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Applications of synthetic biology in disease diagnosis and treatment
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Abstract: Synthetic biology (SB) is an emerging discipline, which utilizes genetic engineering, systems biology,
computer science, and other disciplines as tools to design, and even re-synthesize biological systems for specific needs.
In the past 20 years, milestone breakthroughs in SB have been achieved and applied in the diagnosis and treatment of
human diseases, particularly in the discovery of new drugs. SB not only provides new ideas and technical tools for the
early and accurate diagnosis of diseases, but also develops a variety of new approaches for treating diseases, including
cell therapy, bacteriotherapy, vaccines, and biomedical materials. Using SB-based methods, we can precisely diagnose

diseases at an early stage, specifically engineer cells or bacteria, conduct mechanistic studies and drug screening, and
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rapidly produce vaccines and biomedical materials. SB with the “design-build-test” cycle greatly facilitates the
development of new diagnostic and therapeutic approaches. Moreover, SB applies engineering principles (modularity,
composability, abstraction, and standardization) to redefine biological systems in a more modular and composable way.
Through this framework, the basic units of the biological system are fully characterized as standardized motifs (DNA
sequences or gene-encoded products), and these motifs are mixed and matched to construct a fully functional genetic
apparatus. By utilizing recently developed gene editing tools, such as the clustered regularly interspaced palindromic
repeats (CRISPR/Cas9) technology, SB can integrate programmed devices into a chassis (e.g., bacteria and yeast),
create new systems capable of producing target biomolecules or behaviors, and precisely manipulate the genome of
cells and individuals to repair genetic defects. SB-based disease diagnosis and treatment will be one of the important
development directions in the field of scientific research to completely change the way of diagnosis and clinical
treatment of diseases in the future. This article reviews the applications of SB-based technologies in disease diagnosis
and treatment, as well as in the production of vaccines and biomedical materials, as well as in new drug development.
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Table 1 Biosensors developed through synthetic biology for cancer diagnosis
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Fig.1 Diagram for the logic gate to CAR-T cells
AND gate: When the synthetic notch (SynNotch) receptor recognizes and binds to a tumor antigen, it activates the expression of CAR to recognizes
another tumor antigen for activating T cells to mediate its killing function against tumors (as shown in the upper left of the figure). Another AND
gate: both CAR and CCR with weak activation signals are not sufficient to activate T cells. When the two receptors jointly recognize the
corresponding tumor antigen, the combined signal is sufficient to activate T cell for function (as shown in the upper right of the figure). OR gate: any
ScFv fragment expressing different CARs in tandem can activate T cell for function when it recognizes the corresponding tumor antigen (as shown in
the lower left of the figure). Not gate: CAR recognizes tumor antigens to activate T cells, but when iCAR recognizes normal cell antigens, it sends

out an inhibitory signal to inhibit the activation signal of CAR for the protection of normal cells (as shown in the lower right of the figure)

MIFFAVER G N5 R . SR TME NN ST ERI S AR S ik, Ko Z it AHAE AR
M G e ) R SR A ThEe T B, ARSI . U T A0 AR, O T A
¥ STING #ish 75 CAR-T 445 &, I STING ¥ [MIFE BT IRJIG 140 i 55 1 4 g 6 2 2 B A
ik 18T HEMEAEREF R, AmEes  TEOSASRB AR . #520224 1 H

[ A G I S 3E MM G N, 2028 TME A )
YA PR T ER R, 4R CAR-T 40 i £8 S A8 A A o
[k ie 5 R A Y,

SEA A YRR, WIS N o
P 2 eI CAR %577 30, i CAR-T 40 g DA
e wAaENE, AN RERFREER, &
A J5 CAR-TA MR B EE 12—

2.2 MiET4HE

T4 (stem cell) & BAG H T HA 1L

12 0, FECA 23 3R 800 90 58 11 8 25
(investigational new drug, IND). 133 KT 41 /il &
FREB AL T2 AT & R H, R T40a
ST BA T R .

T 4 Jf S At 47098 25 Pk BAY2 i TME Hhrik |
i LR R gy @ TR w1 O N DA R iR e Y i
SR MR IE R BIE . B, R R A A EE
G RN 5 I R i e 1 A B o 2 0 iR AT 1R 78
o4 2 B R M R 2 B T I E T AR
YU Y, nT LTS 259 50 5 ik N i
H b P 25 ) A B B T 2022 4 3 DUR



250 BRENE F45E

2 2 RSRAE AR W) 2 o BN A T 40 38 24 R
AIRE N R TG AR o A A B R I B S
(dibenzocyclooctyne, DBCO) 5 & & ALY [ M
¥ DBCO (L ZE MR A . G B o 2 p 410 1) 770 B G
At 470 9 245 W S A% 32 B bR AH OG0 B AL
B A 78 BT an b, MR RS RE I S REA
PE, 5 A g AR K

