(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
14 March 2019 (14.03.2019)

‘O 0000 O 0 A
(10) International Publication Number

WO 2019/047166 Al

WIPO I PCT

(51) International Patent Classification:
CI2N 15/63 (2006.01) CI2R 1/01 (2006.01)
CI2N 1721 (2006.01)

(21) International Application Number:
PCT/CN2017/101069

(22) International Filing Date:
08 September 2017 (08.09.2017)

(25) Filing Language: English

(26) Publication Language: English

(71) Applicant: NEW PORTAL LIMITED [CN/CN]; Rooms
2202-2203, 22/F, Harbour Centre, 25 Harbour Road, Wan-
chai, Hong Kong (CN).

(72) Inventor: JIN, Ye; Rooms 2202-2203, 22/F, Harbour Cen-
tre, 25 Harbour Road, Wanchai, Hong Kong (CN).

(74) Agent: SHENZHEN ZHONGLIAN PATENT
AGENCY CO., LTD et al.; Room 605, Office Building
1(Shichu Building), Dongmen South Road, Luohu District,
Shenzhen, Guangdong 518002 (CN).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR, KW, KZ,LA,LC,LK,LR,LS,LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, [E, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

with (an) indication(s) in relation to deposited biological
material furnished under Rule 13bis separately from the
description (Rules 13bis.4(d)(i) and 48.2(a)(viii))

with sequence listing part of description (Rule 5.2(a))

(54) Title: NUCLEIC ACID SYSTEMS THAT ENABLE BACTERIA TO SPECIFICALLY TARGET SOLID TUMORS VIA GLU-

COSE-DEPENDENT VIABILITY

100

~\

glu;ose |

%
%
%
[

@ toxin l/////////m A

Fig. 1A

.

antidote

w0 2019/047166 A1 | HINNY 000 00000 RO 0

promoter

(57) Abstract: Provided is a nucleic acid system introduced into a bacterial strain to generate a genetically engineered bacterial strain
that grows in solid tumors but does not grow in non-tumor tissues, the nucleic acid system comprising: a first DNA fragment that
encodes a toxin gene that expresses a toxin that kills the genetically engineered bacterial strain; a second DNA fragment that encodes
an antidote gene that expresses an antidote that negates the toxin; a first promotor that controls transcription of the antidote gene, such
that glucose represses the transcription of the antidote gene; and a first constitutive promoter that causes constitutive expression of the
toxin gene; wherein the second DNA fragment is transcribed in the solid tumors but not transcribed in the non-tumor tissues.
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Nucleic acid systems that enable bacteria to specifically target solid tumors
via glucose-dependent viability

FIELD OF THE INVENTION

The present invention relates to a nucleic acid system. In particular, the
5 present invention relates {0 a nucleic acid system that conters bacteria the
ability to target solid tumors.

BACKGROUND
10
Most antitumor drugs act against all actively dividing cells, resulting in serious
or even lethal side effects. Targeted therapy has to be able to discriminate
tumor from non-tumor tissues when systemically administered, so that both
primary and disseminated tumors are treated.
15

Previous targeted therapy has relied on abiotic drugs. When systemically
delivered, the abictic drugs are dramatically diluted in the bloodstream, with
only a small fraction being available for tumors. Moreover, the gbiotic drugs
depend on tumor vasculature for delivery and thus cannot effectively diffuse (o
20 poorly vascularized and hypoxic tumor tissues. Therefore, a variety of obligate
or facultative anaerobes that are capable of post-delivery reproduction and
prefer poorly vascularized tumor tissues, have been evalualed for their safety
and efficacy in targeting tumors over the last decades. These tumor-targeting

anaerobes such as Clostridium and Salmonella could serve as carriers of

N
h

tumor-killing agents and achieve targeted tumor therapy. In some cases,
engineered obligate anaercobes were found to show increased tumor
selectivity. Despite these progresses, the clinical use of the tumor-targeting
bacteria is still far from reality because of their insufficient tumor specificity.
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In view of the demand for targeted therapy with improvements for tumor
speciticity, tumor-targeting systems, agents and methods that destroy tumors
but leave normal tissues intact are highly desired.
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SUMMARY

One example embodiment is a nucleic acid system introduced into a bacterial
strain {0 generate a genetically engineered bacterial strain. The resulting
genetically engineered bacterial strain grows in solid twumors but does not
grow in non-tumor tissues. The nucleic acid system includes a first BNA
fragment, a second DNA fragment, a first promoter, and 3 tirst constitutive
promoter. The first DNA fragment encodes a toxin gene that expresses a foxin
that kills the genetically engineered bacterial strain. The second DNA
fragment encodes an antidote gene that expresses an antidote that negates
the toxin. The first promoter controls transcription of the antidote gene such
that glucose represses the transcription of the antidote gene. The first
constitutive promaoter causes constitutive expression of the toxin gene. The
second DNA fragment is transcribed in the solid tumors but not transcribed in

the non-tumor tissues.

Other example embodiments are discussed herein.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A shows a toxin-antidoie genelic system that targets a bacterium (o

tow-glucose environments in accordance with an example embodiment.

Figure 1B shows a schematic diagram for constructing a nucleic acid system
that targets Escherichia coli o low-glucose environments using CcdB as a

toxin and CcdA as an antidote in accordance with an example embodiment.

Figure 1C shows a drug delivery system that includes a genetically
engineered bacterium that delivers anti-cancer drugs to solid tumors in
accordance with an example embodiment. The anti-cancer drugs include but
are not limited to anti-cancer molecules or compounds produced by the
engineered bacterium or antigens that are expressed by the bacterium and

able to trigger anti-cancer immune responses.

Figure 1D shows clones that are streaked on MG3 agar with different
concentrations of giucose from 0 mM to 4 mM to search for those that fail to
grow in the presence of glucose but glow in the absence of glucose in

accordance with an example embodiment.

Figure 2A shows colonization of the genetically engineered bacterial strains
JY1 and JY8, and an unmodified wild-type E. coli strain named MG1655 in
CT26 (a murine colorectal cancer cell line) tumors of Bagg albino/c (BALB/c)
mice 15 days after intravenous injection of the bacteria (107/mouse) in

accordance with an example embodiment.

Figure 28 shows colonization of the bacterial strains JY1, JY6, and MG 1655
in the liver of BALB/c mice with CT26 tumors 15 days after infravenous
injection of the bacteria (107/mouse) in accordance with an example

embodiment.

Figure 2C shows percentage of livers colonized by the bacterial strains JY1,
JY6, and MG 1655 in BALB/c mice with CT26 tumors 15 days after

4
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intravenous injection of the bacteria (107/mouse) in accordance with an

example embodiment.

Figure 2D shows colonization of the bacterial strains JY1, JY6, and MG1655
in tumors in nude mice with HCT116 (a human colorectal cancer cell line)
tumors 7 days after intravenous injection of the bacteria (107/mouse) in

accordance with an example embodiment.

Figure 2E shows colonization of the bacterial strains JY1, JY6, and MG1655
in the liver of nude mice with HCT116 tumors 7 days after intravenous
injection of the bacteria (107/mouse) in accordance with an example

embodiment.

Figure 2F shows percentage of livers colonized by the baclerial strains JY1,
JY6, and MG1655 in nude mice with HCT116 tumors 7 days after infravenous
injection of the bacteria (107/mouse) in accordance with an example

embodiment.

Figure 3A shows colonization of the bacterial strains JYH1 and SH1hly in liver
and spleen of nude mice carrying subcutaneous SW480 (a human colorectal

cancer cell ling) tumors in accordance with an example embodiment.

Figure 3B shows percentages of liver and spleen infected by the bacterial
strains JYH1 and SH1hAly in nude mice carrying subcutaneocus SW480 tumors

in accordance with an example embodiment.

Figure 3C shows liver abscess developed in a mouse lreated with the
bacterial strain SH1hly in accordance with an example embodiment.

Figure 3D shows microscopic images of Hematoxylin and Eosin (H&E)-
stained liver sections from nude mice carrying subcutaneous SW480 tumors
that are treated with Phosphate-buffered saline (PBS), strains SH1ihly and

JYH1 in an accordance with an example embodiment.
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Figure 4 shows the targeting efficacy of intravenously injected strains JYH1
on CT26 tumors of immunocompetent BALB/c mice in accordance with an

example embodiment.

