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Figure 1. Schematic illustration of industrial production of protein therapeutics using CFPS systems.

http://journals.im.ac.cn/actamicrocn



Xiaoge Jiaetal. | Acta Microbiologica Sinica, 2016, 56(3)

TG A R S TT A S AR T A 2R P 4
F5 SO IE AT W) N RE B ) o e T AR L
FANE R PP KRR, U N FEE I [H]
B EAAERORR, O T RGX —MER,  Spirin
GHE T iE 2 8 X T MY )2 (Continuous-flow
cell-free, CFCF)™, CFCF WA 238 1 A W b 1]
RR AR MAE R Y5,  [RIPREA0 ] 1 &) )
i, PRIE T RRIRIEAT o b5 dE— 20T k&
HH T ) A i R TG AN L U " (Continuous-
exchange cell-free, CECF), fECECFH1, KN{k
RAKPFEAR R Z [ — 2 B A R PamE o i
R T, 8 T B E S TR A R TR
B AN SEIF I BR 1 B Y pgam e, AT
MoK S BB R AE R 214 h, FASEEET 1.2
mg/mL. MBIRCECFAR S ] LIA RO & 5 H A =
RO, ABJE o B R A 7 A T B PR TR il
AT ARA: 7 BRI o EAER SN DLW
Bl 8ii v 1) U A R RSV % NN BU R ) ko211 Vi K i 77
M T2 IR ITARAR AR Y RE i H2E REE AR
FE RPN . fEFERBIR R P EA R ERTE
GPB, PR A AR A RO
P RIER R, 7 e TAERFERE I, Zawada
SEFIHIE. coliKVRAYCFPS, il et 4 424
il & A AE T3, DG R LA e 81 R 2 1
FARIESH, ORIV AR, WAL T ifEsifl T
ZEETB, IR O AR REI100 L, JfAE
10 hNA B 17700 mg/LEA AWy is 4 i) 48 i PR 5
(granulocyte-macrophage colony-stimulating factor,
GM-CSF)""", X5t LR A ERRMR L, b
A CFPSIZWT /R th Tl KA P~ B4l 8 1 24
PR AN E . AR SCEZS T IR AFE R CFPSTE X 8 5
AT A P R A SR R, E A
LA I R 3 ) 1 R S oy R A TR 7 5% o
L1 AR YRR E T

TEA S Al s AR, WG FRFEIET
M =, RS T 5% I ZE X CFPSIE

actamicro@im.ac.cn

PR R E P EME- . VAE. colif 4 a2
il T2 A0, RarB Bl . WA
B FR A h A KB P I R IR, R SR
DREREANM S, 2202 21K 30000 g 8 50 B bR 4
JURE AN R ZHDNA A2 I S Jim 38 4o 37 By el 28
PR AR R T s R 3
Z W B O FENTRAE, DL = B AR R
RN, XSSP BEARER B T CFPSHY AR,
K FRAAEA =, R e fawe . A
R4 & T 281 EhE

Zawada 5 3F 1o [m] 35 IR 5L TP U In & S R 4 AR
2, DRFshlEsR A n bR, sel
TR R A, RO ARG R R AR R
PR — xR, B S Lin 5 7E A I CFPS
RNEGVERTIE LT, a7 A il 5 20 TR i b b o) A
IFRIARHL T —2F,  [RIBOL A I S 45 1 A
I 770%™, FEBCEERE [, Kim&E2aid 57 & B
BES & T2 im0 . RN . BT
PAER S R A SR IRCFPSITE M, T2
AT E— 2 Rl a8 T2, Jm A PR 20 1 4 e
PR T[], AR Kb 5 48 B (B) IR R AR BLAS o f
TR R W o OB R R A, SRR
A ok P R 1 AR A S 1 e TR A0 IR A O 5
REGS P2 R CEPSHY A P 2%, Itk — 2B AR A 7 1
AP AR Y TS B A RE RS B
B —FRE . mR. AR R NAR R, )
K HAE T CFPS iy i A F Tl Ak A= 77 i & e
S
1.2 FRMEEEENERELN RS

EARE B RPHEEFE R R REE, W
¥R ALRE AN K BB 4 J CFPS Y s 1y B[] LI
AR A3, A 1E f R R AL R
Gt FHREERRNAETHRE TR, B
CFPSINATP AR T IR K- F-iiie e, RiidE
AR R I RE Y B (K12-A), AR mE
AR (Phosphoenol pyruvate, PEP). Mz |



BAEHCAE | TUERIAI, 2016, 56(3)

533

(&)

pyruvate kinase

—> [

Transcription/Translation

®)

Pyruvate+O_+Pi+H O

pyruvate oxidase
—_—

B <

Acetyl phosphate+CO,+H O,

catalase myg 0, H,0

endogenous acetate kinase

 alll A cctate

[ADP]

©

Transcription/Translation

CPsystem
Energy regeneration

i creating

Cp+ADP ASILES CreatinetATP

N

Glycolysis ¢ _ .

2 ATP 2ADP

Pi+protein synthesis

NADH+H" 4 ADP 4 ATP

Glucose

N j > N
GAPDH

g2 DPG

Energy regeneration

2. CFPSHHY

REEMNTE N

Figure 2. Different strategies for providing energy for CFPS systems. A: ATP regeneration using PEP as an energy
source. B: Energy supply by pyruvate and pyruvate oxidase. C: Energy supply through dual-energy system. PEP,
phosphoenolpyruvic acid; ADP, adenosine diphosphate; ATP, adenosine triphosphate; Pi, inorganic phosphate; GAP,
glyceraldehyde-3-phosphate; DPG, 1,3-diphosphoglycerate; NAD, nicotinamide adenine dinucleotide; NADH,
reduced nicotinamide adenine dinucleotide; CP, creatine kinase.
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Figure 3. Scheme for site-specific incorporation of unnatural amino acids using CFPS systems.
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Progress of cell-free protein synthesis system and its applications
in pharmaceutical engineering - A review
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Xiaoge Jia, Zixin Deng, Tiangang Liu
Key Laboratory of Combinatorial Biosynthesis and Drug Discovery, Ministry of Education, Wuhan University, School of
Pharmaceutical Sciences, Wuhan, 430071, China

Abstract: Cell-free protein synthesis (CFPS) systems have been widely used for decades as a rapid and efficient tool
in fundamental biology. Without the requirements for cell viability and growth, CFPS systems have distinct
advantages over in vivo systems for protein production. Recently, great efforts have been made to further optimize
CFPS systems to produce proteins at high yields, reduced cost and increased scale, including simplifying extract
preparation procedures, developing new energy regeneration systems to protein synthesis, stabilizing substrate supply
and promoting protein folding. Nowadays, CFPS systems are emerging as a powerful platform for industrial and high-
throughput production of protein therapeutics, providing an alternative solution to solve problems in
biopharmaceutical engineering. Moreover, CFPS systems have been successfully applied to high-throughput drug
screening, large-scale protein therapeutics production, custom-made anti-cancer vaccines. These achievements
highlight that CFPS systems have great potential for a wide range of applications in biopharmaceutical engineering in
the future.

Keywords: cell-free protein synthesis system, in vitro reconstitution, high-throughput screening, industrial production,
biopharmaceutical engineering
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