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1.Wet lab 

1.1 Species selection 

To start a synthetic biology project, choosing the right chassis cells is a crucial step. The 
type of chassis cells determines the design of the experimental scheme and the application 
of the project product. 
For the team participating in iGEM, when choosing a chassis cell, it is necessary to 
consider the difficulty of its laboratory cultivation, the cultivation period, and its biosafety 
level, etc.   
Through statistical analysis of the strains used by all teams from 2009 to 2020, we know 
that E. coli is the chassis organism of choice for most teams (Table 1). Among the intestinal-
related projects, there are 59 projects using E. coli as chassis organisms, accounting for 
82% (Table 1), and the use of the remaining bacterial species does not exceed two (Table 
2). 
Compared with other bacteria, E. coli has prominent advantages as a chassis cell in 
intestinal-related projects. E. coli is easy to cultivate and multiplies quickly. Moreover, it is 
a naturally occurring bacterial species in the intestinal tract, so it is relatively simple to 
colonize the intestinal tract. 
In addition, due to the large number of users of E. coli and its long research history, the 
operation process of E. coli is mature and many different strains have been derived. 
Through statistical analysis of all intestinal related projects that indicate the strains used, 
we learn that Nissle 1917, DH5α, and BL21 are the most used strains (Table 3). 
Nissle 1917 was isolated by Alfred Nissle in 1917 and is now widely applied in clinics as a 
probiotic. This strain has multiple advantages and is safe for the host, free of pathogenic 
factors such as enterotoxin, hemolytic toxin and cytotoxin. Therefore, Nissle1917 became 
the most used strain in the intestinal-related project. 
DH5α is a susceptible bacterium capable of ingesting foreign DNA, which does not have 
the immune mechanism like others E. coli. Because of this feature, DH5α is an excellent 
recipient bacterium in genetic engineering, used for cloning, constructing plasmids, 
building libraries and preserving plasmids. It is better for storing plasmids than other strains. 
If we use the pUC series to transform DH5α, the recombinant bacteria can be identified by 
blue-white selection. 
BL21 is used for efficient expression and cloning of genes in expression vectors containing 
phage T7 promoters (such as pET series plasmid), which is often used for protein 
expression. BL21 is suitable for expressing non-toxic proteins, but the plasmid will be 
unstable when it is used to store plasmids, so BL21 is generally not used to store plasmids. 
JM109 is also suitable for expression. Like the DH5α, when transformed by pUC plasmid 
or transfected by M13 phage, the recombinant bacteria can be identified by blue-white 
selection. 



After selecting the bacterial species according to the requirements of the project, it is 
necessary to check its nature to prevent the project from being difficult to proceed due to 
the wrong selection of the chassis cells. 

Table1 Strain usage (2009-2020) 

Name Usage count 
E.coli 1904 

S. cerevisiae 122 
B.subtilis 92 

yeast 36 
Pichia pastoris 30 

Pseudomonas putida 16 
Staphylococcus aureus 11 
Shewanella oneidensis 10 

Agrobacterium tumefaciens 10 
others 198 

Table2 Strain usage in intestinal-related project (2009-2020) 

Name Usage count 
E.coli 59 
yeast 1 

S. cerevisiae 1 
B.subtilis 2 

Staphylococcus aureus 1 
Burkholderia cenocepacia 1 

L.plantarum 1 
L. rhamnosus 1 
Lactobacillus 1 

Lactobacillus acidophilus 1 
L.burlgaricus 1 

S.thermophilus 1 
Y.enterocolitica 1 

Table3 E. coli strain usage in intestinal-related project (2009-2020) 

Name Usage count 
Nissle 1917 20 

DH5α 7 
BL21 6 

DH10β 2 
JM109 2 

ER2738 1 
JW0429(Δlon) 1 

K12 1 
NEB 1 



TG1 1 
XL1 blue 1 

1.2 Quorum sensing 

Introduction： 
Quorum sensing (QS) refers to the changes in the physiological and biochemical 
characteristics of the microbial population due to the increase in population density during 
its growth process, showing characteristics that a small number of bacteria or a single 
bacterium does not possess. In the process of quorum sensing, bacteria produce and 
release chemical signaling molecules called autoinducers (AIs), the external concentration 
of which increases with the increase of cell population density in a specific area. Once the 
bacterium detects that the concentration of its inducer has reached the threshold, it will 
respond by changing its gene expression and behavior. Therefore, it is of great practical 
significance to artificially adjust the quorum sensing system of microorganisms to regulate 
their functions. Quorum sensing parts are widely used in iGEM. Here is the summary of all 
intestinal-related quorum sensing systems since 2008. 
 
Project design 
2020 CPU-CHINA 
In the quorum sensing system of E. faecalis, the signaling molecule is small lactone 
gelatinase biosynthesis-activating pheromone (GBAP). The detection system of E. faecalis 
consists of two component, FsrA and FsrC proteins. FsrC is a specific transmembrane 
receptor of GBAP. By binding to GBAP, the activated receptor causes phosphorylation of 
FsrA, which then acts as a specific transcription factor to activate the promoter driven by 
FsrA. CPU CHINA used the E.faecalis QS system, which is able to sense and regulate the 
density of E. faecalis in ALD patients' intestines (which usually aberrantly increase due to 
the high-concentration alcohol environment). Ensure that when the abnormal high density 
of Enterobacter faecalis is detected, the expression of downstream proteins will be 
activated. 



 

 
https://2020.igem.org/Team:CPU_CHINA 
 
2019 Fudan 
The Fudan team used quorum sensing to reduce the burden of E. coli, allowing it to multiply 
before it secretes lactase. When the population reaches a certain level, the QS system is 
triggered, the antimicrobial peptide module is closed, and lactase is secreted. 
AHL and luxR must form a heterodimer to perform its bioactivity. The expression product 
of tetR gene can inhibit the ptetR promoter. LacZ is a Lactase gene, which can be regulated 
by the luxpR promoter. 
When the population of bacteria is low, there are not enough luxI and luxR to form a 
heterodimer, thus the luxpR promoter cannot promote downstream genes. The tetR cannot 
be expressed and it cannot inhibit the expression of McbEFG, so the bacteria have 
immunity to the toxic effects of antimicrobial. 
When the population of bacteria reaches a certain level, the heterodimer triggers the 
downstream controllable promoter. In addition, the immune genes are suppressed so that 
the advantage of the engineered bacteria in the competition disappears, and its quantity 



cannot continue to grow. At the same time, the LacZ gene began to express lactase. 

 

https://2019.igem.org/Team:Fudan 
 
2020 Fudan 
CaAP contains a series of short peptides that promote calcium absorption. Allowing 
probiotics to express and secrete this peptide in the intestine can promote calcium 
absorption. 
By using the luxI/luxR quorum sensing system, bacteria first gain an advantage by 
expressing antimicrobial peptides, thereby colonizing and forming flora in the intestines. 
When the population of bacteria reaches a certain level, the antimicrobial peptide secretion 



system will be turned off and the secretion of CaAP will be turned on. In this case, the 
antimicrobial peptides will not be secreted out but will inhibit itself so that the number of 
flora can be maintained in a stable range.Meanwhile, CaAPs will continue to express and 
secrete, combine with calcium ions in the intestine, and promote the absorption of calcium 
ions by epithelial cells.  
In this system, mcbABCD is under the control of a constitutive promoter, and PtetR 
regulates the expression of mcbEFG. When the number of engineered bacteria in the 
intestine is low, few heterdimers are formed by the expression products of luxI and luxR 
genes, which cannot effectively activate the luxPR promoter. Thus, luxPR driven TetR and 
CaAP expression are both silent. Currently, McbEFG expresses and produces MccB17, 
which inhibits the growth of surrounding bacteria.  
When the number of bacteria reaches a threshold, the heterdimers formed by AHL and 
LuxR will accumulate and effectively activate luxPR. At this time, tetR is produced, which 
bind to PtetR promoter and turn off its downstream genes. As a result, mcbEFG stops 
expressing, and CaAP begins to be produced. Since the population number has reached 
a certain level, the engineered bacteria can express CaAP more efficiently. Meanwhile, 
MccB17 is still continuously expressed but cannot be effectively effluxed, which will cause 
the toxins to gradually accumulate in the engineered bacteria and prevent them from 
continuously proliferation. 

 



 
https://2020.igem.org/Team:Fudan 
 
2015 Columbia NYC 
The Columbia NYC team designed a modular quorum sensing system. Luxl expression in 
this systom is controlled by anhydrotetracycline. The resulting AHL combines with LuxR to 
produce a heterodimer that activates the downstream pLux (Ind) promoter, and translates 
the modules connected downstream (any module can be connected). 
The timer relies upon the activity Enterobacteria phage lamda repressor protein cI under 
control of repressible (constitutively promoting transcription) variant of pLux to generate a 
time delayed and protein dependent lysis. In the presence of AHL. cI production ceases 
and lysis ensues, thereby suppress basal expression levels of the bacteria. 

 
https://2015.igem.org/Team:Columbia_NYC 



 
2016 ShanghaiTechChina B 
The quorum sensing system designed by the ShanghaiTechChina B team is used for IBD 
treatment. The nitric oxide-sensitive promoter activates downstream luxl expression and 
generates LuxI protein to catalyze the synthesis of AHL. AHL and LuxR protein combine to 
form a heterodimer, which activates the pluxR promoter and expresses downstream genes. 
LuxR protein combined with signal molecules can activate pLuxR promoter and start 
expression of GFP(for testing) or EGF(for functioning). A few sender bacteria can send 
signal molecules to many receiver bacteria thereby achieve signal amplification.  

 
http://2016.igem.org/Team:ShanghaiTechChina_B 
 
2014 Uppsala 
The Uppsala team used a unique Yen quorum sensing system. A recognition region, the 
yenbox, fused together with a promoter and an activator, YenR, that can recognize and 
interact with the yenbox. When YenR binds to the yenbox it induces the expression level 
of the promoter fused to the yenbox. Later, in the presence of Y. enterocolitica, it signaling 
molecules, 3-oxo-hexanoyl homoserine lactone (OHHL), will start flowing into the system, 
interacting with YenR. When binding occurs between OHHL and YenR, YenR will lose its 
active shape and thereby its ability to interact with the yenbox. The induction will then be 
lost and the expression level will return to its base level. 



 
http://2014.igem.org/Team:Uppsala 
 
2013 Ciencias-UNAM 
The Ciencias-UNAM team designed a synthetic system in E.coli to express the 
antimicrobial peptide (LL-37) in the body only in the presence of the quorum sensing 
molecule (AI-2), and discharge it through an efflux pump.  
Autoinducer-2 (AI-2) is a quorum-sensing signal produced by the LuxS protein that 
accumulates in the bacterial environment in a density- dependent manner. LuxS is the AI-
2 synthase and its substrate is S-ribosylhomo-cysteine. 
AI-2 is synthesized by LuxS and accumulates extracellularly. The AI-2 uptake repressor 
LsrR represses the lsr operon (comprised of lsrACDBFG) and the lsrRK. Basal expression 
of the LsrACDB transporter allows some AI-2 to enter the cytoplasm, where it is 
phosphorylated by LsrK. Phospho-AI-2 has been reported to bind to LsrR and relieve its 
repression effect on the lsr transporter genes, thus stimulating additional AI-2 uptake. 

