#3745 T sl Vol. 37, No. 7
202547 H Chinese Bulletin of Life Sciences Jul., 2025

DOI: 10.13376/j.cbls/2025090
TEHS: 1004-0374(2025)07-0904-15

8K, B (ki) AMAEOR R Gl AL FF K, 2005 FF B A
BFARFHEENVEA X, £ £E Scripps A5 IS 2%, ML Ax R, i+
A FIF, NEE G REIE L RAD XA BIZ LR . %5 3K Sidney Kimmel %4 % |
AAF 3£ %% % B A%, Kk SCIX 70 &%, 1 Science. Nature. Nature
Reviews Molecular Cell Biology % B FRTR R A X k3 30 K&, ZEAOFEMK
A AR IR BT R R R A R ARG B R de % . RALE S IR SRR,
AEEFEIANAA. LBETBINGERAS . LBETAREALT. LiBTHEHLR
|y BRAL AR LT K. TUE LB TRIAER . i AT A

=1

TBMERRERBARNAR: ALWw=ER TAHE

LEF, TigMs, & B, 3 >
RIS )RR AR, i 200000)

B . TAREANEGEA (cell-free protein synthesis, CFPS) A& —F7E A& 4R 5 v i) FH 21 B AR 1A% b
1A, BEAR. tRNAs KAt RS, HHLL DNA B mRNA N & E AR E AR TILHER, BES K
AW FERREROR . B EMA TR PR KR, CFPS fERATFT . AEMHI 2. TV S
BN A R E T AT BEFRRE A IUAE ) S AR SRR S T T AT SRR, 4
FIUEE NI AR RG], HRITIX — IR AR R UM HOR R R ks 5Pk .

KHEIR . LA A G R s LR E s Rk s Tl

FESEES . Q816  NHEAFRERE : A

Advancements in cell-free protein synthesis (CFPS) technology:

from laboratory to industrial production

MA Jing-Ping, WANG Hai-Peng, DONG Qiang, GUO Min*
(Kangma-Healthcode (Shanghai) Biotech Co., Ltd., Shanghai 200000, China)

Abstract: Cell-free protein synthesis (CFPS) technology is an in vitro method that utilizes ribosomes, enzymatic
systems, tRNAs, and energy components isolated from cells to directly synthesize proteins using DNA or mRNA as
templates. Over the past decades, driven by rapid advancements in synthetic biology, gene-editing technologies,
automation platforms and AI, CFPS has significantly enhanced its application value in basic research,
biopharmaceuticals, industrial catalysis, and other fields. This review discusses the historic origin, technological
progress, research achievements, industrialization efforts, existing challenges and future prospects of CFPS. By
incorporating recent domestic and international research cases, it explores the developmental trajectory and key
hurdles of this futuristic technology.
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5% HE A% 28 Holley ¢ AP IS B 7T tRNA fE 5
FUR A R VR, 3 R SR R 4 B F0 2 P oy B 2
AR (gt dk (ks ) B ka4l It S8 Bl
SE 7 H— tRNA—— 1A & FiZ tRNA (tRNAAla) [ 5
Hll, FHUERH (RNA 15745872 ) 70~80 M EF
BRALIL I (77 DMIZETR ), HAMERR) «“ =57
GERIAI =4 L BT S, (RNA R B HAE & AR
HETRIER, bREE ST ED TR — A HRR,
N EE R VA 3 NS AL T o T AR T 1968 4,
Nirenberg. Khorana 1 Holley K| A7 filf 12 152 4% % 7t
Jr T RS TR, S F SR AR U DUR AR AR B R A
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AU RT3 8 B R A T B, R T EER
TRAEH. 21k, CFPS F8 B — M B S i & 4k
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M 1958 ST 46 £ 2000 4F 11X 40 £ (0], H
T [ 44 S U 11 B 1 O AR A S 56 B 4 3R 1
S (R 1) 1958 4, K HIE LA B3k (City of
Hope) [ Pt 1] Schweet [4] P\ & X FH 4 0 23 21 4 g
PR 58 AR AM B B I 20 8 A SR e, RIS
AN T A R A5 ™. 1964 4E, Pratt
26 PV RGOS T /N 32 R TR R ) B R B RS
P£. 2000 4, Endo [ BA I fE 4k /N 22 R 25 32 B4
il &R —— ZFRAHI 8 B ENDEXT $0R, ¥
JERE /N R ZE S0, 28 20 Rl T o 2% o KRR B
PIHIE 7, 1520 S RO s AR R AR R
(creatine phosphate/kinase), 7E Xz BE L2 3l R M.
PR RE, KRR TR R R T 1972 4,
Sampson 25 ! i F K BRI/ BROBT 40 i 4R, S
BLT N BRI 241 4 B R 4R A I 4T B A
mRNA TEARSME 208012, E I T I FLsh P 40 214
HUW) 75 A] SRR SE BB B A e 1976 4F, Pelham
S MR T RNl R, R
HeLa. Krebs II JE7KJ8 . CHO Z5Z Fh IR i FL5h
VAN SA I ) S T R G, AR RS R
FJ5 mRNA, A5 RNA B 852 SR
AT A T H. 1978 4, Sk H EEH M Young
P BN 7 FH BT 1 B S-30 S A4 1k S0 M 3 P4 I
mRNA FIRFFE, #5717 BRI EEBE S-30 ARy A 4%
FIVEVEVER BB AL, e R RE SRR TC 40 i B
JRE ARG R B e T a1, 2000 4, HA
5533 A F1 ¥ Suzuki %5 U T Spodoptera frugiperda

