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Applications of engineered intestinal bacteria in disease
diagnosis and treatment
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Abstract: Intestinal bacteria interact closely with human health and diseases. With the development of high-throughput
sequencing technologies, researchers have discovered the potential of intestinal bacteria in the diagnosis and treatment of diseases.
Meanwhile, synthetic biology strategies are applied to engineer these bacteria for clinical applications. These engineered intestinal
microbial are constructed by designing editing tools and feedback loops to gain functions of diagnose or targeted therapy.
Consequently, these engineered bacteria are capable of sensing, calculating and responding to the environment. In this review, we
summarize the recent advances in engineered intestinal bacteria in disease diagnosis and treatment. Furthermore, we also discuss the
current status and future prospect of the engineered intestinal bacteria regarding their clinical applications, market, and safety issues.
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Fig. 1 Engineering of Intestinal microbiota for the diagnosis and treatment of diseases. The circle in engineered
bacteria is composed of sensors, gene circuits, and actuators. After receiving in vitro signals, by modulating the behavior
of engineered bacteria through in vivo genetic loop calculation, the engineered bacteria would express reporters for

diagnosis, therapeutics for diseases treatment,

and toxics for Killing cancer cells or pathogens.

NAPEs:

N-acylphosphatidylethanolamines; GLP-1: glucagon-like peptide; IL10: interleukin10; RBS: ribosome binding site;
LacZ: LacZ; GFP: green fluorescent protein; CheZ: a motivity protein that drives the bacteria.
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Fig. 2 Spatial distribution detection of glucose
concentration in solid tumor using engineered bacteria.
The Trzl fusion receptor combines the
ribose/glucose/galactose  sensing domain of Trg
chemotaxis receptor and the signal transduction domain
of EnvZ osmoporin, which transduce sugar into
fluorescence signal. Ribose and glucose molecules bind
to the ribose binding protein (RBP) and the
glucose/galactose binding protein (GBP), respectively, in
the membrane. The ligand-binding protein complex then
interacts with the periplasmic portion of the Trzl
receptor, which causes conformational change in Trzl
across the inner-membrane (IM) and phosphorus transfer
to cytoplasmic osmoporin regulator, OmpR. The
phosphorylated OmpR then acts as a transcriptional
activator on the osmoporin promoter, Poyoc, t0 activate
the expression of the green fluorescent protein (GFP).
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Fig. 3 Detection of intestinal inflammatory marker NO
for the IBD treatment. In the presence of NO, Chez
protein drives the directional movement of non-sporty
cells. T7pol protein induces the T7 promoter, thereby
activating the expression of downstream GMCSF and
pore forming protein TolAIl. TolAIl forms pores on the

surface of the cell membrane and helps GMCSF move to
extracellular regions.
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Table 1 The application of engineered microorganisms in diseases

Strains Applications Purposes Mechanism References
ESIEE’:INS;'IG Obesity T Expressing NAPE, fructose dehydrogenase (fdh) [46,51,86]
EcN Phenylketonuria T Degrading Phe in serum [74]

EcN Hyperammonemia T Producing I-arg and consumed NHjs in an in vitro system [75]
human

EcN Immunodeficiency virus T Secreting an HIV fusion inhibitor peptide [65]
(HIV)

EcN Cancer D Generating a high-contrast urine signal [43]

EcN Diabetes D A genetic switch to detect pathological biomarkers [30]

EcN Inflammatory D Thiosulfate and tetrathionate sensor [65]
ethanol-induced

EcN Oxidative damage & T Secreting pyrroloquinoline quinone (PQQ) [50]

hyperlipidemia
Expressing the autoinducer-molecule cholera autoinducer 1

EcN Cholerae T (CAL-1) [39]
ECN Infection-Salmonella T IJEszpressmg and secreting the antimicrobial peptide, Microcin [87]
. Expressing eicosapentaenoic acid (EPA) and docosahexaenoic
EcN Nutritions P acid (DHA), [88]
E. coli Cholerae T Inhibiting virulence of Vibrio cholerae [39]

Ty e Co-expressing the pore forming protein TolAlll with the

E. coli disease (IBD) D&T biologic, granulocyte macrophage-colony stimulating factor [57]
(GM-CSF), and recording an inflammatory response

E. coli strain Infection-Pseudomonas . -

JE3513 aeruginosa D&T Sensing and killing pathogen [61-62]

Lb. casei HIV T Secreting _smgle—cham variable fragment (scFv) and other [89]
HIV-1 antigen