Figure 5 show a method {0 construct a genetically engineered baclerial strain
that targets solid tumors by seleclively living and growing in glucose-deprived

regions in accordance with an example embaodiment.

Figure 6A shows the in vitro cytotoxic effect of £. coli SHT and E. coli
MG 1655 on SW480 and HCT116 cells in accordance with an example

embodiment.

Figure 6B shows the in vitro cytotoxic effect of £. coli SH1 and £. coli
MG1855 on ASPC-1, Mia-capa-2, and panc-1 cells in accordance with an

example embodiment.

Figure 7A shows the inhibitory etfect of intravenously injected E.cofi JYH1 on
the growth of HCT 116 tumors in nude mice in accordance with an example

embodiment.

Figure 78 shows the inhibitory etfect of intravenously injected E.cofi JYH1 on
the growth of SW480 tumors in nude mice in accordance with an example

embodiment.

Figure 7C shows a reprasentative photo of SW480 tumors treated by
intravenous injection of PBS in mice from 0-55 days in accordance with an

example embodiment.

Figure 7D shows a representative photo of SW480 tumors treated by
intravenous injection of JYH 1 in mice from 0-80 days in accordance with an

example embodiment.
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DETAILED DESCRIPTION

Example embodiments relate 1o a nucleic acid system. The nucleic acid
system is introduced into a bacterial strain so that a genetically engineered

bacterial strain targets solid tumors but leaves normal tissues intact.

Hypoxia is the most commonly ulilized feature of tumor microenvironments for
targeting bacteria to solid tumors. Obligate anasrobes that strictly target
hypoxia, however, are confined 1o necrotic regions of solid tumors, whereas
facultative anaerobes colonize throughout solid tumors but infect normal
tissues due to its loose control of hypoxia targeling. Example embodiments in
accordance with the invention solve these technical problems by introducing
into bacteria a nucleic acid system that improves the tumor specificity of

bacteria by regulating glucose-dependent viability of the bacteria.

Figure 1A shows a nucleic acid system 100 including a toxin-encoding gene
that is constitutively expressed, and an antidote-encoding gene under the
control of a glucose-repressed promoter. The nucleic acid system confers
bacteria the ability to target low-glucose environmenis in accordance with an

example embodiment.

The toxin-antidote genetic system enables bacteria to selectively grow in
glucose-deprived environments but die in the presence of glucose. As glucose
deprivation is a feature of solid tumor microenvironments, the bacteria
equipped with the nucleic acid system can specifically target solid tumors
when applied systemically. Tumor cells are commonly deprived of glucose
due to fast cell growth and excessive glucose consumption as well as
inadequate blood supply. A glucose concentration is 0.123-0.424 mM in tumor
tissues, and a glucose conceniration is 1.22-1.29 mM in normal tissues,
assuming 1g of tissues is 1mi. The toxin-antidote nucleic acid system enables

the bacteria o selectively grow under low-glucose environmentis.
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The nucleic acid sysiem confers the bacieria the ability to selectively grow
under low-glucose condition, which is a feature of tumor microenvironment.
The bacteria such as £, cofi have the intrinsic ability of preferentially growing
in solid tumors and colonizing normal tissues 10 a lesser exient, due to the
heavily immune-suppressed microenvironment of tumors. The nucleic acid
system that targets low-glucose environments confers higher tumor selectivity
to the bacteria such as £. cofi that is not sufficiently tumor specific to be used

on its own, improving safety of bacterium-mediated tumor therapy.

In an example embodiment, the nucleic acid system that is a tumor-targeting
system, is integrated into the chromosome of the bacteria, such that the
bacteria do not solely depend on their natural ability to target tumors and in
turn the safety of the bacteria is improved. In an example embodiment, the
nucleic acid system is inserted inlo a plasmid. In an example embodiment, the

nucleic acid system is g glucose-sensing system or module.

In an example embodiment, the bacteria that carry the nucleic acid system

strictly colonize solid tumors by targeting low-glucose environments.

in an example embodiment, the nucleic acid system includes a toxin-encoding
gene, an antidote-encoding gene, a glucose-reprassed promoter that controls
the transcription of the antidote-encoding gene, and a constitutive promoter

that causes constitulive expression of the toxin-encoding gene.

in an example embodiment, in environments with physiclogical levels of
glucose, the toxin is constitutively expressed whereas the antidote expression
is repressed by glucose under the control of the giucose-repressed promoter.
The bacteria that carry the nucleic acid system do not grow in envircnmenis
with physiological levels ot glucose because the antidote is not expressed io
neutralize the toxin. In low-glucose environments, both the toxin and the
antidote are expressed. The bacteria that carry the nucleic acid system grow

in low-glucose environments because the antidole neutralizes the toxin.
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In an example embodiment, the nucleic acid system includes a (oxin-encoding
gene, an antidote-encoding gene, a glucose-induced promoter that conirols
the transcription of the toxin-encoding gene, and a constilutive promoter that
causes constitutive expression of the antidote-encoding gene.

In an example embodiment, in environments with physiclogical levels of
glucose, the antidote is constitutively expressed whereas the toxin expression
is induced by glucose under the conirol of the glucose-induced promoter. The
bacteria that carry the nucleic acid system do not grow in environments with
physiclogical levels of glucose because the {oxin is expressed o a level
higher than the expression of the antidote and thereby kills the bacteria. In
fow-glucose environments, the toxin is not expressed so that the bacteria live

and grow.

In an example embodiment, the low-glucose environments include glucose at
a concentration lower than 0.424 mM. In an example embodiment, the high-
glucose environmenis include glucose al a concentration higher than 1.22 mM.
In an example embodiment, the low-glucose environments have giucose at a
conceniration of 0.123-0.424 mM. In an example emboediment, the high-

glucose environments have glucose at a concentration of 1.22-1.28 mM.

In an example embodiment, in solid tumors, a level of the expressed antidote
is higher or equivalent to that of the expressed toxin so that the toxicity of the

toxin is antagonized by the antidote.

In an example embodiment, the tumor-targeting nucleic acid system is a
nucleic acid system that includes a first DNA fragment that encodes a toxin
gene thal expresses a ioxin, a second DNA fragment that encodes an
antidote gene that expresses an antidote that negates the toxin, a first
promoter and a first constitutive promoter. The first constitutive promoter
causes constitutive expression of the toxin gene. The first promoter regulates
transcription of the second DNA fragment under the control of glucose
concentration, such that the second DNA fragment is transcribed under low-

glucose environmenis or in the absence of glucose, but not transcribed in the
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presence of glucose or under high-glucose environments. In an example
embodiment, the second DNA fragment is transcribed in the absence of
glucose but not transcribed under high-glucose environments whose
concentration is equal to or higher than 1 mM in M63 medium.

In an example embodiment, the first promoter controls transcription of the
antidote gene, such that glucose represses the transcription of the antidote
gene. The second DNA fragment is transcribed in solid tumors but not

transcribed in non-tumor tissues.

In an example embodiment, the tumor-targeting nucleic acid system is a
nucleic acid system that includes a first DNA fragment that encodes a toxin
gene that expresses a toxin, a second DNA fragment that encodes an
antidote gene that expresses an antidote that negates the toxin, a second
promoter and a second constifutive promoter. The second constitutive
promoter causes constitutive expression of the antidote gene. The second
promoler regulates transcription of the first DNA fragment under the conirol of
glucose concentration, such that the first DNA fragment is transcribed under
high-glucose environments or in the presence of physiological levels of
glucose, but not transcribed in the absence of glucose or under low-glucose
environmenis. In an example embodiment, the first DNA fragment is not
transcribed in the absence of glucose but transcribed under high-glucose
environments whose conceniration is equal to or higher than 1 mM in M&3

medium.

In an example embodiment, the second promoter conirels transcription of the
toxin gene, such that glucose induces the transcription of the toxin gene. The
first DNA fragment is transcribed in the non-tumor tissues butl not franscribed

in the sclid tumors.
In an example embodiment, the first DNA fragment is shown as SEQ 1D No.1.

In an example embodiment, the second DNA fragment is shown as SEQ 1D
No.2.

