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Applications of synthetic biology in materials science

Tianxin Zhao, and Chao Zhong

School of Physical Science and Technology (SPST), Shanghai Tech University, Shanghai 201210, China

Abstract: Materials are the basis for human being survival and social development. To keep abreast with the increasing
needs from all aspects of human society, there are huge needs in the development of advanced materials as well as
high-efficiency but low-cost manufacturing strategies that are both sustainable and tunable. Synthetic biology, a new
engineering principle taking gene regulation and engineering design as the core, greatly promotes the development of life
sciences. This discipline has also contributed to the development of material sciences and will continuously bring new ideas to
future new material design. In this paper, we review recent advances in applications of synthetic biology in material sciences,

with the focus on how synthetic biology could enable synthesis of new polymeric biomaterials and inorganic materials, phage
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display and directed evolution of proteins relevant to materials development, living functional materials, engineered

bacteria-regulated artificial photosynthesis system as well as applications of gene circuits for material sciences.

Keywords: synthetic biology, material sciences, genetic circuits, biomaterials
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Fig. 1 Modular and genetic strategy for engineering self-assembling underwater adhesives'”’!. (A) Schematic of the
two domains used for constructing underwater adhesives. Curli fibres are composed of CsgA rich in cross-p-strand
structures. Mfp3 and Mfp5 are unstructured coils in solution. (B) Construction of CsgA-Mfp3 and Mfp5-CsgA genes
through Gibson assembly. (C) CsgA-Mfp3 and Mfp5-CsgA can form cross-fB-strand structures. (D) Copolymerization
of the two fusion monomers leads to hierarchically assembled sticky fibres.
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Fig. 2 TEM images of various semiconducting nanoparticles (NPs) synthesized in vivo by recombinant E. coli
Recombinant E. coli expressing AtPCS synthesize CdZn(A), CdSe(B), CdTe(C), and SeZn(D) NPs, respectively. The

distance represents the interplanar distance of the NP lattice.

(18]

® 010-64807509 K cjb@im.ac.cn



498

ISSN 1000-3061 CN 11-1998/Q Chin J Biotech March 25,2017 Vol.33 No.3

3 OEERRT R R %
fft Lo F 4 H

113 L3

Sarikaya

[21]

(Directed protein evolution) 2000 Belcher

( 3 [16] [22-23]

Lee «

” (Self-templating assembly)[24]

[24-25] [26]

O Rt WO RO OF%OQ@

g Viral genome IR o DNAplasmld OOO
@Phage display Iil:néiiﬁg;:gzixgh Cell-surface j
P..", display rJ
PrR 2 wries g
@Binding mﬂmﬂ

%} %q‘éifé % @ Exact DNA fragment @3

- @D

@ Subst . v:[aShl R% s '%sﬁ%%‘

fostay TR et
- O
’*P @ Rephcatlon@

@@Ehmon o @J (6) Elution 9

B3 M R R IR AN 40 B R T R v B A R 3

Fig. 3 The principles of phage display and cell-surface display for selection and optimization of molecular materials
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Fig. 7 An artificial photosynthesis system based upon M. thermoacetica/CdS materials hybrid system. A is a
schematic presentation of the reaction system and B is the electron-transfer and reaction pathways associated with the

system[39].
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Fig. 8 The design and expression of amphiphilic proteins with the potential for self-assembly allows formation of
organelles in E. coli™™. (A) Amphiphilic proteins expressed in vivo form cellular compartments. (B) The plasmid
pET28—-mEGFP—E20F20 encodes amphiphilic protein. (C) Panel shows composition abbreviations, symbols, and
properties of the designated proteins, respectively.
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Fig. 9 Genetic construction and functionality characterization of the synchronized lysis circuit (SLC)™*. (A)
Schematic of SLC. (B) The main stages of each cycle from seeding to quorum ‘firing’.
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