S21/S9 4 g 5 & #1K 97 5% polyhedrin 5’-UTR 55
THRIREAR, PR T R S21/89 4 ki ¥ 7o
ARG 2010 4F, By F] ¥ Ezure 55 M iE—
HVEIR T SR21/S9 FEHUR Z2 1K 2H 73 e B L B s
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WA A0 £ 5T RS BRI Rk, ]
1 A SR A F TG A0 M R B BT R &
AAMEZE L TFAA . e 52 At i b AL AT SE R
I B E ORI E A E] R E 3 E U
RE SR PN 22183 11T (1) Promega. Promega T~ 1992 S 4k
HH T AR L AR TG 48 R A RO ) TNT®
Coupled Reticulocyte Lysate System. & & ik &/~
i HPEL$E T7 Quick (Cat.# L1170) F1 SP6 Coupled (Cat.#
L4600) 4 Ff 4k &, 4 5 H T7 RNA £ 5§ f1 SP6
RNA £ i 5% DNA BN mRNA. I35 i
UAE R M AGR T & o DNA BEHES 5% % mRNA Al
JE B R BRSO BT — AN OB R, AN
N\ DNA BERR FF 46, 76 30 °C. 60~90 min P B A 1
WP R R D H AR R B (F R B AIAZ) 5 pg/
mL), FFTTI7(E MR T AR AR R B
b KL 1 5 DL sk B B B R A2 4 (post-
translational modifications, PTM). Itk ™ f i) 32 %
HBAE T AR 7T € HIAL AN SCHR A5 5 IRBT ) /
BERALSE PTM. L “TFI” (open) 1A Rk S VFAIT
T XS NIRRT & 5y, Wi DNA/mRNA .
AER. e RA. FHlE. PR BIEE ST
RIGI. AR, BRXE 2R T 40
AR A, BA BN (S0 uL)s FEAR (<5
pg/mL). X BTSRRI kR Y AT R i Bl DA
BB S AS B e S ko, ABAE R TE A0 MR 1 B A K
FERFM AT, 8 T5E & — %Dl 1 R
Bk, M 20 A0 90 FEAGE, PRGN & B Ak
A BRI 1 /NIRRT SR, e e
F5E B IF a6 .
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& T AR AR LR SRS
Z M. PURE R4 w2 4i4b i) T7 RNA R
G 31 MEER T (RGBT T, &




T, 4 CHMEAR A RERIA R : AL B Tk liE 907

Edi

(or[n[[9d

/3 o] :eserdjong Kuewion) ‘uoyoey wnovqn) UDIOIIN
(L4 %0) Tw/sn ooy “Tw/s 08 fddA° BHENRE “ddAd WHWESEW AL %40 EIETHI00d  ¥107 “HNI 12joqunel] T-AE) B 7wy 4
(avjojua.ivy
3N ‘uopuoT DIUDULYSIDT)
SR TuySn og sased 10 qey SddD® & SLISHHM LMD 1107 Qe AOIpUBXY T E -y I
U/ uy/3 091~ HIEDNOE NN S E Y YETENd 100T ueder ‘NI (o> DEHGY 01
vsn (wnaproostp
EILE R ‘qe] Aejoreq 1 unija3sod1)
U< WA\ WINLESSE ‘(e 00T~00 Y Zitkd (/10w oz1) L3 (/0w §) SN ‘S HF0E-S  L86]  'SWOIWRIN 'S’V B mh 6
ol M EV Y T R
i L ﬁﬁéﬁgﬁEQEZ;#ﬁNi ueder
WM YEAAVOHE ) ° VNIWE R R B L& “BUIRYONOA (suardps ourofy)
4 LA R B LSRR 73 YV N B BHSEDCE  LOSHUIIY T WY ENG ‘E¥EhEHETPHY Y €861 NEVIE Bi{HZ eTPHY 8
SN (s91ho0nomnax
(e 007>) ‘O8puquie) ‘qe |  snnowund sn3njopodi())
EIE B 00T~44 & “J4E%SLE EIEE [ VNIWy & S VIOT+ Ty BT 7 Bk //108D  9L61  UOSYdR[ % Wy T IH7 7147 bl B L
F(OH-SULYESAITH) if 3 (X *8N) [orIS] (wrd8 winazzsan
WEHELGWY -5 e (s S H S ~dlo ‘loA0USY mnsuf wndLlL “WIsg
W (I T 7 R K B M (A T B CHIELYANL  CdIV)ERE 0T T ZE €L6l UUBLIZIOA YU M )7 T e[ 9
wdd 000 8¢ VSN ‘an
L7 B4tk (A0 1) 5 YA L N-Afod N\ 1 ourueeKuayd-Ajoq VN N-A1od Xy S+ X3 5 50€S 1961 ‘epsayiRg ‘HIN (1102 ") B 1y S
ST GH P MO b W s e A L 5 (sayfo0nonor
(14 e Tl 17 17 147 Bl B S SR NS VNI Bl T 1 17 VSN VT smnotund snsnjojddiQ)
WG4 T 7 L -0 Y E D S 280 2E N B EEGIMY %Y G EEEILD/CLILY 3 “BNE 8561 ‘adoy yo A1D Bz T bl v
VS ‘uoysogq (sno13aa1ou snpvyy)
EVEN G ¥ 4 3 H 2 BL iz NG T A S RET I 8S6l ‘quT ruosuwey B M-8 3
(#1sqa.y snose
VSN SHOX SLIoW) 9B[N{[3))
GRS VN W iz WM RE R BOCE  LS6T  MON QBT IO B NCBI N[ 4
o L ET B Z GA (sna.anp
WOUET O MBMI 7 M2 3 ST L 3N ‘e3puque) 12002041 dp]g)
UHEIE 2 YH b0 M E 5 (prow orweIniS)FE & (IR pS61 ‘qeT 9D Bk EHHYES !
Ty E1EE [ Mo RN Y i ) =T HEK /g e