40 B A B A 2 BE Ik A B A
W& KA RE S o I e 40 i o R\ Ol 4%
FAHR T, WSEBDGEE ST ARG ST . [T
41 M A RN T A 1R 2H 2R 53 4 K T g AE DR 1 4 il
JeA, AT DL S IO $5 ) B A0 A o0 4k S I T RE .
Tim Stiidemann %5 “ J# i 7 5 5 £ 6% T 40 i
(induced pluripotent stem cell, iPSCs) % 5 H 0
WLZH 23 F /5 N PSAM-GIyR 5 0% £ 1] 1) Tlmo4, &
FL RN 9% ' Z B A CTZ B i =75 A R Bk 30 11
TAECAEHZ (BHT), AN R O ESE
e JIEHi -

T MRAE K E E 12 fe v A8 HAH X T HoAth 40
M7 A& LR . SREYY . H
drf sty AR SR ROR, N T A LT iR
BRI R A BRI T 5 2 G .

3 AHEMA SRR

NEEEANBACTI R A IAT . XL RE
PaE TR RE T ANENRAES RS ™.

Bacteria library

WA o A T NAR A [F) X 3k BT KA A7, i
R — AT DUTE A P9 JE AL B ) YA 7 R S 5 0 1)
BEHEERBINTE . ETTIECH0E S RE
B T8 A2 R ARG s A B A s
I 55 22 FROBR IR TT AR E B3 R . SR
i BB ) B F DL R A BT B R B RS R R KK
PHAS T 4B BT VA IR BRI T

A EY) S 0 MR A F AR T A BTV
SNFEHRPHE. 29K, BRPENHE—H
e iz AR AT, A B A 2 R DU i 3
A LLYA T R 8 00 SO 0 1) T AR 28 AR B A T AT
A (E2). SR, TR W IR R B b 4
7 B 18 A% AT E R B A A Y R R G T 4 ) A
SEVEALE KUK (I BELAS . SimCells (faj B 4H D) J2 3t T
A REY R BB TE,  ph R R [ IR e
A0 . SimCells 1] PAGg I 40 B HH R SR K] ) 45 (1)
T, B R KIS . B AR
it B X SimCells 47 T B 4w AR, fd R ™= 440
KPR DL g A 45 B M e 40 I 1) =5 2 AR W0 B e
JRBLIR o 3 L ] I 40 P 1) SimCells W] e ik A A e
Y Jf () 0T IR AR AN S A B At T . b,
T& AR S R E B AR A B TR N 2 )
Wk RG . WEFE AT TR T — Bl onT LE R S R
358 TR 1 A S R TS W 4 R 32 A CDAT 4K
FEiPism (CD47nb) HAE0OW MR WA 1 Btk . 1E
/N B3 [) A e g A 28 e ) 5 9 S 2% 1 R T DA o e
SRR VE T A M 3 0, RO PO T IR, B b

Nanobodies

Synthetic bacteria

Immunizing antigens

B2 TR Yo O A T R R A
B A A B TR SRR, 5 (AR HE AL (] DNA T 51 552 DR G B 7 40 480 25 068 5 UL P A 3 Dy By B 5 4 1 208 A% 2 B g L 4R P21
AT P, A — MR AEGK UK . I 8 R 1 BRI S R T R e O B S 1 AR AN B

Fig. 2 Schematic diagram for engineering bacterial biosynthesis and corresponding therapy
With the engineering principles of synthetic biology, specialized and standardized DNA sequences or gene coding products and other sequence motifs
are mixed and matched to construct fully functional genetic devices for integrating them into chassis bacteria to finally develop an engineered

bacteria that can produce nanobodies, secrete specific proteins or express immune antigens to stimulate the activation of the immune pathways
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9 SYNBI1891 1 T FEAH 1 Pk T LA Pt i i 5 41 i
(antigen presenting cell, APC) FJ STING i % 7%
P, IFEOE AN R R R Z @4t . SYNBISILIRIT
B 2 38 3k 7 /) B J8g 452 284 A0S (1 N APC i
B PEACAZ T = A A R R g T