10
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In an example embodiment, the first DNA fragment is located upstream of the
second DNA fragment. In an example embodiment, the first DNA fragment is
focated upstream of the first promoter. In an example embodiment, the first
DNA fragment is located downstream of the second DNA fragment. In an
example embodiment, the second promoter is located upstream of the first
DNA fragment. In an example embodiment, the first constitutive promoter is
located upstream of the first DNA fragment. In an exampie embodiment, the
second constitutive promoter is located upstream of the second DNA
fragment. In an example embodiment, the first promoter is shown as SEQ 1D
No.3.

In an example embodiment, the nucleic acid system includes a random
sequence that consisis of 5 — 6 nucleotides, and is located immediately
upstream of the second DNA fragment and downstream of the first promoter.

In an example embodiment, the random sequence is GCCTT or TGTCT.

In an example embodiment, the nucleic acid system includes a random
sequence that consists of 5 — 6 nucleotides, and is located immediately
upstream of the first DNA fragment and downstream of the second promoter.

In an example embodiment, the nucleic acid system includes a random
sequence that consisis of 5 — 6 nucleotides, and replaces original or native

5 — 6 nuclectides of the bacteria that are located immediately upsiream of the
second DNA fragment.

In an example embodiment, the nucleic acid system includes a random
sequence that consists of 5 — 6 nucleotides, and replaces original or native
5 — 6 nucleotides of the bacteria that are located immediately upsiream of the

first DNA fragment.
In an example embodiment, the nucleic acid system includes a random

sequence that consists of 5 — 6 nucleoctides, and replaces original or native
5 — 6 nucleotides of the first promoter. In an example embodiment, the nucleic

11
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acid system includes a random sequence that consists of 5 — 6 nucleotides,
and replaces original or native 5 — 6 nucleotides of the second promoter.

In an example embodiment, the random sequence is located downstream of
the first promoter. In an example embodiment, the random sequence is

located immediately upstream of the second DNA fragment.

In an example embodiment, the random sequence is localed downstream of
the second promoter. In an example embodiment, the random sequence is

located immediately upstream of the first DNA fragment.

In an example embodiment, the nucleic acid system includes a third DNA
fragment that encodes g seleciable marker. In an example embodiment, the
marker is chloramphenicol selectable marker (CmF). In an example
embodiment, the selectable marker is a chioramphenicol resistance cassetie.
In an example embodiment, the third DNA fragment is shown as SEQ ID No.
4.

In an example embodiment, the third DNA fragment is located downstream of
the first DNA fragment and upstream of the first promoter. in an example
embodiment, the third fragment is located downsiream of the second DNA
fragment and upstream of the second promoter.

In an example embodiment, the nucleic acid system includes SEQ 1D No.1,
SEQID No.2, SEQ D No.3, and SEQ 1D No.4. In an example embodiment,
the nucleic acid system includes a constifulive promoter o drive expression of
ccdB as shown in SEQ 1D No. 5. In an example embodiment, the nucleic acid
system includes a rrnB transcription termination region as shown in SEQ 1D
No. 6. In an example embodiment, the nucleic acid system is shown as SEQ
ID No. 7. In an example embodiment, the nucleic acid system is shown as
SEQ D No. 8.

In an example embodiment, the nucleic acid system includes a foxin gene, an

antidote gene, a first promoter thai controls iranscription of the antidote gene,

12
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and a constitutive promoter for the toxin gene. In an example embodiment,
the nucleic acid system includes a toxin gene, an antidote gene, a second
promoter that controls transcription of the toxin gene, and a constitulive
promoter for the antidote gene.

In an example embodiment, the bacterial strain is a Gram-positive bacterial
strain. In an example embodiment, the bacterial strain is a Gram-negative

bacterigl strain.

In an example embodiment, the baclerial strain is Escherichia coli. In an
example embodiment, the bacterial strain is selected from a group consisting
of Escherichia coli MG1655 and Escherichia coli SH1.

Figure 18 shows a schematic diagram 110 for constructing a nucleic acid
system that targets £. cofi to low-glucose environments in accordance with an
example embodiment. Figure 1B shows that a randomized, glucose-

10 repressed lactose promoter (Plac) and a CedA/CedB toxin-antidote pair are
employed to construct a nucleic acid system that targeis £. cofi to low-glucose

environmenis.

CcdB is a foxin that kills host bacteria, and CcdA is an antidote {o counteract

[
o

CcdB. In the tumor-targeting nucleic acid system, CcdB is constitutively
expressed whereas CcdA expression is repressed by glucose under the
control of the glucose-repressed lactose (lac) promoter. In low-glucose
environments, bacteria carrying this nucleic acid system shall grow well
because the antidote CodA is de-repressed to neutralize CcdB. In the

20 presence of physiological levels of glucose, CcdA expression is turned off and
CcdB is freed up to kill the bacteria.

In an example embodiment, in the tumor-targeting nucleic acid system, CcdA
is constitutively expressed whereas CcdB expression is induced by glucose
25  under the control of the glucose-induced promoter. In low-glucose

environments, bacteria carrying this nucleic acid system shall grow well

13
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because the toxin CcdB s repressed. In the presence of physiclogical levels
of glucose, CedB expression is furned on 1o kill the bacteria.

As shown in Figure 18, a randomized fragment composed of 586
nuclectides (nnnnn) replaces the original or native 5-6 nuclectides
immediately upstream of the start codon of the ccdA gene (one example of
the second DNA fragment). Different sequences in this randomized fragment
result in different levels of the ccdA expression. With some sequences, the
glucose levels in tumors are low enough o activate the expression of CcdA 1o
antagonize the toxicity of CcdB, and the glucose levels in normal tissues are
high enough to shut down the CcdA expression under the control of the lac
promoter. A selectable marker, such as chioramphenicol selectable marker
(Cm™) is also used in the nucleic acid system of Figure 1B.

The nucleic acids systems with different sequences in the randomized
fragment (a random library of the nucleic acid systems or DNA pool) are
inserted into the chromosome of £. cofi and the bacteria are then streaked on
fysogeny broth (LB) agar plates with glucose (Glc (+)) or without glucose (Glu
{-}) to screen those that fail to grow in the presence of glucose but grow in the
absence of glucose. The arrow 112 indicates a clone that grows in glucose-
negative medium but does not grow in medium with glucose. In an example
embodiment, the concentrations of glucose on LB agar platesare 0 mMor 5
mM.

Figure 1C shows a drug delivery system 120 that includes a genetically
engineered bacterium 122 thal not only specifically targets solid tumaors but
also delivers to solid tumors anti-cancer drugs 124 by producing anti-cancer
molecules or compounds and/or expressing antigens that trigger anti-cancer

Immune responses.

The genetically engineered bacterium 122 delivers the drug 124 to solid
tumors and kills the tumor celis. The genetically engingered bacterium 122
includes the nucleic acid system discussed herein, such that the bacterium

grows in the solid tumors but not grow in non-tumor lissues.

14
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The following examples are provided illustrating various embodiments.

Example 1
Materials and Methods

Construction of a random library of engineered E. coff that targets low-glucose

environments:

The tumor-targeting nucleic acid system designed in this example was
composed of a constitutively expressed ccdB gene and a glucose-repressed
cedA gene under the control of a lac promoter. The antidote CecdA is
repressed in the presence of physiclogical levels of glucose so that the toxin
CcdB kills the bacteria. In conlrast, the bacteria are alive under the low-
glucose growth conditions because the expression of CcdA is de-repressed
and counteracts the action of CcdB. To improve the capacity of CcdA in
antagonizing CcdB under the control of the lac promoter under the low-
glucose conditions or enhancing the ability of CcdB to kil bacteria in the
presence of glucose, a random library of the tumor-targeting nucleic acid
system was constructed by randomizing the 5 nuclectides immediately
upstream of the start codon of the ccdA gene. To facilitate the genetic
engineering on the chromosome by the A-Red recombination technique, a
selectable marker, chioramphenicol selectable marker (CmP7), was inciuded in

the tumor-targeting nucleic acid system as illustrated in Figure 1B.