 

http://2013.igem.org/Team:Ciencias-UNAM 
 
2017 SCU-CHINA 



The biosynthetic pathway of melatonin is constructed in E. coli to produce melatonin, and 
the process is combined with optimized inhibitors to produce a more accurate synthetic 
genetic oscillator. The SCU-CHINA team used quorum sensing to solve three problems. 
First, solve the problem that the plasmid is too large to be introduced into bacteria. Second, 
synchronize suppressors to achieve precise population size oscillations. Third, send and 
modulate periodic signal with enzyme (COMT) expression and coupling melatonin 
synthesis. 

 

 
http://2017.igem.org/Team:SCU_China 
 
2013 IIT Madras 
The IIT Madras team plan to express and export a small Gb3 mimic peptide in E. coli to 
combat Shiga toxin. They built a Lux quorum sensing system that can control the 
production of peptides based on the concentration of AHL in the rumen of cattle. In addition, 
they also built an I3A production system and placed it in a quorum sensing system to 
control the amount of I3A produced by controlling the concentration of AHL. 

In the second part, the IPDC gene was used to express I3A (indole-3-acetaldehyde). I3A 
inhibits the attachment of bacteria to the gastro-intestinal (GI) tract. This module regulates 
the synthesis of I3A by controlling the abundance of AHL. Meanwhile, they designe and 



synthesize a polycistronic construct of TAA1 and IPDC and clone it under the control of the 
same AHL-inducible pLuxR promoter system as used in the first construct. 

 

 
http://2013.igem.org/Team:IIT_Madras 
 
 
 

1.3 Intestinal colonization 

1、Link：https://2019.igem.org/Team:NEU_CHINA/homepage.html 
Introduction： 
Using genetically engineered E. coli to relieve the symptoms of inflammatory bowel 
disease (IBD), the project aims that E. coli can be accurately planted in inflammatory areas 
and successfully express and secrete anti-inflammatory proteins. First, the E. coli Nissle 
1917-based NO sensor was designed to detect the IBD signal, nitric oxide. Secondly, under 
the regulation of adjustable gain amplifier, il-10 and mustard enzyme are integrated into 
YebF expression plasmids. Finally, for biosecurity, a suicide switch based on the mazE-
mazF system was designed, and the mazE-mazF system is a natural toxin system found 
in E. coli that kills bacteria at low temperatures and kills bacteria at low temperatures once 
E. coli, which has anti-inflammatory effects, is excreted.   
Strategy： 
E. coli Nissle 1917 (EcN) as the chassis crucibility (their intestinal implantation part directly 
used in the 2018 NEU project use engineering bacteria, the following is the 2018 project 
intestinal implant summary) through the literature review, E. coli Nissle 1917 (EcN) is 
widely used clinically for the treatment of inflammatory bowel disease. EcN lacks toxic 
factors, has obvious probiotic characteristics, and is a safe and effective carrier for the 
treatment of inflammatory bowel disease. EcN has good biofilm formation ability, better 
colonization ability than other probiotic vectors, and can inhibit the proliferation of 
pathogens. In addition, EcN inhibits intestinal pathogens by secreting micromycin and 
inducing epithelial cells to secrete defense-2. Due to the excellent performance of EcN, it 
was recommended in 2004 by the German Association of Gastroenterology and Digestive 
Diseases (DGVS) as an alternative to the UC standard for the treatment of mesalaamine.   
Safety： 
Based on the natural toxin-antitoxin system mazEF in E. coli, a cold shock lethality switch 
is designed. MazF is a stable toxic protein, while MazE is characterized by instability. When 
environmental stress inhibits the expression of mazEF, MazE is degraded first, and MazF 
accumulates to a certain extent, resulting in bacterial death. The mRNA translation of the 



cold action promoter PcspA mediated can only be activated at 16 degrees C and its survival 
rate was measured to be low at 16 degrees C and 37 degrees C. Thus, it is concluded that 
mazF's high toxicity directly leads to bacterial death, and the introduction of MazE has a 
great effect of promoting the function of killing switch 
Parts： 

 

pCDFDuet-1 fixed gain amplifier. The T7 promoter is responsible for the transcription of 
downstream genes with IPTG activation. Ribosome binding sites (RBSs) are represented 
in red. hrpR and hrpS are coded genes that activate proteins, and PhrpL is a promoter that 
can be induced by the ultra-sensitive high-order compound HrpRS. In this system, we use 
green fluorescent protein (Green Fluorescent Protein, GFP) as the reporting protein, 
pCDFDuet-1 to express streptomycin-resistant plasmids. 
2、Link：https://2019.igem.org/Team:SHSBNU_China/Home 
Introduction： 
The project established a biorecorder that monitors out-of-cell information and records it 
on DNA. Recombinant enzymes or CRISPR base editors are used to target specific DNA 
addresses and produce mutations in reported genes, so records can be quantified to infer 
information about the strength and duration of disease chemicals, such as inflammatory 
bowel disease. At the same time, a hardware for in situ biomolecular detection is designed 
to monitor gastrointestinal health. The platform enables more accurate detection and helps 
improve the management and diagnosis of gastrointestinal diseases. The main process is 
to expose the patient to capsules containing bacteria that can record analog signals in dna. 
Patients can then use only magnets to find capsules in their feces and return them to a 
hospital or clinic. Doctors can analyze and quantify the intensity of GFP expression to 
determine the severity of inflammatory bowel disease (IBD).

https://2019.igem.org/Team:SHSBNU_China/Home


Strategy： 
In order for cells to receive signals and record them in DNA sequences, we plan to 

use the SCRIBE system. SCRIBE is constructed from three systems: MSRMSD, RTEC86, 
BETA Recombinant Enzyme. The recording system uses reverse transcription and 
recombination processes to convert external signals into genomic mutation signals. In 
addition, we have studied the CAMERA system (crispr-mediated analog multi-event 
recording device), which can record biological, chemical or environmental signals. When 
cells receive a certain stimulus signal, they express Cas nuclease and gRNA, altering the 
sequence of reported genes. Once the sgRNA is successfully combined with the 
corresponding DNA target point, a certain Cas nuclease will be able to edit the target 
sequence. The damaged GFP is then gradually repaired. The project designed a semi-
permeable membrane detection capsule in which the patient swallows the capsule, and 
the bacteria perceive the inflammatory molecules in the intestine and respond biologically 
accordingly. The lower half of the capsule consists of a liquid medium, a housing and three 
semi-permeable windows. Bacterial particles and liquid media are sealed by sealants, and 
given the strength of the capsule, the semi-permeable membrane is designed with a 
window rather than the entire. The upper capsule is made of a cylinder (a magnet that 
allows movement in a fixed direction) and also includes a thrust magnet (a magnet driven 
by MagKey to break the seal); a metal sheet (made of ferromagnetic material that attracts 
and holds the push magnet) and a bacterial particle waterproof seal when the capsule 
enters the intestines, attracting the capsule with a magnet to control capsule positioning 
and keeping the capsule in a specific position. When the capsule is excreted with feces, 
use MagKey to attract the thrust magnets in the capsule and find and recycle the capsule. 
Finally, the capsules are sent to the hospital for further analysis.



Safety： 
The safety section of the project on the web page is only experimental operational 
considerations 
Parts ：

 



The plasmids that are built BBa_K5316888 repair system by reference to SCRIBE. 
Once msr begins to transcribe, msr-msd RNA folds into a secondary structure that can 

be identified by reverse transcriptase (RT), using a conservative bird glycoside residue in 
msr as the starting site, reversing the transcription msd sequence to produce a hybrid RNA-
ssdna molecule called msDNA. 

On another plasmid (pSB4K5), the terminator is introduced into the gfp gene to obtain 
a mutant GFPoff protein that cannot be fluorescent. When the mutated gfp gene is repaired 
by recombining engineering ssDNA (gfp) ON, it can reluminescence. 
 

1.4 Biosafety 

1.4.1 Prevent horizontal gene transfer 

Toxin/Antitoxin System to prevent plasmid loss. 
 
Principle: 
 Toxin/Antitoxin Systems (TA systems) are able to maintain plasmid stability at early 
stage through by Post-segregation killing (PSK) effect. In the PSK theory, in the process of 
cell division, plasmids will lose due to replication or separation errors. In progeny cells 
without plasmids, relatively stable toxin will exert its toxicity and inhibit cell activity because 
the loss of antitoxin protein that can neutralize toxin. 
 
Tips:  

Many teams applied TA system frequently as suicide system and hardly as module to 
prevent plasmids loss in iGEM project. Therefore, some TA systems in iGEM registry parts 
library were summarized as follows. 
 
Part I: Type I TA system 
 
Hok/Sok 
 
Principle: 
 Hok protein acts as toxin in Hos/Sok TA system. This system maintains plasmids more 
stability in growing bacteria and aims to kill cell leaking of plasmid including Sok gene. To 
be more specific, Hok can lead to cell membrane depolarization resulting in the death of 
cell, while the Sok can regulate the expression of Hok. Sok mRNA can complement to the 
leader region of Hok mRNA, and then inhibit the transcription of toxin protein (Figure 1). 
However, the Sok mRNA degrades quickly, if the plasmid including Hok gene, there must 
be Sok gene to keep the growth of cell. In a world, using this TA system can prevent the 
loss of plasmid. 
 



 

Figure 1. the schematic diagram of Hok/Sok TA system. 
 
Result:  
UMaryland : http://2015.igem.org/Team:UMaryland/Results 
 
Part II: Type II TA system 
 
 II.1 CcdA/CcdB 
  
 Principle:  

CcdA acts as antitoxin protein can combine to CcdB to become a complex 
CcdA-CcdB so that the CcdB fails to interact with DNA lelicase. Because the DNA 
lelicase only exists in bacteria or lower eukaryotes, the CcdB toxin only has activity 
on bacteria. (Tips: due to the danger of CcdB, this part has been discontinued.) 

 

 
Figure 2. the schematic diagram of CcdA/CcdB TA system. 

