afX £

Synthetic Biology Journal 2022,3(3).465-435 2022 4 % 3% % 383 | www.synbioi.com

S N B DOI: 10.12211/2096-8280.2021-064
R TR IR

LM H B a i NIRRT 2] TR

ErE®-, =M, LEH, A
CEEARFAFTEZR, L 100084; * AFEEEAF AR FEFR, A7 WFHE 110034

WE: THREARSNETHAREMEMZNRAZD, THRIRARINERRBE, E—MBTHRETAR
RIERARFERIRA . THRERRSARFLHETEN SR A LIERINZIE MR PRI N IR AYEE R
R, FRIPNBAMRS RN NEHITFEMRANNRAR . B, TAREARSMIFA—TFEaRAR, B
PrRAREAET RETENMREARGROFEBRYE, EEMAZHFINBMERRTES EHIE)
=. CHREFRFER. ETES, BNTERRERRFE, HUBTEEEFMIFE. HRXEMIBRKI
LIRBITE RS REEEETEBRERREF L. ANERMR T TARERRGRASRINAMNETFRH
HRBNTHREORSRESHNARE, SEUANEEDRIAEMIIRFIAN EREHTEIERRSG M
R, ZERNMATUSRN . ELTHAREROTHERERRGREASZN N ERNE, @7 THREERS
. BEARTEMAT “EadR” WEPONBIIARERE. Hf, EREEREZHR T TERRAERIIE
it EMER. R IE="HSENGEMNA, EHRTERRSIT THRRAERER . KRS, #iF
Egih. IERZADERRAUNEARANSHDENONBRE, AL “EahR” W4, BEENESHAIA
THREROMATTRE T FBIRIE S . RENEST 7 TARERRE MR SRERFE—EAIRZHFRA TN
R mEIEAITLEFHEE .

Xigial: THREARSHY, EREBEK, BEARTE, ATHRE

RESES: Q816  XEtREE: A

Cell-free protein synthesis: from basic research to engineering applications
HOU Jiaqi"" ?, JIANG Nan" >, MA Lianju’>, LU Yuan'

('Department of Chemical Engineering, Tsinghua University, Beijing 100084, China; ’College of Life Sciences, Shenyang
Normal University, Shenyang 110034, Liaoning, China)

Abstract: Cell-free protein synthesis (CFPS), also known as in vitro gene expression, is a multifunctional technique
used to complement cell-based protein expression, which is at the core of cell-free synthetic biology. Since the CFPS

system does not require a living cell, it can simulate the entire cellular transcription and translation process in vitro in a
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controlled environment, and allows for an in-depth study of individual components and biological networks. Therefore,
as a platform technology, it is expected to overcome the loopholes caused by the limitations of cell membranes in the
current in vivo manufacturing systems, which has a broad research prospect in fundamental and applied scientific
research. The cell-free operation is simple and easy to control, and its advantages over in vivo protein expression
include its nature with open systems, eliminating the dependence on living cells and using all system energy for the
production of the target proteins. This article reviews the composition of CFPS systems and their development based on
different component types, including different biological extracts or purified transcription and translation components.
Furthermore, different CFPS reaction patterns are introduced, including batch and continuous exchange modes, and the
research progress of CFPS systems in genetic circuits, protein engineering, and the construction of artificial life is
described. Among them, the genetic circuit research progress mainly summarizes the latest applications and
contributions of cell-free technology in the prototype design, biosensors, and in vitro metabolic engineering. The
protein engineering research progress lists the advantages and advances of the CFPS systems for producing membrane
proteins, virus-like particles, post-translational modifications, unnatural amino acid incorporation and protein
evolution. In the construction of artificial "living systems", the synthesis of bacteriophages and the construction of
artificial cells have opened up a novel frontier field. Finally, the opportunities and challenges of the CFPS platforms for

future scientific research and industrial applications are highlighted.
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Fig.2 Comparison of protein synthesis through in vivo cellular and in vitro cell-free systems
(In the in vivo cellular system, the target plasmid is introduced into the cell, and the target protein is obtained through cell culture, lysis, and product
purification. In the CFPS system, by adding DNA template, amino acids, NTPs, energy substrates and other cofactors to the cell extract, the target
protein is obtained after centrifugation and purification.)

