lieu Ala Gly Phe Lieu. Glu 
SO 55 6 O 

Gly Glu Ala Ser Lieu. Asn. Ile Ser Thr Lys Llys Lieu Ala Thir Ser Lys 
65 70 7s 8O 

Phe Gly Lieu Val Val Asp Pro Glu Phe Asin Val Thr Gln His Val Asn 
85 90 95 

Gly Val Llys Val Lieu. Tyr Lieu Ala Lieu. Glu Val Phe Llys Thr Gly Arg 
1OO 105 11 O 

Ile Arg His Llys Ser Gly Ser Asn Ala Thr Lieu Val Lieu. Thir Ile Asp 
115 12 O 125 

Asn Arg Glin Ser Lieu. Glu Glu Lys Val Ile Pro Phe Tyr Glu Glin Tyr 
13 O 135 14 O 

Val Val Ala Phe Ser Ser Pro Glu Lys Wall Lys Arg Val Ala Asn. Phe 
145 150 155 160 

Lys Ala Lieu. Lieu. Glu Lieu. Phe Asin Asn Asp Ala His Glin Asp Lieu. Glu 
1.65 17O 17s 

Glin Lieu Val Asn Lys Ile Lieu Pro Ile Trp Asp Gln Met Arg Lys Glin 
18O 185 19 O 

Glin Gly Glin Ser Asn. Glu Gly Phe Pro Asn Lieu. Glu Ala Ala Glin Asp 
195 2OO 2O5 

Phe Ala Arg Asn Tyr Llys Lys Gly Ile Llys 
21 O 215 

<210s, SEQ ID NO 5 
&211s LENGTH: 9446 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
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- Continued 

gtag taatgc aactittagtt ttaac tattg acaatcqtca aagtttggaa gaaaaagtaa 6 OOO 

titcc tttitta tdaacaat at gttgttgcct tcagttct co agaaaaagtic aaacgtgtag 6 O6 O 

ctaattittaa agctttgtta gaattattta ataatgacgc ticaccaagat ttagaacaat 612 O 

tggtaaacaa aatcctacca atttgggat.c aaatgcgitaa acaacaagga caaagtaacg 618O 

aaggctitt co taatttagaa goagct caag actittgct cq taattataaa aaaggtataa 624 O 

agtaatctag a 6251 

What is claimed is: 
1. A minicell-producing bacteria, comprising 
an expressible gene encoding a minicell-producing gene 

product that modulates one or more of septum forma 
tion, binary fission, and chromosome segregation; and 

an expressible gene encoding an endonuclease, 
wherein the chromosome of the minicell-producing bacte 

ria comprises one or more recognition sites of the endo 
nuclease. 

2. The minicell-producing bacteria of claim 1, wherein the 
minicell-producing gene is a transgene. 

3. The minicell-producing bacteria of claim 1, wherein the 
endonuclease gene is a transgene. 

4. The minicell-producing bacteria of claim 1, wherein the 
minicell-producing gene is a cell division gene. 

5. The minicell-producing bacteria of claim 4, wherein the 
cell division gene is selected from the group consisting of 
ftsZ, sulA, ccdB, and sfiC. 

6. The minicell-producing bacteria of claim 5, wherein the 
cell division gene is fitsZ. 

7. The minicell-producing bacteria of claim 6, wherein the 
ftsZ comprises a nucleic acid sequence of SEQID NO:3. 

8. The minicell-producing bacteria of claim 1, wherein the 
minicell-producing gene is expressed under the control of an 
inducible promoter. 

9. The minicell-producing bacteria of claim 8, wherein the 
promoter is a temperature-sensitive promoter. 

10. The minicell-producing bacteria of claim 8, wherein 
the promoter is inducible by the presence of one or more 
chemical compounds. 

11. The minicell-producing bacteria of claim 1, wherein 
the endonuclease gene is located on the chromosome of the 
minicell-producing bacteria. 

12. The minicell-producing bacteria of claim 1, wherein 
the endonuclease is a homing endonuclease. 

13. The minicell-producing bacteria of claim 12, wherein 
the endonuclease is selected from the group consisting of 
I-Ceul, PI-SceI, I-Chul, I-CpaI, I-SceIII, I-CreI, I-MsoI. 
I-SceII, I-SceIV, I-CSmI, I-DomI, I-Pori, PI-TliI, PI-TliII, 
and PI-Scp. 