Result: 
UNILausanne : https://2020.igem.org/Team:UNILausanne/Experiments 

http://2015.igem.org/Team:UMaryland/Results
https://2020.igem.org/Team:UNILausanne/Experiments


 
 II.2 RelB/RelE 
 
 Principle:  

RelE toxin is an RNase that preferentially cleaves mRNA that binds to the 
ribosome at the second position of the stop codon. The stop codon not only marks the 
end of the protein coding sequence, but also serves as a binding site for release 
factors, promoting the release of nascent polypeptides and promoting the recycling of 
ribosomes for further translation. Therefore, mRNA truncated by cleaving RelE lacks 
an appropriate termination signal, which leads to stagnant ribosome accumulation. So 
this mRNA cannot promote release factor binding, nascent polypeptide release, and 
ribosomal circulation. When RelB antitoxin is combined with RelE, it can form a 
heterotetramer (RelB-RelE)2 structure, which can restore the growth of E. coli. 

 

 
Figure 3. the schematic diagram of RelB/RelE TA system. 

 
 Tips: 

Although RelE/RelB module has the least adverse effect on the host when it 
expands in the microbial community, it has other effects on the human intestine. 

Firstly, RelE is a very rare toxin, it has the similar mechanism and activity in both 
prokaryotes and eukaryote. It has observed that it can induce cell apoptosis in 
culturing human cells. 

Secondly, RelE/RelB system tend to have enrichment in bacteria, which is not 
observed in other toxin/antitoxin system (such as MazE/MazF and ParD/ParE). This 
enrichment may be related to the microorganisms in the gut. 

Third, the bacteria carrying homologues RelE toxin participates in the formation 
of the human gut microbiota. 

All these effects have only been confirmed in the artificial mammalian gene 
expression system, so whether it has actual effects on the human gut microbiome 
needs further research. The iGEM team that specializes in intestinal probiotics and 
has special safety requirements should pay special attention to these. 

 
 Result: 
  SJTU-BioX-Shanghai : https://2009.igem.org/Team:SJTU-BioX-

https://2009.igem.org/Team:SJTU-BioX-Shanghai/Results


Shanghai/Results 
  
 II.3 Tse2/Tsi2 
  
 Principle: 

In Pseudomonas aeruginosa, one of the main proteins secreted by T6SS to the 
target gram-negative bacteria is a toxin protein Tse2. Tse2 has been shown to cause 
cell death when expressed internally in a variety of prokaryotic and eukaryotic cells. 
Usually, Tse2 forms a complex with Tsi2, which is a protein co-expressed with Tse2 
and is used as an antitoxin. Cells expressing Tse2 and Tsi2 are immune to the toxic 
effects of Tse2. The Tse2 causes the death of target cells in the absence of Tsi2. 

 
 

 
Figure 4. the schematic diagram of Tse2/Tsi2 TA system. 

 
 Result: 

Washington : http://2010.igem.org/Team:Washington/Gram_Negative/Test 
 
 
 II.4 MazE/MazF 
 Principle:  

Bacillus subtilis can encodes a stable non-specific ribonuclease toxin (mazF) and 
inhibitory antitoxin (mazE). These genes are used to provide a toxin-antitoxin kill 
switch under various stress conditions in Bacillus subtilis. When the expression of both 
genes is turned off (because they are both under the control of the same promoter), 
mazE will degrade faster than mazF. Then there is no inhibition of mazF, and mazF kill 
the cells. 

https://2009.igem.org/Team:SJTU-BioX-Shanghai/Results
http://2010.igem.org/Team:Washington/Gram_Negative/Test


 
Figure 5. An example circuits using of MazE/MazF system. 

 
 Result: 

CLS_CLSG_UK：http://parts.igem.org/Part:BBa_K3588014 
 
 II.5 ydcE/ydcD 
 Principle:  

ydcE is also called ndoA, which encodes RNase named EndoA. It belongs to the 
same RNase family as MazF/ChpAK/PemK. YdcE-endoribonuclease can inactivate 
cellular mRNA by cutting them at specific sites (UAUAAU↓AC). ydcD has an another 
name endB. This gene encodes an unstable antidote-YdcD. YdcD can directly inhibit 
EndoA in vitro, so that the bacteria will not be destroyed under the low level of YdcE 
expression. 

 

http://parts.igem.org/Part:BBa_K3588014


 

Figure 6. Examples of ydcE/ydcD system 
Result:  

HKUST-Hong_Kong : http://2012.igem.org/Team:HKUST-
Hong_Kong/Characterization 

 
 

Multiple logical suppression of gene transfer 
 
 Principle: 

1. Physical isolation: physical capsules can prevent genetically engineered 
bacteria (GEB) from escaping into the environment. 

2. Semantic containment: If horizontal gene transfer (HGT) occurs, semantic 
containment will prevent gene expression from GEB. 

3. Delayed suicide: DNAse toxins can kill cells and destroy genetic information. 
Specific toxin targeting mechanisms can reduce the impact of the system on native 
animals. 

Using the idea of modular design, multiple logic gates and redundant modules 
are designed to ensure that when one module fails, the other modules can 
compensate for its function. 

 
Design ideas:  
 
1. Delay system 

The goal of this module is to perform suicide after completing the specific work. 

 
Figure 7. The Schematic diagram of the delay system 

 



Two methods are designed here: the first is based on the gradual reduction of 
regulatory transcription factors. In the second type, a fixed phase-specific promoter is 
used. Both of these systems will eventually lead to the expression of restriction 
endonuclease I-SceI. In the final design, I-SceI cleaves the antitoxin gene and 
ultimately destroys the cell. Each step in this causal sequence will cause the overall 
delay of the system 

 
2. Semantic system 

A new method containing semantic genes is created by replacing amino acid 
codons with stop codons (amber codons, "TAG"), and in synthetic cells, the stop 
codons will be read as amino acids. This means that in engineered bacteria, the stop 
codon will be translated into serine, while in wild-type bacteria, this protein will be 
truncated, which will not give these cells an advantage. The "TAG" codon was chosen 
because of its low frequency in the E. coli genome (314 times) and also for further 
applications. 

 
Figure 8. An example of semantic system 

 
3. Suicide system 

When using this method will generate two plasmids, one carrying Col E2 active 
protein and the other carrying Col E2 immune protein. Since immune proteins are 
usually excessively present in natural E. coli cells,a 10-12 copy vector pSB3C5 was 
chosen to carry the immune protein, and a lower ~5 copy vector pSB4K5 to carry the 
toxin protein. The expression of immune proteins is controlled by pLac, but different 
inducible promoters should be used according to the overall design and application 
of the safety circuit. 



 
Figure 9. The design of suicide system 

 
4. The overall system  

P8, P9-based restriction enzymes and restriction enzyme cleavage sites. When 
the two cannot inherit the suicide function, the suicide module becomes invalid. P7 
means that the delay circuit cannot work. When one of the delay circuits or the 
suicide module cannot work, the delay circuit completely fails. P5 is the failure of 
toxin production, and P1 is the failure of physical suppression. 

P4 is insufficient production of toxins, and when combined with P5, the cells 
cannot die normally. This is if accompanied by P1, it will lead to gene-level transfer. If 
P3's semantic deterrence also fails, it will eventually lead to the failure of the entire 
system. 

 



Figure 10. The overall flow chart of the system. 
 

Result:  
Paris_Bettencourt : http://2012.igem.org/Team:Paris_Bettencourt/Modeling 

 

Resistance gene replacement 
 

Principle: 
The energy advantage provided to cells due to the expression of proteorrhoidin 

(PR) increases the growth rate of PR-expressing cells. This difference in growth rate 
is hypothesized to be used to screen transformed cells. Here develops a new way to 
a screening plasmid vector in which the antibiotic resistance gene is replaced by the 
Proteorhodopsin generator. 

   
 Design idea: 

1. The part of interest was cloned into the MCS of the pSB1Pc cloning vector. 
2. Transform bacterial cells (using standard protocol). 
3. Plate cells on agar containing Retinal (10uM) minimum medium. 
4. Place the plate under green light (525 nm) and incubate at 37°C. 
5. After 12 hours of incubation, the transformed colonies were selected. 
 

 
Figure 11. The protocol of resistance gene replacement system. 

 
Result:  

IIT_Madras : http://2011.igem.org/Team:IIT_Madras/Project 
 

 
 

1.4.2 Prevent chassis escape 

1. L-Arabinose-Glucose-operon regulates suicide mechanism 
Principle of action: Replace structural genes araB, araA and araD (encoding for catalytic 
arabinase) with bpDNaseI gene, while simplifying other parts of the system. Therefore, the 
smallest pBAD initiator is used. This version of pBAD is derived from the E. coli L-arabinose 
operon and contains every binding site of the regulatory protein AraC. These regulatory 

http://2012.igem.org/Team:Paris_Bettencourt/Modeling
http://2011.igem.org/Team:IIT_Madras/Project


regions, araI1, araI2, araO1, and araO2, enable AraC9 to regulate the expression of pBAD. 
The AraC coding sequence (CDS) was added upstream of pBAD, but in the opposite 
direction and controlled by a medium-strength constitutive promoter. pBAD also retains a 
catabolite gene activation protein (CAP) binding site, where the CAP-cAMP complex binds 
to enhance the binding of RNA polymerase to adjacent promoters. When glucose is 
present and used as a carbon source, the level of cyclic adenosine monophosphate (cAMP) 
is low. Inhibition of cAMP-producing enzymes is a side effect of glucose transport to 
bacteria. In addition, a 6xHis sequence was added after the bpDNaseI gene for further 
study. At the same time, it has the gene code for mRFP. This fluorescent protein can detect 
gene expression after pBAD by fluorescence. In addition, its quantification will be able to 
verify the structure. 
Design pathway: 
I.L-Arabinose- Glucose- 
Since there is no glucose, the level of CAP-cAMP will be high enough to bind to the CAP 
binding site to promote the binding of RNA polymerase to pBAD. However, in the absence 
of L-arabinose, the AraC dimer binds to the operator half-sites O2 and I1. The result is to 
inhibit transcription by forming a DNA cycle upstream of the pBAD promoter, and exclude 
the RNA polymerase and CAP-cAMP complex from the binding of pBAD. Therefore, there 
is no transcription of DNASE I and mRFP genes. 

 
II.L-Arabinose+ Glucose- 
The presence of L-arabinose makes it bind to AraC, resulting in a conformational change. 
This allows the DNA binding domain of the dimer to bind to the adjacent I1 and I2 half-sites. 
This phenomenon finally allows RNA polymerase to bind to pBAD. In addition, since there 
is no glucose, the CAP-cAMP level will be high enough to bind to the CAP binding site to 
promote the binding of RNA polymerase to pBAD. Therefore, transcription of DNASE I and 
mRFP took place. 

