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What is Chef Ant E. coli ? 

Escherichia coli that 

 detects and decomposes formaldehyde 

                                           

 

άCƻǊƳƛŎέ Ґ !ƴǘ   
 

I am an  
anteater !!  
 

Chef cooks 
formaldehyde into 
safe materials !! 
 
 
 



Why formaldehyde? 

Tonegawa River Accident (May, 2012) 

ÅOver limit 
formaldehyde. 

ÅIntake of drinking 
water stopped. 

ÅCause: precursor of 
formaldehyde. 



What is formaldehyde ? 

Å   CH2O 

Å   Common material 

Å Cytotoxic 

ï Methylene Bridge 

Å   Carcinogen 

 

 

 

 0.08 ppm / 0.08 mg/L Limit 

file://localhost%5C%5Cupload.wikimedia.org%5Cwikipedia%5Ccommons%5C5%5C57%5CFormaldehyde-2D.svg


How do we dispose formaldehyde? 

ά!ŘǎƻǊǇǘƛƻƴ ǇǊƻŎŜǎǎέ 

Activated carbons & 
adsorption sheets. 

Activated carbons 
 

Re-discharge problem 



How is Chef Ant E. coli better? 

Adsorption 
process 

Chef Ant 
 E. coli 

Re-discharge problem  

Detection 

Chef AntE.coli can detect and detoxify  
at the same time.  



Chef Ant E. coli ƛǎΧ 

Bio sensor  

&  

Bio remedy 

 

 

Formaldehyde 

 



 This is how Chef AntE.coli works 

Formaldehyde 

Chef AntE.coli 

GFP 

Formaldehyde 

Formate 
 

H2O CO2 

Device2 
 

Device3 
 
 

Device1 
Detection 

Decomposition 



The 3 devices that makes it work 

GFP 

Con. RBS pfdh Terminator 

FrmR FpFrmR Terminator 
 

GFP RBS 

Con. RBS fdh4A, B Terminator 

Formaldehyde 

Formate 
 

H2O CO2 

Device2 
 

Device3 

Device1 



Device1 

Detects  formaldehyde! 

FrmR FpFrmR Terminator 
 

GFP RBS 

From  E. coli 

  K749008        K749004               E0040         B0015             



GFP is expressed  
in the presence of formaldehyde 

Detects formaldehyde! 

GFP 

FrmR FpFrmR Terminator 
 

GFP RBS FrmR FpFrmR Terminator 
 

GFP RBS 

Formaldehyde 

file://localhost%5C%5Cupload.wikimedia.org%5Cwikipedia%5Ccommons%5C5%5C57%5CFormaldehyde-2D.svg


FrmR functions as a repressor 

REFERENCES 
Christopher D. Herring and Frederick R. 
Blattner*, Global Transcriptional Effects of a 
Suppressor tRNA and the Inactivation of the 
Regulator frmR, J Bacteriol, 2004 October; 
186(20): 6714ς6720. 

FrmR FrmA 
FrmB 



FrmR function is inhibited  
by formaldehyde 

REFERENCES 
Christopher D. Herring and Frederick R. 
Blattner*, Global Transcriptional Effects of a 
Suppressor tRNA and the Inactivation of the 
Regulator frmR, J Bacteriol, 2004 October; 
186(20): 6714ς6720. 
 

FrmR FrmA 
FrmB 

Formaldehyde 
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Device2 

Decomposes  formaldehyde! 
Constitutive RBS pfdh Terminator 

PFDH: Formaldehyde dehydrogenase gene  
(from Pseudomonas putida) 

J23100  B0034     K749005     B0015 

Formate Formaldehyde 
PFDH 



 
P. putida FDH was used for Chef AntE.coli 

 

 

Glutathione 
 

Reaction 

E. oli  
Required 

 
Reversible 

P. putida  
Not required 

 
Irreversible 

How is P.putida FDH better? 
 



Resistance to formaldehyde 

Method 
Prepared formaldehyde solutions 
0.04 %, 0.08 %, 0.12 %, 0.16 % and 
0.2 %. 

10min 
incubation 

Which is more  resistant to formaldehyde?  
Wild type E. coli or the Chef Ant E. coli? 



Resistance to formaldehyde 

Results of wild type 

E. coli was able to  
grow in 0.12 % of 
formaldehyde.  
 



Device3 

Decomposes formate. 
Constitutive RBS fdh4A, B Terminator 

H2O 
CO2 

Formate 
  FDH4AB 

FDH4AB: Formate dehydrogenase gene  (from 
Methylobacterium extorquens) 
 

J23100  B0034                                 K749006 B0015 K749007 



FDH4 is sufficient to decompose formate 

REFERENCES 
Ludmila Chistoserdova, Gregory J. Crowther, Julia A. Vorholt, Elizabeth Skovran, Jean-
Charles Portais, and Mary E. Lidstrom. 2007. "Identification of a Fourth Formate 
Dehydrogenase in Methylobacterium extorquens AM1 and Confirmation of the 
Essential Role of Formate Oxidation in Methylotrophy." 
 

Without fdh4 A and B 

Without fdh1, 2 and 3 



Device3 was successful!  

Liquid chromatography Results 
  Accumulation 

 

Amount of 
decomposition 
 

Chef 
AntE.coli 

 

229371.2 
 

14047 

E.coli 
 

 

232791.6 
 

10627 

Quantitative determination Formate 
(Formate 20mM=243418.6) 



Device overview 

Formaldehyde GFP 

Con. RBS pfdh Terminator 

Formate 

H2O 

CO2 

FrmR FpFrmR Terminator 
 

GFP RBS 

Con. RBS fdh4A, B Terminator 



Results 

FrmR FpFrmR Terminator 
 

GFP RBS 

Con. RBS pfdh Terminator 

Con. RBS fdh4A, B Terminator 

Device1 

Device3 

Device2 



Future directions 

Use in natural  

environment 

Efficient use  

in factories 



Human & Safety projects 

Safety 

Safety check 
list 

Key 
questions 

Safety guide book 

Human 

University 
workshop 

high school 
workshop 



Human practice 

Workshops  

Minami Tama High School 

Our University 



Safety  

Experiment Check list 

Title of experiment  

Date Name of experimenters 

Check points 

Check box 