PRAE m, ERA . s, EAEY e
I S = S (SN e

H T CFPS R4 2 FE M K HAEA[H] 2 RO TH
AR, 43 CFPS (187 FH A bk R bk 32 .
A CFPS R4 CLESE M % (JRAY Bt A fe
MR T W7, EAm LR (EEE. KRN
BRL. BB ERAREER RN FE
R FINT “Amih &7 M (WK A K
AN T B 5T I BRI R T
AKX CFPS RS R e AT T AT LRE, &%
48T CFPS & 4t (1) 4H il S AN [ 28 BL 1) CFPS & 4t
R, L35 LR HUY N HE Al If & 45 DL S PURE {4
F; ZJNH T CFPS RGN M 5
287 CFPS TEA RIS T B s e Jm o0 i 1 24 i
CFPS F 4018 31| 1) Pk DA KR A Sk A fe 1) Je 22

1 CFPS 2GR 2

NE R B R SR ThRE A AT,

2 f£ CFPS & & w1 In A % 49 1% & 1 1) DNA 5%
mRNA B, DL 2 5k R AR 1R 55 R 3 % %
AE LR . CFPS AGUH MY MY s
PR AR P LE AR A . R -tRNA & g .
PR MVIE AR A7 R RRE R 7 S e .
B, EARATEMEEAWITLRTHITRY
(B3). LAME ARG RS EEHE </, |
FH AP —ARY (Bl ATP. ERERSE) FERE
AR R & (B HLBEER ) 18 BRI
25Nk, 2SIt R T ZRIRIIK CFPS 2 4t ,
BERP R ST A AR R, FRIE ZRIEN
HirsE AR, SRR 8. RAMERE 2
WisEEREFE GBI ARG R Do

1.1 FEYRERY

K FE v A o e BB U vk, I AE K
HEER . 5 THIR . £ T AW 0T T R AR
W S5 IR R B CFPS R G4 30 V2 A 1) G 4%
KR 1961 FEARIAE 1 55 145 T KT 15 (1) CFPS



%3% www.synbioj.com

469

Incubate at 16~37 °C

G NTPs for 1~24 hours
=T, e U ; &
( o® @\ - Q Reaction Ribosome
e o0 + : o
“ ° / + o + . —) "btl,d\'& e B —
s o + Mg %m_}’ __<
WRNATT
Cell extract Cofactors DNA template Transcription and translation
B3 oY & A A

(LA R s AR A S Y B R 7. DNABEAR S, I 40 i S ) o () 6 S BRI 2%
TEA ML B AL — R S AF T & LA/ RIAT 74 H R BD
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(The components of the cell-free system include cell extracts, cofactors, DNA templates, etc. Through the transcription and translation machinery

in the cell extracts, the cell-free system can produce the target protein after incubating for several hours under designated conditions.)
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| ERIAT KR E A4, w7 Do kg A
3813 (PURExpress, New England Biolabs), {H &
AR BRI T HAEH . BHEt o2& f s B RE
i i A<, B Lavickova F11 Maerkl ™7 Ff &
T —FhE R H AR BRI PURE 248, ZRGEH
BN PR L B 57 0115 3 K AT B 36 S B B
EBENRIL, JF—RPEEAT T Al

2 CFPS &M MBI

& S0 1 o 40 o e BB S B 45 28 A =
MES RN Z4 [El 4 (b)]. fhxl M3
B, B S, A 04 B e N4 53 s
B, TUESBRERFEAR ™, it
R IR R S A REREEA . B
A AR G N, R 2 5 PCR ™ AR ) 2 1
DNA HEHAH &5 & PRE & B R o SR IX i
A R AEAE SR BR 1, e & AU SR TR 1 ¥ #E DL K A
FEPIIIRR R R B P A A e s R
HIVER, A RAT @ NwiRZshs, &it
TIESLZH MM RS . %R T 24
%=, HPEMENEEIT, CFPS B i 2 7 5
58 & B H RS R T, KRR I N ) ik
NS EI =8 B [F AT, T A AR
B AE SN Z o S R Z R 1) J0 48 i 3R 08 s B AT
DAORFFEC /NI, T 4 e 2 1 Joi 11 7 2
W, ESETHEMBEARSGA x T E G ROPE.
T BRI A I 2 21 20 B 551K 7 &1 & 8 A 77 F 1)
P .

