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Project idea

Engineering E.colistrain to be responsive to multiple 
wavelength.
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Characterisingthe system

Firstly, varying wavelengths:

RedBlue GreenDark

Control Control Control Control



Findings from varying the wavelength 

Red

Å Sample in the dark produced 
most precipitate.

Å Gradual decrease of 
precipitate production as input 
wavelength increases.

Å All control strain has similar 
output.

Å Gene expression under red 
light is most inhibited.

A
m

o
u

n
t 
o

f 
B

la
ck

 P
re

ci
p

ita
te

 D
e

cr
e

a
si

n
g

 

Increasing Black Precipitate



Secondly, varying light intensity

Intensity 
(µEins/m 2/s)
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Å The samples and controls are stored in LB 
Broth .

Å At different intensities, measured by a 
light intensity probe.

Å Exposed in red light and incubated for 
12hrs.

Å Perform Miller Assay ςto quantify the 
activity of beta-galactocidaseenzyme.

Å The photospectrometerused to measure 
the optical density of each sample.

Å Parameters collected.



THE 
MODEL



A QUICK 
FLASH BACK
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INDIVIDUAL 
INSIGHTS TO 
EACH BLOCKS

THE 2 
COMPONENT 
REGULATORY 
SYSTEM EnvZ-

OmpR
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The 3 main process can be simplified as;
ÅEnvZ+ ATP Ą EnvZ-P +ADP   - autophosphorylation
ÅEnvZ+ OmpR-P Ą EnvZ+ OmpR+ Pi3 - phosphatase
ÅEnvZ-P + OmpRĄ EnvZ+ OmpR-P       -
phosphotransfer
Assumptions behind model:
ÅATP concentration is constant and absorbed into the rate constant kk.

ÅConcentration of EnvZis divided into: [EnvZ], [EnvZ-P], [(EnvZ-P)OmpR], and 
[(EnvZ)OmpR-P] 
ÅConcentration of OmpRis divided into: [OmpR], [OmpR-P], [(EnvZ-P)OmpR], and   
[(EnvZ)OmpR-P]
ÅTotal concentration of OmpRand EnvZis constant; therefore the cycle goes on 
and on.

h59Ωǎ ŘŜǊƛǾŜŘΤ

Eric Batchelorand Mark Goulian. Robustness and the cycle of phosphorylationand dephosphorylationin a two-component regulatory system 
PNAS January 21, 2003 vol. 100 no. 2 691-696. 



Transcription                      Translation 
DNA                          mRNA                            protein

Replication 

Transcription state;

d[mRNA]/dt = t1[OmpR-P] ςd1[mRNA]

t1 ςtranscription coefficient
d1 ςtranscription degradation/ decayrate

Translation state;

d[LacZ]/dt = t2[mRNA] ςd2[LacZ]

t2 ςtranslation coefficient
d2 ς translation degradation / decay rate

d1 << d2, Because protein is much more stable than Lac Z

TRANSCRIPTION AND 
TRANSLATION
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ÅIt is known and verified from the wet labs that red light inhibits the process of 
autophosphorylation.

²ƘŀǘΩǎ ǘƘŜ ǊƻƭŜ ƻŦ ǘƘŜ ǇƘƻǘƻǊŜŎŜǇǘƻǊΚ



SIMULATING THE 
MODEL



Constant and parameters used;

k1=0.01,
k-1=0.01, 
k2=0.01, 
k-2=0.01, 
kp=0.01, 
kt=0.01,
t1=0.1,
t2=0.1,
d1=0.01,
d2=1.

EnvZ= 1M, 
EnvZP= 1M, 

(EnvZP)OmpR= 1M, 
OmpRP= 1M, 
OmpR= 1M, 

EnvZ(OmpRP) = 1M. 

ÅWhat do we do with constants Kkand K-
k? Which are varied by the intensity of 
red light shined on it.



We decided to vary the constants with intensity as shown 
below;

Reason behind it:
Åŀƭƭ h59Ωǎ ǘŜƴŘǎ ǘƻ ŀ ǎǘŜŀŘȅ ǎǘŀǘŜ ŀŦǘŜǊ ǎƻƳŜ ǘƛƳŜ

ÅWithout the presence of red light, the concentration of OmpRPshould 
increase. Therefore the constant Kkwhich affects the rate of reaction 
should decrease with intensity. Whereas K-k should increase as 
intensity increases.



Simulation result

ÅFrom the graph above it is clear that at high intensity OmpRP
concentration is less, therefore activity of LacZshould be less as 
well.

From the graphs above we could see that at intensity 10% the amount of 
LacZactivity tends to 1 more than 90%. Therefore more black precipitate 
is formed at 10% rather than 90%, which proves the model.



Summary of wet lab 
result + model = 

characterisation of 
the initial system

Graph analysis 
Å3hrs- The system is very unstable, the beginning of translation and transcription of gene, 
LacZactivity is erratic, does not form a trend proportional to intensity over the first 3 hours. 
Å6hrs- The system is still unstable, but relatively calmer. 
Å9hrs- The system is more similar to expected trend. 
Å12hrs- The system behaves as expected in the paper, LacZactivity decrease as light intensity 
increase 

ÅThe control strain has produced a similar trend to the experimental values. 



3D plot with parameters 
intensity, time and 

activity of LacZ

ÅUsing system identification procedures, a prediction for a design 
process could be made; either intensity or time dependent.



Implementing 
the project 
objective
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Fusing 
fluorescence

protein to LacZ

Colour of 

fluorescent 

protein

mRFP1 EGFP ECFP

Excitation 

wavelength 584 nm 488 nm 434 nm

INTENTION: taking this as an 

example
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