[t SERCRSE: LR AR =E 0] (E G I NAC T e R €2



374
L. AR R R I () Wit TR+ R A
908

\ 5 FF
- RS, K5 K
AEPIT S S (RNA Eiif/ﬁﬁ/£?@1£ AT
ik, IR A A - -
o % BIRL ), DLR MK T e
o Z PLRENT ?5 N BB [0 S R EAZ IR ),
5 0S RZHE A (#5 54 FhEE (1R
g i I 708 WRE LU, AT A S 2 T
e U P2 4444 — S O 8 A
2 3 - s nggﬁﬁﬁ%%%ﬁ%%%ﬁizﬁhﬁ
~ = o AN =
b & = N H%%‘ \ tRNA. ik He
2 = X B, BEORIE T £ 2 E . W
= 2 = DLIRR > 1 45 7 12 e 11 2 o
= o - PR, o AR, SR
s L 2 B, LSRR S
5 = E m%i\~ﬁ%%ﬁ§§§;ﬁ%ﬂ%gﬁgﬁﬂ
=) < Q o > H PURE R4l
faul el o L g,é_ﬁﬂ:jiﬁg/%o {; TR AR . SRR
€| RO B it T HRTRR
7L . (A7 RN oil:E P N 7 e B Sl oF 3
= =~ N Y = H I ° >
% 3 g ﬂ;ﬁﬁ@@a¥ mﬁﬁﬁ%%ﬁ?ﬁ&%%i
N , S 2o BRI ! G T R
|- =3z ERBRTR. BRI, PURS KA TE
A S ﬂ%ﬁ%%%»ﬁﬁ%ﬁﬁﬂ%ﬁiiﬁ Lo
= 2o R ‘ 4 A —
fnh t|& e ﬁ < 2 UL# i 4 O 8 B R SR Frﬁ (TR AL T
& =R B SR IR R RN R R G
A Y & %, NJERE
) - $E.
¢ g z . %2001 4£JF &1 PURE fk &,
A > S = -+ Shimizu &5 s
& s E £ io USA ft 3 ) T
EEE = ntier ( 1 i Cosmo Bio USA L5 )
E R B K A ) GeneFro : frex 1.0, A SCIL 75 4
& Tx=2 = 2011 4 1 — B HfE PURBTex 1 74444 PUREfrex
& 8 Til] 160 pg/mL IR F =&, FF7E 2015i ;%EI’J Daicel
= *ed = 20, 47 BALFI £ 600 pgimL" ok
bl I o ﬁﬁ §§ Aﬂ;or Biosciences - 2018 47£ SynBIOBetaj([i] 3t
E ﬁé % E g ﬁg VTN myTXTL Linear DNA Expression S}-]Ste;n /D7S 5
Bl |5 =Rz £F 6 At myTXTL Pro f0 Aniibody/DS i
Bz 88 4y T 2024 NI P 3K AT 7
ANE 25 2i i€, Lh “Him DNA, 2 29 Thermo
= RE fhE 2t e AR R IS B R LR P
& gﬁg %% ﬁ % - N g HE R R X 1 & #E H 1-Step Human
ﬁ § z WER WK Z Fisher Scientific JI] £ 201 2 i 2L AR 4 7E 90 min
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SEE : 5 Coip;;(fyﬁ 75(1) ng/mL I THREVE 1, AR
N B a %] = - ooz 21
¥l le 2 N TR T 7 BRI T i3
2 < - =X e R SRR T
556 5.4 2% CANH i AT 1
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RlEs83Eia it I PARSEEIOR RN, 0 E. co
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2 S T OB 2 S ; S B N /
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KRB % o 1 %G, A R AR L HEAL DR SF R
B 57 56 R A BB 80S X BEARE L . BI%
IR T B MR 1 DA S R 25 1 PR 1 SR AR
NFIPENL A (translation machinery), 1] 75 B A% 41 ffl
L BEENLAR IR 2R 20k 288 Fh ( DARERELH 94,
WH L 20 2 1 2R B 22 )Y, e e e JER A% A L v Y
FHVENLAS AN ECE (129 Fh, BLE. coli ) )( K 2).
FR, FAZAHM A7 A R W2 T
GCN2. GCN4. mTOR %% ) Rl ¥ #2538 #% (1 A Jiz o
51 K B PERK Gl 5 35 4 51 #2 /) PKR il
B IRERE T 510 HRIE K . mRNA &1 il #%
SRR R BE N AL AR I oy PR AR R B R AR
A%t (Hsp70. Hspl00. Zuol. Ssb. Sszl. Rgcl. Tae2.
Ltnl. Cdc48. Npld. Ufdl % )*7", jthsh, EAZAH
JL R R AR mRNA ¥ 5 5 8 E i & Rl 4 3 4 1A
VIS 8] 7 0 B RFAE A5 B 2R S 200 ok U ) A
SMEEARA AR SRR SRR, HEER
HPERE A mE R . AR SRR PR, e
PR BAR SN R B B B WAL B EE2: . H A
WL JC A0 AR A R B A TR R ok N I B
iU ARNANY -17 7  1  RN E2 EA 0 R
A RO HEAN Y, Rdugn i B A BT
e

BT AR A EAZ AN b 2 3 BSOS AN A
Rtk R AS R B ) 2 HOR B 2k, k2 20 4F
IR A F R SEHE T B A R R LA
SEHG % KM CFPS Wfl & R 4. H AT LAy Jo 4 g
HARIERGRIFE RGOSR E RS (E.coli
extract, ECE). BERE4H i (D2P)~ F M ZRZL 41 fig (rabbit
reticulocyte lysate, RRL). ZZ i (wheat germ extract,
WGE). EH (insect cell extract, ICE) I A\ YR 40 /i R
4t (1 HelLa cell). Z S5H{EMEIE IR L A 01
Promega. Takara. ThermoNEB LA 2 FEfi -Healthcode
(K 2), AT TN E B S U BN T T
KRBTSRI %, BONHEFE A BTE AL, AL 701
wit. EEERERARE . PURGYITREZ TTH
BRI RIS, RORAEHE T AR R . (HIX L8
7 it TSR AT SOBAARAR /N L B AN A e s MR EEAG
WIRATEE, PUAShZ T & & LT E
e, it EERGEN S, FHLAMEA
i A AR KIS ARSI E B B R, XL
TG i AN ASCHER R . A& 1) A T
T 7 it G AR AL TiT 3 R

3 THEREEREREARNEL: EHATE

THHE A A R R 4 (CFPS), B3 £ M
Mg, BAERENE, w2k, 44
S, FEREEETT. 29 iE R B B 2 A
I U5 CFPS R G0 IEAE B Tk Al vy i AR 7 2R
FBT VAR SRRE6, MR AE W 245 AR v ) )
BT BT R A, CFPS KRG T &Y
R Tl R Y. A RREER A KM
BLEE BT RAR ™ T DU v o X S Rt R
T CFPS RZGAEA R M AWHI 2] TR HAE KK
JS2FH 7 B,

FAT, JETodnl s | iiksba iR, g
A DR T A ], AR ER 2 AN K,
BETREZHAFIIAET R ImPREER X
SRS B, T AT BT A P 24 3 7 it 3R A
B, XFIER TLE B AR ESNA.