14. The minicell-producing bacteria of claim 13, wherein 
the endonuclease is I-Ceul. 

15. The minicell-producing bacteria of claim 14, wherein 
the I-Ceul comprises an amino acid sequence of SEQ ID 
NO:4. 

16. The minicell-producing bacteria of claim 1, wherein 
the endonuclease is expressed under the control of an induc 
ible promoter. 

17. The minicell-producing bacteria of claim 16, wherein 
the promoter is a temperature-sensitive promoter. 

18. The minicell-producing bacteria of claim 16, wherein 
the promoter is a inducible by the presence of one or more 
chemical compounds. 

19. The minicell-producing bacteria of claim 1, wherein 
the minicell-producing bacteria is a Gram-negative bacteria. 

20. The minicell-producing bacteria of claim 19, wherein 
the Gram-negative bacteria is selected from the group con 
sisting of Campylobacter jejuni, Lactobacillus spp., Neis 
seria gonorrhoeae, Legionella pneumophila, Salmonella 
spp., Shigella spp., Pseudomonas aeruginosa, and Escheri 
chia coli. 

21. The minicell-producing bacteria of claim 19, compris 
ing a gene encoding a gene product that is involved in 
lipopolysaccharide synthesis, wherein the gene is genetically 
modified compared to a corresponding wild-type gene. 

22. The minicell-producing bacteria of claim 21, wherein 
the gene is a msbB gene that encodes a gene product that 
causes the bacteria to produce an altered lipid A molecule 
compared to lipid A molecules in a corresponding wild-type 
bacteria. 

23. The minicell-producing bacteria of claim 22, wherein 
the altered lipid A molecule is deficient with respect to the 
addition of myristolic acid to the lipid A portion of the 
lipopolysaccharide molecule compared to lipid A molecules 
in a corresponding wild-type bacteria. 

24. The minicell-producing bacteria of claim 1, wherein 
the minicell-producing bacteria is a Gram-positive bacteria. 

25. The minicell-producing bacteria of claim 24, wherein 
the Gram-positive bacteria is selected from the group consist 
ing of Staphylococcus spp., Streptococcus spp., Bacillus sub 
tilis and Bacillus cereus. 

26. The minicell-producing bacteria of claim 1, comprising 
a gene that is involved in homologous recombination, 
wherein the gene is genetically modified compared to a cor 
responding wild-type gene, wherein the minicell-producing 
bacteria is deficient in DNA damage repair. 

27. A method of making minicells, comprising 
culturing the minicell-producing bacteria of claim 1; and 
Substantially separating minicells from the minicell-pro 

ducing parent cells, thereby generating a composition 
comprising minicells. 

28. The method of claim 27, further comprising 
inducing minicell formation from the minicell-producing 

parent cell. 
29. The method of claim 27, further comprising 
inducing expression of the gene encoding the endonu 

clease. 
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30. The method of claim 28, wherein minicell formation is 
induced by the presence of one or more chemical compound 
selected from the group consisting of isopropyl B-D-1- 
thiogalactopyranoside (IPTG), rhamnose, arabinose, Xylose, 
fructose, melbiose and tetracycline. 

31. The method of claim 29, wherein the expression of the 
gene encoding the endonuclease is induced by a change in 
temperature. 

32. The method of claim 29, further comprising 
purifying the minicells from the composition. 
33. The method of claim 27, wherein the minicells are 

Substantially separated from the parent cells by a process 
selected from the group consisting of centrifugation, ultra 
centrifugation, density gradation, immunoaffinity and immu 
noprecipitation. 

34. A method of making minicells, comprising 
culturing the minicell-producing bacteria of claim 21; and 
Substantially separating the minicells from the minicell 

producing parent cells, thereby generating a composi 
tion comprising minicells. 

35. The method of claim 34, further comprising 
inducing minicell formation from the minicell-producing 

parent cell. 
36. The method of claim 34, further comprising 
inducing expression of the gene encoding the endonu 

clease. 
37. The method of claim 35, wherein minicell formation is 

induced by the presence of one or more chemical compound 
selected from the group consisting of isopropyl B-D-1- 
thiogalactopyranoside (IPTG), rhamnose, arabinose, Xylose, 
fructose, melbiose and tetracycline. 

