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Abstract: The primary objective of synthetic biology is to conceptualize, engineer, and construct novel biological
components, devices, and systems based on established principles and extant information or to reconfigure existing

natural biological systems. The core concept of synthetic biology encompasses the design, modification, reconstruction,
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or fabrication of biological components, reaction systems, metabolic pathways and processes, and even the creation of
cells and organisms with functions or living characteristics. This burgeoning field offers innovative technologies to
address challenges with sustainable development in environment, resource, energy, and so on. Undeniably, synthetic
biology has yielded significant progress in numerous fields, ranging from DNA recombination to gene circuit design,
yet its full potential remains insufficiently explored, but the emergence and application of artificial intelligence (Al)
definitely can facilitate the development of synthetic biology for more applications. From a synthetic biology
perspective, essence for life is rooted in digitalization and designability. This article reviews current advances in
computational biology, particularly Al for synthetic biology to be more efficient and effective, focusing on the
development of biocatalysts, regulators, and sensors. De novo enzyme design has been successfully implemented by
using Rosetta software, as Al exhibiting significant potential for generating innovative structures and protein sequences
with diverse functions. Also, the reprogramming of natural enzymes for specific purposes is crucial for synthetic
biology applications. By employing various force fields and sampling techniques, promiscuity and thermal stability can
be modified to accommodate specific requirements rather than those with natural hosts. Al can be integrated into the
life-cycle of synthetic biology through an active learning paradigm, which enables alterations in enzyme specificity,
and demonstrates potential for accurately and rapidly predicting mutation effects, surpassing force-field-based methods.
The rapidly decreasing cost of sequencing has facilitated the characterization of cis-regulators, primarily DNA and
RNA, with high-throughput. Concurrently, more trans-regulators have been identified in sequenced genomes. The
expanding wealth in big data serves as a driving force for AI. Al models have successfully predicted the strength of
promoters, ribosome binding sites (RBSs), and enhancers, and generated artificial protomers and RBSs. Recent
progress in RNA structure prediction is expected to aid the design of RNA elements. Sensors, vital for genetic circuits
and other applications such as toxin detection, typically involve interactions among various molecules, including
nucleic acids, proteins, small organic molecules, and metal ions. Consequently, sensor design necessitates the
integration of diverse computational biology tools to balance accuracy and computational cost. As the pool of data

keeps growing, we anticipate that AI will be increasingly applied to the design of more bio-parts.
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Fig.1 Design for synthetic biology components based on artificial intelligence and computational biology
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Fig. 2 Design of the catalytic components based on computational biology
(a) Kemp elimination reaction mechanism. (b) Retro-Aldo reaction mechanism. (¢) Mechanism of branching acid translocase catalysis. (d) Schematic
diagram of two different near-attack state conformations of limonene epoxide hydrolysis with pro-RR on the left and pro-SS on the right, which were
modified from reference [17] with permission. (e) Schematic diagram of the energetically unfavorable unsaturated hydrogen bond donor with the
structure of IsPETase (PDB ID: 5XJH), where a water molecule and W159 already occupy the hydrogen bond that can be formed by the carbonyl
group of H237 (yellow dashed line in the figure), and the side chain hydroxyl group of T183 is much further away and difficult to form a hydrogen
bond. (f) Schematic diagram of the grouped greedy stacking strategy
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PET f2 & JL-F 58 & P AR, FF HLSZH 1 IR 2R
VA I BB G TR 45 4 P R 1 S0 7 v
T HT 57775, Fleishmank (R REZH 7 F) F %
T IR 2 21 (1) Rosetta T T 3ok S Ak W B 1) 25 440
BT YU f 45 7 I FH A () PROSSS SR BE £ € HL
ez zd 8y, Hiicafikz
1) F IR B 2 ST RO A8 2 3] i As e PE TS AL, 3L
R Z1E — a4 B sl g 1 Rosetta 1
FoldX FIAAG TRMNKE B2, (H X S8 BE7E R F 8
JoR #Ee E PRI b ) AR R AT 7 BEGAIE

1.3 EATHRITRSRSRE

BT LA 5 E A I A
A TCAF BT i VF 22 B LA 5% 3] 3 i
By B A 2w . TR & Sk,
H AT A] T A e B I B AT IR, 7 2R

e I B R S 36 T R RO 2 i B . kA, B
A B T REAFAE e AN %2,/ B AT I T
Re AN Ve o VISR AR S 2 BT IR A5 A B 2 RUE
TR B XL R 2 RER, 2T
i R eIk B B KO, 0 K B R
RETIERIE . BT E IR 5V
K, HEUH T RKRERBARKRFLITH.