3.1 Sutro Biopharma/\ 7]

2003 4F, ZEEHn/H T IH 4 1L Sutro Biopharma
se H AR — K B & T e an e s B A i
WAL FE R 1A 7] (NASDAQ: STRO). 7] 4%
L4 1) XpressCF/XpressCF+ - &, f | KW T 56
KIFH TR A S AR, BT AEZH)
k. BT CD74 FHERAZ 1K o ¥ ADC (W
STRO-001. STRO-002). #HAIE T, XUKER LS
s PR TZEM 1000 L (A4 H = 500 L 4
BRI ), RIS 5 000~10 000 L EkAL
vk ™, 5 VGXI. Boehringer Ingelheim 2 CMO
A T A AR A P AR R R &R (5 ™ 5 Sutro 3@ it
CEORVER + B HE ST 5 RKUBE
A7 FAT G AEBI 4E Merck. Ipsen 55, #F
SRS P RE A &P 5K . Sutro HETCA 2 3K i
SRAFIG AR # A, 4 IR ARG B ™. [ Sutro 2 )5,
B2 I 1 2 KX ATl 3 B A R & U A
F T B AT R AR BT AR (K 3).

3.2 Vaxcyte/A T

B A YR, 2015 4, Sutro AT H T A
Vaxcyte, TE TR M AIH . @i IR A A,
BLFE S i AL S BOR A L 4l i 2 1 o & F &
XpressCF ( H Sutro Biopharma Jh XA ), 1%/ A
EAETE R G Ss G AR B B % v, DATIB BX
TBIT AT VEAL G o T BB I D 2 SR A BR
B 45 A 1 (pneumococcal conjugate vaccine, PCV).