Specifically, a set of DNA fragments (i.e. tumor-targeting nucleic acid systems)
that contains the ccdB gene under the control of a constitutive promoter, a
selectable marker {such as the loxP-cat-loxP cassette), a b nucleotides (5nt)-
randomized region, and the ccdA gene under the control of a glucose-
repressed promoter (such as g lac promoter) was generaled by overlapping
polymerase chain reaction (PCR) as shown in Figure 18. The 5nt-randomized
region allows for generating a random library of the nucleic acid systems. The
selectable marker makes it possible to inseri the nucleic acid systems into the
chromosome of bacleria by recombinaering. Then, the library of the nucleic

15
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acid systems was inseried into the chromosome of £. cofi, using the A-Red
recombineering technigue. Afier th-recovery in glucose-deprived LB, the
bacterial culture was spread on glucose-deprived LB agar supplemented with
antibictics (12.5 ug/mi chioramphenicol if the loxP-cat-loxP cassette was used
as the selectable marker). After overnight culture at 32°C, individual colonies
formed on the agar. Each colony is derived from replication of a single £. coli
that has the potential {o selectively grow under low-glucose conditions. These
colonies formed a random library of putative tumor-targeting bacteria. Here,
the CcdB-CedA pair could be replaced by other toxin-antidote pair.

Library screen for bacteria targeting glucose-deprived environment:
Glucose-deprived LB medium was used for library screen for bacteria that
selectively grew under low-glucose conditions. To screen the random library,
gach of the clones was streaked both on the glucose-deprived LB agar and
LB agar plus 5 mM glucose. After overnight culture at 37°C, clones that were
found to grow readily on the glucose-deprived LB agar but not to grow on
glucose-positive LB agar were further assessed using the minimal M&83
medium agar. The MEB3 agar was supplemented with increasing
concentrations of glucose in addition to 30 mM glycerol. Here, bacteria strains
other than E. coli MG 1655 could be used for screening for lumor-targeting
bacteria using the same strategy.

in vivo assessment of the tumor-targeting efficacy of engineered bacteria:
Six- to eight-week-old nude mice were used for tumor implantation of human
cancer cell lines, and six- to eight-week-old immunocompetent BALB/c mice
were used for tumor implantation of murine derived cell lines. 1 x 107 of
bacteria were injected into the tail vein of each mouse. Tumor size was
measured using digital calipers every three days {ollowing the bacterial
injection. At the end of the experiments, mice were euthanized and their
tumors and organs were removed for determination of colony forming unit.
Specifically, 1 gram of tissues was homogenized in 1 mi of Phosphate-
buffered saline (PBS) buffer. The resulling tissue suspensions were serially

diluted and plated, and colony forming units of the diluted suspensions were
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counted. The number of bacteria in each tissue was calculaied according 1o
dilution ratio. Bacteria were regarded as being able to specifically target

tumors if they were present in tumors but absent from organs.

In an example embodiment, the tumor-targeting nucleic acid system is
composed of the constifutively expressed ccdB gene, a CmP cassette and lac
promoter-controlied ccdA with a bnt-random sequence being located
immediately upstream its siart codon. These elemenis are not necessarily
placed in the order as shown in Figure 1B. In an example embodiment, the
tumor-targeting nucleic acid system is composed of the constitutively
expressed ccdA gene, a CmP cassette and a glucose-induced promoter-
controlled cedB with a Snt-random sequence being located immediately
upstream its start codon. The ccdB-ccdA pair can be replaced by other toxin-
antitoxin pair. CmP can be replaced by other selectable markers. The number

of nuclectides in the random sequence is not confined (o five.

Example 2

E. coli MG1655 was used in this example. The constitutively expressed CedB,
the fac promoter-controfled CedA, the lac promoter, and Cm™ were used to
construct the tumor-targeting nucleic acid system. The ccdB gene was located
upstream of the Cm™ cassetie that was located upstream of the lac promoter.
A random library of the pulative tumor-targeting bacteria was generated by
inserting a randomized fragment (5 nuclectides in this example} in the lac
promoter immediately upstream of the ccdA gene. The random library was
chromosomally established in the £, coff strain MG1655. In this random library,
each E. coli MG 1855 variani carried in the chromosome a lac promoter
variant with a distinctive 5 nucleotide-sequence in the randomized domain.
The random library was screened to search for bacterial clones that
selectively grew under low-glucose conditions. Specifically, the library was
established on LB agar depleted for glucose. The resulting £. cofi clones were
then individually streaked on both LB agar with 5 mM glucose and LB agar
without glucose to screen for those that failed to grow in the presence of
glucose but grew in the absence of glucose. Approximately 1500 clones were
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screened and 6 clonas were found o preferentially grow in glucose-negative

medium.

Figure 1D shows drawings 130 for the sensitivity of six £. cofi clones to
5 glucose on minimal medium M63 agar. The 6 clones were purified, incubaled

overnight, and serially diluted. 10 pl of each diluted suspension was dropped
on minimal medium ME3 supplemented with increasing concentrations of
glucose (Glu) from OmM Glu to 4mM Glu o verify their phenotype. Among the
6 clones, the 15 and the 6" clones grew well on glucose-negative medium

10 agar, but grew pootly in the presence of glucose. In the contrast, the 219, 379,
4% and 5% clones displayed considerable growth in both glucose-negative and
glucose-positive medium agar. Given this, the 1% and the 6" clones (boxed in
figure 1D) were candidales of tumor-targeting bacteria and named JY1 and
JY6 (also named JY8), respectively. f more library screening was carried out,

15 more glucose-sensing clones could be identified.

The random sequence upstream of the ccdA gene in the chromosome of the

clone JY1 is GCCTT. The nucleolide sequence of JY1 includes a sequence

as shown in SEQ No. 5. The random sequence upstream of the ccdA gene in
20 the chromosome of the clone JY8 is TGTCT.

The strain JY1 was deposiied at the China General Microbiclogical Culiure
Collection Center (CGMCC) under deposii no. 14577, The strain JY6 was
deposited at the CGMCC under deposit no. 14578,

N
h

Example 3
The engineered £. cofivarianis JY1 and JY6 were sensitive to glucose and
failed to grow in the presence of glucose in vitro. This example provides in
vivo experiments and daia showing that glucose levels in tumors were low

30 enough for JY1 and JY6 o survive and grow. JY1 and JY6 were separately
injected into the tail vein of immunocompetent BALB/c mice with CT26 (a
murine colorectal cancer cell line) tumors (107 cfu/mouse). The parental strain

MG1655 was employed as a control. 15 days after the tail vein injection, the
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bacteria were analyzed for their distribution in tumor and liver. The liver was
chosen for the analyses because it is more vulnerable to bacterial infection
than other organs.

5  Figures 2A-2F show £. coli JY1 and JY6 specifically targeted tumors in mice.
Error bar, SEM. *P < 0.05, "P < 0.01.

Figure 2A shows colony forming unit (CFU) 200 per gram of CT26 tumors in
BALB/c mice. As shown in Figure 2A, JY1, JY8, and MG1655 comparably

10 colonized the CT26 tumors in the BALB/c mice and their levels in the tumors
were over 10° cfu/g. These data showed that both JY1 and JY6 were good
colonizers in the CT26 tumors carried by the immunoccompetent BALB/¢c mice.

Figure 2B shows CFU 210 per gram of liver in BALB/c mice with CT26 tumars.
15 As shown in Figure 2B, JY1 did not colonize the liver of BALB/c mice with

CT26 tumors. JY6 colonized the liver of BALB/c mice with CT26 to a less

extent than MG1655 did. Figure 2C shows percentages 220 of livers

colonized by JY1, JYB and MG1655 in BALB/c mice with CT26 tumaors. As

shown in Figure 2C, JY6 was detected in the livers of 20% of the BALB/c mice
20 with CT26 tumors (1 out of 5) and JY'1 was not detected in the liver of any

mouse, while MG1655 colonization occurred in the livers of 60% of the mice

(3 out of 5}. These showed that JY1 and JY& are more specific to fumors than

MG1855 and that JY1 is more specific to tumaors than JYB.

25 Further plating analyses showed that JY1 was also absent from blood and
organs including spleen, heart, lung and kidney of the immunccompetent mice.
Although JY1 and JY86 displayed comparable ability {o colonize the CT26
tumors, JY1 was superior in specifically targeting the tumors than JY6 in the
immunocompetent mice.

30
Similar experiments were performed in immunocompromised nude mice
carrying subcutaneous HCT116 (a human colorectal cancer cell ling) tumors.

