
Domino is more than just one game!  
�� A well-designed sequence of domino tiles 
An ideal information processing system with signal transmission, amplification and even logic gating; 
�� Sensitive & visible  
�� Such domino processing paradigm realizable in biological systems? 
  
Taken from the features of information flow among domino tiles, we attempted to make E. coli to 
transmit chemical signals like in the domino game, and complete missions such as logic gating.  

 �d�Z���š�[�•��what we call, Domino + 
 

General idea 
�� Domino Effect in E. coli 
A potential approach to allow a whole E. coli community to perform exactly the same 
with only one weak initial signal and carry out information processing 
�� A set of quorum sensing-based design 
Basic modules of signal reception and release, signal amplification; 
Complex modules of logic gating 
�� Population of bacteria community 
An advantage for information processing compared to existing single cell-based 
computing circuitries 
 

Design 
1. Signal transmission and amplification 
�� Positive feedback loop in E. coli 
LuxI: expressing AHL synthase, downstream of RFP 
Once external AHL received and RFP expressed, AHL further synthetized in the 
same bacterium; 
�� Information transmitted to its neighbors, respond the same way and pass 

the signal on to other cells, as domino tiles do;  
�� Expression of RFP would spread to the whole community over time, and 

accumulate in a certain time period; 
�� Positive feedback loop and the enormous population of bacteria could 

serve for the purpose of signal amplification. 

3. Upgrade design for AND gate  
A more complex design for 'AND-gate' function 
�� No signal input, cI expressed constantly; 
�� Only signal B (3OC12HSL, activate Plas promoter) �v > hybrid promoter Plas/cI repressed by cI �v > no RFP; 
�� Only signal A (3OC6HSL, activate Plux promoter) �v > Plas/cI promoter cannot be activated without signal B �v > no 

RFP; 
�� Signal A + B �v > activation of Plux by signal A �v > lacI expressed, inhibit the expression of cI �v > Plas/cI activated 

by signal B without cI �v > RFP  
 

Module I. Signal transmission 
�� Apply LuxI protein to produce AHL; 
�� Signal transmission 

Figure 5.  A SDS-page showing the purification of LuxI. 
The production of AHL needs LuxI protein as an enzyme 
and a substrate molecule which is supposed to exist 
originally in E.coli 

Module II. Signal sensing and releasing 
 

�� To test the efficiency of this AHL 
trigger: 

�� Add AHL directly into the E.coli 
�� Check 3h after adding AHL 

�� Mix  two kinds of 
bacteria (one for 
producing AHL, the 
other for sensing it) 
 

�� Negative control not 
shown 

�� Engineer two 
modules into one 
plasmid 

�� Check for signal 
reception & release 

�� Construction of the final design(see Figure 4) 
�� Perform as two parallel wires through which two 

kinds of signals can be transmitted; 
�� When the signals meet, they can be processed 

synthetically 
 

Amounts of signal molecules A(C6HSL) B(C12HSL) and C(cI) are the keys to Domino transmission, 
amplification and processing, of those the temporal/spatial distribution differential equations 
are listed below. 
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Features 
�� Population: necessary for high processing capacity & signal strength, key to 

large-scale computation; 
�� Multi -signal: various signal molecules without interaction & cross-linking; 
�� Multi -cellular: break through the limitation of current bio-computing designs in 

one cell, cooperation and communication among the whole community; 
  

Future development & Applications 
 

�� Fluorescence microscope to 
visualize the appearance of RFP 
on time scale 

Figure 1. Construct for signal transmission 
and amplification 

Figure 3. Logic gate-like information design Figure 4. Upgrade design of AND 

Figure 6. Construct for signal sensing and releasing 

Figure 2. Positive feedback loop for amplification 

Figure 7. Tests of AHL trigger.  

Figure 8. (a) Without ���,�>�U���š�Z�����������š���Œ�]�������]���v�[�š���š���v�����š�}���‰�Œ�}���µ�������u�µ���Z��
RFP. (b) 3h after AHL was added. 

Figure 10. AHL in the middle.  

Figure 9. AHL all over the plate. 

Figure 11. Some results of a complex overlap PCR 
to get the construct of  final design. 

Figure 12. Relative amount of lacI, mRNA of cI and cI with time 

Figure 13. Temporal/spatial distribution of C6HSL  

Figure 14. Temporal/spatial distribution of cI  
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Module III. Signal Center 
�� To further testify the effect of the combination of Module I & II 
�� Check for signal amplification 

The equations can be 
arithmetically solved using Matlab, 
and figure 12-14 are plotted to 
illustrate the temporal/spatial 
distribution of the three signal 
molecules on the culture medium 
plate. Several logic gates are 
formed when introducing hybrid 
promoters with specific signal 
molecular thresholds. 
 