VAX-24 5&—F I st 4 1 24 ) i o8k PCV,
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JRIZARER (LAE.coliafl) Mz (LABESR5))
BisER BisER ZER BlsER BiRsER HsER
50S ribosomal protein L1 50S ribosomal protein L23 60S ribosomal protein L12 60S ribosomal protein L29 60S ribosomal protein L15 40S ribosomal protein S30
50S ribosomal protein L2 50S ribosomal protein L24 60S ribosomal protein L17  60S ribosomal protein L8 60S ribosomal protein Pl 40S ribosomal protein S24
50S ribosomal protein L3 50S ribosomal protein L25 60S ribosomal protein L18 60S ribosomal protein L27 60S ribosomal protein P2  40S ribosomal protein ST
50S ribosomal protein L4 50S ribosomal protein L27 60S ribosomal protein L1 60S ribosomal protein L43  60S ribosomal protein PO  40S ribosomal protein S26
508 ribosomal protein L5 50S ribosomal protein L28 60S ribosomal protein L31 60S ribosomal protein L32 60S ribosomal protein L39 40S ribosomal protein S3
50S ribosomal protein L6 50S ribosomal protein L29 60S ribosomal protein L6 60S ribosomal protein L23  60S ribosomal protein L40 40S ribosomal protein S5
50S ribosomal protein L7/L12 50S ribosomal protein L30 60S ribosomal protein L26 60S ribosomal protein L25 60S ribosomal protein L41 40S ribosomal protein S29
50S ribosomal protein L9 50S ribosomal protein L31 60S ribosomal protein L4 60S ribosomal protein L9 40S ribosomal protein S21 40S ribosomal protein S27
50S ribosomal protein L10 50S ribosomal protein L32 60S ribosomal protein L14 60S ribosomal protein L30 40S ribosomal protein S19 40S ribosomal protein SO
50S ribosomal protein L11 50S ribosomal protein L33 60S ribosomal protein L37 60S ribosomal protein L24 40S ribosomal protein S11 40S ribosomal protein S8
50S ribosomal protein L13 50S ribosomal protein L34 60S ribosomal protein L34 60S ribosomal protein L19 40S ribosomal protein S17 40S ribosomal protein S16
50S ribosomal protein L14 50S ribosomal protein L35 60S ribosomal protein L38 60S ribosomal protein L13  40S ribosomal protein S18 40S ribosomal protein S9
50S ribosomal protein L15 50S ribosomal protein L36 60S ribosomal protein LT 60S ribosomal protein L21  40S ribosomal protein S4  40S ribosomal protein S6
50S ribosomal protein L16 30S ribosomal protein S1 60S ribosomal protein L22 60S ribosomal protein L9 40S ribosomal protein S1 40S ribosomal protein S12
50S ribosomal protein L17 30S ribosomal protein S2 60S ribosomal protein L10 60S ribosomal protein L16 40S ribosomal protein S25 40S ribosomal protein S15
50S ribosomal protein L18 30S ribosomal protein S3 60S ribosomal protein L5 60S ribosomal protein L35 40S ribosomal protein S22 40S ribosomal protein S2
50S ribosomal protein L19 30S ribosomal protein S4 60S ribosomal protein L33  60S ribosomal protein L28 40S ribosomal protein S14 40S ribosomal protein S13
50S ribosomal protein L20 30S ribosomal protein S5 60S ribosomal protein L42  60S ribosomal protein L11  40S ribosomal protein S22 40S ribosomal protein S28
50S ribosomal protein L21 30S ribosomal protein S6 60S ribosomal protein L36 60S ribosomal protein L20 40S ribosomal protein S10 40S ribosomal protein S20
50S ribosomal protein L22 30S ribosomal protein S7 60S ribosomal protein L2 60S ribosomal protein L3 40S ribosomal protein $23
BisER BHsER HZARBRNA (rRNA) BhFEEEF tRNA REEHRR
= = 18S rRNA PABP
30S ribosomal protein S18 5! Racl
30S ribosomal protein S8 ’ protel 255 rRNA elF2a 2
30S ribosomal protein S19 5.85 rRNA eIF2 B = Rqc2
30S ribosomal protein S9 30S ribosomal protein $20 55 rRNA elF2y S tRNAS AL Ltal
30S ribosomal protein S10 30S ribosomal protein S21 BERAET BEEEET AlaRS Cdc4s
ArgRS
30S ribosomal protein S11 eIF3i EF-1a Yasl
mRNA (rRNA) oIF3g EFIBY AsnRS
3 % 3 eEl %
30S ribosomal protein S12 16S rRNA oIF1A EF-3 AspRS BiZRiEET
308 ribosomal protein S13 235 rRNA eIF4G SPT5 CysRS Gen2
55 rRNA 1F5 EF1B a
308 ribosonal protein S14 . 5 e G1aRS PKR
elF4B eEF-1A GLuRS PERK
30S ribosomal protein S15 REBIEHRS eIF3b eIF-5A =
T eIF3c oEF-2 GLyRS L
30S ribosomal protein S16 . oIF3a HisRS Sch9
el IF4A BFEIERF $tpl
30S ribosomal protein S17 SspB Al I1eRS P
elF3j eRF-1 LeuRS TORL
g2 elF6 eRF-3
BT BNA EBE-tRNAS LAS eIF2Ba LysRS L8
MTE 49Kk ] eIF2B ¢ B EREF MetRS Aokl
1F1 e LeuRS T Tco89
_— elF2B B Rlil PheRS
1F2 EBE-(RNAS FLES LysRS eIF2BY eIF2D Gtrl
IF3 e eIF2B 5 DENR ErofS Gtr2
BEEMET gleris eIF4E \CT1 SerRS 2o
T ArgRS PheRS eIF5B HBS1 ThrRS Ego?
AsnRS CDC123 Dom34 TrpRS
il AspRS ProRS elIF1 Hol2 i Bges
BReTs o 5: s DED1 Ascl TyxRS EAP1
BiRELET xels DBP1L Sih1 ValRS Caf20
T GlnRS ThrRS
RE2 GluRS : AFHEAE  AFHEAE  HFHENE  SFHEME  OTHENE  HFEEmE
RE3 TE TrpRS EEH EEH EEA EEA EEA EEA
e = TyrRS Ssal Scil Hsp82 NatC Hsfl SND2
EREEET IS Ssa2 Md31 AHAL NatE SRP54 SND3
RRE I1eRS ValRS Ssa3 Sisl Hehl NatF SRP21 EGD2
= — = Ssad Djpl CDC37 NMT1 SRP14 EGD1
SFHEMSE IFHEIEE DFHEMEE Ssbl Cajl Sbal TCP1 SRP72 BIT1
=) =) &R Ssb2 Erj5 Stil CCT2 SEC65 Get3
SRP. ChpA BamA Kar2 Jijt Cpr6 CCT3 SRP68 Get4
Tat DjlA BamB Sscl Jii3 Cpr7 CCT4 SRa Get5
Yide GrpE BamC SSql Jacl Pptl CCT5 SRB Getl
SecA NapD BamD Emc10 Cwc23 g::i CCT6 SEC61 Get2
SecB DnsD BanE Sszl Swa2 cCT7 §EC§2 EMCL
SecYEG DnaJ LolA Ssel Jeml Tahl CCT8 SECT1 EMC2
SR‘ GroES LoIB Sse2 Jidl Pihl GIML SEC72 EMC3
F GrofL L QL Lhsl Jij2 SGT2 GIM2 Sshl EMC4
zosL O1CO Fesl Sec63 SGTL GIM3 §851 EMC5
HnaK Popa0) Hsp90) sill Zuol 1DS2 GIN4 SBH1 EMC6
SurA HdeA DsbA Snll Mdj2 Metdpl GIN5 WBP1 EMCT
Skp Spy DsbB Ydjl Pam18 MetAp2 GIMG SHP1
DegP PpiA DsbC Xdjl H1j1 NatA Ufd1 STT3
FkpA PpiD Apjl Hsc82 NatB Npl4 SND1

AN B AR FE AT R R BT A A R R R R A 2 1. MmRNARERROIT 46, 85 B AR R R (1 2 T AL 28 S B i b
R, HBE-RNASREE. (RNA. BHERGH T FFEEME 7. FHRLILET . ZRAERRE 7. REEh 2%, BiFR
EHF, UASFHEE. RGOS A M A, EE2MRNAFE. G—Iil 8, A0 KT ) A STk 40
(BB R 2 58 A BUE BORRE X LGRS (R AT, B, 2 T8, rRNAs. (RNAsZE) 1 5557k 288 F1
129

2 ERSERZARTERREFIRETRXED TS

IEAETF R T IR A 2 E il R BR T . VAX-31 72 I PCV IRIL 25 . Vaxcyte A 7E WS 4304 B
AT T 314 PCV, 2 HATIRAR i) 3 7 A HBERRE . OB RIR T IR R R LR R



D#EF, & THREAREGEBORKARE: NSk =2 Tl i

911

=2 B CH S =R R MAER R AR m R RE

FFs PR RGERIBARLE  AFH FIRBR e R
HEEER) 7 AR

1 PURExpress In Vitro E. coli recombinant/ New England Biolabs, USA 0.25 mg/mL 10x 25 uL
Protein Synthesis Kit reconstiution

2 TnT Quick Coupled RRL Promega, USA 5 pg/mL 40 x 50 uL
Transeription/Translation
System

3 Flexi Rabbit Reticulocyte RRL Promega, USA 0.1~0.2 mg/mL 30x 50 uL
Lysate System

4 TnT Coupled Wheat Wheat germ Promega, USA 10~100 pg/mL 40 x 50 pL
Gemm Extraet System

5 TnT SP6 Hieh-Yield Wheat germ Promega, USA 10~100 pg/mL 10x 50 uL
wheat Germ Protein
Expression System

6 TnT T7 Insect Cell Extract Sy21 system Promega, USA 25~50 pg/mL 40% 50 uL
Protein Expeession
System

7 E. coli S30 Extract System E. coli Promega, USA 0.5~1 mg/mL 30x 50 uL

8 myTXTL®Pro Cell-Free E. coli Arbor Biosciences, USA 1 mg/mL 300 uL
Expression Ki