Bt A SR AT SRR A AN T N, AL A
SRR S A 5 T VR R O & R ) A A T
B D TR SEXBR SR R R, R
EE S 6 49 o A4 R Y M) A AR A ke
FERF R Fx a2 REHHK R, Hif
HTHESZEAN D T T A RO E S
S FEE BRI 5 i AL ) T R A A T 1 R v T A
R DASEBLRE Rk, AT R N B HL X
A TREN -

2 HT AL 5504 W 5% 1 U 27 oo

Bt

S PR VR 42 o i R 3 0 I 4 ) 3R 08 10 R TR 28
PN v N 121 N A= B gt B S i U = 4P
NG, Dhae b A R E R A Ty s e 1 — 4
KA DA — 2, JLRIRIE . fEAmEERKREKE
A R, IXRR R SR OA B A A W G b S FR
e, dERRAEKRE . HEEEE AT DUE IS X DNA 7
TA G BB, ARG e 5% AR 198 0 8 1 4% 1 ok
S RARFERAEHHIE IR, WEAFRDFH
B2 Fhoctt, WwiEshr. B985 DNA o,
DA MG s I N ARER I S B s oo, 7R BE2E L
il 38 W K RNA Jo A, ) dn 40 i) 80 3 1 S
RNA M RS0 $H 37 RNA

2.1 DNAMBXE=ETH

DNA A ¢ () 1 42 o % AT BA43 9 i =G 42 oo A
HkA B fEWEES T WEET. &
B %, VIR TS DNAOfF; 58 L2 W
SR
2.1.1 DNARX AT

N R HAHE 2 54 B P dm b B ], R
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RAF 2= PRI =4 . SR, FEPR7E N IR
M E AR 2%, FEDRZH K 2 8 X I8A G 15
EEHR. BLBK—BEERN, AMTA IR
A g AL X 35k 2 TC FH 16, B0 AR FRATT a2 TR 2 1
R 43 I 4 B [X 330 5 55 AN (5] (%) <l 4 B O 4% o 1
(non-coding regulatory element, NCRE). &4l ,
I 90% Y35 I AH 5% 7 41 A% S i T 2 DR AH 1R 3E G
64y, 1XF B 7 NCRE X4 i 1E ¥ A8 #E 5h 1) H
BME Y. NCRE #& il 5 5 R W 5%, H i — Bl
N, A B B2 5 R 3R IA A i R R 4 b
HERHT.

DNA Jiii =8 i 5 B B (cis-regulatory module,
CRM) & — BrK £ 4 100~1000 AN B 2 xf . 7] 5%
i [ B 5L K KA V5 ML) DNA JF 4. CRM A S A4S
EARMEARPmE, medd 5 gHE 446
KA A K. eRERES . MET . &
b7 VR T %17 UL 2 5 s R R R
W B (B3) . BT e S8l i L m AL
T[A—DNA%#E b, BRI gpR A 4% ot

b A A DR AH 2 BR[O R, BT 7 3 50 i = 3
B R B BWR N, L E W
DIk, X3 ER 7 — U S 45 o 1

s
t

B3 R T
Fig.3 Cis-regulatory elements

M =
I\

LEChn s

Kl

SR, NI R AR R SR 4k T k2 5 By
Bo o R 3% 0 AR TE B BCAE A b N R
T AT KB, 78RR A0 PO R AR
VB F JG A B U 5 AT 8 2 R 2 0 1A 9 o A 1 3 B
o BT SLIG R AR ORI A MR L S
FE e AE R 7 B i i R RN 3 A . BT
DNA J7 B R¢ A 1) 1o B 20 A5 1t A 2 i 1 428 1) AHL 4R
Sk, R AT BORE R R BV 4% e th o — 5
BAPEMERAES ®. 20204F, Zrimec %5 ) Fy g
T MNIRESE M, H KR DNA JF 5 o i

3R IO AR 5 Bk

Table 3 Databases for cis-regulatory elements

EA S ik B B SEM

EPDNew FAZ A B FHE R http://epd.vital-it.ch/ 2015 [48]

dbSUPER A /N RN 2 5 115 2 http://asntech.org/dbsuper/ 2016 [49]

SEA WENENREZMAED NI http:/sea.edbe.org/ 2016 [50]
BTEE

DiseaseEnhancer AL 143 N 2R P59% Y 847 Rl http://bioce.hrbmu.edu.cn/DiseaseEnhancer/ 2018 [51]
AHOR IS R 115 B