JrE AR AR EE 9T, 4IERiEM
AR A R AT O RN A R B KA M AR A e M 5 A% 1
MR A% 0 WS 2 — o B AR HR T B %
KRR BHES) TR L AES AR, AN IE
i 30 Al A 2 R A 0 B KA 0 3R AT RS VR T D R
iU T TE TRE A S D g 1 0 1 SR AL IR T
PRAL TRl ReE . B S AT O s LR FL K R
&7 RBPURIE ST BN 3 -10 F1 & SR IEH F-a
PRPAEM AV IGIE RE, ZRGET T piE T
JE AL IE DR G A AL T Wi RAEAKE T
AN, B TE TR r] i B A e 1 R B
i gt o) K R S HE AT VR 9T o WF AT AT i i FL
MR L3R TR 55 i T8 TR A 0k s IS R A R -1
A1 p62 H R ek i 5 B (X B3 b i 2 DA K %
fR A A RLBOR JOE , B 2R T BT R 26 g 2R

G ECEY) F ] LLd i TR % i A ) ik
A SN R e N % R A RAE S, A T I A B
BN A R . A B AL 55 T R A H A 2R
BiER (WpHESERE), RESAEFHRE. 5
VRV R I 2 A HE R AR A . B R E g%
FRGE ) TR G R RE % £ Y S B TR S K RS D
FEXF A SRE, AT SR04 B AT 9 1 st 4R
P M &I AR R G0 R AT DA SE BN 4 1
HIHTRARHE . 3. FETC. 830 S AR TR B
AT N BRS T 4% . 1 W0 Tandar 25 ™ 8 H —Fh ok

IR 5 7 4% BS99 TCS CceaS/CeaR i AR 4 3 [l
pgi AT G SR, DAY K 1 o 79 ol A [ b
P it & 45 2 (B B B 50 A . Miyake 25 U [5) B 4
TCS CcaS/CcaR % 4t K 4% il ¥ 41 1 F 4w i3 holin A1
P EE F 1 T4 W R R R R 3Rk, T 4ok fl
R ) A TR R T R R R IR S R A, kAT
AW AT . R ST B AT AR K W A R A
EL222 "7, LexRO ™% FI LEVI ™ 2% 8t 4% 4% 5% i
IR ok 4 ) R R N T ) 3R 0K B T U 4% 4 B s
Bl AL, FERTT IR IE —Fh T R 0 kR
FAEE NI 730 Yao He A4 P JF ik T —
Tt FH T 25 1 41 B 109 R T B 4 R R ' A B 2 T Y 1)
29Ik R G, FH R AR SR Rl S| vk
# 4% (indocyanine green, I1CG) 40 K FiUk 1 44
W ZH % . 7E 808 nm UL IR ST T, ICG ™ A= B #4
RN AT DA PR 4T B 40 R AT 0 O PR A . e A
R R DA S R A oG Bt SR 2 2 32 e e R e
N2, AT AE K H5  E JE RE 40 MR N BRI A S
T

B AR S AR A R M HE B T i R T Ik R
J&. SEgMEmEIT TiEML, ME N FNE
TOERAZ M, R A AR, &
Yy TRE TV 06 B . AH R TR I S A E R
ZFME, B9 TP ERESR . &R RITT
ARG RIGIT T 2 A R R S50, (F 9 06 20 i %
VFZ PR, A R R B AR I R 6 1 B T
B B ) A BT T P — A 3 R A A
RAFER =, K2 B T K T4 B 5 H bx
gy FAH AR F IR A S B B
— Bk R A P R 4B AT DL s
e A 7= G Wb Ny T RNVER (R 25, (BAR HE A
Pl = A 2 A

4 G

B A3 DA SR A RE 2, AT
IR VF 2 5000 B RO R ABE T 2, WA H iR
T A NARAEAS 51 ™ R 1 DL T X AR AR
A SRR BETE BN TP KA EEOP IR ik
BEBU I FURE H & N A Y o B 2 1 0 e R A
AR CRIE BRI MUE EUR 3 7. it
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SN Y e N~ e s e s N RN S o ] b
V2 BT BB AN A S T R . [FIR,
B RRAEFER BRI AR, g i g
et TN AR A . HAT, I8 A BRAEM
AREFE R A ER TR . DNAKH . RNAJK
] 2 JORE 1 LA HE IS B R IEAE IR PR