7 days after the tail vein injection of the bacteria (107 cfu/mouse), the bacteria

were analyzed in their distribution in tumor and liver. Figure 2D shows CFU
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230 per gram of the HCT1186 tumors in nude mice. As shown in Figure 2D,
JY1, JY6, and MG1655 colonized the HCT116 tumors in the nude mice.
Figure 2E shows CFU 240 per gram of liver in nude mice with HCT116 tumors.
As shown in Figure 2k, JY1 did not colonize the liver of nude mice with
HCT116 tumors. JY8 colonized the liver of nude mice with HCT116 tumors {o
a less extent than MG1655 did. Figure 2F shows percentage 250 of livers
colonized by JY1, JY8 and MG1655 in nude mice with HCT116. As shown in
Figure 2F, JY6 and MG 1655 were delected in the livers of 28.57% (2 out of 7)
and 85.71% (6 out of 7) of the nude mice, respectively. Again, JY1 was not
present in the liver of any mouse (n=6). These showed that JY1 and JY6 are
more specific to tumors in immunocompromised mice than MG 1655 and that

JY1 is more specific to tumors than JY6 in immunocompromised mice.

To ensure that JY1 did not infect normal tissues, blood and homogenized
suspensions of the spleen, heart, lung and kidney of each mouse in the
bacteria-treated group were further examined. All these were cleared of JY1.
Although JY1 avoided infecting organs, it readily colonized the HCT116
tumors and its levels in the tumors reached 3.79 x 107 ¢fu/g (Figure 2D).
Taken together, the in vivo data demonstrate that the lumor-targeting nucleic
acid systemn carried by the bacteria JY1 and JY6 enables them o specifically
target solid tumors in both immunocompetent and immunocompromised mice,

and JY1 was superior to JYE in the ability of targeting solid tumors.

Example 4
The glucose-targeting nucleic acid system carried by JY1 was next grafted
into the chromosome of £. coli SH1, to show that this nucleic acid system is

not confined to a particular bacterial strain.

E. coli SH1 was isclated from a stool sample provided by a healthy female
volunieer. The stool sample was resuspended in PBS buffer and spread on
LB agar supplemented with 1mM isopropyt B-D-thicgalactoside (IPTG) and X-
gal (0.06 mg/mi). £. cofi iormed blue colonies and were discriminated from
other bacteria species. SH1 is one of the fecal £. cofiisolates. The sirain SH1
was deposited at the CGMCC under deposit no. 14580.
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The resulting recombinant E. cofi strain was referred to as JYH1. The strain
JYH1 was deposited at the CGMCC with deposit no. 14578,

JYH1 was then intravenously injected into nude mice carrying subcutanaous
SW480 (a human colorectal cancer cell line) tumors. The mice were analyzed
for bacterial colonization in tumors and organs 90 days after the intravenous
injection of the bacteria. Because the tumors of tour JYH1-trealed mice were
completely cured, only two tumors in this group were available for analysis.
JYH1 was detected from one of the two tumors, reaching 1.8 x 108 cfu per

gram.

It shows that when the module or the nucleotide system is introduced into £.
coli SH1, the resulting strains can not only target tumors but also treat tumors.

Figures 3A and 3B show £. cofi JYH1 specifically targeted SW480 tumaors and
did not colonize normal tissues in nude mice, while its isogenic sirain SH1hly
that was not engineered by the tumor-targeting nuclectide system colonized
both tumors and normal tissues. "P < 0.05. Error bar, SEM.

Figure 3A shows CFU 300 per gram of liver and spleen tissues in nude mice
with SW480. Figure 3B shows percentage 310 of liver and spleen organs
infected by JYH1 and SH1hly. As shown in Figures 3A and 38, JYH1 did not
colonized liver or spleen. The livers, spleens, hearts, lungs, kidneys of all the
JYH1-treated nude mice were all cleared of JYH1, indicating that the glucose-
sensing module is gble to confine JYH1 to tumors and prevent it from
spreading to distant organs for a long time. In contrast to JYH1, its isogenic
strain SH1Aly that is not equipped with the glucose-sensing module colonized
not only tumors (9.35 x 108 £ 5.97 x 108 cfu/g, mean + SEM) but also organs.
The livers (6.0 x 1070 + 6.0 x 10" cfu/g, mean + SEM) and spleens {1.85 x 10°
+9.74 x 10% cfu/g, mean + SEM) of four SH1 hly-treated mice (80%, 4 out of 5)
were infected by SH1Afy when analyzed on day 82.
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Amaong the infected mice, one mouse developed liver abscess as shown in
Figure 3C. The picture 320 was taken on day 82 when the mouse was
euthanized for analysis.

Tumor specificity of JYH1 and its requirement of the glucose-sensing, tumor-
targeting nucleic acid system were also contirmed by Hematoxylin and Eosin
(H&E) staining of liver sections 330, which showed that the liver of JYH1-
treaied mice was normal whereas massive inflammatory infiliration and
abscess occurred in the liver of SH1hly-treated mice as shown in Figure 3D
(Scale bar, 200 um). Taken together, these data demonstrate that the
glucose-sensing tumor-targeting nucleic acid system oplimizes tumor

specificity of JYH1 in nude mice.

Example 5

The ability of JYH1 in specifically colonizing tumors in immunocompetent mice
was tesied. JYH1 was intravenously adminisiered o immunocompetent
BALB/c mice carrying CT26 tumors. 14 days after the bacterial injection, all
the mice were euthanized due to excessive tumor growth. Figure 4 shows
CFU 400 per gram of normal tissues and CT26 tumors in BALB/c mice.
Plating analysis of homogenized lissues showed that the intravenously
injected JYH1 did not colonize any organs tested including the liver, spleen,
heart, lung and Kidney of the immunocompetent mice on day 14. In contrast,
levels of JYH1 in the tumors reached 4.67 x 107 cfu per gram (£ 1.62 x 107
cfu/g) as shown in Figure 4. These together with the data from the nude mice
demonstrate that JYH1 specifically targets solid tumors regardless of the

integrity of the immune system.
Figure 5 shows a method 500 of consiructing a genetically engineered

bacterial strain that targets solid tumors by selectively growing in glucose-

deprived environments.
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Block 510 states inserting into a bacterial sirain a nucleic acid system.

In an example embodiment, the nucleic acid system includes a first DNA
fragment that encodes g toxin, a second DNA fragment that encodes an

5 antidote that negates the toxin. The nuclel acid sysiem also includes a first
promoter that controls transcription of the second DNA fragment. The nucleic
acid system also includes a first constitutive promoter that causes constitutive
expression of the first DNA fragment.

10 In an example embodiment, the nucleic acid system includes a first DNA
fragment that encodes a toxin, a second DNA fragment that encodes an
antidote that negates the toxin. The nuclei acid system also includes a second
promoter that controls transcription of the first DNA fragment. The nucleic acid
system also includes a second constitutive promoter that causes constitutive

15 expression of the second DNA fragment.

In an example embodiment, the toxin-antidote pair includes but is not limited
to the CcdB-CedA pair. Other toxin-antidole pairs such as AvrRxo1-Arct,
Hha-TomB, and PaaA2-Park?2 can be used 1o replace the CcdB-CcdA palr.

20 in an example embodiment, the first promoter includes but is not limited {o the
fac promoter. The lac promoter can be replaced by other glucose-repressed
promoters such as the promoters of gitA, sdhADC or thaB. In an example
embodiment, the second promoter includes but is not limited 1o the promoter
of ptsG, the promoter of fruB and the promoter of ackA.

25
In an example embodiment, a random seguence that consisis 0f 5 -6
nucleotides is inserted to replace the native 5-6 nucleotides immediately
upstream of the siart codon of the ccdA gene and downstream of the first
promoter.

30
In an example embodiment, a random sequence that consisis of 5 -6
nucleotides is inseried to replace the native 5-6 nucleotides immediately
upstream of the start codon of the ccdB gene and downstream of the second

promoter.
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Block 512 states culturing the clones of the genetically engineered bacterial

strain.

5 Inan example embodiment, the nucleic acid system is grafied into the
chromosome of the bacterial strain. In an example embodiment, the nucleic
acid system is grafied into a plasmid and the plasmid is inserted into the
bacterial strain. In an example embodiment, the bacterial strain includes but is
not limited {0 Escherichia cofi MG1655. Other Escherichia coli strains such as

10 DHb5o and CFT073 and other Gram-negative bacterial species such as
salmonella and Shigella may be used to replace MG1655. In an example
embodiment, clones of the bacterial strain that includes the nucleic acid
system are culiured on LB agar with or without gluccse.

