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Abstract: With the in-depth study of the relationship between intestinal microbiome and host
and the rapid development of genetic engineering, the application of genetically engineered
bacteria (GEB) in the medical field has become a research hotspot. GEB refer to the bacteria
that have been genetically engineered to efficiently express exogenous proteins or compounds
to achieve specific goals. Compared with traditional drugs, GEB have a variety of advantages.
The construction process of GEB includes the selection of chassis, the acquisition of functional
genes, and gene transfer and recombination. At present, the bacteria serving as GEB chassis
can be classified into two categories: generally regarded as safe (GRAS) strains and commensal
strains. The application of multi-omics facilitates the selection of chassis. Functional genes can
be obtained by PCR, DNA synthesis, CRISPR-Cas9 or Red/ET recombination system
according to their sizes. Heat shock and electroporation are widely used for plasmid transfer in
bacteria. Homologous recombination can directly integrate the target gene into the host’s
chromosome. The encapsulation technology can improve GEB’s survival rate and colonization
ability, and synthetic gene circuits can make GEB intelligent. Functional stability,
effectiveness, and safety are the general indicators for evaluating GEB. The instability of
plasmid is an inherent defect of the GEB constructed by plasmid-mediated gene transfer, while
the GEB constructed by gene integration have strong stability. In addition, to achieve long-term
stable expression of functional genes, researchers need to evaluate and alleviate the impact of
load. The efficacy and safety of GEB need to be evaluated in vitro, in animal models and
clinical trials. There are some methods that have successfully achieved optimization of the
above indicators. GEB have been widely used in the diagnosis and treatment of inflammatory
diseases, tumors, metabolic diseases, infectious diseases, neurological diseases, and other
diseases, playing a unique role. However, there are still problems regarding construction
methods, performance evaluation and optimization, and large-scale production, which limit the
clinical application. In this paper, we introduced the methods for construction and performance
evaluation of GEB, summarized the application in disease diagnosis and treatment in recent years,
pointed out the existing problems, and prospected the development of this field in the future.
Keywords: genetically engineered bacteria; synthetic biology; clinical application; live
biotherapeutic products; probiotics
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Table 1

Applications of GEB in disease diagnosis and treatment

Bacterial chassis Functional gene

Gene transfer and Function

recombination
method

Indication Research stage Reference

Escherichia coli Circuits for tetrathionate

NGF-1 detection and recording

Escherichia coli Circuits for thiosulfate

Nissle 1917 detection and recording,
tunable AvCystatin

release system

Lactococcus
lactis (strain
unknown)
Escherichia coli
Nissle 1917

IL-10 gene

Gene of the curli fiber
protein fused with TFF3

Escherichia coli
Nissle 1917

Genes of superoxide
dismutase and catalase

Escherichia coli dacA

Nissle 1917

Escherichia coli
DH50Z1

Circuits for glucose
detection and recording

Lactobacillus
gasseri ATCC
33323

GLP-1 gene

Plvir transduction Detecting and

Homologous
recombination

Electroporation

Electroporation

Electroporation

A-red
recombination

Electroporation

Homologous
recombination

IBD Mouse model [19]
recording the signal
of the inflammatory
biomarker,
tetrathionate
Detecting and IBD Mouse model [26]
recording the signal
of the inflammatory
biomarker, thiosulfate
and releasing the
immunomodulator,
AvCystatin, in a
tunable manner
Secreting the IBD Mouse model [28]
anti-inflammatory
cytokine, IL-10
Producing a fibrous IBD Mouse model [29]
matrix composed of
curli fibers fused
with TFF3 to
promote intestinal
barrier function and
epithelial repair
Expressing IBD Mouse model [32]
superoxide dismutase
and catalase to
reduce reactive
oxygen species
Producing STING
agonists that
activate STING in
APCs to produce

type I interferons

Metastatic Mouse model

malignancies

[33]
Clinical trial
initiated

Detecting and Diabetes Patient sample [37]