4.1 EBRFEMHERE

e e AL =R D E 5 NS P = e o S E
A Rk 18] B 1 AR A M DL SE I o IR R 3 0 7 T
AT AP R MK R 1= R i . R, K%
Ot G #R B 8 A AR P . RS
B IR PN TT VWA 24, (AN RE VA A
ST e KIENRE A RIS, HAF
RO 37 A PR AR G e, L 2 AT RE S AL R
e R, JFREATIE, RN NS
R kR RS R, R D o TR R A
30 e e T 2 Vi I A A4S BT R e R RRAS
MR 15 BB 1 H B 15 & B A R BE W A K
PR ) [F) SCHRAR R BB BT MR R A AL, X
T I 23 3 AT 125 IR A A 2 = IR A B T 10 T O R
ANVF 2 MR R DL KRS 52 S 1 S XA =
BRI AERE ML ™ & BUAEY 5 TR AR
AN A H) 0 1 MRS B 0] R AR SR> N S 4
M R B R, AT AN T TR TR T
Iy RE T R 3 ] 5 3 7 A DA R o AR X R U T
72 A R AR T BT R B A AR ek, (HF ) HE
55, T H 248K 2 HORARLE 25 AL B AR FefasE o
il S T X RAAE N — R B AR A TUA AL -
B RITAANT EXR A D RE R VR AR AT, 18
P UE BB TT LU J DR 4 S04 v 000 25 1 U5 2 )
DR 3 B i 22 (R A 5 B, — AL
£ 22 PR ZH AN ¥ v 2 R A2 77 0 3% 58 B PR AT RAAE 26
48 R5E/; BB =, Rirom, AR =
72 5 4 fid B 2 TR 7 AR (7] A K S B SR T R
P 4 5 5 AU R VR 55 0 35 A7 A — Rk . Bl
U, 7 AR 20 00 R R A B I R R AR
SREAL I BE ) il A7 38 B 26 AR ZEORARIEAR o DA v
FER R BIE B, 0 e R G S A0 1 AR AT e

e fE R f

4.2 DNAFIRNAEH

55T DNA FI RNA % BRP% v 2 4 2 i 1 25 Ji
7> () DNA B RNA 5] A N0, SR )5 X Lo 4 g ™
PR, ERARRE SR, UiEFEK
{140 £ B R A4 B g Vo KR T ATE 8 A AT AR A
ST RIS A, RS AL RS, (HE R
TR 5 W B A, AR RCR AR FAR MY TS S e M
IR 240 L P A 366 AR HREL [ R R v 2 I S DR M 1 R
BLRRAG , R OB 2 58 3 Il AR A% IR 2 T I EE K M
AU H R R IR AR S . R A
% . oK Uk B Ok 6 . B fL . Cas9/
sgRNA & &) E e 1655 U, R A2 B A e
MBI RSz —, Ngo e i 5 3 b g B g i 41 5>
EA O AT B AR, PRI AL R TE L AP A X
IR AR T R DY AT E S R Sk i A A
AERR P g R, AT R T AR AR A U R
oKk (lipid nanoparticles, LNP) [ 77 £
FaE BB G, E BRI R X0y 7 2 T BRI B
PO AR e, E B R R 5 3 A TR R AR e
PEo BE, T RGBT AR AT DS 098 2 B[R]
VR0 G 55 A0 L) LNP F) A S ek 45 B 1os?

A% B 2 T )G 0, S 8 1 R T A 1 o o
WA, HILPARM & A P RALH ] DL RE ) . %
i 28 T T A 7 BSCAS R S 2 P B I 1)K B TR 8 i
BERE, M ARAENE 2 TR Bk, X
ZHALIRPETE 5~12 kb VU 4 ", DNAXKH 5
RNA AL, BAHERMFREME. F I DNA
B A% 52 T R ) DA R L BA e ) AR
PRI, S — MR SR PR R A, TR 23
Yrscseh, PURFRIEATRES: 154 ", (HIELER S
RAE R IR SIS, G R E Y BAR
DNA ¥ 17 8 i %80 R A0 . G ) At B IR - 1
LR R . £k AL SRR JE R kL ) XU EE DNA
(double strand DNA, dsDNA) #it, AT HLE
FLE T LN ST, B 7 Rl Y. RNA %
WMAFERFA, FAEMT R T — AW
o F J2 AT 40 M5 B DA PR AR B . RNA S 1Y)
2 BB R A A T R (1) B SR A A% 8 BN 2K 4
i, DN RNA A EA W DNAFa e, 1 HR 5 8
INESFOAH M N T A AN TE X IR B U P Al 1 &



%£4% www.synbioj.com 253

FSCAR ) 2 AN AR AR T v E A F T 3G 0 RINA 9% 1 1) 48
A S E N, FBR4EdEtE, JFRmEai &,
B 1A AR 97 b5 RNA - (circularization of cod-ing
RNAs, circRNA), £%} mRNA 54 1) & i)
e, AR EY H mRNA S " R
() P 2H 2% circRNAs ) 7 7, J8 I AL 4 fo A 22
2 OCRERI SRR IX . AR N A
A R A & AR AE S B0 JE B LD, X
THRNE AR RNA A~ &R m 7B A s, R
PWFEEE T B REABIIE T

