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NOTICE: What you should do is to show your potential or talent, rather t
han words of answer. The best answer should be more than precise, but
also inspiring for scientific research. Good luck!

Section A

In this section, for every topic, only ONE question needs to be answered,
with less than 300 English words or 500 Chinese characters.

1. Engineering Transcription & Translation

a) How does transcription terminate? Propose a raw method to characterize the ter
mination efficdency of a terminator.

Ref ()



b) Wang et al. has developed a digital-like modular AND gate to integrate environm
ental signal in bacteria. However, there is a pressing need to develop more reliable
genetic AND gates like Wang’s for the scaling-up of synthetic biology. Propose a pr
actical approach to meet this need.

Ref (2

c) Riboswitches (rbw) and rbozymes (rbz) with wide functionalities have been disco
vered and characterized. When applied in synthetic biology, however, they showed s
equence-context sensitivity. That is, the sequence upstream and downstream strongl
y affects the performance of rbw and rbz by affecting their correctly folding or proc
essing. Propose an idea to eliminate or predict effect of sequence context on rbw a
nd rbz.

Ref (3 4

d) Salis et al. have developed a thermodynamic model to quantify translation streng
th of Ribosome Binding Site (RBS) in bacteria. A software derived from this model,
called RBS calculator, can be used to both rationally forward-engineer RBS sequence
s with customized translation strength, and quantitatively predict translation strength
s of different RBS sequences prefixing given protein coding sequence. It has been r
egarded as a powerful tool to help the rational design of genetic devices. Is there
any improvement of this method in terms of modeling or experiment?

Ref (5)
2. Protein &RNA

a) Describe your concem when you exploit RNA mimics of Green Fluorescence Prote
in as the reporter in a synthetic biology project

Ref (6 7)

b) What do you think will be the advantage of using transporters of different affiniti
es to regulate metabolic efflux, compared with using only one type of transporter?

Ref (§ 9)

c) How to relate the extrinsic environmental signal to the bacterial movement? Expl
ain your reason.

Ref (10 11)

d) TEV protease recognizes a linear epitope of the general foorm E-Xaa-Xaa-Y -Xaa-Q

-(G/S), with cleavage occurring between Q and G or Q and S. The most commonly
used sequence is ENLYFQG. Suppose that the TEV deavage site could be inserted

into, or replace certain site of T7 polymerase, thus to control its activity within min
ute scale. Demonstrate 3 sites (insertion or replacement) at least. Structures shown
in PDB files are highly encouraged.



Ref (12-14)
3. Genetic Circuit Engineering

a) Design a gene dircuit for certain type of signal/logic processing (for instance, a g
enetic comparator or a genetic noise eraser) based on RNA/anti-sense RNA pairs

Ref (15 16)

b) Peking iGEM 2007 designed a robust genetic toggle switch. Explain why it is rob
ust. The mechanism underpinning will be much more convincing.

Ref (17)

c) Voigt Lab has constructed a simple NOR logic gate in Escherichia coli by arrangin
g two tandem promoters that function as inputs to drive the transcription of a repr
essor. However, they had to distribute NOR gates into separate cells if higher-level |
ogic processing wanted. Now Voigt Lab are seeking to assemble NOR gates into a s
ingle cell. What troubles do they have to overcome towards this goal?

Ref (18 19)

d) Distributing computing or metabolic processing is a great thought for gene drcuit

implementation. However, one hard nut to crack is the different growth rates of di
fferent bacteria carrying different genetic logic computing devices. Propose an idea
or an approach to solve this problem.

Ref (20-22)
4. Modeling

a) Criticize the modeling work of a synthetic biology paper, protein rational design,
coarse-gained model, ODE model or any other form of modeling.

b) Propose a modeling approach to quantitatively describe DNA bending. Any thoug
ht different from the reference is highly encouraged.

Ref (23 24)
Section B

In this section, every question needs to be answered, with less than 300
English words or 500 Chinese characters.

1. Design a promoter that could be repressed by your fusion protein. Explain your
oonsideration and the working mechanism. Detailed sequence and feature will be m
uch more convincing.

Ref (25 26)



2. Currently 4 sub-projects emerge: rational design of VVD (Wenyuan Zhou), model-
guided redesign of VWD (Hongyu Xiong), photo-taxis (Hanxi Liu) and light controllabl
e bacterial enhancer (Zhilei Zhao). However, due to our limited time and labor, ther

e is trade-off between the elaborate design and feasibility. Choose a sub-project an
d discuss to what extent it should be.

3. Propose a story to make your project meaningful and admirable. Notice that you
can choose, enrich, simplify or even dump any sub-project, but your story had bet
ter to guarantee every piece of your project necessary.

4. Do you wish to fight for your project full-ime and enjoy this process this summ
er?
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