15 Block 514 states selecting the clones that grow in the absence of glucose but
do not grow in the presence of glucose, thereby obtaining the genetically
engineered bacteria strain that targets the tumors.

in an example embodiment, the clones that grow in LB agar without glucose
20 butdo not grow in LB agar with 5 mM glucose are selecied and identified as

potential candidates of tumor-targeting bacteria.

In an example embodiment, the clones that grow in M83 agar without glucose
but do not grow at glucose concentrations of 1-4 mM are confirmed as

N
h

potential candidates of tumor-targeting bacteria.

In an example embodiment, the method further includes generating a random
library of the nucleic acid system by inserting a random sequence that
consisis of 5 — 6 nucleotides to replace native nucleotides that are located

30 immediately upstream of the second BNA fragment, when the nucleic acid
system includes the first promoter.
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In an example embodiment, the method further includes generating a random
library of the nucleic acid system by inserting a random sequence that
consisis of 5 — 6 nucleotides 1o replace native nucleotides that are located
immediately upstream of the first DNA fragment, when the nucleic acid

system includes the second promoter.

Example 6

This example shows that £. colif SH1 is cyloloxic to cancer cell lines. SW480
and HCT116 are colorectal cancer cell lines. ASPC-1, Mia-capa-2, and panc-

1 are pancreatic cancer cell lines. Each of the cell lines was co-cultured with E.
coli strain SH1 or MG1655 at a moi of 100. As controls, the cells lines were
also co-cultured with PBS alone. Alter 4 hours, the cells were washed with
PBS and stained with 1% crystal violet for 5 min. The stained celis were
washed again, destained with 95% ethanol, and measured at 570 nm.
Percentage of celis killed by the co-culiured bacieria was calculated using the
formula: (control - ireat)/control x 100. Error bar, SEM. "P < 0.001.

The in vitro cytotoxic effects 800 and 602 of £. coli SH1 on human cancer cell
lines are shown in Figures 6A and 6B. Figure 6A shows that £. cofi SH1 has
cytotoxic effect on SW480 and HCT116 cells, while £, coli MG 1655 has no
significantly cytotoxic effects on these celis. Figure 6B shows that £. colif SHA
has cytoioxic effect on ASPC-1, Mia-capa-2, and panc-1 cells, while £, cofi

MG 1855 has no significantly cylotoxic effects on these celis.

Example 7
In this example, the inhibitory effects of infravenously injected E.coff JYHT on

tumor growth in vivo were evaluated.

Figure 7A shows the inhibitory effect 700 of intravenously injected E.coli JYH1
on the growth of HCT116 tumors in nude mice. Intravenous injection of JYH1
repressed growth of HCT116 tumors in nude mice. In contrast, JY1 had little
effects on the tumor growth compared to the PBS control. The HCT116
tumors of JY1-treated mice grew equally well with those of PBS-treated
controls, whereas the HCT116 tumors of JYH1-treated mice grew relatively
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slowly and 50% of them {5 out of 10) started {0 regress 18-26 days afier the
intravenous injection of the bacteria (107/mouse). JYH1 displayed inhibitory
gffects on HOT 116 tumor growth of 100% of the tested mice (n=10),
demonsirating a significantly better antitumor efficacy than JY1 (Fisher's
Exact test, p < 0.0001).

Figure 7B shows an analysis 702 for the inhibitory effect of intravenously
injected E.coff JYH1 on the growth of SW480 tumors in nude mice. Figure 7C
shows representative photos 704 of a SW480 tumor in PBS-treated mice from
0 and 55 days. Figure 7D shows representative photos 706 of a SW480 tumor
in JYH 1-treated mice from 0 and 90 days. Growth of the SW480 tumors was
monitored for as long as 90 days. Tumors of the JYH1-lreated mice (n=6)
regressed 26-52 days after the infravenous injection of JYH1, with the
effective percentage being 100%. Among these, tumors of 66.7% of the mice
(4 out of 6) disappeared and did not relapse by the end of the experiments.
The tumor of one of the remaining two mice was not cured but kept quiescent.
The tumor of only one mouse relapsed (16.67%, 1 out of 6). In contrast, none
of the PBS-treated tumors regressed or disappeared. These dala further

showed that JYH1 has significani repressive effects on tumor growth in vivo.

Therefore, in an example embodiment, bacteria that are toxic to both tumor
celis and normal tissue cells can become specific {o fumors and repress
tumor growth withoul affecting normal tissues, when the bacleria are

equipped with the tumor-targeting nucleic acid system.

As used herein, the term “freatl,” "treating” or "treatment” refers {0 methods of
alleviating, abating or amelioraling a disease or condition sympioms,
preventing additional symptoms, amelioraling or preventing the underlying
metabolic causes of symptoms, inhibiting the disease or condition, arresting
the development of the disease or condition, relieving the disease or condition,
causing regression of the disease or condition, relieving a condition caused by
the disease or condition, or stopping the symptoms of the disease or condition
either prophylactically and/or therapeutically.
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As used herein, “immediately”, “immediately upstream” or “immaeadiately
downstream”, means that there are no other nucleotides between one DNA
fragment and another DNA fragment.

As used herein, “system” refers (o a combination or a genelic circuit that
includes the toxin gene, the antidote gene and their respective promoters. The
toxin gene and the antidote gene of the system may be placed in any order.
The toxin gene and the antidote gene of the system may be locaied in the
same molecule or in different molecules. In an example embodiment, one of
the toxin gene and the antidote gene may be in the chromosome of a

bacterium while the other gene may be in a plasmid in the same bacterium.
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- CLAIMS
What is claimed is:

1. A nucleic acid system introduced into a bacterial strain to generate a
genetically engineered bacterial strain that grows in solid tumors but does not
grow in non-tumor tissues, the nucleic acid system comprising:

a first DNA fragment that encodes a toxin gene that expresses a toxin
that kills the genetically engineered bacterial strain;

a second DNA fragment that encodes an antidote gene that expresses
an antidote that negates the toxin;

a first promotor that controls transcription of the antidote gene, such
that glucose represses the transcription of the antidote gene; and

a first constitutive promoter that causes constitutive expression of the
toxin gene; .

wherein the second DNA fragment is transcribed in the solid tumors but
not transcribed in the non-tumor tissues.

2. The nucleic acid system of claim 1 wherein the solid tumors are
featured with a glucose concentration lower than 0.424 mM.

3. The nucleic acid system of any one of precedent claims, wherein the
non-tumor tissues are featured with a glucose concentration higher than 1.22
mM.

4, The nucleic acid system of any one of precedent claims, wherein the
first promoter is located immediately upstream of the second DNA fragment.

5. The nucleic acid system of any one of precedent claims, wherein the
first constitutive promoter is located immediately upstream of the first DNA
fragment.
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6. The nucleic acid system of any one of precedent claims, wherein the
first promoter is selected from a group consisting of a lac promoter, a gltA
promoter, an sdhADC promoter and a thaB promoter.

7. The nucleic acid system of any one of precedent claims, wherein a pair
of the toxin and the antidote is selected from a group consisting of a CcdB-
CcdA pair, an AvrRxo1-Arc1 pair, a Hha-TomB pair, and a PaaA2-ParE2 pair.

8. The nucleic acid system of any one of precedent claims, wherein the
first DNA fragment is shown as SEQ ID No. 1, and the second DNA fragment
is shown as SEQ ID No.2.

9. The nucleic acid system of any one of precedent claims, wherein the
first promoter is shown as SEQ ID No.3.

10.  The nucleic acid system of any one of precedent claims further
includes:

a random sequence that consists of 5 — 6 nucleotides, and replaces
original 5 — 6 nucleotides of the genetically engineered bacterial strain that are
located immediately upstream of the second DNA fragment.

11.  The nucleic acid system of claim 10, wherein the random sequence is
GCCTT or TGTCT.

12.  The nucleic acid system of any one of precedent claims further
includes:

a third DNA fragment that encodes a chloramphenicol resistance
cassette,

wherein the third DNA fragment is shown as SEQ ID No. 4.

13.  The nucleic acid system of any one of precedent claims, wherein the
bacterial strain is selected from a group consisting of Escherichia coli,
salmonella and Shigella.
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14.  The nucleic acid system of any one of precedent claims, wherein the
bacterial strain is Escherichia coli MG1655.

15.  The nucleic acid system of any one of precedent claims, wherein the
nucleic acid system is shown as SEQ ID No. 7 or SEQ ID No.8.