9 Retic Lysate [IVT™ Kit RRL Thermo Fisher Scientific, USA 0.1~0.2 mg/mL ND*

10 MembraneMax™ E. Coli slyD-Extract Thermo Fisher Scientific, USA 0.05~0.1 mg/mL  ND*

11 Expressway™ Mini/Maxi  E. coli Thermo Fisher Scientific, USA 0.5 mg/mL I mL

12 1-Step CHO High-Yield CHO Thermo Fisher Scientific, USA 0.2~0.3 mg/mL 4 mL
IVT Kit

13 1-Step Human High-Yield HeLa Thermo Fisher Scientific, USA 0.2~0.3 mg/mL 200 uL
IVT Kit

14 In Vitro (cell-free) LEXSY Leishmania tarentolae Jena Bioscience, Germany 10~50 pg/mL 2x 500 pL

15 AccuRapid™ E. coli BIONEER, South Korea 0.1 mg/mL 24x 45 L.

16 RTS 500 wheat germ Wheat germ Biotechrabbit, Germany 0.1 mg/mL 5% 1 mL

17 RTS 9000 E. coli HY E. coli Biotechrabbit, Germany 0.4~0.5 mg/mL 10 mL

18 RTS 100 Sf21 5721 Biotechrabbit, Germany 0.05 mg/mL 5% 50 uL

19 PUREfrex™1.0 Developed based Eurogentec, Belgium 0.16 mg/mL 250 uL

on PURE
system technology

20 Next Generation Cell Free Wheat germ Sigma-Aldrich, USA 0.5~1 mg/mL ND*
Protein Expression Kit

21 iPack/iPE-Quick™ Kit E. coli Sigma-Aldrich, USA 0.2 mg/mL ND*

22 WEPRO® TT Pemium Wheat germ CellFre Sciences Co. Ltd., Japan ~ 0.1~0.2 mg/mL 24x 55 pL
ONE/PLUS Expression
Kit

23 ALiCE™ Cell-Free Tobacco BY-2 Leniobio, Germany 2 mg/mL SmL
Protein Expression

24 Human Cell-Free Protein Human HeLa cells Takara Bio, Japan 50 pg/mL 10x 20 pL
Expression Maxi System

25 ProteinFactory Standard D2P Kangma-Healthcode, China 1 mg/mL 1x 10 mL

26 ProteinFactory HighYield D2P Kangma-Healthcode, China 2 mg/mL 1% 10 mL
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27 ProteinFactory Fast D2pP Kangma-Healthcode, China 0.5~1 g/mL 5% 10 mL
28 ProteinFactory NMR D2P Kangma-Healthcode, China 0.5~1 mg/mL 5x 10 mL
29 ProteinFactory Membrane D2P Kangma-Healthcode, China 0.5~1 mg/mL 1% 10 mL
30 ProteinFactory UNAA D2P Kangma-Healthcode, China 0.5~1 mg/mL 1x 10 mL
31 ProteinFactory FastLiter D2P Kangma-Healthcode, China 0.5~1 g/L 10x 100 mL
32 ProteinFactory D2P Kangma-Healthcode, China 0.5~1 g/L 100x 100 mL
FastLiter100

CHO: Chinese hamster ovary; E. coli: Escherichia coli; IVT: in vitro translation; PURE: Protein Synthesis Using Recombinant

Elements; RRL: rabbit reticulocyte lysate; RTS: rapid translation systems; Sf21: Spodoptera frugiperda 21; D2P: DNA-to-
Protein. &: FRIETFZ AW TT LG ZR B KX 0772 i F bR v 2R [ (W Luciferase. eGFPAE) A /M R B bRFR IR, HAR(EE

LU SR 8 e *: BRRATE, B A .

UEB IR, (HIEFIRARATI B ™,
3.3 PeptideDream/\ 5]

PeptiDream i 3. F 2006 4, S #BA7 T H A4
FNE T A " FH HAJ%6 A Hiroaki Suga JT
& i 1] PDPS (peptide discovery platform system) 3
AR, AEARIN LIS A RIRFAE R IR EERR 1K 741
R 2 KA O U4, PDPS AR E i # 2
BB BT HEPRHEIR IR = 2 FEVE R, Ik Hh o
AR SR B R FR IBE ), TR TR 97 F
CWRIKE AT, DT, K- 4 EEY
(PDC) 1% DJREABELY) (MPC). 1E4F, PeptiDream
i# i H 23 A PDRadiopharma, & H A7 E %
Tl 25 P RSO P2 W 7 i B

4 SETMEERRERRARNMA

ITAER, A ERICHH M SR 70 1E N PR R FE
2024 FEATBRTCAH ML AR 5 A RO G SOR KRB 2
1970 4E (135 20 £, JLT-LARE 10 95— 05 1 FE 3 0
(K 3). #2025 FEECHENIE, 2FRRIPRETL
AR 1 B BRAE SR8 S 21 5887 RS . Horb e FLdk
AT TCHH M B 0 S OB A ) K R B S
JeE. EE. HAR. BR. EE. s,

o [ B LR A R R A R R R T
1991 4%, phjEdidik e, 2 HATNES AR
W17 839 ki, (A LTI A A R S8
SCRE 8.26%, A FEES 2, W5 i m AT AS
HEZFMNEE. PE. EE, EmE. A &
KAHo

W8 & ] G 40 i & BRI FE AT 20 4 ) PR
R, I T VF 2 BAT SRR i B 141 BA

o] 1 v [ Rk 2 Bt R T AR AR LT bR
FEMEUREAEY TG BRI
BA EITRZFACEN TSR Rilgsgmkss,
FLEBERYI e 0 7t e 25 12