HEDD N0 T B i 2, L5 291280 77 https://zdzlab.einsteinmed.edu/1/hedd.php 2018 [52]
NI AR AE 5

SEdb N B 9 7B B TR T 4L hitp://www.licpathway.net/sedb/ 2019 [53]
T TS R T T e

PlantPAN3.0 M T8 R USSR T 17 230 M3k http://plantpan.itps.ncku.edu. tw/ 2019 [54]
HF, Moa&SsahinEE

REDfly A0 B S IR IE 1 A 1) CRMAE & http://redfly.ccr.buffalo.edu/ 2019 [55]

EnhancerAtlas2.0 L5 586 FEHLVAN LA 1 13 494 603 4™ http://www.enhanceratlas.org/indexv2.php 2016 [56]
8T

UCSC Genome Browser database #2477 A 28 /N [ Fl SARS-Cov-2 1] http:/genome.ucsc.edu 2021 [57]
EisEER e/

SilencerDB A2 33 060 4™ 38 56 B 5 (1) T BR 7 A1 http:/health.tsinghua.edu.cn/silencerdb/ 2021 [58]

5045 S47TAHLAS S ) VL TR DU ER T




$4% www.synbioj.com 431

IR RIE K, 757 P A P s I 7 4 e 1 o
WatE, R TEEZEMAMEZ S, HEEE
IR 7K AN A2 H 1 G R DX Sl R I = 4% ok e
M 2 Fh A S R R 4 45 M L Rl v g 1 . 2021 4F
Umarov %542 tH | ReFeaFi J7¥%, 7 EMAEHF WA
IRFES IR, 58— AR H T i BE R A 9 R
A E R X, 53— AR o e st dh A
R BB IR A ) A 4 3 DR A 4 o A TR 1
W . 20224, Zrimec %% Y X T AN RO
P2 (GAND SKAE BT 56 45 7€ 1Y) mRNA 7K 1)
DNA ¥ Tuft . [EREERZ, Hay Itz
TR B 2 21 18 3k R 20 52 R0 A il A2 0 2 5 I N
R O R PR B . oA Sk iR
THEETT AR AL TR k.

Ja81¥ (promoter) J¥ % & RNA & & B AT
FE N e SR R AL B I DNA P41, 8 81 1 98 i 5%
TEVEE T B R e el B G BEAE R . 4T, TR
P a2 A — RVIREMN B 31K
Tl TR % i R TR 3Rk, AT SE IR S 1 A B )
BE ., BEE SR ERIRE, AT EKERE
SO ) T RSk s ad #E, Hodh 8 31 A
AT AR 5o B R R IA MR I A _ K R NG
ARG FHELZ ML EE R RE
FERFRIEZ BNV Z H R MBS, (HE5) 15
IR S5 R B A IR IR 2% . 4 i 2 o o 2 i B
Wit A 2 T ook d i B R 3Rk Y fEd R,
XTI B 35 P T A A TR0 A 3R AT R B 1T ) B
IR o vk #Ef o H 5507 V5 R 0 /5 3 1 3% PR
NI R I iR . Meng 55 ' BE T
N L 28 ) 8% 00 SR 1) B BIL B U 1 T K A B
DNA J7 51 5 8 5 BE LA 2% ST s 201948,
Oubounyt %5 Y JEFH ML M4 (CNN) R4
Bz M4 (LSTMD 8 T — AN S8 IR 5 2
1% 8 DeepPromoter, H T 7 ¥ 5 B A% )& 3 )5 4]
PVRFAE , I E R 0 N AR AN BROE 31 A
2020 4, Wang %5 " H T — AN ET AN THEGEN
KIGHAF MK B 307 B FHESE, %82 DA R SR
JE BT S B SR N 4R T, AT A IR AN
[ 7 B A A% IR 2 TR B AH ELAE 3 T AR T AL
BB B ;2021 4F, Sudheer 25 17 2 1
TR R, @R ) S50 T

