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Application of cell-free synthesis strategy in biomaterial research
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Abstract: As various issues such as global warming, environmental pollution and the exhaustion of fossil resources
become increasingly severe, biomaterials have attracted increasing attention in the fields of biotechnology and
biomedical engineering due to their many advantages such as renewable, degradable nature, and good biocompatibility.
Based on the “bottom-up” design concept, cell-free expression system as a useful supplement to the cell synthesis
system, greatly accelerates the development of biomaterials and expands their application range, becoming a frontier of
the materials synthetic biology. This review first introduces the difference between cell-free expression system and
conventional cell expression system, and emphasizes the unique advantages of cell-free expression system. Next, this
review overviews the application of cell-free strategies in sustainable production, functionalization and innovative

design of biomaterials, as well as promotion of new types by accelerating the Design-Build-Test (DBT) cycle. All of

Wi BHEA: 2021-06-30 {&EIHHA: 2021-07-22

HEWE: BxREBSHMAITE (2020YFA0907702); EXREARIZES (32071414, 22075179); LEHBEAMZERES (21ZR1432100)

SIRAX: S5, HREN, BB . THEEMRIBTEEMRIRRFPNMAIJ]. &pEYS, 2022, 3(4): 658-675

Citation: JI Botao, QIAN Zhigang, XIA Xiaoxia. Application of cell-free synthesis strategy in biomaterial research[J]. Synthetic Biology Journal, 2022, 3(4) :
658-675




%£3% www.synbioj.com 659

these examples fully demonstrate the advantages of cell-free systems in the design and synthesis of novel biomaterials.
Although the use of cell-free expression systems for biomaterial synthesis encounters challenges such as cost, weak
post-translational modification, and urgent need for cross-field cooperation, we still believe that in the near future, with
the development of synthetic biology and the deepening of interdisciplinary research, cell free strategy will provide a
faster, cheaper and more friendly way to produce new biomaterials, thereby protecting the earth environment on which
we depend. In addition, the continuous development of smart materials that are combined with cell-free strategies, such
as virus detection biosensors, will protect the health of human beings around the world to a great extent, and even save
thousands of lives. All in all, the cell-free expression system will definitely provide a powerful boost to the research
and industrialization of new biomaterials, and make a non-negligible contribution to the joint solution of global

environmental problems and the protection of human health.

Cell-free strategy for sustainable
biomaterial synthesis

Innovative design combining
Cell-free strategy and materials

Cell-free strategy accelerates the
development of new biomaterials

Cell-free strategy makes materials
intelligent and functional

Keywords: biomaterials; cell-free expression system; material intelligence and functionalization; DBT cycle;
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Fig. 1 The difference between cell expression system and cell-free expression system
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Tab.1 The advantages and disadvantages of cell-free expression systems
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the synthesis of membrane proteins and toxic proteins, saving time, high resource utilization, and easy to combine with materials.)

b, CFE &G ML s A I ], W]
PLRE 1~2 A IR IE I [ a4 o0 1~2 Ko HLik,
BTHMEILRS, CFERGE— MM RS
MEEZT, FEHRRIERG T, — B DNA AR
NG, e 20055 B B B 1 R RIA RS 5E A
TR e, A Re A H AR SR s R IEROR
{H2XS T CFE R 4¢, A B sk 2K A 45T 7T N G AT
CAELRR P BEA SONIAET, I H AT DLBE I XA i i3t
AT RN . BRIk Z 4k, CFE #2480 L& BOt
AT B T 0B S —— MK AR o AR 4
RIERGMELLA U 7 (HA, WAJH 52 )R 401
RIBRGAIIRAIE T H A ) 22 A0 S 4 2L
R SR AE AR 55, I HIL TR R s R AR 55 5
4E CFE R U 1F VA Ml RIE R GTHIAT an4b
78, CFE RGEFMHIEIR L2 MRS RGTTIENMEALR

ST U R AR ] . BE T, AR SRR R
7~ CFE R GAEMBLE A P NEDRIRZ N
A, I Hax e am ZU I 7 H AR V0 R o 20 B 5
W AE AR R KA AT

2 JedlfakE R G YIRS Y
IS

SR CFE R 4t i) ZE Al iF 78 © 28 i) A AT o th
TERMEFILS, EREGLKILHFEH,
ER TN B2 3 — e R R MR, .
WEARENEAF B RN TSN R,
FIBA T CANBRA NS N RE YR AN )« s i R
BRGNS 55 BB 3 e A2 1 LR &5 Bt i AR AR HE AL /Y