16. A nucleic acid system introduced into a bacterial strain to generate a
genetically engineered bacterial strain that grows in solid tumors but does not
grow in non-tumor tissues, the nucleic acid system comprising:

a first DNA fragment that encodes a toxin gene that expresses a toxin
that kills the genetically engineered bacterial strain;

a second DNA fragment that encodes an antidote gene that expresses
an antidote that negates the toxin; _

a second promotor that controls transcription of the toxin gene, such
that glucose induces the transcription of the toxin gene; and

a second constitutive promoter that causes constitutive expression of
the antidote gene;

wherein the first DNA fragment is transcribed in the non-tumor tissues
but not transcribed in the solid tumors.

17.  The nucleic acid system of claim 16 wherein the solid tumors are
featured with a glucose concentration lower than 0.424 mM.

18.  The nucleic acid system of any one of claims 16 — 17, wherein the non-
tumor tissues are featured with a glucose concentration higher than 1.22 mM.

19.  The nucleic acid system of any one of claims 16 — 18, wherein the
second promoter is located immediately upstream of the first DNA fragment.

20. The nucleic acid system of any one of claims 16 — 19, wherein the
second constitutive promoter is located immediately upstream of the second
DNA fragment.
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21.  The nucleic acid system of any one of claims 16 — 20, wherein the
second promoter is selected from a group consisting of the promoter of ptsG,
the promoter of fruB and the promoter of ackA.

22.  The nucleic acid system of any one of claims 16 — 21, wherein a pair of
the toxin and the antidote is selected from a group consisting of a CcdB-CcdA
pair, an AvrRxo1-Arc1 pair, a Hha-TomB pair, and a PaaA2-ParE2 pair.

23.  The nucleic acid system of any one of claims 16 — 22, wherein the first
DNA fragment is shown as SEQ ID No. 1, and the second DNA fragment is
shown as SEQ ID No.2.

24.  The nucleic acid system of any one of claims 16 — 23 further includes:

a random sequence that consists of 5 — 6 nucleotides, and replaces
original 5 — 6 nucleotides of the genetically engineered bacterial strain that are
located immediately upstream of the first DNA fragment.

25.  The nucleic acid system of any one of claims 16 — 24 further includes:
a third DNA fragment that encodes a chloramphenicol resistance
cassette,
wherein the third DNA fragment is shown as SEQ ID No. 4.

26. The nucleic acid system of any one of claims 16 — 25, wherein the
bacterial strain is selected from a group consisting of Escherichia coli,
salmonella and Shigella.

27.  The nucleic acid system of any one of claims 16 — 26, wherein the
bacterial strain is Escherichia coliMG1655.

28. A method of constructing a genetically engineered bacterial strain that
targets tumors, the method comprising:
inserting, into a bacterial strain, a nucleic acid system that includes:
a first DNA fragment that encodes a toxin gene that expresses a
toxin that kills the genetically engineered bacterial strain;
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a second DNA fragment that encodes an antidote gene that
expresses an antidote that negates the toxin;
a first promotor that controls transcription of the antidote gene,
such that glucose represses the transcription of the antidote gene; and
a first constitutive promoter that causes constitutive expression of
the toxin gene;
culturing clones of the genetically engineered bacterial strain that
includes the nucleic acid system; and
selecting the clones that grow in the absence of glucose but do not
grow in the presence of glucose, thereby obtaining the genetically engineered
bacteria strain that targets the tumors,
wherein the second DNA fragment is transcribed in the solid tumors but
not transcribed in non-tumor tissues.

29. The method of claim 28 further comprising:

generating a random library of the nucleic acid system by inserting a
random sequence that consists of 5 — 6 nucleotides to replace native
nucleotides that are located immediately upstream of the second DNA
fragment.

30. The method of any one of claims 28 — 29, wherein the clones that grow
at a glucose concentration of 0 mM but do not grow at a glucose
concentration of 5 mM are selected as the genetically engineered bacteria
strain that targets the tumors.

31.  The method of any one of claims 28 — 30, wherein the nucleic acid
system is a nucleic acid system of any one of claims 1 — 15.

32. A method of constructing a genetically engineered bacterial strain that
targets tumors, the method comprising:
inserting, into a bacterial strain, a nucleic acid system that includes:
a first DNA fragment that encodes a toxin gene that expresses a
toxin that kills the genetically engineered bacterial strain;
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a second DNA fragment that encodes an antidote gene that
expresses an antidote that negates the toxin;
a second promotor that controls transcription of the toxin gene,
such that glucose induces the transcription of the toxin gene; and
a second constitutive promoter that causes constitutive expression
of the antidote gene;
culturing clones of the genetically engineered bacterial strain that
includes the nucleic acid system; and
selecting the clones that grow in the absence of glucose but do not
grow in the presence of glucose, thereby obtaining the genetically engineered
bacteria strain that targets the tumors,
wherein the first DNA fragment is transcribed in the non-tumor tissues
but not transcribed in the solid tumors.

33. The method of claim 32 further comprising:

generating a random library of the nucleic acid system by inserting a
random sequence that consists of 5 — 6 nucleotides to replace native
nucleotides that are located immediately upstream of the first DNA fragment.

34. The method of any one of claims 32 — 33, wherein the clones that grow
at a glucose concentration of 0 mM but do not grow at a glucose
concentration of 5 mM are selected as the genetically engineered bacteria
strain that targets the tumors.

35. The method of any one of claims 32 — 34, wherein the nucleic acid
system is a nucleic acid system of any one of claims 16 — 27.

37
SUBSTITUTE SHEET (RULE 26)



PCT/CN2017/101069

WO 2019/047166

1/13

et
e i PO

e N,m,m s

Ott

geaearsaonots

il

4

SR : YERLTEAL

4 ?\ .
ma‘v. 2R Al

%

¥1 314

Jayouwoud

=xlele IV

w\
g
%

asoonis

I

LX) M\&w

001




PCT/CN2017/101069

WO 2019/047166

2/13

ar 84

FUSURIENS WUEORG D UOIE DT

,.t\\\\\\\\\\\\\.\\\\\\\.\\\\\\\\\\\\& ...\‘.‘.‘.\.\\\\.\\\\.\\\\\\\\\\\\\\\.\\\\\\v\\\\\w ..vi\\\\\\\\\\\\.\\\\\\\\\\\\\\\\\\\\\\\\. ..:\\\‘§\.\\w\\\\w\\\\\\\\\\\

.. \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

Y P SESA BRI BSARS SAR B Y

SRS



PCT/CN2017/101069

WO 2019/047166

3/13

9713 "3/g1ve

DN

om0

I3

™

JRAH O
e ed

T¢

DT HRWE

I3 St

YAy

§ O RN
30wl d g



PCT/CN2017/101069

WO 2019/047166

4/13

n

Ik

3@& w\am

#

GLTLDH ‘B0 apriy

e

0l

i g

o300
HIFHHEYY

TaEE s 1Rt

LR
o wedsd g

37 814

{g=u) {5=u) {5=u)
mﬁ@@ 9hT T

130T AY peTIUOpEY

3

f
3

f
f‘,:_;:
5}

{36]

9713 "3/g1ve

/

[)
4
ot

&

*d

ST

&

Ao

51



PCT/CN2017/101069
5/13

WO 2019/047166

42 "Bi4

(1=t {£=u) {o=4)
ST BAL AL

L ¢
NN e
.Jm

s
Q3
seord

9TTLOH ‘B3It apnN

e

05¢

SA2AY JuaBRiueDIayg

2,
¢

ST TIOH ‘oo 3pny

~

0w

{52y

SOYYRYY

A o

3
wefndndd

%
%

YR



PCT/CN2017/101069
6/13

WO 2019/047166

vE "8id

_ J3AY
J
f 1M 1
: 8o, d N
- O 2 8 : b W E ViRt
< 17 -4 3 o ¥
ve g & - TAIOT
- MHW.W‘ N_Mc\vv % ﬂ m\mﬂw&c“mfm ‘M ﬁ
05 = % - GHIOT B
- 15 5, z ™
o o g
e S - OLHIT 3
* % e W W