 
III. L-Arabinose- Glucose+ 

Due to the presence of glucose, cAMP-producing enzymes are inhibited. The level of cAMP, 
therefore the level of CAP-cAMP complex is too low to promote the binding of RNA 



Characterization results/Links: https://2020.igem.org/Team:Ionis_Paris 
 
2.Tetracycline regulates suicide mechanism 
Principle of action:There is a TetR sequence upstream of the target gene. The sequence 
consists of the TetR gene encoding the inhibitor TetR and two different promoter sequences, 
one expressing TetR and the other controlling the expression of the target gene. In the 
absence of tetracycline, TetR binds to operational sequences in these promoters to block 
the expression of target genes. In the presence of tetracycline,TetR induction and DNA 
isolation allow the target gene to be expressed. If our biotherapy goes into industrial 
production, a teTR-inducing anhydrous tetracycline will be provided in a production culture 
to allow the target gene to be expressed, but the target gene will not be expressed outside 
this factory environment (and without the presence of anhydrous tetracycline). 

https://2020.igem.org/Team:Ionis_Paris


The spore propagation genes of the tetracycline suppression system are targeted because 
they provide easy control. In order to survive outside of this environment, Clostridium 
spores must produce spores due to its anaerobic properties. Therefore, inhibiting the 
sporulation gene will prevent the survival of Clostridium sporangioides outside the target 
environment. Three targets are suggested: SpoIID, SpoIVA and SpoIIIAA. In the final strain, 
we decided to target all three target genes to double the potential effectiveness and 
robustness of the mechanism. 



 
Design pathway: 
The mechanism used involves an anhydrous tetracycline inducible promoter attached to 
various genes related to successful spores. Using CRISPR technology, a prECas1 editing 
vector was manipulated to adapt to each spore conversion gene target. For each gene 
target, a template of the prECas1 vector was made, including the left and right homology 
arms and the ATc inducible promoter cassette. These are editing templates for gene targets. 
The primers are designed to successfully amplify these sequences during PCR. The next 
task is to find a protospacer for Cas9 to cut DNA; improve the ability of the template to 
integrate into the sporozoite genome, and create a guide RNA to guide Cas9. All target 
genes have completed this work. Future experiments aim to create this triple mutant for 
the target gene. 
Characterization results/Links: https://2020.igem.org/Team:Nottingham 
 
3.Carbon dioxide concentration modulates suicide mechanism 
Principle of action:To make our live treatment safe for human consumption, we added a 
kill switch to E. coli in the form of gene knockout. We used Lambda Red recombination 
system based on homologous recombination for gene knockout. By using the Lambda red 
gene and hijacking E. coli Nissle's own recombinant system, we were able to replace the 
target DNA region with a DNA fragment of our choice. Electroporation is then used to 
deliver DNA fragments and plasmids into the bacteria.The CAN gene in E. coli encodes 
carbonic anhydrase (CA), an enzyme that helps carbon dioxide and water quickly convert 
each other into carbonic acid, protons and bicarbonate ions. During normal growth, E. coli 
requires a constant supply of bicarbonate as a metabolic substrate. 
Design pathway: 
We amplified chloramphenicol resistance (CmR) cassette tapes from pKD3 plasmids using 
amplified PCR and used this segment to replace the target gene. The resistive cassette is 
flanking FRT sites, which then allow the cassette to be removed with the help of the FLP 
helper plasmid pCP20. Before electroporating the CmR cassette into EScherichia coli, we 
electroporated it with recombinant helper plasmid pKD46. 
1.Can gene knockout 
If this gene is knocked out, E. coli will not be able to convert carbon dioxide into bicarbonate 
quickly enough before the carbon dioxide diffuses out and causes cell death. In the 
intestine where we want E. coli to survive, the concentration of carbon dioxide is high 

https://2020.igem.org/Team:Nottingham


enough (5% to 29%) to spontaneously convert carbon dioxide into bicarbonate ions. 
However, when E. coli leaves the human body, the decrease in carbon dioxide 
concentration will cause its death. 
We used colony PCR to successfully replace the canned gene with the CmR cassette. The 
size of the CmR box inserted between the homology arms is approximately 1400 base 
pairs. The size of the FRT site inserted between the homology arms is approximately 500 
base pairs. 

 
Characterization results/Links: https://2019.igem.org/Team:NCKU_Tainan 
 
4.L-Arabinose-Glucose induces mazF regulation and temperature regulation suicide 
mechanism 
Principle of action:L-Arabinose is an inducer that is harmless to the human body and can 
be ingested directly. In addition, the content of arabinose in the human diet is relatively low, 
so it will not accidentally trigger the death switch. At the same time, as a translation inhibitor, 
MazF does not cause bacterial cell lysis. Therefore, activating this kill switch will not cause 
harm to native microorganisms. 
The translation of RelE gene is promoted by ordinary RBS, while RelB is promoted by 
temperature-sensitive RBS. Only when the temperature reaches the human body 
temperature, the expression of RelB is complete. When the engineered bacteria leave the 
human body, the temperature drops and inhibits the expression of the antitoxin RelB. 
Excessive toxin RelE causes the death of the bacteria and prevents pollution. 
Design pathway: 
Two security modules were designed and tested for two different uses. First, once a 
microbe has colonized the human gut, we want it to remain under our control, which means 
we want our users to be able to stop using our engineered bacteria at any time. Second, 
we don't want our bacteria contaminating the environment outside the human body. 
To enable the user to definitively eliminate the engineered bacteria, the translation inhibitor 
(MazF) gene that encodes downstream of the L-arabinose activation promoter is put into 
the pathway. 



 
For pollution prevention, we use a toxin-antitoxin system gene that encodes a protein 
synthesis inhibitor (RelE), whose antitoxin (RelB) is associated in a continuously expressed 
polycistron. 

 
Characterization Results/Links:https://2019.igem.org/Team:BNU-China 
 
5.Unidirectional pet and bidirectional PET regulation of tetracycline regulates 
suicide mechanisms 
Principle of action:Anhydrous tetracycline (aTc), which has been shown to have low 
antibiotic activity and affinity, was selected for use in our experiments. 

 
Design pathway: 
A "kill switch" that can be activated by external supplements to explain the possibility of 
adverse reactions in patients. Under the control of the inducible pet promoter, the 
antibacterial artilysin Art-175 was linked to the DsbA cytoplasmic secretion marker. 



Therefore, under the induction of synthetic TetR inducers, the expression of the artilysin 
complex will promote host cell lysis. Two variants are designed: (1) Artilysin-DsbA is 
controlled by one-way pet Artilysin-DsbA (2) The development of two-way variants 
controlled by two-way pet is the key to implement kill switch in strains that do not produce 
endogenous TetR. 
Characterization Results/Links:http://2018.igem.org/Team:Oxford 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.Dry lab 

2.1 Hardware and Instrumentation 

In synthetic biology experiment, all kinds of auxiliary experimental hardware instruments 
are undoubtedly a very important part. In the experiments of intestinal microbes, 
hardware instruments are also widely used in genetic engineering, drug research and 
development, community regulation, imaging and other different places. However, it is to 
be expected that researchers focusing on biology, especially wet experiments, will have 
all kinds of doubts and problems in the process of facing such instruments. Therefore, 
this part will briefly introduce the hardware instruments that may be used in intestinal 
microbiological experiments. 
 
Fecal collection equipment 
Usage： 

It is one of the problems faced by animal experimenters to accurately collect the 

http://2018.igem.org/Team:Oxford


excreta of experimental animals for the subsequent study of intestinal microflora. 
Experimental animals under non-specific conditions tend not to excrete at specific 
locations, but to leave excretion products at random locations. As you can imagine, 
training animals to do this is very cumbersome and laborious. As a result, it is a feasible 
idea to design a designated discharge device. 
Design： 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
Apparatus for collection of fecal samples from undisturbed spiny mice (Acomys cahirinus) 
living in a complex social group - PubMed (nih.gov) 
 

 
 
 
 
 
 
 
 
 
Gut bacteria implanted device： 
Usage： 

There are many ways to implant intestinal bacteria, such as oral, gavage, enema, etc. 
Compared with other methods, enemas have the advantage of avoiding contact with 
damaging gastric acid secretions and delivering engineered bacteria directly to the site of 
colonization. However, both enema and intragastric administration require the assistance 
of specific instruments. 
Design： 
I. Enema                                          II. Gavage  

https://pubmed.ncbi.nlm.nih.gov/19383218/
https://pubmed.ncbi.nlm.nih.gov/19383218/
javascript:;


 
 
 
 
 
 
 
 
 
 
 
 
 

Frontiers | Gut Fecal Microbiota Transplant in a Mouse Model of Orthotopic Rectal Cancer 
| Oncology (frontiersin.org) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Intestinal condition monitoring equipment:： 
Usage： 

After the implantation of bacteria or engineered microorganisms, specific monitoring 
of the intestinal condition of mice is undoubtedly necessary. Among these, the detection of 
intestinal permeability is easily neglected. The intestinal permeability, especially whether 
engineered bacteria can penetrate the intestinal barrier, is a necessary question to be 
explored in engineering experiments. 
Design： 
 

https://www.frontiersin.org/articles/10.3389/fonc.2020.568012/full
https://www.frontiersin.org/articles/10.3389/fonc.2020.568012/full


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The Ussing chamber system for measuring intestinal permeability in health and disease - 
PubMed (nih.gov) 
 
 
 
 
 
 
 
 
Intestinal imaging equipment： 
Usage： 

In the study of intestinal microbes, the most commonly used method to explore 
intestinal conditions is development. Compared to normal organs, the intestine is long and 
curved, which makes imaging difficult. 
Design： 
I. Intestinal endoscopy of mice 
An endoscope for the specialized observation of inflammation 
 

https://pubmed.ncbi.nlm.nih.gov/31221083/
https://pubmed.ncbi.nlm.nih.gov/31221083/


 
 
 
 
 
 
 
 
 
 
 
 
High resolution colonoscopy in live mice | Nature Protocols 
 
II. Flexible endoscope 
Through flexibility, the long and narrow curvature of the intestine is solved. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Flexible colonoscopy in mice to evaluate the severity of colitis and colorectal tumors using 
a validated endoscopic scoring system. - Abstract - Europe PMC 
Bacterial research chip： 
Usage： 

In the development direction of highly integrated chips, biochips have always been a 
hot research topic. And nanotechnology combined with it, but also brought more fresh 
momentum. It can be seen that biochips have their unique advantages in the study of 
intestinal microbes, especially in response to complex microbial conditions and a large 
number of microbial communities. 
Design： 
I. Chip count 

https://www.nature.com/articles/nprot.2006.446
http://europepmc.org/article/PMC/3940705
http://europepmc.org/article/PMC/3940705


The microfluidic technology of nanometer scale is used to count bacterial communities in 
biological experiments. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Counting bacteria on a microfluidic chip - ScienceDirect 
II. Bacterial concentration and nucleic acid extraction 
The use of chips to carry out gene, nucleic acid research experiments to provide help. 
 