%£3% www.synbioj.com 663

R 25 5 B

HR2, BEAE A N B W R, IR R
IETEIRE R . 4K, CFE RS T MR
8 0 B Lk B e S, AL R B ) RS O
10 h, B EL A #) B AR S 100 L——
1 X 26 25 B AE 10 4F 57 #8808 2 A A RE 58 I
B o B b R R R 4 R R B AR I AR
TC 48 S FR AR A O BRI LA B 4 B AR
oA R 2 B T T R, EEEA. BEA
DA % 0 1 S5 A5 1 55 i) R 15 3B T BT AR e 1
AE, RN R R H T ERE R EARR A H
HRGW TR, KRG K= i iy
2 BTN I AR %% /1, CFE & 4t i1 B
AR T RERMEK, HAFMUES TAEY
ik R RN R LB A T R R B e vh, R DL
T KRB 1) AR A S A Y TR Bk
BT, AKX —F 2 CFE RF 5MEE
BRIT R A 45 1 N s, LL#2 L CFE RS A
VIR T S A O T E RN s mR R
WLAE A T T, CFE & 48T LLSE B AE WA )i 4%
] RESAE =, A A5 B A Rl AT LS T CFE &
Giin A e RE BTG (2.1&2.2); BEEAEEY
MOEH BT T J7 T, B CFE & 40 v] DU T B0
AR NEE QSRR , I 0 & R
AR TS (2.3&2.4).

2.1 TSRS AT A SRS

w4, AR AAERE I BB L 2 R B A
ARRE B I i Yo ltn, AT L PR R
TRARBAS . KB R LA i (B 2
W T 20 Ry HR SRR LT AT
It B FAERE 0 SR R RS A6 A R
R T RN ™R (A 8 . A A AR
B A B, AW E RO XA RIS,
(17 O =R SN ) 1 T s N 5 )5 QN B
R AR T HR, R AR A
EAREARAL T S5, T A T A0 Y SR W AE PRI
FAREG BCRSCAS T T A BOR TR, R AR B
EHESI AR R AT R AL B TR AL -

B AR R W0 A4 B B B AR (1 5 BF T 1R 22—

ST W] R BT A B A PR SR R AR BT R AR
Ykt R DUR R E R R ES (PHA) R, 1E
N—MEMEEY, HEGSAWAT B R
() 3 AR A R BT B, AR, RO Tk A=
PHA iz 3 SR 80 2 — J& FL Al AR 0B iR 0 1 B AR
oo CHE AN T B A AR R AR 1 28% ~
50%) Mo H ARG I )RR 98 TR T R B
AR RS A Hb A Y B R B ARG B o )
BEEY, g, BN R C ST R LB YR
JEORE R A AR A RE R O 40 B S B . Kelwick 558
FH 475 % o A 3k 2 1) @l = o FLIE N R RE, e R
oL, IR B FLIE B ED I CFE 24
o NIRRT PHA FIEA A = & B, %
W TR RAB 1S VR 2, — S Y 1) PHA 27~
FEmg AT LA 5 CFE R, Rl 2 A FH A R
3B R A SRR (BN FLIE B EY)D B, FRE
A BT PHA £ P25 B2 5 nl 471 % Kk,
Ky CFE 2 4t A7 v i 44 o AR R a8 3] 1 14 3
UEIRERIN I e S8 S R T R R R o o
J5E 45 5 T Bk R 3 7 B Y, Kopp & P Jd I by i
PUZINHEE (SCG) NEEH LAY &, A5
THM (LA P (AT RN RS YRR
JRED, JFEAR T RIS . Britbz4h, Joanf
RGIEA R TR T PF Al A 3 2% R AR 0 T AE
R, HXAE Y AT T 28 T )8 kB

