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/Network motifs are the basic building blocks of gene regulatory networks (GRNs) that regulate cem
behaviour. When these motifs are rewired through evolution, the resultant networks give rise to emergent
properties which lead to complex biological phenomena such as complex body forms or neuronal
development. Synthetic biology aims to extend, improve or design new cellular behaviours and in doing so
better understand native systems. Control over interactions in a genetic network allows the creation of a
biological field programmable array which not only gives better understand biology but also to improves

sttomisation of synthetic biology devices. /

London

Abstract

This project aims to develop a system for online computer-aided control of biological network motifs. The
circuit proposed uses well-characterised optogenetic modules and synthetic dual activator-repressor
systems based on the cl transcription factor. This enables switching between the 8 possible 2 node

motifs specified below.
> B A = > B4
A X B -
B A | ~ B i
B At——B Wil /

Motivation

RRI and Applications
Research tool for I— Learning tool for Flellie

: — Engagement and
devo/evo biology —I students 999 :
Education : )
+ + Biological Parts
Increased Improved access ‘ ‘C , T
. : odin . ,
understanding of to Synthetic Promoter Operator RBS Sequen%e Terminator Ribozymes
devo/evo biology Biology
Improved Field Di : | ' & T
P bl zalealon B Misinformation - ™ m e
rogrammaolte . . o S _— _
9D , Ethics and Policy : 5 5 0 e R
eV|Ce Q—Z Cu ; ?\ : fl o \Lj - - ° 8 8 ?7
a o N o _0 @ = ™ Q& 5 £ - " a a =
-T— @ . @ - o < S o S @ L e
—— o “ om c .
Increased
. Real-world
understanding of il esonm 470nm
GRNs Applications
‘,‘. 7‘.-,\.‘
_ 2 @ - 3 5 - z e -;E‘;}»Tl ® ;T e -«T
R f gt od & s & £ b S 2 o £lF & 9 5 3 - Y o 3
o a o §e) o = S A X o 5= 0 = o = w poar o o o9 o o — '®) ©
eferences e 0§ g 3 g5, &8 @ g
S 2 g & 4 ® & 5 £ 48 .9 NE B Ooe R oX BE < @ 5
© W o s LA — ® Vs %) S o -4 © O 0
giéggwmgwaﬂ i % & ° 4
Fernandez-Rodriguez, J., Moser, F., Song, M. and Voigt, C.A., 2017. Engineering RGB color vision into Escherichia coli. Nature chemical biology, 13(7), p.706.
Brodel, A.K., Jaramillo, A. and Isalan, M., 2016. Engineering orthogonal dual transcription factors for multi-input synthetic promoters. Nature communications, 7, p.13858. =
Ramakrishnan, P. and Tabor, J.J., 2016. Repurposing Synechocystis PCC6803 UirS—-UirR as a UV-violet/green photoreversible transcriptional regulatory tool in E. coli. ACS 532nm 380nm
synthetic biology, 5(7), pp.733-740. _1
Wang, B., Kitney, R.l., Joly, N. and Buck, M., 2011. Engineering modular and orthogonal genetic logic gates for robust digital-like synthetic biology. Nature communications, h
2, p.508.
. . . .. . . . . . -lt;ztzzzzzzzzza «4!IIIIIIIIII <i§5 II ‘1&""! <€3::::} 4@” II ll % IIIII‘?’ lllll’b'.-l-lll 44?’ D “E§> I ,fé;rl-
Jayaraman, P., Devarajan, K., Chua, T.K., Zhang, H., Gunawan, E. and Poh, C.L., 2016. Blue light-mediated transcriptional activation and repression of gene expression in < @ @ - @ ES & = " < " < v
bacteria. Nucleic acids research, 44(14), pp.6994-7005. & e - o 25 o d & 3 = s . 2lz = 8 L1 B
Moon, T., Lou, C., Tamsir, A., Stanton, B., & Voigt, C. (2012). Genetic programs constructed from layered logic gates in single cells. Nature, 491(7423), 249-53. = ol % 5 2 N 25 g & g g 3 2 &8 5 & ° 3= + o * ‘ 3
Milo, Shen-Orr, ltzkovitz, Kashtan, Chklovskii, & Alon. (2002). Network motifs: Simple building blocks of complex networks. Science (New York, N.Y.), 298(5594), 824-7. J
Quintans, C., Valdes, M., Moure, M., Fernandez-Ferreira, L., & Mandado, E. (2005). Digital electronics learning system based on FPGA applications. Frontiers in Education, r
2005. FIE '05. Proceedings 35th Annual Conference, S2G-7. : & i i K
N N - -
Chen, Y, Liu, P., Nielsen, A., Brophy, J., Clancy, K., Peterson, T., & Voigt, C. (2013). Characterization of 582 natural and synthetic terminators and quantification of their G > § § N _ _ 3 Q 3
design constraints. Nature Methods, 10(7), 659-64. Q o 3 E 9 5 Q o v o > E & ® q o
S g = @ T RRC " N §a Y & < § @ 5

Peter, & Davidson. (2011). Evolution of Gene Regulatory Networks Controlling Body Plan Development. Cell, 144(6), 970-985.

/C'rcuitry

L g Y-

crepB

gio >~ b )1

@ ~ cactB
L
\_

_>

crepA . e
—{( B

cactA T

>

|

69ic Table

Computer input by light
2 node Motifs (1-8) A1 [crepA] A2 [cactA] B1 [crepB] B2 [cactB]
A—B 1 1 0 1
A--| B 1 1 1 0
A—B 0 1 1 1
Al--B 1 0 1 1
A—-B & A|---B 1 0 0 1
A--—-|B & A—B 0 1 1 0
A—-B & A—B 0 1 0 1
A--|B & A|--B 1 0 1 0
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Test

State Transitions

e State transitions do not affect steady-state behavior of each motif
e Transition time generally 300-600 min. Transition to A |==| B motif takes approx. 780+ min.
e Atrtificial oscillations can be made by continuously interrupting transitions before reaching
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Model optimisation

Initial simulations suggested that the system was not robust to transcriptional leakage of the

optogenetic regulators. Three changes were made to improve system robustness:

1. The half-maximal repression concentrations of the optogenetic regulators were tuned to
between the low and high steady state concentrations of the optogenetic regulators.

2. The half-maximal repression concentrations of the nodal transcription factors A and B were
tuned to make them robust to a leaky level of constitutive expression.

3. The RBS strength of the AND gate components was decreased.
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Gologicol Challenges

Homologous Recombination.
Unwanted crosstalk.
AND gate leakage.
Cell burden. [1]

Plasmid size.

pLightB

13098 bp

Our project is ambitious and the circuits we devised is complicated. For this reasons, we expect
several challenges to arise in the wet-lab. Below listed are some feasibility issues:

e First time use of 4 orthogonal optogenetic systems. [1,3]
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