�� Differentiation: Establish bacteria colonies with distinct functions, i.e. AND 
bacteria, ANDOT bacteria, OR bacteria and etc., respectively, to cooperate and 
interact in one community to realize more complex computing functions; 

�� Switch: ���}�v�•�š�Œ�µ���š�����o�o���Z���}�u�‰�µ�š�]�v�P�[���‰���Œ�š�•���]�v�š�}���}�v�����������š���Œ�]�µ�u�����v�����]�v�•���Œ�š���•�Á�]�š���Z���•��
between each part; certain approaches to control the switches can turn the 
bacteria to carry out specific computing tasks, even combinations of logic gating 
is possible; 

�� Chip: Bacteria communities with different computing capabilities can be 
arranged in certain sequences to coordinate multiple tasks, which can be seen as 
a type of chip; 

 
 

Human practice 
 
Students and Alumni 
We made a progressing three-stage plan of introducing 
synthetic biology and iGEM to students and alumni: 
Stage 1 is a general introductory phase where we attempt 
to attract as much attention as possible for future stages by 
posters. 
Stage 2 is a more detailed introductory stage, where we 
introduce the concept of synthetic biology, history of iGEM 
���v�����d�•�]�v�P�Z�µ���[�•���‰���Œ�š�]���]�‰���š�]�}�v�U��etc by science fair. 
Stage 3 aims to directly recruit students more interested in 
synthetic biology, in the form of a club �t the synthetic 
biology club, open to students from all grades and majors. 
 
Local Schools 
To share our understanding of synthetic biology with pre-
college students, we chose local high schools to begin. We 
organized sessions where students were able to learn 
about synthetic biology and design cells of their own. 
 
Internet Users 
To people of our age, internet is an almost indispensable 
part of our life. It is therefore necessary that we have a 
�Á���Ç���}�(���^�•�‰�Œ�������]�v�P���š�Z�����Á�}�Œ���_���}�v�o�]�v�����š�}���š���o�o�����À���v���u�}�Œ����
people about synthetic biology and iGEM. 
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Figure 15. The 
invertase FimE can 
switch the 
promoter, leading 
to the termination 
of  functional part 
or the death of 
E.coli 

Biosafety 
One of the most critical issues in artificial biological systems. 
Robust designs in different levels to guarantee the controllability 
of our system and a suicide module to shut down our system in 
need. 
�� Cell level 
System functions in ���}�v�À���v�š�]�}�v���o�������o�o���•�š�Œ���]�v�•���o�]�l�������,�ñ�r�����v�������>�î�í�X��
Nothing special required; 
�� Plasmid level 
All the parts of Domino+  constructed in a single plasmid. 
Antibiotic resistance gene added to every plasmid and 
corresponding antibiotic into LB medium.. 
�� Gene expression level 
FimE: an invertase  to recognize two specific parts and  invert the 
sequence between. Irreversible process.; to stop the expression 
of core promoters. 
�� Suicide module 
FimE: also  a toxicant for E.coli. If any accidence happened, FimE 
will start the expression of lysozyme, leading to the death of the 
cells. 

With Tsinghua-A team : We held 
a joint seminar to introduce iGEM; 
Give advise to each other on 
experiment. 

With Tsinghua-D team : 
We held a joint seminar to 
introduce iGEM 

With SUSTC-Shenzhen-A: We helped 
�š���•�š���š�Z�����(�µ�v���š�]�}�v���}�(���^BioSearch�_�����‰�‰��
for iOS from iGEM SUSTC-
SHENZHEN-A team and completed 
surveys to help improve it. 

With Peking team: We 
attended a joint meeting to 
promote iGEM hold PKU, and 
they provided some of the 
reagents such as AHL for our 
experiment 

With SUSTC-Shenzhen-B: 
We helped SUSTC-Shenzhen-B 
test their terminator efficiency 
calculator , and offered  
suggestions for improving their 
UI.  

Collaboration 

AHL 

AHL 

2. Logic gate-like information processing 
�� Dominoes can be arranged to function as logic gates, an 

emerging characteristic for information processing 
�� In Domino+ system, multi-signal process 
Different signals meet in the same cell, the state of the cell 
�•�Z�]�(�š���(�Œ�}�u���^�š�Œ���v�•�u�]�•�•�]�}�v�_���š�}���^�‰�Œ�}�����•�•�]�v�P�_�V 
Calculation results will be shown with the help of different 
fluorescence proteins�×  
R1, R2, R3, R4 and PA, PB represent different protein coding 
gene or different promoter, as shown in the table, various 
logic gates are realized. 
 

Table 1. Parts for the logic gate-like information design 


