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Abstract: Artificial protein functional materials have good biocompatibility, biodegradability, broad resources of
raw materials, and diverse functions. As ideal biological materials, they have a wide range of application prospects
in bioengineering, medicine, military and textiles. However, microbial synthesis of protein functional materials still
has problems such as low expression and unstable performance, which severely restrict their efficient production and
application. In recent years, there is a trend of designing artificial protein functional materials that not only possess
multi-functional properties but are biomimetic, adaptive and dynamically responsive to biological processes, and

such a trend puts forward new requirements for the design and engineering control of macromolecular systems,
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which raise a necessity for developing research methods to assemble engineered protein molecules into functional
macroscopic materials. Under the guidance of engineering concepts, synthetic biology provides a strategy for
developing "precise design-system construction-regulatory expression-engineering application" for artificial protein
functional materials. This review comments the research progress in the biological synthesis of major protein
functional materials such as spider silk protein, silk protein, human-like collagen and mussel protein, and explores
the construction of artificial protein cell factory, the regulation of protein expression and their applications as tissue
engineering materials and other fields. In view of the current problems of poor biocompatibility and insufficient
efficacy of clinical products, artificial protein functional materials can be assembled and processed according to
functional requirements, and used to fabricate artificial tendons, artificial skin, degradable hemostatic materials,
artificial bones and new protein material medical products such as high-viscosity anti-fouling coating products.
There are still several challenges that need to be solved urgently: (1) There are few theoretical analysis tools and
models at this stage, making the design, prediction and analysis of functional proteins relatively limited, and a more
comprehensive protein database needs to be established; (2) There are many expression regulators in £. coli and
other microbial systems, and adaptation for the design of expression elements and the target gene, the regulation of
protein synthesis pathways and the systemic nature need to be studied to improve the efficiency of protein
expression; (3) In terms of engineering applications, it is also necessary to comprehensively consider material
stability and biological safety. Finally, the research direction is prospected, which provides insights for scholars

working in related fields.
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Fig.1 Massive expression of spider silk through the genome editing of silkworm



%£2% www.synbioj.com 533

xR “ut” Wik 5w, A RREET
CRISPR/Cas9 1) % Ji& T 25 3 [K 4 8 0 R MU X &
BRANf, Hunik 2 LRGN R LR ET,
o T DR 5% A ] 7 A LG P I R AR Wk 2 [ N
kA ™, WE2FR. CRISPR/Cas9 £ AR
TR ER KIS W ik 22 B TR 9 N 22 3R B SR BE 1)

W& T (FibH BY FibL) 1] RS A 4% 6l 7 51 RAE,  %f
HEATFBERAY . BXEARGERKELE
H, GHTEZMREREE, £35Sk BT
HARERTBWER, MmEMEZEEW, GRHK
THRM @B A R ARG L Rk H S B A 2 E A
MR

N C
FibH ICIITITITTITITTN

N C
MaSp1/MiSp1 N"mc FibL mmC——)

N % G
FibH-MaSp1/MiSpl

J FibH-MaSp1/MiSp1

nnnnnnnnnn

FibH-MaSp1/MiSp] ﬁ/@fm& FibH-MaSpI/MiSpl N N !,\ c
FibL - TTIT =

B2 A3 IR o A R ik 22 4R 7 o
(a) B¥RIRK/NRLLEE (MaSpl/MiSpl) X 22 2 B 55 10 B 4 o ok 22 45 8
(b) Wk 225K I MaSp1/MiSpl B N L K Bl & RIELE A Mt 2 458

Fig.2 Spider silk fiber made from transgenic silkworm

(a) Replacement of the natural spider silk protein (MaSp1/MiSp1) through engineering silk fibroin heavy chain and cocooning;

(b) Incorporation of the spider silk protein MaSp1/MiSp1 fibroin heavy chain for the fusion expression of silk protein and its cocooning
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