R (pseudo-dinucleotide) 2H % >k I 7 7 #% J5 5h T
FEIRI F R

5% T (enhancer) & 48 T4F € Fh 40 P % %
1) 25 B R A o pF 7 M SR T4 AR,
H oM S N S, Wor1 7 5EH TH
—DNA 7 EIE N, (H 3 B AR B A
oo, 386585 17 H0 AT DA T FE kR 1 3 DR R 5k
EEE AT BT AN REERT AL S, (H T DNA 7E4H
Mz Ry AR SE, W9 T SLbr BT ReAL T &
WA TSRO ST, dhah, T kI
TER S HF AR IER T IR, fEHREHFEREAR
HEZN T, AATEGR BG5S 31 Z [ —
S IL[E] (R R AE AT e Y, BRtn, B AT et 5 RN
JF AN G R AR R AL Y, R BT IS B 5R T
WYY, AR RE S B B 7R A S B
B R iR i s ke s

9 TR R MR R R A SR
FE T N S R 20 w1 386 5 - 2 1) 5 25 R 7 4 P
Rl RE, F I S8R B A7 5 R
Is RS 27l T X DNA R A1) R 45 3% P 22 1]
PR RIMZEA, MK —BEAEGH%
M. KHARISR, R A B R e —
SR ERE T £ A

2020 £, Khanal 2 " £ T word2vec A1 CNN
M 46 DNA J7 51 4 B 58 5 R AE, R T —
AN HE B T 8 58 1 vE M B9 1 B L H iEnhancer-
CNN; 20214, Min%% " %t 7 — A28 CNN A
XU [T 4% 3 V9 8t (Bi-GRU) [ 7R A 4 & [ 2%,
1A H DNA P FIE A% N, S28 T 158 - J8 3 7
MEAEF M 20224, Almeida 55 7 M\ 22 A5
U S2 41 i DNA JPHIH K, 456 IR 2 2 B
T A O 8 T RS P A B 2 DeepSTAR.
DeepSTARR 7 40 000 ™ A= 7 1 5 A5 A 1y 5 i Al
N7 AT 7K, R B R HET BN R
WsRF N, EJE, AEE NS TR e TE
(138 58 T A5 2 T 500 7

2817 (terminator) &0 T3 K 4l X 7,
AEE 25 T RNA KA B % 5 2 1115 5 1 DNA [ 51 .
MR RERKEN —ANHERIEREDSE. W
BRI T, BxHAFiE, Wi FEEH &
K SEH . AREAE AL, 28 1EF 7] 4 8 Rho BTk
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1 ATE Rho K781 o JE Rho K] 4 i 1 £ 1
TE&GCWMEMRMELZFH, HEFHT
mRNA AT 22 454, ] LR 1 RNA & i 1)
Tk, Rho [H M & 1L T 50 T LR I 2530 45
H, HTmARE A R & bE S, % E4E B Rho [H 75k
SIS 1k . Rho (A7l i H AR BE B RO T, o
AT R TF 1 3530 1 1) RNA/DNA JE % 2% 58 X2 Jig
{8 RNA B e 13 BIRE I, T 21k 5% .

AE IR R ) 5 e 6 1 AR B SO AR B S A &
AN AR R B, 20194F, Feng 2% U7 3
T EEN (SVM) JF R T —FiHR 58  4 k
T B TR R iTerm-PseKNC, 3 78 K i FT 1 A1 A
B SESRT B E 7 AT IR, R R T i A Y
A LA AN B 1k A T H .

TEEZAEIER A S, 442F (insulator) BE
J&— Pl G oeAE, SO — s ) 2 R 3Rk 1 R
otk MG TFAGHAHEEHNTERNEIL,
LA AU R AN LR At 1 32 0 1 %o 3 [ R A 7= A=
R, BEEAYIHEL, DNA F 4128 15 ok ik 2
Z, #2%TIH H BLEE RS K DNA 7 51 %I 40 AN [H 1
Xk, RO X 0 A B oo fF eT B 45 X
WO ERIE, XA AE B oA A G 45
W% X dk A R R A . IR, 42T I BILAE
% f i I [R] 4 52 T G AR AR . b,
Y 25 AL T Y T RS B T R, AT DR
BT R BRI . tAh, 4k TR
A HL by 388 55 1 5 200 Mt 9 32 DR 9 4% e 4 A LA I
1, WA R R ) R A . XK R B RR T
JIVEAERERE - BRI N R L E R . AL
Tk oAb S n A, 4821 R RT BT AR Rk
I FEI AR

ULBRF (silencer) & — BtREME 5 5% i 5 K
T4E W DNAFA, 4405758 5 5 DNA 18R
T XL A, BEH I RNA R AR, A
BH 1b 35 R B R IA N B A . D BRIE AN i AT IE R
(A BRVE Bl , BT 5 IR 3R 0 1R TS R I R AR
PRI 10~ 7 . R DUBR 7 2 AR g B 5 oA
HARLEEMNSEBORE G, g5 8UkE
FETT o XA EE I T FE DR 2 A g A X 48k 1 1 5 £ 1
REME, I T 4 Mo AR R 1 U BR A 3 DR O T HE 4 e
MR, ShAh, RIS R ER BB AR AT RE A