W8 & & AR o 0 R DL R AR 5 e A e it
HN A, V2 B BRI W gl R, &
A ) 2 AE 5 BRI R R B T2 N R R T AR
TR T A Z 1A ) e E E R &R

5 AHEMIEZERL

Bt A R R R, A A AR R 26
SR DIEVEA T R RN P e AR e
HERN T, R R TR SRR T AR A R
NN R &M T ERvTk. HRFHHIR
SRR R H ARy HLAC TS IO, 9 bR R S 56
BT IREAW I B RS KRR FaH 1h
RERI DT AR A B I e, RO BN . REZ
YU C AR K 2D, HRR DBV 2 45
PSR B A PR, SRR S B E .
EYIRTR S AR, AT A S Mg A
Fe AR BE 264, AT d A BRI 2B & .
. ThRetb s FE . & MEY A AE TR EX Y

FOREBEAT D REBC T, AR A 7 1 R R R S5 A
B T A A DA R R R T 3, AT A5 2T
& A A RE . B AR W S TR LA A 5
LRI A ZREM R RRA R HE AU R
L EA L HE A RS (R 2),

51 ZHEMH

ZHEEAR R B, — AT EA
BRI HAR A 777, BEAARAMEERT (extracellular
matrix, ECMD WHIZHIEr. HET, 2K
EVVRE AT SR BAT V2 M. B,
ZHEMELH T4k, i @A U LE S M
kb,

B EY) O KR 7 2 BB SR At 1R R Y
Tiike DAAHBE AR A B LT 4E - N, AR 2T 4E
B o 1R 20 M ) TR TR B OR A PR LB, X e A T 4T 4
Rm ARG MR R, B AR e A A B 5 R A R K
Ae71, IF H A EA AR IRBARE ) A B A b
D] LM 400 B 41 44 3R 7 M ) 2 AU 4 32 0 . FEAEY)
P24, M4 H T HIEA N TR NG
A& WS A Y R G R AR % AR D VR R AT L
XPRRMEAT s, DL T B e R A R .
— N R R R AR ROR RS ) LA I
WA E R I AT A R R BRI
FE AL FH 9o T AT R TR R A P A TR AT 4R R, X S B Ak
B ERm R, 7 LLKSE 3R G 2 4
o BRI ON BN B PR DA e A0 R AT 4 R
AN, LRENE — B SRR 5] N R YH B AE 4E R )

K2 AREMESIRE S

Table 2 Summary of synthetic biomedical materials

IER R IEN MR R R 22 ik
EZ T Y 4 4 % A B 5 RS A v DR OK B T AT AR P NI I S B [115]
gez- /LT LRy R g AR A 75 3P0 1A P9 ek e it [116]
lEy2zps sSDNA gk £l ) 975 S AL TR, ok A% A 11899 T AT R [117]
RNA 49K 44 K} 2 s P9 A AR U I [118]
E AR PR R 2 K FF AU 2 ik [119]
PR B R I 2 HVE 3T ELR R7K IR , FH T4 38 2 M A i [120]
T A R curli 9K £F 4 5 4 WAL A 5 R4 SRR E R, TR N B I 1E 2 [121]
K H i ECM # k B A — AR P 2 R [122]
E.coli Nissle ¥ ¥} — MG B ST B RRL X B AT R R 2 [123]

il 2 FAT R KA

FA 2 DR i AR A, w] AR A (BT A AR [124]
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Foep DL B AR i 12, 19 B SR 1R A
REE i, FERRATE AR SICR A At
BRI = AR T, ARG A LT 4E - L
THIXEY. SHETERPOARZAAET, B
AT L B TR e AR o KRR B I 2 B A b
FLRE S 11 0 sh ) BN 28 T R 12 b 10 52 2R A0 ik
BRRSEM R, T E ST ARYIBR M. Ht, @
i & R A BOR OSSR AR F5 L R gt e
NZAPRHEIRRIG ST B2 R T T 1 2k

5.2 #&ERM#E

DNA gk R H 5T S A T — MG IR 7
SRR . FET DNA 9K EE R, @il ds e
i 35 TC F JiR 0 R ¥ v & BORR SE 7 41 1) DNA 731
CEAEME Y EVBEAZ KT IR T 2 A
[F] (R N2 FH o 8 G FH 3 6 AR 1R 90 K 0k 22 4%
AR T AN DNA 90K 85 4938 % 1 % 5% DNA
(single strand DNA, ssDNA) &gk, (Hi T+
A FEE, ssDNA TEIE 41 jd Hh H A B KRB AL .
Voigt P 8 21 " i i e K A R e Al T X —
W, {fIH 57 dsDNA, % dsDNA # #% 5% Ry A 4 i
RNA (non-coding RNA, ncRNA), JFHHFEH
HIV 2 1k§ 45454675 (HIV terminator binding site,
HTBS). HTBS g4 % HIV i 5 5% (HIV reverse
transcriptase) , #8 J5 A BT ) ssDNA,  FE7E 41 i
WiEATH%E, HRIEH T ssDNA & X 9K 4544
H T HIV I 5% 5l e 6 DNA & k4T % 1k, FE7E
BRI 16 5% S ¥ (moloney murine leukemia virus
reverse transcriptase) {EF FREAT 24 1 K%
AR N R A P2 AL R 9K MR T —Fp B A
FRA R 8 (1) D7, FRAE AR IR 2 v HA TS M S
A, i, o BUdE s 5]\ Dy Re v RNA 48K 81k R
P il A N A g A