4 N ) B2 IR R 0] B b T AR M R A B 1)
AR, R L A Y LSRRG . T CFE R GiAE
N—AMRETHWREARGRASH RS, 7L
VH o3 40 M AN 7 ORI SR, AT A3 i N R £
PR = BT 100% ©. Opgenorth 55 AN, N
T WA, £ CFE REUELLIZITRS, DAULH
fie /b My FE TR R 2 i . R T A T — R AR
fi . . DA & BN OB CFE R4, IFR
HTARZRETREE (PHB) HAEMBE, %A
GriPERE I 7 A KRB T3 T o R,
Ullah %5 B 1] FH G 41 i 55 06 & AT 4 3 B T 45 1
FIERMARI T OX — R H: DL & M — R UE
15 d I [8] N CFE R SE3K45 1 2 T4 &) B FE &
THE 1) 57.68% M4 4e 3= &, TSR EY RS
FOR1G 1 39.62% M 2F 4z~ B . it WL, CFE
RGAE A 7 27 2 3R J7 T A B v ) RE R R FH R R



664

BRENE $£35

W e, JEWEA TS, TR,
4 CFE & 4u15 2 K6 Bl R I, R Bl KRR FE i
VMR AT RESE . R RA 7R

bRtz Ah, A2 GE B iCAE A AR WA R T I
) — AN A PR . A ZITE & BCH A 7= 4 11 [ B
RN A &K AR . BFFEN LA AT #E
{5 24t i T AR A AN B bR P IS R 4 R A A A
ARAS, IR KPR 1 7 24 5 o S 2k 0 AR A
R & TR, 1 a0/E A H A5 2 5 80 8] 7= 4 1
TEEANAR T £12.5% (RF 0 $0  LLgEREH 40 g
TEMAKFE ™ AFEMJE, CFE &%) LU N 5H
B ZI ) B IR BT, B E AR BB Ak 2R
the HEWFEMERY Y, #Hlt, Endoh s “ fr
P E ) CFE R GL1E 80 °C N KSR 28 11 A5 BR (13
71, FETE 65 CHIRIEIRE T &M T LT k.

BT DL BAREA, R 2 DL &R O R )
A FESEA B CFE &AM BTk, JE HARIH
TR EMEEA R, #lmorE (57%) . BT
i (53%) B9 . IE T EE (83%) M. R R
(63%) " %5, JLT AL EZ, X CFE R4M
e A RRH I 1R 2 FH 77 VA R oR Bk 22 T R R S
58 A5 0] RE BN AT RE R AR WA KA T E FE P
G, HASMEWMEIRRAS . TRk & e
BER KB ) (B2,

Resources focus on
synthesizing target products

Get rid of excessive
dependence on fossil fuels
T

&

2

§

" )| “ More use of environmentall

‘ friendly biological pathways|

T TN RIE RGN R FREE DI R AN

CFE & 4t BE 7T LA 3R Ik A= Wy g i 46 LA b A= Wbt
BT REE G p, WA IRBEMEAFHA S
BCAEE E R R, X SR R 2H AT AR B A AN TR
T EE RRAE, Bl TP AR YrbE Rl B T 1
P K (AMP), K2 7 IF I 25 IR 4 AL
XA AR BRI Re k2 A
SEEEA BRI SRR A B, H R
M & 2T 60% ™ HARM & A & &R
MG IER (MAP) MIREIIAZ EEERRE
B BEE R OCENBREESNZ—, H
SR T BT RN B R R 2R M RHMR 2 BB AR T
AL E AR . SR TEERFENR
&, CFE RS AFBIH, C&tflE 72/
Z R G RS B T (R 2.

WX %% J), CFE RGO A HAR R & A K
ZREZFEATRMERE . DUEFXE BA 8%
(8 N, T A B R G B — AR AR A KL
TG 0 F ZEBR R —, — Fh 8% 52 03 1 7 V8 =2 AE
VAR ESINPLE K (AMP) 3K il % B 1 #4
KB B, 5 AMP HAR A8 B A 7K B R I
PR W7 1E Bz R G R A ke 75 %8 . {H AMP AR B 1
DNREIR AR AR e T B R EAE R, &
GRS L, TR CFE RAMSS 11, T
KM FF 1 CFE 248, CRIIE R T 10 FA[F 1)

Can adapt to more harsh reaction environment,
such as: containing toxic substances,
high temperature, etc.

52

[« B
Use low-cost, localized raw materials,
such as coffee grounds, whey and other

Cell-free expression system

Fig. 2 Sustainable biomaterial synthesis strategy based on cell-free expression system



%£3% www.synbioj.com 665

K2 CFE RGUE XIS IRER F 5 UK R0 7

Tab. 2 Corresponding methods for special protein synthesis using CFE system
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