 
 
 
 
 
 
 
 
 
 
 
A lab-on-a-chip for preconcentration of bacteria and nucleic acid extraction - RSC 
Advances (RSC Publishing) 
III. Bacterial capsules 
The chip and capsule are combined to collect data of integrated biological biochip. 

https://www.sciencedirect.com/science/article/pii/S000326701001216X?via%3Dihub
https://pubs.rsc.org/en/content/articlelanding/2018/ra/c8ra02177e#!divAbstract
https://pubs.rsc.org/en/content/articlelanding/2018/ra/c8ra02177e#!divAbstract


 
An ingestible bacterial-electronic system to monitor gastrointestinal health | Science 
(sciencemag.org) 
 
 
 

3.2 Bioinformatics 

There are about 500 to 100 strains in the human intestinal tract. Looking for a 
specific combination of strains will be astronomical and exceed the human limit. 
Moreover, with the increase of the number of strains, the difficulty, time-consuming 
and cost also increase exponentially. In this context, artificial intelligence and high-
throughput screening methods can revolutionize the speed of micro ecological 
pharmacy in the way of data plus algorithm. These data are used in machine learning 
and student information analysis tools to realize flora subtype monitoring, 
dimensionality reduction analysis and phenotypic correlation analysis, so as to find 
out the appropriate flora for further experimental verification. Therefore, many iGEM 
teams focusing on treatment and food nutrition track carry out bioinformatics 
analysis of intestinal flora from different angles. Based on the multi omics 
computing platform, they collect intestinal bacteria 16S, macrogenome, 
metabolome data, host metabolome and immune group data, and build many 
solutions by extracting key data information. By integrating different gut related 
bioinformatics designs of iGEM team in recent years, we hope to provide a more 
comprehensive gut bioinformatics design scheme for researchers in the field of 
synthetic biology.  

https://science.sciencemag.org/content/360/6391/915
https://science.sciencemag.org/content/360/6391/915


Gene expression equation 
Principle：From the binding of Mycolactone to the riboswitch over the production of AHL 
and the amplification of it to the production of blue Chromoprotein. The main goal of the 
system is to determine when to start producing the blue protein. 

 
Parameters 

 

javascript:;


Design idea 
They designed a riboswitch-based readout that can be interpreted with the naked eye. The 
riboswitch consists of an aptamer-based expression of T7-Polymerase and indirectly 
amilCP under the control of the T7-Promoter. By using the fluorescein standards from the 
measurement kit, fluorescence values can be converted into comparable units. Figure 1 
shows the power function of the fluorescein standard curve (log scale). Net mean 
fluorescence values can be put into the power function as y-values to calculate the 
corresponding µmol/L fluorescence molecules. 

 
According to the Diagram the blue Chromoprotein production will start at about 50 minutes 
and will reach a peak after 100 minutes. 
Characterization of the results：http://2019.igem.org/Team:BOKU-Vienna 
  

http://2019.igem.org/Team:BOKU-Vienna


Molecular docking——AFCM-Egypt 
Structural fitting of miRNA and TLR-9 was evaluated using SimRNA to simulate the tertiary 
structure of miRNA Mir-134 and Mir-370. DNA target 3D structures were generated using 
3D-DART and Rosetta FARFAR software packages. Haddock was used for molecular 
docking simulations. 
 
Design： 

 

Figure shows the optimal docking posture of dCas9 and target gene DNA and its 
HADDOCK cluster RMSD 
Link：http://2018.igem.org/Team:AFCM-Egypt 
 
 
  

http://2018.igem.org/Team:AFCM-Egypt


Flow balance analysis - Simulating intestinal colony dynamics 
Chalmers-Gothenburg： 

Design： 
 

 
Simulation of the interaction between colorectal cancer cells and engineered yeast 

 



 

Effects of engineered yeast on intestinal microbial community composition. 
Link：http://2018.igem.org/Team:Chalmers-Gothenburg 

 

  

http://2018.igem.org/Team:Chalmers-Gothenburg


Unesp_Brazil 
Design： 
（1）Central rules of gene expression in cells and translation regulation of SRNA-mrna 
interactions are described by differential equations.  

 
（2）、Activation of CcpA in the presence of glucose was described by hill equation 

 
'Glu' represents the glucose concentration in the cell, 'n' is Hill constant, and 'Kglu' is the 
glucose-CCPA affinity constant. The total amount of CcpA is determined by the sum of the 
initial unbound part (CcpA0) and the glucose activated part (CcpA*).（3）The gene 
expression circuits of the repressed modules are modeled to ensure that no insulin is 
produced in the absence of glucose. 
（4）Efficiency of insulin production in the presence of glucose. 
Link：http://2018.igem.org/Team:Unesp_Brazil 
 
  

http://2018.igem.org/Team:Unesp_Brazil


Oxford 
To develop a probiotic strain that restores Th17/Treg cell balance by secreting IL-10 in 
response to nitric oxide in the intestinal tract. 
Design： 
（1）ODEs(Ordinary differential equation) were written for all reactions, and these were 
numerically solved within 250 seconds to characterize the transient and steady-state 
responses of the system: NO reaction kinetics, adenine reaction kinetics, sensitivity 
analysis and optimization, body response to probiotics, etc. 

 
 
（2）Frequency domain analysis is used to detect the stability of the system. 
（3）Use ODE to simulate the kill switch 

 
 
Link：http://2018.igem.org/Team:Oxford 
 
  

http://2018.igem.org/Team:Oxford


Flow balance analysis - Simulating intestinal colony dynamics 
UPF_CRG_Barcelona 
Principle: FBA can be used to simulate the absorption and metabolism of LCFA by 
EScherichia coli, predict the growth rate of cells under different environmental or genetic 
disturbances, and analyze the influx or production of required metabolites.Metabolic 
reconstructs of the genome of E. coli K-12 MG1655 iJO1366 were used, which contains 
all known metabolic reactions in E. coli strains as well as the genes encoding each 
enzyme.The ultimate goal is to find new design strategies for implementing escherichia 
coli bacterial systems that can efficiently absorb LCFA under human gut-like conditions. 
design thought： 

 
In addition, FBA was used to simulate the anaerobic growth of LCFA, simulate the 
anaerobic growth of different electron receptors, and analyze how palmitate absorption is 
affected under different concentrations of glucose.It was also shown that the performance 
could be improved if six genes were knocked out. 
Characterization of the results  
link：http://2018.igem.org/Team:UPF_CRG_Barcelona 
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http://2018.igem.org/Team:UPF_CRG_Barcelona


Genetic circuit 
SJTU-BioX-Shanghai 
Principle：Using Simbiology to simulate gene expression: 
Design thought： 
Expression of imaging molecules 
 

 
Characterization of the results  
link：http://2018.igem.org/Team:SJTU-BioX-Shanghai 
 
 

  

javascript:;
javascript:;
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http://2018.igem.org/Team:SJTU-BioX-Shanghai


The ODE equation describes the kinetics of cellular and 

biochemical reactions 

AFCM-Egypt 
Principle: Cell transfection modeling 
Design： The mathematical model is used to represent the lentivirus delivery system 
dynamics, and the ordinary differential equation is solved with the extrinsic R package, and 
the FME package is used to fit the parameters. 

Lentivirus infection model 

 
Characterization of the results  
link：http://2018.igem.org/Team:AFCM-Egypt 
 

http://2018.igem.org/Team:AFCM-Egypt


 

The ODE equation describes the kinetics of cellular and 

biochemical reactions Chalmers-Gothenburg 
Design thought 
(1) Dynamics model of α pheromone feedback loop: 

 
This model describes the α pheromone feedback pathway from receptor activation to the 
production of transcription factor Ste12. 

javascript:;
javascript:;


 

 How changes in α pheromone concentration affect the production of anticancer agents, 
the initial concentration transport of α pheromone between 0 and 1000 nM was 
simulated.Simulations show that anticancer agent production peaks at an initial 
concentration of α pheromone at about 20 nM.This means that when the concentration of 
α pheromone in the environment is around this value, the highest concentration of 
anticancer agents can be obtained. 
(2) Dynamic model of cell cycle: 
ODE model of cell cycle was established to determine the effect of P28 and myrosinase 
on cancer cell survival. 
The specific model consists of three parts: p53 dynamics, cell cycle arrest and 
apoptosis.The specific model refers to the work of Hamaba et al. (2009). 



 
Illustration of apoptotic systems based on the work of Hamada et al.(2009). 

P28, myrosinase affects p53 levels.When p53 levels rise, cells will enter cell cycle arrest 
or apoptosis.A relatively small increase in p53 levels should send cells into cell cycle stasis. 
Characterization of the results  
link：http://2018.igem.org/Team:Chalmers-Gothenburg 
 
  

http://2018.igem.org/Team:Chalmers-Gothenburg


NEU_China_A 
principle   

A probiotic is designed: On one hand, when it senses inflammatory signals in the gut, it releases an anti-inflammatory 

drug (interleukin-10) to put out “intestinal fires”. On the other hand, it releases the enzyme myrosinase, which converts 

glucosinolates found in cruciferous vegetables into sulforaphane.Sulforaphane can relieve intestinal inflammation and 

prevent colorectal cancer caused by chronic inflammation. 

 

 
 
Design     

Make a model for the NO amplifier based on positive feedback loop, considering the adequacy of bacterial resources 

and the decline of inflammatory signal. 

 
Characterization results 
link：http://2018.igem.org/Team:NEU_China_A 
  

http://2018.igem.org/Team:NEU_China_A


DLUT_China 
principle 
Introduce the gene sequence that encodes urate oxidase into Nissle E. Coli and introduce the microbes into some 

drinks, such as yogurt. When patients drinking it, part of Nissle E.coli in the drink will colonize the patient's gut.When 

uric acid levels reach a threshold, the strain responds by secreting urate oxidase, a enzyme with cell-penetrating 

peptides. The uric acid concentration will maintain in the long term. 

 

 
 
Design 
(1)Miley's equation was used to describe the relationship between the actual rate of enzymatic reaction and substrate 

concentration. 

(2)Establelish the drug distribution model and multi-dose drug administration kinetics model. 