5.3 EHEMH

AT A ) S Uy R B A
I O & AR AT A SO, AT B A
AV ZHRFPRIO TN RESE M, T 3RAT — L8R R 1)
e H AT O AR Tl A 45 U UG BN B 25 1)
K& o AEPIRIRTT L RFEAFAER BLA Bl 5, DL

PR B O, e w4 R v R A i, W)
FEGRST B EEAEH .

#VEE AR £ K (elastin-like polypeptide,
ELP) J& Ry T NS5 8 B 0w B i — R B
AW, Tk E 2 7 41 Val-Pro-Gly-X-Gly 41
W, BA TR e 4 ", ELP R A K
T A U PRI B 928 DR P SR, S RO AR IR
8 U B RS T BT AR R
ML AAFE 4K (elastin-like recombinants, ELR)
RRFETRARBEEEATH —NEES W, 2
MIAM I Ry 2 —, HIiRe i H AT A
HYE. B ERAETET B, ORI TR R R A
S BRI, A BT AR AR A R R
O NF I TIRe. BlWfEH R TREAF, Rkt
FH /B /K B8 1 BELP it A2 7E J5 25 74 B il v vt s
M S 3E - #5A AH N 254 . 2T ELR A1 ELP
RAEVIRRE, ATAE y— M2 ik Bk . JE I AR
ELR 8¢ ELP 1k} 45717 H 1 259 >k SE K b %
5453 205 W) 58 4 AE AH B BT 2% B BOEE 40 i Ok 45 L
g e

fEid L L H, X T ELR A1 ELP B & f A
MR ERAT, M@ d A TR K
2513 18 U 1) 2 DR R E wIA R, BE SRR
% 06F I 3 B HEAT RS HE A ), AT 75 3 B 7 221
AEVAORVREE . IR Rk, 3N AU R IS S
Bl 75 DA . H AT T ELR Bk B A R 2
ST BNk REMAEYEZENH )2
g T,

5.4 EHIEME

B 7 LA el ALK AT ML o8 2 i v T H A 5 AR
VLR, AT R AR R S
PR i 20 A o

VF 2 40 B ) R I8 I ECM SRR 40 B AR AR &
XA LRI E BCM HRE AN AR B B S, AR B 73 3k
BIEZRE . AEERLER, ETEXMRR
ECM ¥ it, BA &R & FERHE I ECM A RS 20T
Ko IXEGRFIR I A VIR R BE A7 £ 15 T Il PR IR 9T
IRRSE, A7 3E F T 20 5 s A0 ok A 77 1
Jo curli i d 4 T 7 A= ) — R ) RE P V€ B FE A8
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KEFYE, AT LLTE Jl 5O 45 1 6 5 A6 40 1 3R T
R0 ) 2 T 20 2300 AR ) B A2 P 44 R ST
Foo FET curli B AEMIIRAE 7 O R & UL 7 90
P EZEG A, it FAMES B
BGHLT N B ECM. & 2 TUIT 7838 1 5 CsgA
(— R BELHL2E curli K ER BB A AW B 0 3 22 B
oy Rl B R B BB B, SRR T
curli () ECM R PER RE. Ml f01,  BARr Sk 0 4544
S5l T DU A 0 L A Y AE RS S8 AR T | . Joshi PR
IR T R T R A, 2T
FRAE 25 /I8 B R T R e A E AL T R . X
HREZEIK culi B SR EALS & =T
(mucin-binding trefoil factor, cTFF2) Hfili& k5L
B BT MRS CRIBFFED 7T H 3)
A, Bz AR AT BLOREF 220 5 RIFTE], 438
L) & AR R G O H TR 97 /AN R B W
it A .