AR, AR M S LA A5 B 5T AN R
H, IEHEKN (tube-in-tube) [E4(c)] M
s (DMP) [El4(d] B, BE kM
BN CRFRE AF 24000 15 DU 58 20 oh i
HE, HAEARASAEBEE EABERE,
AJ AR VPSR AN B B Al AR () 155 900 INRUIR
T SR N B Y AR, H T i R R
PIAE T 2, Ntk ATP f 28, 5 it =X B 455 A
PeRB R, FEBN M RIENIETFEA
Ji & T B . DMF A 8 i T 55 0L 9 2 O 428 il
Opendrop #%, {5 A~ [7] I 4H i 25 73 ¥ 1% A\ 422 i g
s =R B A, AT % 40 B A AT
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Mixing, Synthesis, Incubation

yarsy
= b T - 44t e
,lf.r‘l\ & 2 .y
¢ '2'“\,//5’/ R Agqueous Phase r
(L~ N \\ J,
ot e, O\ DNA+Cell-free lysate—_| : 4
k G o N LipidPhase —= || . | &%
= ) A oh Protein
Z ase
\\\ P 7/ queous Phas
\
(a) © @

B4 CFPS Jx Wit
(a) ARMR o P JBLS A s B — AN b kAT, BRAEMI . (5. (b) LA, W PiB, B IR ORI AR A 8 4 b
I, TR ARSI A R ER . (o) BE. [EELIEAWBEASINE B, RERSAENEBENE, R, (D BT
W BUF RIS R ARG AR R 3 . RG4S, A RGPS E R RS
Fig. 4 Modes for CFPS operation
(a) Batch mode. All reaction components are added to one tube, which is simple and convenient for operating. (b) Continuous exchange. Through the
semi-permeable membrane, nutrients are separated from the metabolic by-products, which overcomes the inhibitory effect of the metabolic products
on the reaction. (c) Tube in tube. The gas is continuously pumped into the inner tube through the air pump, which significantly improves the
efficiency of oxygen transfer and increases the output. (d) Digital microfluidic technology. It can control the movement, mixing, and separation of a

single droplet, with good interactivity and flexibility.

4 A [ . . DMF $% AR Al 42 il LN R % 3 R
G 0B%E, BAREFMZEMMREME, &H
THRIRMAR B TT %8, DAREAT m 2 A2 W o ik
A E BE B

AN, BRI (freeze-dried) AR AT DLAR R
A 4 BV AE IR B R B v K A A . B A R R
BV A7 AE-80 °C e, INAE SR T AR AF 1
WEPERL 2 R £ 50%, 1 ANH IR AEEE 2k
PN, T 5B AL =I5 IR A7 90 d 5 548
REPRFF2020% 3G PE. HEERE, AHTEdE
AN X R RE 7 EE P A AR R, R R TR S
FEHEAT CFPS J N AT LAR A5 5 7K AH S B AH [F] 1 7
RN HEEBE, BTSN R N R S AT
DL v ke 74k d 1) A, DAS I A% 7R AR S W AR IR
I8 1 X 14 55 2006 g T

3 JodlME AT &R SN H

CFPS £ AR CL s 8L 17 R4/ HL PR 1) = 24 2 ok
Rk, HRIEM. WHEVE DL AR RS 5 ot ag
TR EIFZ PR . AT, SFh
LT & AN . AT, A
F S0 CFPS ARG AESE D LR . 3R 5T TREA
N A i A R 3 v R S P R T B R 88