Characterization results 
link：http://2018.igem.org/Team:DLUT_China  

http://2018.igem.org/Team:DLUT_China


3.Ethic 

Experimental animal ethics 

 一、igem official requirements for animal experiments 
（https://2021.igem.org/Safety/Policies） 

① Do not perform human experiments 
②  Do not use multicellular organisms not on the white list 

According to the safety and security rules, teams planning to use any multicellular 
organisms (animals, plants, insects, etc.) not on the whitelist need to obtain permission 
from the Safety and Security Committee. The teams should submit a registration form 
before using any plant or animal and informing us of any risks associated with your work 
and how you will manage them. 
Teams planning to use vertebrates (e. g., rats, mice, guinea pigs, hamsters) or advanced 
invertebrates (e. g., cuttlefish, octopus, squid, lobster or bees or social insects like 
American or German cockroaches) must also submit animal usage forms to tell us why 
they need to use them.(You still need to submit a registration form telling us about any risks 
associated with your work and how you will manage them.） 
Atta ched: a) White list: https://2021.igem.org/Safety/White_List 
b) registration form link: https://2021.igem.org/Safety/Check_In 
All teams willing to use a vertebrate or advanced invertebrate in their project must use the 
experimental design assistant (https://www.) provided by the UK National 3R 
Centrenc3rs.org.uk/experimental-design-assistant-eda ）。 This is a free online tool 
designed to "guide researchers to design their experiments to help ensure they use the 
minimum number of animals consistent with their scientific goals, methods to reduce 
subjective bias and appropriate statistical analysis".The team needs to upload a chart 
report from the tool in the animal Use form. The team will also be required to upload any 
approval documents and institutional review evidence of the Animal Use Committee (e. g., 
the Institutional Animal Use and Care Committees in the United States or China, or the 
Ethics Advisory Committee of the EU). 

二、3R principles（link：https://2021.igem.org/Safety/Animal_Use_Check_In） 

①  replace 
Alternatives to animal models should be used wherever possible.The team must be 
prepared to explain why no alternative is possible. 
② Reduce 
If animals are to be used, use as few animals as possible needed to complete the study 
objectives should be used.Teams must demonstrate that they are using the appropriate 
number of animals to support their research. 
The reduction also included implementation of methods for maximizing the information 
collected by each animal in the experiment to reduce the use of additional animals. 
Examples of this include the use of some imaging modalities that allow longitudinal 
measurements of the same animal (rather than excluding fauna at a specific time point), 
or blood micro-sampling, where small volumes of blood can be repeatedly sampled with 
the same animal. In these cases, it is important to ensure that a balance is achieved 
between reducing the number of animals used and any additional pain that reuse may 
cause. Shareing data and resources (e. g., animals, tissues, and equipment) between 
research groups and organizations also helps to decrease loss in animal welfare.(Source: 
https://www.nc3rs.org.uk/the-3rs ） 
③ Refine 
Animal studies must use methods that can minimize or mitigate pain and improve animal 

https://2021.igem.org/Safety/Policies
https://2021.igem.org/Safety/White_List
https://2021.igem.org/Safety/Check_In
https://2021.igem.org/Safety/Animal_Use_Check_In


welfare.This includes appropriate housing, the environment, stimulation, and animal 
rearing. 
Optimization means to minimize pain or lasting injuries that research animals may 
experience and improve their welfare.Refinement applies for all aspects of animal use, 
including the rearing of the animals. Examples of improvements include ensuring housing 
for animals allowing for expression of species-specific behaviors, the use of appropriate 
anesthesia analgesia to minimize pain, and training animal coordination procedures to 
minimize any pain. There is evidence that pain and pain alter animal behavior, physiology 
and immunology. This change leads to changes in experimental results that impair the 
reliability and reproducibility of the study.(Source: https://www.nc3rs.org.uk/the-3rs ） 
III. ICLAS Researchers' Animal Experimental Ethics Guide (Source: International 
Federation of Laboratory Animal Sciences: https://iclas.org/） 
1. All animals have an intrinsic value, i.e. their welfare and wellbeing should be protected 
not because they have an instrumental value by religious, social, financial or any other 
standards, but because they have an intrinsic value. 

2. Following the theory of moderate biocentrism animals deserve protection of their welfare 
and wellbeing according to their position with the scala naturae, i.e. higher developed ani-
mals need stronger protection than lower developed animals. 

3. The use of animals in experimental research should be avoided, where ever it is possible 
(Replacement). 

4. If animal research is necessary, as few animals as possible should be used (Reduction). 

5. Using animals for necessary experimental research should only be performed under 
high quality standards i.e. optimal methods, especially avoiding unnecessary pain (Refine-
ment). 

6. For animal experiments with the expectation of severe suffering or pain humane end-
points need to be defined in advance. 

7. Persons using animals in experimental research take over the responsibility for the wel-
fare and wellbeing of their animals (Responsibility). 

8. Only persons with adequate training are allowed to perform or participate animal expe-
riments. 
9. Animal experiments must be ethically justified by the responsible researcher as well as 
by an ethical review committee respecting the regional legislation, religion and moral. 
10. Results of animal experiments need to be published whenever possible in order to 
avoid unnecessary further experiments in other countries. 

 
IV. Use of experimental animals 
（1）N JU -C hina（2018） 
Project profile: 
In our previous project, RVG-modified exosomes led us into the exploration of brain tissue 
neurons, iGEM Team NJU-China (Surf in the Neuron), to develop an element targeting 
neurites. By cell-type-specific targeting of exosomes and expressing a specific peptide on 
the outer membrane, we transported biomolecules to neuronal cells.In this way, the 
localization of molecular cargo in recipient cells is random and uniform. However, some 
molecules are naturally maped to mapped compartments, such as in neurons, where some 
mrna are transported to dendrites or axons.How to specifically deliver the exogenous 
messenger rna to the neurite remains to be resolved.The expression of mRNA was guided 
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by examining the 5 ′ -UTR of tick-borne encephalitis (TBEV) and the 3 ′ -UTR of the mouse 
β-Actin gene.The results showed that the shorter 5 ′ -UTR in TBEV, which was successfully 
applied to the AAV vector to bring mRNA into the neurites.Through our elements, we can 
improve the targeting approach to the subcellular level and provide new insights into the 
future treatment of certain neuronal diseases. 
Use of the experimental animals: (http://2018.igem.org/Team:NJU-China/Safety ） 

Meeting 3Rs Principle 
In addition, we do our best to design the experiments meeting the high standards of 
principles of humane experiment such as 3Rs, The Animal Welfare Act(AWA), etc.  
 
Replacement: What we do is about neuron targeting so we need neurons to see whether 
our elements could work. We have considered using N2a neuroblastoma cells. Compared 
with neurons isolated from mice, N2a cell has inconspicuous neurites thus it is not 
appropriate for our experiment. Also, since we hope our element could be used as drugs, 
it's necessary to test it in mice before it could be used further. For these reasons, we chose 
mice as our experimental animal.  
 
Reduction: We do reduce the number of mice we use in the experiments. We have used 
24 male adult mice and 13 pregnant mice in total.  
 
As for the 13 pregnant mice, we cultured their fetus cortical neurons. One for cytotoxicity 
test and the other twelve are equally divided into 4 groups, each of them are transfected 
with one kind of our plasmid.  
 
As for the 24 male adult mice, they are equally divided into 4 groups as well. Different mice, 
different conditions, we need at least 6 mice a group to fulfill the requirement in statistic.  
 
Refinement: We do try our best to minimize animal suffering and improve their welfare. We 
strictly follow animal welfare principles when we use mice for experiments. The mice living 
environment is clean with air and water and food disinfection. A group of mice live together 
in one cage and the cage is big enough for their movement. There are boxes including 
food, water container, disinfected bits of wood. We change the wood bits regularly. We 
prevent other mice from hearing or seeing during we are sacrificing the mice after proposal 
anesthetization. 
 
 
2）N JU -C hina（2017）（http://2017.igem.org/Team:NJU-China ） 
Project profile: 
Obesity problem has become increasingly prevalant these years and arouses widespread 
concern. Traditional methodsare either easy to rebound or associated with side effects, 
while other effective treatment of obesity has not appeared yet so far. The goal of our 
project is to develop a new strategy to treat obesity, with building a transplantable system 
targeting white fat tissues. We packed siRNA into exosomes (nano-sized vesicles secreted 
by human cells). Then we modified our exosome with a certain peptide targeting white-fat-
tissue. The siRNA will cause the apoptosis of fat tissue. Our validation experiments will be 



carried out at the level of cells and animals (mice). Eventually, we expect to see a specific 
accumulation of the siRNA in the mice’s white fat tissue and the decrease of mice’s fat and 
their weights. This project may provide new insights into future treatment of obesity. 
Use of the experimental animals: (http://2017.igem.org/Team:NJU-China/Safety ） 
During the experiment, we regularly isolate exosomes from the culture medium 
of HEK293 cells. Then the exosomes are added to the culture medium of 
various types of cell l ines such as A549, Neuro2A, C2C12 and MCF-7, after 
which we inject the exosomes into C57BL/6J mice that are commonly used in 
animal experiments. All of these cell l ines are nontoxic and commonly used in 
scientific research. Our operations are strictly held in biosafety cabinets, and 
the animal experiments are under the control of our instructor. The ethical 
board of Nanjing University has approved the experimental procedure.  
 

Public ethics of GM products 

1. Previous projects 
1)GO_Paris-Saclay (2020) (Link: https://2020.igem.org/Team:GO_Paris-Saclay ） 
Our team developed experimental plans inspired by the article written by Blazejewski 
et al. As shown in Fig, after identifying the two gene sequence sequences that we 
wanted to entangle, we prepared multiple sequence alignences as input to the 
software CAMEOS.After the software has produced the output, we analyzed it and 
selected the best variant.After optimizing the entangled sequences for our 
experiments, we cloned them and characterized them based on whether the resulting 
proteins are functional 
 
 

 
Related ethics: 
For a better understanding of the political and social issues that GMOs have to face, 
we looked at French and European legislation on GMOs.The legislation is well 
described in the legal text due to public reluctance (or fear) and given the free 
movement of products in the Schengen area. 
The French legal definition of GMOs is given in the Environmental Law as follows: 



Art.L.531-1: " Transgenic organisms: organism ——, any extracellular, cellular or 
multicellular biological entity that can replicate or transfer genetic material; the 
definition includes microorganisms, including viruses, vioids and plant and animal cell 
cultures —— has been modified other than natural reproduction or recombination.” 
European legalization allows the "inclusion" of the use of GMO organisms particularly 
for “research, development, teaching, or industrial production purposes" (L.Article 
532 – 2), as long as this use 'in a manner with respect for the environment and the 
public' for health, agricultural structures, local ecosystems, and production and 
business chains are identified as 'GMO-free' and fully transparent.”（Art.L.531-2-1）。 