recording glucose detection
levels in blood and
urine

Secreting GLP-1

and inducing

Diabetes Rat model [38]
intestinal epithelial

cells to differentiate

into functional

glucose-responsive

insulin-producing

cells

http://journals.im.ac.cn/actamicrocn
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(Zk
Bacterial chassis Functional gene Gene transfer and Function Indication Research stage Reference
recombination
method
Lactococcus Genes of human Double Secreting human  Diabetes Mouse model [39]
lactisMG1363 proinsulin and IL-10 homologous proinsulin and
recombination IL-10
Escherichia coli Genes of A-red Converting Phenylketonuria Mouse model [41-42]
Nissle 1917 phenylalanine-ammonia- recombination phenylalanine into Phase 1/2a
lyase and L-amino acid trans-cinnamic acid clinical trial
deaminase salt to lower blood
phenylalanine
levels
Escherichia coli Deleting the gene of the A-red Converting Hyperammonemia Mouse model [45]
Nissle 1917 negative regulator of recombination ammonia to Phase 1
I-arginine synthesis and [-arginine to block clinical trial
adding the gene of a ammonia completed
feedback-resistant accumulation in the
I-arginine biosynthetic blood
enzyme
Lactococcus GLP-1 gene Electroporation Secreting GLP-1 Obesity Mouse model [46]
lactisMG1363
Bacillus subtilis Inserting butyryl CoA: CRISPR-Cas9 Promoting butyric  Obesity Mouse model [47]
SCK6 acetic acid CoA system acid production
transferase gene and
disrupting sdpC and
SkfA
Lactococcus Circuits for detection  Electroporation  Specifically Cholera Mouse model [48]
lactisMG1363 and recording of Vibrio detecting Vibrio
cholerae quorum cholerae quorum
sensing molecules sensing signals
A wild-type Circuits for detection of Transformation Specifically Cholera Invitro [49]
Escherichia coli Vibrio cholerae quorum (details unknown) detecting Vibrio detection
strain sensing molecules and cholerae with
Art-085 release system quorum sensing
molecules and
killing Vibrio
cholerae by
self-cleaving and
releasing killer
proteins
Escherichia coli N-acyl homoserine Transformation  Sensing Pseudomonas Caenorhabditis [50]
Nissle 1917 lactone detection circuit (details unknown) Pseudomonas aeruginosa elegans and
and pyocin S5 and aeruginosa by intestinal infection mouse model

dispersin release system

detecting N-acyl
homoserine lactone
and clearing
pathogenic bacteria
by releasing the
bacteriocin pyocin
S5 and dispersin
through autolysis

(525%)
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Bacterial chassis Functional gene Gene transfer and Function Indication Research stage Reference
recombination
method
Lactococcus GLP-1 gene Electroporation Secreting GLP-1 ~ AD Mouse model [51-52]
lactisMG1363
Lactococcus GLP-1 gene Electroporation Secreting GLP-1 PD Mouse model [52-53]
lactisMG1363
Escherichia coli GLP-1 gene CRISPR-Cas9 Secreting GLP-1 ~ PD Mouse model [54]
Nissle 1917 system
Lactococcus Blue light switches and Electroporation =~ Producing Anxiety Mouse model [55]
lactisNZ9000  genes related to GABA/GCSF/GLP behavior/PD/vagal
gamma-aminobutyric -1 upon blue light  afferent regulation
acid (GABA) exposure
/granulocyte-colony
stimulating factor
(GCSF)/GLP-1
secretion
Bacteroides Loss of BO1194/PAD  Homologous Inhibiting the Anxiety and/or Mouse model [56]
ovatus ATCC  gene function recombination/CR production of 4EP  ASD Clinical trial
8483 ISPR and/or 4EPS
ABAVOVA 030 system/mutagenesis
71 (tdk), in conjunction
Lactobacillus with selection or
Plantarum screening
BAA-793
Escherichia coli Genes related to S-HTP Transformation ~ Producing 5-HTP  Depression, In vitro [57]
BW25113AtnaA synthesis (details unknown) insomnia, obesity, production
chronic headache,
etc.
Escherichia coli Genes related to Transformation Producing Attention deficit Invitro [58]
BL21(DE3) valerena-4,7(11)-diene  (details unknown) valerena-4,7(11)-di hyperactivity production
synthesis ene disorder, etc.
Escherichia coli Genes related to 5-HTP, Transformation Producing 5-HTP, 5-HTP, 5-HT, Mouse model [59]
Nissle strains,  5-HT, TRM or (details unknown), 5-HT, TRM or TRM or Clinical trial
Bacillus subtilis melatonin synthesis CRISPR-Cas9 melatonin melatonin-related
168 system central nervous
system, enteric
nervous system,
gastrointestinal
and metabolic
diseases
Escherichia coli Circuits for heme Details unknown Detecting heme, Gastrointestinal ~ Swine model [62]
Nissle 1917 detection and recording generating a hemorrhage
fluorescent signal
and activating
adjacent circuits to
generate a wireless
signal
Lactobacillus ~ Genes of tuna frame Electroporation  Synthesizing Hypertension Rat model [63]
plantarumNC8 protein and yellowfin angiotensin-convert
sole frame protein ing enzyme
inhibitory peptides

http://journals.im.ac.cn/actamicrocn
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