3.1 EHEBIK

A i A WA AL SR 2% 1) 3k DR A U X 2% I 5
WEMEAEH, HTEREWFHRE LR, &
TR H b 1 25 R T R L 48 DI S o 2% o 45 5 ok,
FWH TR e i g, BFEIRBNTT G, R4 .
S [R]  FAG R AT R b P 3 ] F
it 4 CFPS R 400 5k A f B AT B i B 4%
V2. OFREKFGHEMREKE$; @nf
JE B HARGHE AR S W & @ W] il & 7 UF A
KW S H A, @ Ve Rt 550 5
Rl B AT BEIE B b . B[R B IREE . 2K
AR R, U7 220E 5 DNA BIAR 78 K I ]
AR A P B 20 A% A e M )

3.1.1 RAZF(AS)

RG0S AL T ThRE A, BRI R RS
T DA R 43 A 8t A% T0 A A8 8 A% 2 1] 190 28 Bl FL
%7 A L E R AR R . IR Jo gl s g CL &
HPHFE W T2 R A, SR HIERLE
£ B 5% Sigma [R 7~ 2H BRI 28006 LB V0L U 1 A
il 2% 7 DL K RNA RI/ELE [ A 5 0 By NS
T 06 PR R A R T T IR A U S
Niederholtmeyer 5 5 i1 7 #7184 3. 4 F1 5 FL R PR 48
g, AT SIG I FL G A 1) A AN 5 R R X 486 1) PR
BT Rk, AR RS ARIE R TR
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Fig. 5 Prototype designs for genetic circuits

(The transcription unit is encoded by a single plasmid or linear DNA template, which can be used as an analog of a logic gate, and then molecular

calculations or genetic programs are performed in vitro through a cell-free gene expression reaction to predict the function of the circuit in the cell.)

3 2 AT DAE A Hh AR SR 40 AT T
3.1.2 AR

B 7R BT, AR AR RS T R B R R R
My —EENH, K72 N FSHERAN. HE
Wi, B REE . RSGEERMR S, B
A A% T s 1 2R A = LR R I A vk . BRI G
SR ML S . B G K ORI A TS AR
TSRO P AR AR S Y AN R A A BB A
A 5 4 Y1 B AR P A% AR A R A 1 R, H JE 40 e A=
Ytk st e s ol AR e A, 18
RITIZ M A& A 0T A5 3 T N
Wen 25 " fli4k T CFPS H {15 M1k DNA 2 i A= 4
e (LasR #£ K7 AU Zh 1), FTRI A K
P A v A 45 R B L T TR L R 4 B A 5 . Pellinen
28 U2 JF 9 7 — R I MerR 4 43R 51 76 44 S 46

TR T W TG AE P A A RS, S A g i AR ) A I
AL (2~200 nmol/L), TG4 ffd A= 4 A% JE 2 $2 it
T SRR ME R (1~10 000 nmol/L) . £ 7K i
S LR AR R e, WG R YFL/Fix]
MUy 5 G0k 51 N 3K W+ 3 40 i 2 4t b ok 4
il 2 B 5 A
3.1.3 R4

FEIE 25 (0 10 4E I fA] B, AR TR ANE A4
SR PRI R RS TR A e ) AR 4k
S R TL. SRTT, T A B AU 1) B A
PEAAR U 38 1% LA SR AT B K™ 5 e AR A 1l )
—/NE R B, CFPS N Y1z A= Wil it 1) Bk ik
PR SR HE T RMAT 7 %, IR R R — AN %
FIAEDHERF B LR E TR (cell-free
metabolic engineering, CFME). HAj2Z&H AF]
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I CFME & RC7F= 4, 18 o 2= g 2R A 2 ™ R
CFME 4 F= 4% % %, 7”& 71X 30 mg/L. CFME
AR i 12 2 Ed I 4 AN 7T SEIL: itk n e
B 2% . Re s AR AR AL AN B TE . e |
Vi) S AR DL RO R AR G TR v v - - AR
(DBT) JH .