Lb. casei Infection T Displaying albumin-binding domain variants against Shiga [90]

toxin 1 B subunit
Lb. casei IBD T Expressing superoxide dismutase (SOD) [91]
Expressing the highly immunogenic tetanus toxin C-terminal

Lb. plantarum  Immune T Fragment (TTFC) as antigen [92]
U sl Rl dlEie T Expressing a major.szlpanese cedar pollen allergen Cry j 1 [93]
suppressed nasal clinical symptoms
Lb. plantarum  Inflammation T Expressing interleukin 10 (IL-10) [94]
Lactobacillus Infectlonjs. T Producing the intracellular antigen PspA [95]
pneumoniae
:_ae::(;zzcoccus Immune T Expressing rotavirus VP8 [96]
L. lactis Inflammations T Expressing 1L2, IL6 [97]
L. lactis Immune T Expressing BLG protein—cow B-lactoglobulin [98]
L lactis Avian flu T Expressmg c'hlcken 2 (chlL-2) together with avian influenza [98-99]
hemagglutinin (H5)
L lactis Inft_ectlon-Lelshmanla T Expressing the protective Leishmania antigen, LACK (LAC) [100-101]
major and IL-12.
L lactis Diarrhea T Expressing dendritic cell-Targeting peptide fused with porcine [102]

epidemic diarrhea virus (PEDV) COE antigen

&: 010-64807509 B<: cjb@im.ac.cn
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. lactis

. lactis

. lactis

L. lactis

| N N R

L

L.

. lactis

. lactis
. lactis
. lactis
. lactis
. lactis
. lactis

. acidophilus

paracasei

Bifidobacterium
longum
Bifidobacterium
longum
Bifidobacterium
longum
Bifidobacterium
longum

Bacillus subtilis

Infection-Clostridium

perfringens

IBD

IBD
IBD

Diabetes type |

Cancer

Cancer

Cancer

Infection
Cholesterol
Glucose tolerance

Influenza
Diabetes type |

Cancer
Cancer

Infection

T

_|

O A4 4 =4 4 +

D&T

- 4 4 4 -

T

Ulcerative colitis(UC) T

Infection-Helicobacterp T

ylori

Bacillus subtilis IBD

T

gkl
Expressing the toxoid of C. perfringens a-toxin [103]
Expressing anti-tumor necrosis factor o (TNFa) antibodies, [104]

IL-17, IL-23, IL12 and IL-10

Binding different chemokines and neutralize CXCLS8 production  [105]

Secreting biologically active heme oxygenase-1 (HO-1) [106]

Expressing fusion protein HSP65-6P277 or glutamic acid
decarboxylase or tyrosine phosphatase-like protein

Producing catalase

[107-109]

[110]

Expressing human papillomavirus 16 antigen E7 (HPV16 E7) [111]
Expressing attachment to breast cancer MDAMB232 cells [112]

Expressing anti-enterococcal peptides

Overexpressing bile salt hydrolase

Expressing glucagon-like peptide-1 (GLP-1), insulin
Expressing the highly pathogenic avian influenza virus
protein hemagglutinin (HA)-1

Expressing GLP-2

Production of Tumstatin, inhibiting proliferation &inducing
apoptosis of tumorous vascular endothelial cells
Production of an enzyme to convert pro-drug 5-fluorocytosine

[113]
[114]
[115-116]

[117]
[115]

[118]

to the toxic 5-FU within tumors [119]
Displaying Salmonella-antigen [118]
Expressing alpha-m_elanc?cyte-stimuIating hormone, [120-121]
manganese superoxide dismutase (rhMnSOD)

Display of H. pylori urease B protein on spore coat [122]
Producing 4,4’-diaponeurosporene [123]

T: therapies; D: diagnostics; P: prophylaxis.

#2 IWEAMREMBENIEMED
Table 2 Engineered microorganisms at clinical stage
Strains Applications Clinic phase Companies
EcN Hyperammonemia-Urea cycle disorders Phase I /11 Synlogic
EcN PKU Phase I Synlogic
L. lactis Type | diabetes Phase I b/ 1l a Intrexon
L. lactis Oral mucositis Phase I clinical trial Intrexon
Salmonella Liver cancer Phase I Ernest Pharmaceuticals
Salmonella Breast cancer Phase I Ernest Pharmaceuticals

TG w, AlRET DRI o a A5 e sl B 1y 4
SRR, AR X — A
B A BEATAE TS

T2 i
Y teAy, —HZW Bk R, TR
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