38. The method of claim 36, wherein the expression of the 
gene encoding the endonuclease is induced by a change in 
temperature. 

39. The method of claim 35, further comprising 
purifying the minicells from the composition. 
40. The method of claim 34, wherein the minicells are 

Substantially separated from the parent cells by a process 
selected from the group consisting of centrifugation, ultra 
centrifugation, density gradation, immunoaffinity and immu 
noprecipitation. 

41. A eubacterial minicell comprising an outer membrane, 
wherein the outer membrane comprises Lipid A molecules 
having no myristolic acid moiety. 

42. The eubacterial minicell of claim 41, wherein the outer 
membrane has a composition that results in the reduction of 
pro-inflammatory immune responses in a mammalian host 
compared to the outer membrane of eubacterial minicells that 
are derived from a corresponding wild-type bacteria. 

43. The eubacterial minicell of claim 41 further comprising 
one or more biologically active compounds. 

44. The eubacterial minicell of claim 43, wherein at least 
one of the biologically active compounds is selected from the 
group consisting of a radioisotope, a polypeptide, a nucleic 
acid, and a small molecule. 
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45. The eubacterial minicell of claim 43, wherein at least 
one of the biologically active compounds is a small molecule 
drug. 

46. The eubacterial minicell of claim 43, wherein at least 
one of the biologically active compounds is a small molecule 
imaging agent. 

47. The eubacterial minicell of claim 43, wherein at least 
one of the biologically active compounds is a chemothera 
peutic agent. 

48. The eubacterial minicell of claim 43, wherein at least 
one of the biologically active compounds is a nucleic acid. 

49. The eubacterial minicell of claim 43, wherein at least 
one of the biologically active compounds is a polypeptide. 

50. The eubacterial minicell of claim 43, wherein at least 
one of the biologically active compounds is a pro-drug con 
Verting enzyme. 

51. The eubacterial minicell of claim 43, wherein at least 
one of the biologically active compounds is a combination of 
a nucleic acid and a small molecule. 

52. The eubacterial minicell of claim 43, wherein at least 
one of the biologically active compounds is a combination of 
a small molecule imaging agent and a small molecule drug. 

53. The eubacterial minicell of claim 43 wherein at least 
one of the biologically active compounds is a combination of 
a small molecule drug, a small molecule imaging agent, and 
a nucleic acid. 

54. The eubacterial minicell of claim 43 wherein at least 
one of the biologically active compounds is a combination of 
a nucleic acid and a polypeptide. 

55. The eubacterial minicell of claim 43, further compris 
ing a cell-surface localized targeting moiety. 

56. The eubacterial minicell of claim 55, wherein the cell 
Surface localized targeting moiety is a fusion protein, wherein 
the fusion protein is a fusion of a eubacterial outer membrane 
anchoring domain and an antibody fragment. 

57. The eubacterial minicell of claim 56, wherein the cell 
Surface localized targeting moiety is a fusion protein, wherein 
the fusion protein is a fusion of Neisserriagonorrheae IgAP 
and an antibody fragment that recognizes a mammalian cell 
Surface antigen. 

58. The eubacterial minicell of claim 57, wherein the mam 
malian cell Surface antigens is selected from the group con 
sisting of adipophilin, AIM-2, BCLX (L), BING-4, CPSF, 
Cyclin D1, DKK1, ENAH, Ep-CAM, EphA3, FGF5, G250/ 
MN/CAIX, HER-2/neu, IL-13Ralpha 2., Intestinal carboxyl 
esterase, alpha-foetoprotein, M-CSF, MCSP, mdm-2, MMP 
2, MUC-1, p53, PBF, FRAME, PSMA, RAGE-1, RGS5, 
RNF43, RU2AS, secernin 1, SOX10, STEAP1, survivin, 
Telomerase, WT1, Cdc27, CDK4, CDKN2O., BCR-ABL, 
BAGE-1, GAGE1-8, GnTV, HERV-K-MEL, KK-LC-1, KM 
HN-1, LAGE-1, MAGE-A1, MAGE-A2, MAGE-A3, 
MAGE-A4, MAGE A6, MAGE-A9, MAGE-A9, mucin, 
NA-88, NY-ESO-1, LAGE-2, SAGE, Sp17, SSX-2, SSX-4, 
TRAG-3, CD-166, and TRP2-INT2. 

59. A eubacterial minicell produced by the method of claim 
34. 