PO A R AR B B A R RE T FE AR A AR
WHs A B OCE B . Ji I fI Ak 20 Mo $ B ) ) 4%
AT DS TC 41 A i 2R G 16 A AR AR DA I 25 T 4i
W T G R LR T AN A2 B B IR A B T
iR (PEP) 255 St L &P RALN RE R, IXFEAT
RKFEAREA . Jewett & "7 W 5816 B A0S
XA AR AL RS, BREARAAE2 h
WAIAE] 1.2 mg/mL. fEARHIE RS, B~ 2
RO & RS W B K,  8R A EA BOE AR H ATP 1)K
fii @l =) CTEAUEE ) 58 AR 2 AR TG 40 i i B 3
2, FNSBEAGRMLTEWNES T, HHR M.
Z e R X M HLE], Caschera%y: ™ Wit T &F
FHMERMEZ RGN AR E AR, AN
(5] WAL T AL R38R e 36 ok W 1% e 07 2E i ATP . 7EAR
AU AR I A2 4R DBT J& B A 3 1
4] CFME 8 F 4l 4% () g 20 2 AR iz A2, (Hd o
4 1 3% 35 RN A Ak 3R BCRE — 25 AR IR A2 1) Bl 2 I 9
1. AIIPACE TAL ) DBT B, Jewett /N2
P T —FoBi i CEFME HEZE, 755 T 40 i 2 L
) CFPS % 4t " i i % il DNA 58 4R J& A7 % 3K AN [F]
R IRAR B, DU DBT ¥ . J5 48 T/E 5
W HCEERTL S CFPS M4 &, it — P IniE & A
A

3.2 EAKRIRE

K67t 1 oM B B TRE R R
32,1 BR&a

2 AR AR AR K VE 2 R A i B R AR R
HEEEM, WA EM . R
EEHSRYTEmE. BEO S HAAYEE
F60% UL E, 20 540 & A 41010 30%. T
HE MG B e B IX . %15 2 5 1%
R &L B, (45 BN AXELKER
15 P, CFPS G T 5 SE 5% A AT 42 R ey ) 285 P8 i

TSRS, CRERNEZENEEAREKIAF
B. R FBRREG KRG TRMARR . Bk
e o5 B i R B o, ARLAF R 2R A B e
(I8 . A R e R R, SR T B LS
WU 36 L R oK B B L RORE (NLP)  (EUFR
N OCHUREL” D AR, X e R IR 25 5 A CFPS
RY ML 4. H DLNLP AR 1 N T &5 4 ]
DI R A R e AR IR ARES, e iRE A
KIEFEBEFEY, ¥ NLP Mk 5 CFPS & 4t
iy, CRIIEIEH S GPCREAF, WIHME
MK (BR). AMEEAK (NKIR). ABE L
it & B8 (B2AR) Al A\ £ EJiZ (DRDIR) %% fk
& %1, ERBB  H R G2 RE VR IT 25 P80 55,
W TR IBFINLP AL &, MR EE
B 7 A KB ERBB 244, X HESNEE L 250 A
HEER L, BIANLPs 4L T — R RGN
FEKEBIIRMEREEAIEHTS, HREER
()2 A 1 -NLP &2 A W TE Y i vl e = Fa e HOR
RX P 52 A WD AE ¥ VR B AR i PR AT SR A LE )
. W URT S NLP 2 & WK R A7 (1) — Fhn] B
T, HIE TP
322 EmEHE

