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The silent killer — Uremic Toxins 

Chronic kidney disease (CKD) is an 
emerging global health problem and the 
cost of treatment has become an enor-
mous burden on healthcare systems 
worldwide. Recent research has proved 
that the accumulation of uremic toxins 
like p-Cresol due to a failing kidney plays 
an important role in the acquiring of car-
diovascular diseases. This year, iGEM 
NCKU Tainan aims to provide "Oh My 
Gut", a comprehensive solution to this 
problem, which includes CreSolve and 
CreSense. 

Fig. 1. OMG Overview.

Oh My Gut to the rescue!

Device — CreSenseDrug — CreSolve
CreSolve is a living therapeutic drug in the form of a cap-
sule containing our engineered E. coli Nissle 1917 that 
can: (i) divert tyrosine metabolism to produce p-Coumaric 
acid and (ii) produce bacteriocin to target C. difficile to 
reduce p-Cresol accumulation in CKD patients. 
The BioBricks used are shown below: 

CreSense is a user-friendly, affordable 
and customizable bio-sensing device. 
The device combines the blood separa-
tion and sensing mechanism into one 
compact device, hence saving space and 
improve usability for healthcare provid-
ers. The use of microfluidic disc simplifies 
the collection of the blood plasma into 
the reaction chamber for further sensing 
purposes.

Fig. 3b. How CreSense works. (1)load blood in microfluidic disc  (2)centrifuge to separate the blood  
(3)load p-cresol sensing bacteria  (4)detect fluorescence intensityFig. 2c. BioBrick Design for the p-Cresol sensing system.

Fig. 2b. BioBrick Design for bacteriocin construct.Fig. 2a. BioBrick Designs for tyrP & TAL construct.

Fig. 3a. CreSense prototype v. 2

Experimental Results 

By replacing the native RBS with 
B0034, p-Coumaric acid production is 
significantly higher. The addition of ty-
rosine transporter can further increase 
p-Coumaric acid yield. 

GFP reporter gene was used to charac-
terize the FNR promoter but the mea-
surement of fluorescence intensity 
proved that this promoter is not strictly 
anaerobic.

The knocking out of can gene causes  
the mutant E. coli to die in low CO2 en-
vironment (atmosphere) but allowing it 
to grow in high CO2 concentration 
(gut).  

The spot-on-lawn assay proves the effectiveness of 
purified bacteriocin on inhibiting the growth of one of 
the major p-Cresol producer, C. difficile. 

Dose-Responding Effect of p-Cou-
maric acid Production

Tyrosine to p-Coumaric acid 
Conversion Comparison and 

RBS Improvement

Part Characterization

Part Improvement

Biosafety

Fig. 8.  Spot-on-lawn test using 
5 μl purified bacteriocin.

Fig. 6.  p-Coumaric acid yield / O.D. 600 in E. coli Nissle.

Bacteriocin Effectiveness

Fig. 5.  Quantification of single E.  coli cell (n=3) fluorescence 
intensity in both aerobic and anaerobic conditions.

Fig. 7.  Confirmation of can knockout in E. coli Nissle. E. coli Nissle 
and other strains were streaked onto agar plates and placed in (A) 

0.04% CO2; (B) 5% CO2 conditions for phenotyping.

The co-culture models 
evaluate the efficiency 
of CreSolve by show-
ing increase in p-Cou-
maric acid levels cou-
pled with the decrease 
in p-Cresol levels.

Modeling

Fig. 4.  Co-culture models of p-Cresol producing bacteria and CreSolve.

Future and improvements 

CreSolution Biotechnologies

Incorporation    of 
other secretion sys-
tems for the bacte-
riocin, proper selec-
tion of promoters 
and ribosome bind-
ing sites for TAL and 
tnaA gene knock out 
can be done. 

The calibration of 
the CreSense soft-
ware will be con-
ducted to reduce 
noise and error. New 
sensing bacteria will 
be constructed to 
increase the applica-
tion of the bio-sens-
ing device.

This proposed spin-out company 
will carry on the mission of the team  and 
conduct further R&D (pre-clinical & clini-
cal trials) to finalize product develop-
ment. 

CreSolve

CreSense Human Practice 

Enterprise visit

Highlight event

The feedback from NAR 
Labs (National Applied 
Research Laboratories) 
has helped us optimized 
our device to be more cost 
effective and user-friendly.

The advice from Winston 
Medical Supply Co. helped 
us to plan for pre- and clini-
cal trials and understand the 
importance of biosafety.

The Oh My Gut Escape 
Room, where we engaged 
students of all backgrounds 
in breaking the code and 
learn about our project! Fig. 11.  Oh My Gut Escape  Room. 

Fig. 9.  Winston Medical Corporation Visit.

Fig. 10.  NAR Labs Visit.Business plan

CreSolve and CreSense will be marketed 
towards healthcare providers and dis-
tributors by emphasizing their afford-
ability. By collaborating with national 
and private insurance entities, the acces-
sibility of the products can be increased.
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