R0 10 30 TR A PR 0 i
JYSRBEAT IR 7 ORTT, U7 i B W 240 245 1Y)
PRIV o IX SR I A PR R B ) 7 24 2 T B
W FLEh VDAL, DASR Bt S A N B R T 24
Yhi#i% . Sankaran BHEZH M R T 2 T4 ECM
B 6 TR 0w NI TT AL S . AR T A
AT T AE N R KBAITE (ClearColi) ,
I F A By 1k A 55 H AN T 22 08 5 A R T = A=
WM. b5 R X vio-ABCE #:9\ 1- LL &
BRI AU A — A £ P 2R . JEH
NHREFH 24, RO EEE NI E coli
Nissle 1917 2 £ 18 £, B 1k 4H 18 A< 5 %6 3 1
S H

o [ B 27 e TR I S R AR 5 1) e DR R A T
IR 7l 6 S A YRR 6] & B A AR .
M ATTAE B SR A A CsgA 5 N2 EH
Mfp3S (mytilus edulis foot protein 3S) 1A= Wi .
Mfp3S & & Asp. Lys fl Tyr 7% 3L, wJ{g sk L K
BB AR FIRE B o PR3 Fh 5 v Tl R T
IR B R E LB A S, X BT ST RE A
TERMRIEE R o 2R Y I Bk T B TR R 2
TR RV, DU BA A B KRR R
X et R} n] DUE 8 3D 1 BT BCE A R Rk TR IR
RIS . X SRR R 2 I)RE. BT

RISk, DR —Fd & M T BEZIRTHREY
ML

6 AREMHSH VIR

HREM AR — TSR, E4M K
S A BN R R A EE o B DL R X
COVID-19 4 # I ZJ VBt N, 4R LF8 &
BRAE P T B ARG ALEIT 70 . ik . B g
AR A (B3,

6.1 ERZmiEMIIRE

COVID-19 7& —Ff B {4 BR AT B e MR 28
Wi RAR, M RERORIT 4. X COVID-19 1
I T B PR REE T VRS 25905 COVID-1997
RSB ANPIREAY . SR AL 48 T BRI 1) IREZE T
B ARSI /NRBZ SRR S HIREOLEESHA
HKAZ R BRI K FL B 2 (angiotensin-converting
enzyme 2, ACE2), [tk LS COVID-19 7,
AR 3 Foft o S 56 4 ol 5 N 268 2 Ta) b 2 S il ok
(W FC NS, B 2% B G AR B R H AT DR it
AR T B HAnfEE I COVID-19 Ja i iE 1 f
FoHr, R N R 1T 4 A RS A DA 5 4 e )
PR BE R AR s N TR N R, SRR S
NR G IR H Fe e R G815 IR 25 2k
Ik NJRME ACE2 & . B & ixX — /R A,
i T U5 2R BN AN B A K S 2 AL 1 1)
R X ) A R Y R B R A I Oy i, —
T 5 b AR TR T A 438 S B AR TR o ) P 22 S o o 0
AR

6.2 XHRFERE

KRSERLTRTHE. ZaTHREEE KRR
T, SR SR A D5 SR R T )
LR AR HSURFE R 3D AL o B AT el & A S 2R R 4
MO, JERCR IR AR SR b L T RS E
(LA L AN A FRRRAE 0 52 AL, RS S5
(1% e i 28 K 22 52 e MoK U, A REASESDL4H e - 24
AN - 5T AR ELAE o AEAR SRR — YRR IR,
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gene-editing
animal model

(a)

organoid

(b)

-
-

yeast two hybrid

) (@)
>

N

o N,

specific drugs like mRNA
vaccine or antibody

(c)

B3 & REY AR 2GR A b i R
() FEZIYINLHIRE T op i) 2 5L DR 4R SO AR 8Y . (b) FEZGHIE S LRI B 50 o 3 I 2B 2 A 2
(c) AEP=RE 2%, W mRNA AR VEDUMA . (4D FEHUMR A PRI GRT 00 I 2 o P 32 (¥ 8 B A AE R
Fig. 3 Applications of synthetic biology in drug discovery

(a) Building animal models for gene-editing in drug mechanism research; (b) Building organoid models for drug screening and mechanism discovery;

(c) Expressing specific drugs like mRNA vaccines or antibodies; (d) Yeast two-hybrid technology for screening and producing antibodies

P A T G R A N BEAREAE A TT BB HE DRI . HE AR
1H, COVID-19 AMUAX R GLlili &, ik 2 52 2 A4
ANEBRE. MEBATKBHKRKNZHERETEG,
WmARGE. Wi B . B R KRN
RAEMRET, WTESEKFH I COVID-19 1 E
T ALERFIIG YT SR G T B AT IEAE 22 A
FIH AR TS R it as, D — o
COVID-19 £ N\ & & & B o K # 1F H 1 &= 5k
T