KRB MURL (virus-like particles, VLPs) &Gk
Z R A R R AT, B R R A A AR L
(HPR A B A 8 5L R DLE IR e, DL KRR THI
AT 22 7~ Bt S AT 38 it 60 928 S PE RO RE A, O
TN TR ik, BAAR. A,
YK T2 N R SRR AT P BRI A RS B
WORL O AL 2, (AR EAR. R HRE
RIS FLAN P 85 55 B A% Al A IR HE 5 i 7 P
ML , CFPS 2t A A BEMRYE, OfFETE
R 458 J I3 52 S A (i b Ok 4 2 B RO VAL
WFRAT AR E W, Bl ESHERSS
A b 1 2 18 A 45 A 55 U 30T DA S B2 0 5 R
PIThREAL B 1, AT SEEL VLP Ek. e kA
. HArZ M CFPS P& B H T A~ A FHMN
VLPs, 35 KWt . Hela. B2 RER] %o 2141 40
i CFPS &4t "o MK #F 1 Al RRL 42 B4 CFPS
REFCE LM E KRR K9 B A% O PR
VLP " N FL 3k %6 5 L1 VLP C 7F B B2 £
CFPS R4t il Ih & A '™ 3T HeLa 41/ (1) CFPS
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Fig. 6 Applications of cell-free protein engineering

(The applications of cell-free protein engineering mainly include membrane proteins, virus-like particles, post-translational modification,

unnatural amino acid intercalation, and protein evolution)

6 OB TR B KR 2R B A ™ R
4141 e CFPS 1 Bl T HIV Gag & [F i 2 21 3% 0,
KV FF 5 CFPS ¥ &5 & 7] & 5 4= Th BE V& 14 11 T7 1
T4 W B A 104,
323 #WiFESA

& [ FUEN 1 J5 1211 (post-translational modification,
PTM), Al LARR K S22 (i (W4T &« I MRS 8
P, 7 2 Bl 4 A B RE AN A 0t R b R 4% 35 I B AR
FI e 0 PTM 248 2R 47 22 Guih 70 1 OBt 2 R 15 A
A UL BE A ) AL AR, X TE YR E
R AESZIN . M2 T, CFPS R4 R
R SO VR LA Bk, R R T AT RORS AL
B L T IS . H AT ORI 200 £ RS [ 1)

HREEMEMHAR, WK PTM A MR L. B
Rt B, oM. 2R, AXEER
I 28 BE A0 RN B R 460X B K 32 BL A PTM A8 1 76
CFPS (1wt Fe f ik Jig

R E RS R AR TE 20 50% I FLAZ B
b, K2 Bl PR BT AT FDA L HE i A= 4 B2 25 %5 A,
FRERAE, RAEWEATS. R
PR AR B T4 AR I S e AN T4, TE4H A
Hh oA R S B LB T R B SR Bk
a1 R TC 41 i BE 5 4k & 4t GlycoPRIME H
WAL I 2 B VR A AT A SE AL R il . K 25
o B Bois e AR R AR AS B, DDA K
A /N BRAS M PR N FEEE LA R S
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R D 3 2 S R AT e N-FE A4, Sl T
291 g/L I RERAL 3 BT i s

8 2 A 18 o R R A A 4 5 1 5 — KSR iR
BB, SR T BORBR ], TGk DL v 4l A
e E A AR B RACRS BRI E A,
8 ] CFPS ~F- & 7T DL 35 4 v i 2R 1 45 B 7 B A
FEER A% R B TR DN R g AL Kl AT T AR B 1
CFPS R4, 1R VNG Wl R 22 0 IR ik N A AIE 77 32
JE OIS I ERK SR R 1 (MEK D, 5 &2 & il ik
P2 A% 1 3% P MEKL M, P i = 1 N A R
Zgs o,

b 1 R AR I 7 2SR RS HE B PTM,
T C A £ R A CFPS F & F F SR B h A2 4E
I RR Bl REATEB BB, X
S E G R OPE . HeLa F B H1 55 5 A% 24 CFPS
GBAEFE A X — R M. 7E %W 244 il CFPS
FE B, CER T &R PTM, GEREEL.
SEANRM. UGN B R . Bl
Y il CFPS R4t & A WIRTERRLAA, foVrE 5 k)
FL PR BEERAL. N-IN SR N-STRAL
SRR F Y ERERR R, BAY
SR BTG K CFPS R MMM H T &M AH 2
A IR E YRR B, A0 2R RO R
PRl 5 1 g T & R A L R
RL U BEAL, RNBUBER, A0 R D R
FH &5 B-PBii 81 % -2 (HBD2), 7] LLF| A CFPS &
G e RE TS s
324 FRAZIBHEN