The used of biotechnologies included above should be approved by the 
Biotechnology High Committee to comply with the above published rules.Furthermore, 
only statements can be made if the technologies that are used while ensuring "no risk 
or negligible risk".(L.Article 532-3) 
Given that GMOs "may reproduce in the environment and cross borders and thereby 
affect other Member States" (EC), these laws were set forward  by the 
Environmental Act are intended to ensure safety and control of GMOs use without 
prohibition.Therefore, these laws apply to all laboratory studies and also to all 
industrial production, whether in biofuels, textile and materials industry or healthcare. 
regarding to the specific location of GMOs in France and Europe, they seem to be 
more developed in accordance with the above rules.As far as France is concerned: 
"Between 2003 and 2006, it was said to be the second among the member States, 
both in terms of licensing the number of releases for experimental purposes or the 
GMO production clause for commercial purposes".Furthermore, past events support 
this, especially for examples of an approved listing in the Netherlands: in 2007, " 
Pioneer Overseas Corp.An authorization application was submitted to the Dutch 
authorities to put food, food ingredients and feed containing GM soybeans on the 
market ".(European Union Court of First instance, (Division 7)).This is a good 
example of the markets and legislation which are not static and solely designed to 
protect humans and the environment. 
However, the general public still demonstrates significant concerns about GMOs in 
Europe.We were able to witness it at the Marburg party.In fact, we had not completed 
our project at the time, and we wanted to use stable genetic structures for phage 
therapy to combat bacterial infections that are resistant to antibiotics. We were able 
to hold a seminar, for which we prepared a video presentation. We were able to 
discuss our ideas with other iGEM personnel during this workshop.The participating 
students are afraid of GMOs, primarily because the organisms are alive and can 
evolve by themselves.Therefore, we explain to them the principles of the staggered 
genes and protecting genetic information. Since this principle is difficult to understand, 
we subsequently generalized it interleaved through two genes embracing each other 
or braid-like images. So, the question is whether people will be more confident in the 
staggered genes.Despite their skepticism about this approach, more than half believe 
that they are more acceptable if GM therapy is limited and not out of control in their 
bodies. 
The same is true for the general public(?) (EC Court of Justice), which is why the 
primary concern is to reassure their citizens and thereby promote acceptance of 
GMOs: ", observed delays are particularly relevant to calm public order disturbances 
caused by GM crops and promote public acceptance of the crops through more 
ambitious reforms" (EC). 
The case of European legislation tells us that this is a subtle but evolving subject. 
Our HuGenesS project has its full significance in this legal and social context.It has 
a dual purpose of reassuring citizens through the nature of the project, and also 
through our efforts to popularize biological and genetic operations, and to introduce 
additional levels of safety to the increasing use of GMOs in our country.HuGenesS is 



becoming a perfectly integrated tool in a world that lingers between security needs 
and the need to take a new path. 
Results: 
With this observation, we hope to ensure that our project supports the fundamental 
value of biological containment. That is why we created entanglement on the computer 
with the CcdB toxin gene that can then be used as a termination switch, being 
activated under conditions associated with unexpected release in the environment. 

 
Let's take the password switch as an example.This conversion requires the 
combination of 3 different signals to prevent toxin production.If an organism escapes 
from this tightly controlled environment, toxins arise and GMOs die.But this genetic 
circuit contains a fatal weakness, the possible evolution of toxin genes.In fact, 
limitations can be bypassed if mutations are accumulated in the toxin gene or if the 
organism loses it. 
However, if toxin genes are entangled with essential genes, then mutations that 
inactivate the toxin may have dire consequences for the genes essential for 
survival.This is the question that we want to raise of entanglement with the CcdB 
toxin gene.Our solution is a method that combines stability and security to provide 
better limitations 
(2) Edinburgh (2009) (Link: https://http://2009.igem.org/Team:Edinburgh ） 

Project profile: 
Our project focuses on manufacturing a biosensor capable to detect the presence of TNT 
and nitrite / nitrate.Natural nitrite concentrations in the soil tend to be very low (below 0.1 
mg NO2-N /kg).This thus reduces the likelihood of false positive results.Our biosensors 
can also detect nitrate, but these nitrate concentrations need to be much higher than nitrite 
to produce a response.The fact that overfertilization using ammonia-producing fertilizers 
such as urea results in increased nitrite content in soil allows our equipment for a variety 
of areas of interest, from mine recognition (from TNT mines to RDX mines) to analyze the 
extent of nitrite / nitrate contamination caused by fertilizer. 
Related ethics: 
Since our system requires the release of transgenic bacteria into the environment, 
certain legal issues must be reviewed before we do so.In the UK, the release of the 
GMO, GMO is included under the "GMO (Intent Release) Regulation 2002".The 
legislation covers all releases that are not subject to higher and stricter legislation 
(for example, transgenic drugs).In the United States, there is no clearly defined 
legislation on GMO release, which is still covered by laws first passed in 1986 to 



regulate biotechnology products.This was done through federal agencies in the 
"Biotechnology Regulatory Coordination Framework". 
As previously stated, UK also has legislation on the release of GMOs is contained in 
the "GMOs (intentional release) Regulation 2002".The legislation provides all steps 
that must be taken before obtaining any permission to release GMOs.Legislation is 
divided into two types of release, the B partial or the C partial release.The B Part 
Release is the GMO,C Part release for non-commercial applications (including 
research purposes) for the purposes of commercial applications.The decision-making 
process for these releases is slightly different, with partial B applications handled by 
EU Member States, in this case the UK, and partial C releases issued at EU level 
while ensuring compliance with local regulations. 
Any transgene organism must go through the following regulatory stages before it is 
released into the environment: 
An application must be submitted with the Secretary of State. 
Independent scientific experts will then review the applications to ensure the safety 
standards of Directive 2001 / 18. 
Conduct a public consultation. 
Regulators make decisions based on expert advice and public opinion.If consent is 
obtained, a list of release conditions will be included indicating how GMOs can / can 
not be used. 
If GMOs are released, they will be monitored and regulators have the authority to 
modify or revoke the consent if any new risks are found. 
The B and C versions are handled slightly differently, as shown in the Gantt diagram 
shown in Figures 1 and 2 below. 

 



 
Since one of the steps in the B and C versions requires public consultation before 
making any approval, we decided to conduct our own investigation to understand the 
public about our system and in general synthetic biology.The findings can be found 
here. 
From the information provided on the Department of the Environment, Food and Rural 
Affairs (DEFRA) website, there was no approval for GM bacteria release for similar 
purposes to ours, and there is no information on whether any attempts were 
made.That is, we are not sure how the British authorities will respond to our system. 
 
American legislation on the release of GMOs is not clearly defined, and the main 
source of legislation was the 1986 Coordination Framework for Biotechnology 
Regulation.These laws are based on the assumption that biotechnology has not had 
any special or unique risks associated with it, so it is covered by any previous laws 
that would govern similarly designed products but are produced by more traditional 
methods.This led to a case by case review of any GMO release. 
Since our system is essentially an environmental emission, it will be protected by the 
Toxic Material Control Act (TSCA), implemented by the EPA Pollution Prevention and 
Toxic Office.Furthermore, this will be constrained by other legislation, such as food 
and health, because if the bacteria are released, they may eventually enter the food 
chain and thus may have a health impact.It is unclear which party will make a final 
decision on whether GMOs are approved for the release. 
Several studies have been conducted in the United States to release GMOs in the 
field; however, this has been done only in capped galvanized steel silos, which are 
placed at 3 m below the soil surface.This experiment was performed in this way 
because for safety and environmental reasons scientists had to ensure that no GOs 
would be released into the environment.Since it is performed in closed containers, it 
does not really represent how the system operates in practice, but it is more realistic 
than experimenting in a laboratory environment. 
Results: 
It is unclear whether our bacteria will be allowed in UK or US mine detection systems, 
as there is no previous case to judge on this.If licensed, the bacteria will most likely 



need some form of suicide mechanism because it can only survive if necessary.For 
our system, this is most likely the length of time required to see it, and the location of 
marked mines in a physical way or using some form of graphics. 
(3) British_Columbia (2013) (Link: http://2013.igem.org/Team:British_Columbia ） 
Project profile: 
An estimated 1,031 phage particles exist on Earth, and the bacteria are constantly 
threatened by infection.This can greatly affect the numerous industrial processes 
performed using bacteria, such as yogurt production.Problems caused by phage 
contamination can be very expensive.We sought to address this problem by 
designing bacterial resistance to phage infection.We reconfigured the bacterial 
immune system CRISPR (Clustered Regularly Interspaced Short Palindromic 
Repeats) to provide resistance to common phages.Adhering to the theme of yogurt, 
we designed several biosynthetic pathways in bacteria to produce different "flavors" 
or compounds of interest.These are possible to be used in yogurt production, so the 
bacteria involved can "taste" when making yogurt.Through our collaboration with 
CRISPR, we began to believe that it can be used to regulate different fluxes of 
biosynthetic pathways and to provide routes for population control in complex mixed 
cultures.The demographic dynamics involved in this process are mathematically 
modeled. 
To test the CRISPR-mediated plasmid defense, we designed two plasmids that, when 
cut, would eliminate the antibiotic resistance conferred by "invading" plasmids, 
resulting in cell death.These two plasmids contain spacers and PAM sequences 
identified by our informatic pipeline and ampicillin resistance markers. 

 
Related ethics: 
They conducted interviews on public ethical questions about GM products, asked the 
following questions and obtained answers. 
What is the biggest obstacle to preventing the public from accepting genetically 
modified products?Depending on your background, what is the best way to solve the 
obstacle? 
The definition of GMOs varies across countries, scientific groups, and 
companies.What defines GMOs at a scientific level?What defines GMOs at a legal 
level? 
What is the greater barrier to getting the public to genetically GM products? 
Is there a danger associated with GMOs?If so, what are these dangers? 
If GMOs need test rounds to prove harmful or harmless, is the investment test them 
worth it?Why or why not? 
Is there real harm to GMOs, or is there a disconnect between public perception and 
real science? 
Is there a legacy or history affecting the perception of GMOs? 
What does the public view GM products compared to GM dairy products?How? 
In the public opinion, how does the idea of transgenic bacteria be different from that 
of other genetically modified organisms (such as crops)? 