Rk, fENERAEMFHRNEEZTAR, 5§
fEG AR FRAA LG, K28 B N FU 0 AL 3 1t
THENTASMMAMER . 55—, R R
TE 2540t 3k F2 Hp b mT RAAE o 1B 245 499 1 i dE T
Ho tedn, CF 708 R N8 T 4 2125 38
B 54 RRSEE GG S EiL, /£ COVID-19
KIRAT HATA] N FDA T v 18 25 4 v i ik A 1
B BEMmRMBBER M, 1ERNBERITY
Yt FAMEWE N AR T . IS VTAR A AR R
TR WP 8 ROR AT T R B ERAE, JIF
ST BIR AW RT REAEAE I 24 F R R RIAE T

6.3 £FERMEHEY

TE N X COVID-19 K47 A, )72 8 F A A o

BErr AR . mRNAREH . BN, rfixe
HAREVE R P S R TR T & BUAEW ). L
mRNA ZH A6, RS 4D COVID-19 fr &
P2 (110 mRNA 233325 800k S N4l e, Mt A
FH N A4 40 i P9 A% B A 08 6 IR & 1, 2 F
S it 5 2R 1T 51 R A 5K L B 1 PR S e 2 S T
T L 7 2R v B oA A o, A TT B A A
B A A A 00 RE IR T A T, T R A A R K
Bt %t SARS-CoV-2 [y A4 . $1 ACE2 #1758 B it
PRI R [ B0 ) 77 45 0%, G B 2 ) 7 ) R
fERt 2, MERGM T EaYm s, W 749
XPEE RS, BRAR T 2 R AT R AR AE I
AIVER .

6.4 BEBWHRIZIRR

FAMEAR R AL, A RREY S P I B
IRELRGWAALGYIT R P RAT Z R . R
XU AE F G R B R B A W e seam R
PIAN AV IS 5 B A5 A4 4. DNA 45 5 3805 7 s B0
gifyik. EAVUFAREEZRER, RFHELEE
T E AT R e . AL, AN T AE RENE AH EL4G
HHEA TSRS RE G EA, WA
RN ERAAES G R, A2 iEin
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PRI 8 A SOHE BT I A o 2 TR AR e o T T
I — & A SR, R LA Bl i) 4 4 DGRy
FEPEPUNBUAR . B SE 22 A Yl SR I P53 H
P8 [ /0 BRI 40 L RNA, I PCR 4% AR 3R 45 AH ¢
PURBE cDNA, M J& B A B RERUR SZHOR, Hg
P LA HE cDNA (3K A 5 &5 P53 B H 15 15 2k
R RN, RA A5 S PS3EAR
FE&5 & A R R IE B o M A X T B R i 2
15 AT AR R P53 2 ROAR T DR G v
W R, o T il BRI e, BB UK A &
G LAAEPURAR KRGl 26 I A

BIMEZ, MBRTESFERINE, HXEmK
Ay TR VAR WA 2 it T T A R A 5
R LA R R AL BN IR B 25
WERIRBOR, PR R X R B A .
i BACRPE I & R ah R . AR E R
R PR 2GS, IR X TR IR £ R M A DA 2y
Yot A A -

7 HeHRE

g bETR, A BEYF CTERIR 2T A
TR EEEM . BT SRR LT
Dl RGBEEREERBE M —, JFBELR
S AN B S AR W R e s 29T 7 5. AR, H T &
AR ) S A S 29T L FH R SR R A 4 B
TS AN B B, IR (B % BT AR A 2N AT R
5if B K A B R R 5 D[R] B A FH A A
T, RS HAThRE R, (H 7R % TAE
J&i, AEPR AN AR P9 AN fE A B TR AR s 5 I [E] i
AAE S MR ML, & i R 0] 26 TN AR Y S5
6 AR AR G s HE R RN s Sy 4, A [a] B
T PRI A =7, A% o Bt 2 T I
1) 3 B ] 75

B AR B AE NI I R2 97 B B A& i)
KR & T, AATRATH FI %K 2 08 1
BUHL, GRS T2 W iR )7 % 5% B 2 [ 50 5
I B R IR AL R SR A 2 B0 e L )
AbrEm R R, BR—MAEMREEY R
AR E R E Y. RECHERZET & REY ¥
e TE B 25 38 NI R B o B, A7) T I — e s

B e R AN BEAR bl o 3, T A R S Bt BE 2L
2, B i g R, B AR S SR MR SR R L, SR
PR & A 2 BORAE G R 27 T 2 B
A RAEYEZEDRKIENFR, &RAEYFER
N2 B AN AR LI R B R
R R B TEIIER N [0 15 B 2E W 2 2 Al T 9 oK s A2
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