FT AR R EFERR & A B & B B AT Rl
HURE FH B2 AIF 500 — NG BRI . i T KRR 5
PR A B 1) e o T P BRE, BRL R 20 b vfE 0 L IR
e A BE W A 2 Al A0 N BE A H o g KR
Il o R B d W OIE B R SR
(orthogonal translation system, OTS) [FJZ [ tRNA
A R AT CRNA T DA 5] 5 H A e IR 25 4 B D) e I 4
M8 JE R AR & 2L R (unnatural amino acid,
UNAA) RN B AR E R E AL, TR & R
D Re A7 o Y. 2S5 e AR 150 MR R
REFER T LG NEDRN, Hh K2 HAERA
SR R AR E R R AT A ™. A L 4 A A
%, CFPSAALUITJLAL: O % E UNAA

R N N~ = AL /D TR AW [ 7 e 13
BHFEHMHT EAREANAR]: @1 LA KA &
HEDIEA M R hRIAMEAR ™ OREd
BOBEE . PREEE, SEILEE )T Bk R Y R H
AL, @I CFPS R4 T4 i 150 F UNAASs
PINF 2 ik 2

I JLA, UNAA i N H R 1E CFPS 1 & 4 X
BT R E . R 2 BT FRR
W 7 BRI MG R BRI — AR R, AvEiIER
MAFER Z KB AR—HE A K Y . Neumann
LIRS R S, T P B AL T B
SEHL T K 2 ANANFE UNAA 45 & 38— 2 ik, b
Ab, R AE R SRR F B UNAA RN A 2
ZAIR BTV T ), 40 Zhang 25 PR S A AR R
SRBEJE dNaM Al dTPT3 [ DNA 7E 44 P 5% 35 9 A~
HA A A AR R AR %157 1) mRNAs A2 A 7 5 4k
RAR I SUEEAS T [F) tRNAs, 5 AZ AR (1K) 45 365
THRINEIERRARERBRN GO TOCED, XX
BALE BRI UL R AE SR A EE
=X

ERREM AV E ATEE YR =5 R T
R BRI . FEPUAR-Z B EXY) (antibody-drug
conjugate, ADC) [JFFKkH, CFPS AHLIAEM LR
22 18] AR T E R SR AL T A AU H) UNAA iR A
FUEBE 7% Y. UNAA R A8 T 0F 72 2 g 14
N R A K DR 7 52 U 1R TRE A A 0 e — SR Ak T
BeAk,  H D-% 5 R 2H R B A5 B R Bk 2 CFPS
RGN 7 — AR A . 7R AR ELE K+
I D-ZAER T LB Thae, CeAW AR LIEH
Wik 5 D-2 kR e 2 1R B A% OBE R R 1 R
gp U, WFIEN SR K 2 0K 104 D-22 & B2 5
ANZIKH, WRIRIE T &H S D-A R 1 H
Jok P R AR B B2 IR TE 23 L SR I TR
TR SR R I B A E T B UNAA
MANTFEHARKKE, £5 TG E0FHEE
TER . MBI B R, T EEa AR
B L 25 4 Iy e AR A A A7) S T THD R L e L )
T T (H T B R R AR R UNAA RS ifE
W, TCA AR R I T A2 2, — Rk
¥ OTS A 7 $2HTIR AT, ARG MATH LR, &
J& PN I 2n P ER B
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& B e iE E R s S, R RLSE I 2 kA B B
JRAL A% TRk . SIABIRIEEL RS &, Jod
J -G BT ¥ R ALE J B 18] P DL B /N AR R A« o
AL R BB T AR 4y 7 U s, AR
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Fig. 7 Construction of artificial cells
(Molecular crowding, compartmentalization, gene noise, networks,
dynamic behaviors and cell communications are the structural and
functional characteristics necessary to maintain the normal life

activities of a cell, which can effectively regulate and operate the cell)
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