Are GM foods able to be the most sustainable food source? 
What role do GMOs play or will play in food and nutritional issues around the world? 
How will GMOs affect the industry?For example, by minimizing the work of the 
farmers, etc? 
Do GMOs contribute to harvesting in more extreme climates and thus minimize 
transport time and costs? 
Do policies and regulations on GMOs keep up with current practices? 
Some have argued that our current knowledge of GMOs is not sufficient to determine 
whether they are safe, and so we should assume that they are harmful.Is this a valid 
argument? 
Do we have a moral obligation to inform the public whether and how they purchase 
products genetically modified? 
Results: 
The effects and effects of the use of transgenic tags were explored. 
Current regulations: by region 
Voluntary: Canada and the USA 
Mandatory: The EU, Australia, the Czech Republic, Hong Kong, Russia, Japan, South 
Korea, and Taiwan 
Protestant label argument 
Consumers have the right to know what ingredients are found in their food, especially 
those that cause health and environmental problems. 
Mandatory labels will enable consumers to identify and avoid foods that cause their 
problems, such as potential allergens. 
The survey suggests that most Americans support mandatory labels.However, such 
surveys do not usually specify the impact on food prices. 
At least 21 countries and the European Union have established some form of 
mandatory labeling. 
For religious or ethical reasons, many people wish to avoid consuming animal 
products, including animal DNA. 
Anti-label parameters 
The labeling of GM foods suggests a warning of health effects although there is no 
significant difference between GM and traditional foods.If differences in nutritional or 
sensitization are found in genetically modified foods, current FDA regulations require 
labeling of this effect.Labelling genetically modified foods to meet the wishes of 
certain consumers will cost all consumers.Compulsory labelling in the EU, Japan and 
New Zealand has not led consumers to choose.Instead, retailers have knocked GM 
products off the shelves due to consumer aversion.Consumers who want to buy non-
GM foods already have alternatives: buy certified organic foods, which, by definition, 
cannot be made with GM ingredients.The U. S. food system infrastructure (storage, 
processing and transportation facilities) currently meets the needs of separating GM 
and non-GM products.Consumers who want to avoid using animal products don't 
have to worry about GM foods.No transgenic products currently on the market or 
under review have reported animal genes.(However, there is no guarantee that this 
will not change in the future.） 

Tags advice 
Objective: Education, freedom of choice, transparency, safety precautions, to reduce 
tension, fear and uncertainty 
Including: bacteria or yeast and used strains, bacteria or yeast in the original (non-
transgenic) products, modified to bacteria or yeast, modified reasons and work done 



through this modification, introduce potential allergens of the product, strongly 
recommended: including a QR code through which consumers can read more about 
specific genetic transformation 
Language: "gene transformation" must refer to biotechnology and defined as: may 
occur natural reproduction, "no transgenic" basically cannot prove, better wording is: 
"do not use the composition of biotechnology production" phrase ", this without 
genetic transformation" may be misleading, and suggest that other similar products 
are genetically modified. 
Regulations: must mark the transgenic additives in accordance with the same 
provisions, in the final stage without any biotechnology modified products need not 
be labeled, as long as there is no transgenic materials in the final product, produced 
or extracted from transgenic feed species food need not be labeled, transgenic 
products content less than 0.9% food need not be labeled. 
II. Document summary: 
Currently, Countries and relevant international organizations have established their 
own transgene safety evaluation systems, The more representative is the 
International Food Code Committee (Codex Alimentarius Commission, CAC) Security 
Evaluation System, Organization for Economic Cooperation and Development 
(Organization for Economic Co-operation and Development, OECD) Safety 
Evaluation System, the UN Food and Agriculture Organization (Food and Agriculture 
Organization, FAO) Evaluation system, the European Union Joint Research Centre 
(Joint R esearch Center, J R C) Evaluation system et al.Among them, CAC was jointly 
initiated by FAO and the World Health Organization (World Health 
Organization,WHO), and currently has 173 member states and one member 
organization (EU). Its policies on the regulatory evaluation of GM will largely affect 
the supervision and evaluation of GM technology in countries around the world. Being 
found in 1961, initiated by the United States and several European countries, OECD 
now has 38 member states. The organization includes two countries and regions 
including the United States and the EU that have relatively different views on 
transgenic technology. 
(1) CAC genetic edition safety evaluation policy: 
Transgenic food labeling system: "When foods and additives containing genetically 
modified ingredients are inconsistent with traditional food in composition, nutritional 
value or use, or contain allergens should be identified". 
GMO Food Risk Assessment: The GMO Food Risk Assessment Principles includes 
three parts: Part I describes the need for food safety risk assessment, the second 
part defines the scope and terms of the principle, lists risk assessment principles, risk 
management principles, risk exchange principles, consistency principles, capacity 
building and information exchange principles, and review principles, and explains 
them in detail. 
(2) OECD genetic edition safety evaluation policy: 
Transgenic product safety assessment and risk control: modern biotechnology food 
safety evaluation: concept and principle for the first put forward "substantial 
equivalence principle", namely, biochemical analysis of transgenic food, to determine 
if main nutrients, possible allergic substances, toxic substances and traditional food 
type and quantity contain do not significantly difference, which shows that genetically 
edited foods and traditional foods are equivalent in terms of safety. 
OECD Legislative Guidance Document: In 2006, OECD issued the GM Invention 
License Guide, which provides behavioral guidelines [22] for Member States to 
handle medical and health-related GM invention licensing issues.In 2007, OECD 
issued the Cooperation Mechanism for Intellectual Property Management, which 
integrates the resources and results of transgenic technology research of different 
research teams in various member countries around the world, realizing the maximum 
sharing of research results within a reasonable extent.In addition, OECD also set up 
a special GMO biotechnology rules coordination working group to achieve the 
member States at the GM product regulation level, to ensure that different member 



countries obtain consistent and comprehensive information in GM technology and 
product information collection, risk assessment awareness and detection and 
assessment of the latest technical methods, and maintain basic consistent action. 
(3) The EU Transgene Safety Evaluation Policy: 
The EU transgenic food safety legislative objectives mainly include the following four 
aspects.First, to protect human health and the environment.GMOs or genetically 
modified foods can only be put on the market after a scientific assessment of health 
and environmental risks and approved in accordance with specific EU 
procedures.Second, develop a unified, efficient and transparent risk assessment and 
approval procedures for transgenic crops.Third, establish a genetically modified food 
labeling system to ensure that consumers, farmers and food and feed suppliers clear 
when making choices.Fourth, the establishment of a listed traceable system of 
genetically modified crops. 
(4) Japan TransMO Safety Evaluation Policy: 
The Biodiversity Guarantee Act for the GMO Use Code (also known as the Cartagena 
Act) was published as a regulatory regulation for Japanese GMO organisms in 2003. 
(5) latest policy of risk management in China: 
In July 2020, the State Administration for Market Regulation issued the " Notice on 
Supervision and Administration Measures (Draft for Comments) of State 
Administration for Market Regulation and publicly soliciting food standards ", which 
makes the latest definition on the identification method of GM products:" For the 
production and operation of genetically modified food, the words 'GM' should be 
significantly marked on the food logo "and" for the original source of GM food not 
used in material, food shall not be introduced in "not genetically modified '' non-
genetically modified'or similar words".Although the management method is now in the 
stage of soliciting opinions, it can also be seen that China's identification system for 
GM products is moving towards internationalization. 
6.Public Ethics Analysis of Transgenic Products: 
In the safety analysis and consumption of transgenic food, There is a paradox: 
because GM production technology and patterns determine the risk of GM food eating 
behavior and uncertainty, So, The best way to deal with the risk and uncertainty of 
this eating behavior is to assess this eating behavior with the results of a "human 
trial" (rather than the oral "substantial equivalence" principle), However, We have 
never seen the results of the transgenic food "human trials" evaluation, What I saw 
was the result evaluation of the "animal experiment", If "GM food safety is considered 
high enough", So, The risk of its "human trials" is relatively low, Performing "human 
tests" of a certain scale and time cannot dispel the doubts of the public and 
opponents!Why not do transgenic food "human tests"?Can't you dare?One 
phenomenon caused by this result (lack of "human test" results) is that in society, the 
public believes that the "human test" of GM food has extremely high risk and 
uncertainty, thus reasoning that the risk and uncertainty of GM food consumption is 
extremely high. 
However, the actual situation in society is that genetically modified food (such as rice), 
with the production license obtained by the government, the public can not see any 
evaluation data to ensure food safety, and some are only the "safety" dominated by 
the principle of "substantial equivalence". 
The logic given by people supporting GM foods is: " We have not seen the harm 
caused by GM foods to humans, so GM foods are safe and safe to eat."And 
opponents give the logic is:" although we have not see transgenic food to human 
damage, but can not explain long-term eating transgenic food will not cause harm to 
the human body, so, long-term eating transgenic food safety still has uncertainty, risk, 
therefore, widely eating genetically modified food has uncertainty and risk.” 
Therefore, in the production and consumption of GM food, being faithful is the most 
fundamental principle; in the consumption of GM food, the right to know the food 
information, food safety assessment and analysis information is out of respect for the 
public; the disclosure of food-related information should follow the principle of justice. 
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Engineered bacteria were applied to the ethics involved in vivo 

I. Legal policies 
China has strict regulations on the application of engineering bacteria in vivo. According to 
the Regulations on the Application and Evaluation of Probiotics Health Food (Draft) issued 
by the State Administration for Market Regulation, genetically modified bacteria and their 
metabolites shall not be used for probiotics food. 
2. Previous projects 
(1) Oxford (2018) (Link: http://2018.igem.org/Team:Oxford ） 
Project profile: 
Inflammatory bowel disease (IBD) is characterized by chronic inflammation of the gut.This 
situation is associated with an imbalance in immune cell populations, particularly in Th17 
and Treg.Existing immunosuppressive therapies, when successful, often cause systemic 
side effects and require frequent administration.Our solution is to develop a probiotic strain 
that responds to nitric oxide by using a secreted IL-10 and restores Th17/Treg cell 
equilibrium.The adenine ribosome switch srna structure prevents overoverflow, which 
responds to extracellular adenosine (an indicator of the number of Treg cells).Integration 
of separate stimuli in a dual-feedback loop allows for more dynamic and robust responses 
to the body's immune state.Various functions have been incorporated into maximum 
biosafety, including an induction termination switch system.We believe that our design 
provides a non-invasive, self-regulated treatment for IBD with the potential to replace 
traditional immunosuppressors for the treatment of gastrointestinal autoimmune diseases. 
Related ethics: 
For the design of the treatments, Tom Beauchamp and James Childress have proposed 
four ethical guidelines, namely (Respect for autonomy, Beneficence, Justice, Non-
maleficence). 
According to Respect for autonomy, with the possibility of side effects due to various 
therapies, patients should have the power to end their treatment by themselves.Patients 
should introduce the modified probiotics with the ability to remove the probiotics at any 
time.The team therefore added the induced suicide switch to the modified probiotics, which 
can remove the modified probiotics when the patient wants to end the treatment, without 
affecting the original gut flora. 
Transformation probiotics imported in vivo according to Beneficence, produce fewer side 
effects than existing drug treatments. 
The production cost of transforming probiotics according to Justice, is usually low, and 
most patients in need should be able to afford the treatment.At the same time, the 
implantation of modified probiotics in the patient's gut should be as simple as convenient 
to facilitate treatment. 
Similar to Beneficence, Non-maleficence also emphasizes that the side effects of modified 
probiotics imported into the body in vivo should not be too strong. 
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