WS B T L - |
06 Aeg {9=u} THAT 8 06 Aegy {9=u) THAT @ - ERAIOT

} 22| xw 4
z5 Aeq {g=u} AyTHS Y 78 Aeg (S=u} AYTHS v

S ot

01g



WO 2019/047166 PCT/CN2017/101069
7/13

fyer ahsoess, SHIMY proup
Fig. 3C



PCT/CN2017/101069

WO 2019/047166

8/13

ag “8i4




PCT/CN2017/101069

WO 2019/047166

9/13

I LA Y

19=U) 584 1]

e

oo

A

3,

o

oL

¥ "Bi4

7y 1By Bung useids e

% A, t4 3

g

A G 3415

¥

YT ARp Ut TOrLD T TYE

arsag o wa® sed 10



PCT/CN2017/101069

WO 2019/047166

10/13

5 8i4

718
"SI0WNg ayY1 s19diel 1ey) uisns
j24910eg passsuidus Ajjeaieusd sy Suiuieigo Agaisyy ‘esonnid jo eoussasd
BY3 Ul MOJF 10U Op NG 3502N}T 1O B0UISEE SUT Ul MOUT 1BYL STUOID 3Y] 103438

f

313
"uied)S [euiadeg passauiBus Ajje3nauad syl Jo SBUOP ainyny

!

o1s
LIZISAS PIOR JISIINU B ‘UIRJIS [BLIDIDEG B O] ‘MBS

00%




WO 2019/047166 PCT/CN2017/101069
11/13

602

- &0
g 2
£ X
8 o8
h i
G
53]
g
&
[
<]
. - Y

¥

# =

=
¥ ¥ Y v ¥

2 R ey > = =
s OB § ] ¢

fiph e AY DO

Sl o sPeurNRy

*
2 ot
-~ ey
pas anranl E :Q:
5 [Xe}
i .
g - ob
@ W b
% W
W W
g * ~
@ * pred \F
& S B S
2 iy
s
¢ ¥ ¥ ¥ 3
o o R ) PN fe
LI e et
oadl

600

fu6} npporReq A paapy
LR O L R |



PCT/CN2017/101069
12/13

WO 2019/047166

az 84 v 814

EhuEy B

Sy I VE OGRS WL & B D - N
Gty a k§ [T P T FS WL T S ST T o, w Y
1t Z .(\\\”\\ 1]
o, & o B
ey, % AT \\“\\\\\\\\ -
<
Wyt & \\ \\\\\\
ALY, & - (L
Z
Z
b - Ch¥AY
-
Z o
-
iy 7i : . 3
DRUANG B BRI Logrmgr B BT borgmr

e "

sowdvy

sy

it



WO 2019/047166 PCT/CN2017/101069
13/13

o, SU4RG

4 FHLE

Fig. 7D

SRR L 2

Fig. 7C

704




INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2017/101069

A.

CLASSIFICATION OF SUBJECT MATTER

CI12N 15/63(2006.01)i; CI12N 1/21(2006.01)i; C12R 1/01(2006.01)n

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

CI12N; C12R

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNABS;CPRSABS;HKABS;TWABS;DWPLSIPOABS;CNTXT;WOTXT;EPTXT;USTXT;CNKL;WANFANG DATABASE;

WEB OF

SCIENCE:toxin,antitoxin,antidote,ccdA,ccdB,induc+,glucose,

tumor,cancer,promoter,lac,gltA,sdhADC,tnaB,

bacteria; GenBank+EMBL+Chinese patent biological sequence retrieval system:sequence search on SEQ ID NOs:1-8.

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y WO 2012087483 Al (UNIV ARIZONAET AL.) 28 June 2012 (2012-06-28) 1-12, 14-36
see the specification pages 4-5 and 7-11, example 3, table A

Y US 9198950 B2 (MELLATA MELHAET AL.) 01 December 2015 (2015-12-01) 1-12, 14-36
see claims 1-15

Y CN 1688699 A (UNIV BRUXELLES ET AL) 26 October 2005 (2005-10-26) 1-12, 14-36
see claims 1-19, the specification pages 12-13, figures 1-2

A CN 106676119 A (CHINESE ACAD SCI MICROBIOLOGY INST) 17 May 2017 1-12, 14-36

(2017-05-17)

see the whole document

A US 9555127 B2 (MEDICAL RES COUNCILET AL.) 31 January 2017 (2017-01-31) 1-12, 14-36
see the whole document

A WO 0105421 A1l (CANCER RES CAMPAIGN TECHET AL.) 25 January 2001 (2001-01-25) 1-12, 14-36
see the whole document

Further documents are listed in the continuation of Box C.

See patent family annex.

£

NG

“R

“p

“”

“pr

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

document published prior to the international filing date but later than
the priority date claimed

«Tr

ey

wy

“ &

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the international search report

100088
China

Facsimile No. (86-10)62019451

05 June 2018 14 June 2018
Name and mailing address of the ISA/CN Authorized officer
STATE INTELLECTUAL PROPERTY OFFICE OF THE
P.R.CHINA
6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing WANG,Huimei

Telephone No. 62416241

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

PCT/CN2017/101069

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Systems in eukaryotic cells:strategies and applications”
Toxins, Vol. 8, No. 49, 19 February 2016 (2016-02-19),
ISSN: 2072-6651,

pages 1-16, see the whole document

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y Z.. Douvlis. "Interference of amino acid patterns and tissue-specific amino acids absorption 1-12, 14-36
dominance under the influence of tumor cell protein degradation toxins"
Medical Hypotheses, Vol. 53, No. 5, 31 December 1999 (1999-12-31),
ISSN: 0306-9877,
pages 450-457, see page 452 right column
A Guillermo de la Cueva-Mendez et al. "Regulatable killing of eukaryotic cells by the 1-12, 14-36
prokaryotic proteins Kid and Kis"
The EMBO Journal, Vol. 22, No. 2, 31 December 2003 (2003-12-31),
ISSN: 0261-4189,
pages 246-251, see the whole document
A Lukasz Wieteska et al. "Toxins VapC and PasB from prokaryotic TA modules remain active in 1-12, 14-36
mammalian cancer cells”
Toxins, No. 6, 30 September 2014 (2014-09-30),
ISSN: 2072-6651,
pages 2948-2961, see the whole document
A YEO, Chewchieng et al. "Heterologous expression of toxins from bacterial Toxin-Antitoxin 1-12, 14-36

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2017/101069

Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the international application as filed:
in the form of an Annex C/ST.25 text file.

D on paper or in the form of an image file.

b. D furnished together with the international application under PCT Rule 13zer.1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of international search only:
D in the form of an Annex C/ST.25 text file (Rule 13zer.1(a)).
D on paper or in the form of an image file (Rule 13zer.1(b) and Administrative Instructions, Section 713).

2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/CN2017/101069
. Patc.ant document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
WO 2012087483 Al 28 June 2012 us 9198950 B2 01 December 2015
us 2013337013 Al 19 December 2013
us 9198950 B2 01 December 2015 WO 2012087483 Al 28 June 2012
us 2013337013 Al 19 December 2013
CN 1688699 A 26 October 2005 us 8877504 B2 04 November 2014
CA 2435956 C 10 July 2012
us 2013280810 Al 24 October 2013
EP 1362110 Al 19 November 2003
CA 2435956 Al 29 August 2002
Jp 2004527238 A 09 September 2004
us 8470580 B2 25 June 2013
AU 2002235676 B2 26 October 2006
Jp 2014064579 A 17 April 2014
CN 100560724 C 18 November 2009
EP 1362110 Bl 12 September 2012
Jp 5442177 B2 12 March 2014
WO 02066657 Al 29 August 2002
us 2004115811 Al 17 June 2004
CN 106676119 A 17 May 2017 None
us 9555127 B2 31 January 2017 WO 2013037504 Al 21 March 2013
us 2014341930 Al 20 November 2014
WO 2013037504 A4 27 June 2013
EP 2570134 Al 20 March 2013
EP 2755673 Al 23 July 2014
WO 0105421 Al 25 January 2001 AU 6000700 A 05 February 2001
DE 60036551 T2 26 June 2008
EP 1198239 Al 24 April 2002
CA 2379325 Al 25 January 2001
DE 60036551 D1 08 November 2007
EP 1198239 Bl 26 September 2007
AT 374038 T 15 October 2007
GB 9916810 DO 22 September 1999
ES 2295037 T3 16 April 2008

Form PCT/ISA/210 (patent family annex) (January 2015)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - wo-search-report
	Page 53 - wo-search-report
	Page 54 - wo-search-report
	Page 55 - wo-search-report