KT, RS T AV 205 0 a5 sk
55 % 7 JU BIBA T 1 — i ad 2 25 FH i& 28 52 IR
JE P Jo i ik RGO F H EH TR G UE A
Jo B34 AR TR A AR R S TR B AR R
AR H A5 2 1 B T R A A A R I &
RGP TR R R B A BRSO T A
ARWEFE oK MERT T 5, 5 e RSN EYI AL (in
vitro BioTransformation, ivBT) FI#ER:, & & T
AW R B AN B HE AL 2 8] HO T B AE s &, SR
TR G, v DAEF G 2 A T i
BRUERY, ERBEARE %4, HEShHReIR fdr b B
13 RIS E B ivBT & — AN TR A A
WAEYIRIEY G, 280 THLEZ ivBT BRA
ERCEYMEAT] . ANe B IRE S 2 B T AL a2
AR A R, R T & R BR, Sk
PE BN S RS IR Y R E L, (E5 T
T BN AR AE HE ) E AR BN RN
PRAMEM A G b B R AR HOR 73 3, Todifil ek
FBT & AR B 70 FER R S5 AR R, R
KARINEI ALY & B R R SR AL 1 B S 5] 40
Mmz%,

vh [ o4 i i 5T S s A AR P ARl 2
FROZ T 2015 AR FERY (B ) AR RHECE BR A H] (B
NRIAREEID A F] ). AR — K A& HEA A
JRIZZOER, A B EMEH) LR A& s 2
e B AR AR A B RS A E H EFF R T
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77 it FHVENLAS FZoRIEAY RE T RETH  RBRE BT RS
PRSI RNAFR  DNARER
PUREfrex Kt e/ EANARSHE ATk & 37°C 2~6h it Rg, HAEM, K
(GeneFrontier) HHRMIERS AR, PR R
TNT WG INFEFREE CIpA & 25~30°C  2~4h A A, BEELH
(Promega) TNT (Transcription/ s A BUAIELE, K
Translation Systems) A, WMEATEE
TnT Reticulocyte EAS Ak nlik & 30°C 1.5~3h MRS, Prasckn,
(Promega) a single-tube, coupled Fefptr, HREAZ
transcription/translation
system
NEBExpress E. coli, a coupled = & 37°C 2~4h FE ARG, &, Tia
(NEB) transcription/translation Higtige 1%
system
1-Step CHO CHO in vitro Al = 30°C 1.5~4h HIZRG, IREREN
(ThermoFisher) translation (IVT) system ik, AT, BRI AE
XpressCF E. coli XtractCF ND* & 25~30°C  BRFIXD JERARG. RN E K
(Sutro Biophama) RAFER  Al14 h, DUMRIESE A BIE
L EIE=SoHik
M H Sutro XpressCF  E. coli XtractCF ND* 2= 25~30°C  FIREFIEl B ARSG, THTEME
(Vaxcyte) RNTER  AG RS AL R AL
B, A
PDPS T MAHRENS ATk & 25~37°C  1~2h PE BRI R 2 R AL R Bk
(PeptideDream) SE il P A 2 2 (PR SR, DRI e R ORI
NFAER SR (FIT) £ AR ED
4t ) B Lok S B AR
T AR T 5
ProteinFactory D2P-IVDTT & & 20~30°C  1~3h B ARG, TBEH,

(Kangma-Healthcode)

Bk R G, A3
B, KMEREME, &
MLATAEK A220 h, BARE
TAERIE

PUREfrex: Reconstituted Cell-Free Protein Synthesis Kit; TNT WG: TnT® Coupled Wheat Germ Extract System; TnT
Reticulocyte: TnT® Coupled Reticulocyte Lysate Systems; NEBExpress: The NEBExpress® Cell-free E. coli Protein Synthesis

System; Step CHO: 1-Step CHO High-Yield IVT Trial Kit; XpressCF™Sutro:

Sutro’s Cell-Free System; PDPS: Proprietary

Drug Discovery Platform - System; ProteinFactory: ProteinFactory. *: {ZERKAFF, LT REMIN; #: KMNEEAEAER

R e I (RN T8, BRCRT AR 8 S A3 3 1 5 TR

DNA-to-Protein (D2P) 14N 1 i — Bk & i A,
HE AT G AR IE T B AZ 40 M, Hod A P
PRI IR, HAR T Z . SESEKNEARE
FEEARAR LG, D2P o4l K i G R S RE RS =8
M S E A, iR, PR TmE A, [F
WA SRR AR B IR 1 Re e RO SRR S B, 39n 1
M R 2 A, FRRE S BOE RAN HHE DL &
R R FEEAY, DU AL B

FAFAEM EFE A B> 7. 8T 10 SRR
RAFACTR R, B & & TR 1 1% e 40 M 15
FEMPARIEEARKER, R T 2RI
AR AR AR, RSB T AR
FEREA TN AR R, A2 H AT B C R ITA &
RIUEI TEAMML B 1 5 5 1A = 2 R A AR Al

FEGL B G I, FEAS 2~ w] AL B R
. R EREEBE R DUR T IO, UK



914 B EKE AR TR BT AR

H37%

10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

0

SR

nnnnnnnnnnnn

N O ®©O o N W
2823883 cRrEgaagIsIsceeeeqyq
O DD DDDDDDODDDO O OO0 OO0 OQC
FrFrFrFrFrSFrCFTSCEFCFCFSCFTSCETSCTCTCECfAdAQAQAAA

b Tht, 1644, 2%
INSEK, 3468, 4%

W=, 2226, 2%
B, 2227, 2%

BE, 2347, 3%

BAFIIE, 2457, 3% - FRE, 17839, 19%

B, 6375, 7%
%, 3916, 4%
EDEE, 2195, 2%

AR, 4636, 5%
8 ’ M, 27628, 30%

HE, 7914, 9%

(a)id £ 704E R A= ERTCAN M 2R (A i A R S B i 2k (b)id 270 4 BRI I 2R 1 57 & ORI SC 5 i 1 [ 55 X 43 A
E3 1953 F kKT AMEELQRBANE

