
  

  

Cloning  

Evaluation 

�9Our Lux operon emitted  light ! 
�9Suitable temperature for culturing is 20�¥ . 

Transformed E. coli TOP10 
was cultured in 100 mL LB 
medium. Arabinose(0.25% 
f.c.) was added to induce the 
expression of lux  
operon at different 
temperatures 
 (20 �¥  and 30 �¥ ). 

P. phosphoreum is known that the luminescence intensity is 
bright. 

�9Shifted to blue 
�9Enhanced the intensity 

�9Shifted to green 
�9BRET occured 

Sensory rhodopsin 

Natronobacterium pharaonis (N. pharaonis) shows 
phototaxis by responding to changes in light color and 
intensity using receptors (SRII). 
SRll transmits signals to its transducer domain (Htrll). 
Photoactivation of SRII activate CheA kinase activity 
which causes phototaxis. 

Two-component system 
Two-component system is a 
signal transduction system  
Composed of: 
Sensor protein  
   activated by specific signal         
              & 
  phosphorylates response regulator 
 
 Response regulator  
     activates its target gene 
     after phosphorylation 

We would like to construct light receptor 
that receive lux luminescence (blue light ). 
We combined sensory rhodopsin and  
OmpR-EnvZ two-component system and 
tried to regulate gene expression. 

Result  

Dark White light Dark White light 

Blue light sensor   : E.coli MG1655(�4EnvZ)/ BBa_K769003  
No sensor               : E.coli MG1655(�4EnvZ)/pSB1A3-PompC-GFP  

Transformed E. coli was cultured under white light or dark condition and OD595 and GFP fluorescence 
intensity was measured.   

Under light                           Under dark  
 �W suppress expression    �W promote expression  

New construct (BBa_K769011) 

New construct (BBa_K769003) : Blue light sensor 

New construct (BBa_K769018) 

New construct (BBa_K769022) : lux(WT) + GFP 

New construct (BBa_K769020) : lux(WT) + LumP 

Our constructed blue light sensor switches off 
the system under light condition . 
To solve this problem, we will regulate the 
system using a repressor. 
 Our idea is to use LacI repressor and 
 construct such expression system. 

Blue light sensor No sensor 

If the luciferase exists 
near the fluorescence 
substance, 
Bioluminescence 
Resonance Energy 
Transfer (BRET) occurs. 

(BBa_K769003) (control) 

The light intensity reached 
its peak faster than that of 
wild type. 

The light intensity was 100 
times lower  than that of 
wild type. 
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Our concept in constructing a communicating E. coli . 
�^���}�o�]�����Æ�‰�Œ���•�•�_���Á���•���]�v�•�‰�]�Œ���������Ç���š�Z�����^�W�}�v�Ç�����Æ�‰�Œ���•�•�_�U�������Œ���‰�]�����u���]�o�������o�]�À���Œ�Ç���•���Œ�À�]������
in the American Wild West, where mail used to be delivered by horseback riders.  
 
 
 
 
We developed �^��Communicheria coli�[�[ for realizing this system. Communicheria 
coli relay a message in a form of light to distant cells. Communicheria coli has a 
light receiver and a light emitter to send the light as the message. As a light 
receiver, we constructed sensory rhodopsin domain fused with the histidine 
kinase domain of osmoregulatory two-component system from E. coli. As a 
light emitter, we have decided to use the lux operon.  We expect that 
�  ̂Communicheria col�]�_��to be a new useful communication device. 

�^���}�o�] ���Æ�‰�Œ���•�•�_ �t � Ĉommunicheria ���}�o�]�_ relaying message  
(Inspired by the �^�W�}�v�Ç ���Æ�‰�Œ���•�•�_ a rapid mail delivery service) 

We propose the idea of using 
� Ĉommunicheria coli�_���š�}�����}���š���•�l�•���]�v��
correct order and automatically. If 
Communicheria coli encodes lysis 
signal, which make self-lysis by its own 
light after finishing  a certain task, and 
emits light to the next Communicheria 
coli, it is needless to collect them. 
Therefore,  there will be  no  fear of 
genetically engineered E. coli spreading. 

�t�������}�v�•�š�Œ�µ���š�������ZCommunicheria coli�[���š�}���u���l�������•�]�P�v���o���Œ���o�Ç�]�v�P��
�•�Ç�•�š���u���}�(���ZColi Express�[�X 
Communicheria coli �Z���•�Y 
�9Light receiver and transducer  
    �MWe made the new blue-light receiver and transducer 

using sensory rhodopsin and two-component system. 
 
�9Light emitter 
    �MWe made three different light emitters  
   by cloning the lux operon and combining  
   with lumazine or GFP.    
  

The lux operon codes for 
bacterial luciferase (LuxAB) 
and the fatty acid reductase 
complex (LuxCDE) that is 
responsible for the 
biosynthesis of the aldehyde 
substrate for luminescent 
reaction. 

Original lux operon from Photobacterium 
phosphoreum has �ï���^�]�o�o���P���o�_���Œ���•�š�Œ�]���š�]�}�v��sites.   

To remove the restriction sites, three 
mutations were introduced by 
overlap extension PCR method. 

We would like to make the bioluminescent reaction time faster 
than BBa_K769011 by constitutively expressing all lux genes except 
the luxD gene. 

<<Taking care of bio experiments>> 
�¾All our experiments are done at P2 level. 
�¾Laboratory use only: For maintaining the 
ecosystem and biodiversity, we use our 
engineered E. coli only in laboratory. We 
also did not design any harmful construct. 
�¾Safety meetings: Our laboratory has 
weekly safety meetings. We share ideas 
regarding the dangers of doing 
experiments 

Under dark  

Under white light  

 Blue light sensor           No sensor 

It is known that blue shift in some luminescent bacteria is 
caused by lumazine protein (LumP) 
LumP is a secondary emitter protein. It does not emit light 
itself, but it interacts with the luciferase, resulting in a shift 
of wavelength of light emission. 