Herb 3 TR A T 3t T 2 BELOT 77 e 0V T 2R
(Kansetin), 1% FX e 5 SARS-CoV-2 ZERFIK
T 1 B A R SE AN ) o I U & ACE2 4514,
FERTIT 8 s AR i B, SR B () A B
FIE, X B R BETE EE R g AR ) ROR, E
AT PR AR E@ﬁﬁﬂﬁlﬁ_fﬁﬂl
FELBST IR e bk BAI7RVES DLSE. FEIRBE. B 5s
% P Ak 1, kﬁﬁi??i:}iﬁEEE%DEﬁf“ LI SR ]
BRAMI T AHLG,  REIITT B B AR S )
P, 0T B v A BALT AR A4 £ 1Cs, 4 121.9
pM, XfBLEE i BA2 N 134.0 pM™, it AT it
A1 D2P T4l M N T AR i3 (1) e v T 7313k H
B gE M, T,>82°C, Wi AREREE
2L, @i AR ACE2 5 48T Y.
2023 5, “Lencoron® 4 7&k 7 &b 5 $1 975 B Wt 55 = J7
AMRIRAF KR CE AE, 1 HIH | FTREEs | ElE.
FER RTINS . 2023 4, FENTT & (OB S
%Umﬁﬁiﬁmﬁﬁﬂﬁ&%%%mﬁﬁ SR

B 18 ek BT 712 T 28— T e e
ﬁﬁ&ﬁ*ﬁﬂﬁi?ﬁ%%m%%ﬁm,mﬁﬁ
MR (AR A Ak S AT 3

2022 49 H, RS T 5 Mo A I iR
H 5 & B P A Bl B 35 = AR 160 M2 620
Mg E B A A T R R, JIF T 2023 424 H
30 Hiks™, moNt St B2 —AN o4 i E i
AR, FIESZHL T TR M AR R A AR
WAL R 2023 4 10 H, FEid A\ £ A AT GMP
WICAHMLEE B TG e A RS, 2B 3 /)
I i 2K A SR AN G R T A2 GMP FRifE. FRARIR
BR 1000 L SN SERFAEZG IR EE A M. H

A7 TA] & Rk R ik 0.5 g/L/m,  He A% S5 4n B (4
CHO 4l BPUIAR ) B B BROSCR B 7 100 £5 LA s
FRAG A mHAA H At A B K i migy L E T4
A AL« LR RE 160 Mg, AR 6E
3 Jimgi,

I FH RERD A = A B B 0 i R A i B
TR AR BB, TR P SR R & 2

Yoob e o3 Fmiade . 3 A 45 K S 56 55 2 Rl it 7T K
JREFE 1O R o m R R TN M R T A

BRI RE, Bl SEAHE 23R T AR R B & Ak
FIFEdh, SR BT 2k 33 K. HAadE 19 Z&E
FAE 25 Jm 4% 2 T I To 4l i & N TR A B
JERMFR AR i 72 o X AR R A BRI ek
T IO MR 0T AR R A AR ) 2 i
(AR R & EIT R IR ), Sor T R & 5
B BB FMAL 5 R e S RTE RT3 77

EIRAF BRI R T ER, M 2015 4 FEhg
A F BN TGN E A BTSRRI )E, o
1A B R HE IR T 88 IR LRI, R
TP IR (B das 4b. 4c). FERD AT H AT
WAEERTHRE AT SRR ERZ AT L
o Hod 2 30 AR AT ) L R TR A A

— 19 R A Bk R R I HE A AT R R,
FREAD o ] () L R e AL 8 5 — (& Sa). BEAL,
RS 2w YERF A R ) (R AE HE K BL R R A 4
Ferb ) MR RS 40 2.3 £ (Bl 5b). &
RETLR G EKGEEoR, R 7 £ To A 8 E 5
AR TGS fE TE. A= kd. o1
BTE I R S5 DY AN 152 AR AR (1) e 1) 50 0 e A H
A (B 5b. 6a. 6b).
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|5 EFAETE =& I @ VAR Rl b2 SANEY NS 54 R IR
SRR R e R DA A ES g S BT S Tl
(g ) Bt s &1, AL B R IS I L =,
THRIE 2 5256 = 45 i B A =] Sof T A 1) D2Pi-2.0
(DNA-to-Protein Intellgence 2.0) &%, M4 H 3.
e B ) R R R s L il R R AR
B ) 100 B35 A b, TR R B A e T A
ERHEARS T ZRGEBERHXTT KRB A
AP FIFR, R EEAYEAR . & RE
Py = S U ) FE BEATT 78 A0 7 AR T A B 5 SR S A7
JIRIHAR S

5 RERERREGEBIAEIRN;ES AR

TEAH B 5 BRI R BAT LA 1k s
MggH. B, THRAFMPEITEFEREK
WIS, BORMERE & 5 i AU A & iR &
R B, TPRFEG, FoREE&2 0  XHERE (3L
MHEOR R, e RS . K, ST Ted
FRER 1 B R 1 AR 1 0 1A R R R A
1S BAE 1~5 g/L [X[H], HCALA7 7 RE SRBN 5 220 4 i
A ARG, BRI L
By PREARSROFHEERERS. RER
PIRIBERL . I8/ & BRE . 55 A Pl AT A
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Friig S A2 WrBOR o B AN AT AR, 1R
fEEBADNIE S & R A AT e, (B
ARARHEAL S BRAS TR 5 B 0% 28 Gt AL 40 AR R T
ek, BEENTLRAE. Btk 56 mEMZNR
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DRIz LR Bl 1y, HESIA “SERRE ANE T 2“0k
e 4 g 7,

B ALHAR IR R, BF 503 R0 S0 A 4
S IR G b5 B 15U S RO RR 1], ASRAT 2 1]
DL B SliEeaR R E AR AL AL
TSN & R AR A AR, X R
= 24 A AR W i b BA R SR L R
JEH M B JC A B o BRI T
— 75 THD AT DA R A0 45 R 1 BB J A7 AE 1) 1
PRI (B BT IR 8] 5 BORSCR AR TEVEE A

FRUEA R HlG R AR A HEBOA
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Ve JEPEASeREE, BE— BRI A R AL
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