0ot b Jeg A ] Ok SR (AL B R A, DA T R B T i 9
SUR BT . (H2, H AT AT UTER 1R ) %
AEAAE PR (R B oz S AN B Fo A 3 o 77
2.1.2 DNA R XA M

AFE TR e, REGEAE O (rans-
regulatory element, TRE) ] i T~ J& [A] 2H (1) 4T fr] Hh
77 o Ao ) AEH 7 (rans-acting
factor) /15 S WO 3 DR Ak 1) 1id, 1 e AR H
P -3 3 55 5 =3 T o0 A ELAE DA S BN &5 4
BRI RIEM W AE N . R TRE RAL 52 5 K R
ik, AHE AR EEIRE ).

Sz KAE B 7 FR % 5% L1 (transcription
factor, TF), #& & fe B 4l A 32 2 ) 5l 45 & 78
& RN AR e 0 5 b2 5 s A R B A
RN E A . S AAEH B 5 AR
Rt EAER, kS 5ERNEEMHE. B
A, de M E TR DhReREIE, PR
T NFHEAR G 3K F (general transcription factor) #ll
K¢ 5 5% A7 (special transcription factor) » 3 A<
kTR RNA KA G R TL N —4
WEARRK T, REE =M RNA KRN . R
s 7 A Al B R e s BT i 75 O iz B TR 1
FIE] S 23 (AR S 1 3Rk o 75 A [R) 28 B 1) 26 2R 48
o, o LA A R R e B R o BRI RE AL
DRI 2 1 38 55 () FR R % S0 TR, B AN B o 1 &5
HERESHEETE S, [FREREREE, ffie
e DR R TE YR 55 PR O e s Al R 7, EE o ER 1
SEEEA ST T4 A, iR LI DR ) A k55 -

BE A& HE N H R B K 8, s R 1) 5L 56 4
WEEAEAEY &, FERCOu MR T E 7T R
Befit. R4 JEIR T S KT AH SR I B

4 HT A AR A DG T T ) S DAL A
) £ H T s DAL AR ) RN 4 A AL TR, X
AR 52 R R AT B 53 DR 7 v B itk R B 2H
. AR, RO 2 BB TR E S ST TR
Wb Y 3 RO B s R - W S5 5 0 s, JRSRAE T
HNFI MRS L 20204, FuZ ™ kT —
AR PE 2 2] TR HE B2 scFAN, I HE ZE AN BE TR 5%
KR EE G 5T, R T 50 5 40 i R 0
PR S RTINS Y . 2021 4F, Kim 45 © 42
T — AR % 2] J7 1 DeepTFactor, K Fiil 2 1 i
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Ra R TR G R

Table 4 Databases for transcription factor

EAS Eiip Bz o ZE
GTRD A5 BB T I N AN R S 745 500 hitp://gtrd biouml.org/ 2017 [78]
HOCOMOCO (R NE S N R P R e DA https://hocomocoll.autosome.org/ 2016 [79-80]
MeDReaders A5 NEF/N R A 731 AN 3 R 5 3L http://medreader. org/ 2018 [81]

DNA T4 45& 115 B
TRRUST NS TF-$E bR AR ELAE 500 https://www.grpedia.org/trrust/ 2015 [82-83]
AnimalTFDB 3.0 597 BN R 4L 125 1354 TF 2[R A http://bioinfo.life.hust.edu.cn/Animal TFDB/#!/ 2019 [84]
80 060 4% 534l B Rl 7 B[R]
SalMotifDB A F 5 A ik e B DR 20 A (0 3 S TR R FLR G2 https:/salmobase.org/SalMotifDB/ 2019 [85]
IR DAY
hTFtarget 8 NREE R R R AR http://bioinfo.life.hust.edu.cn/hTFtarget#!/ 2020 [86]
KnockTF A8 NG/ 40 M rh e S R 7 T FL A R [ http://www.licpathway.net/Knock TF/ 2020 [87]
JASPAR 2022 A5 HAZ A Fe R 45 L a8 https://jaspar.genereg.net/ 2022 [88]
PCRMS PEAL T AR/ B EE R 41 CRM FIFESE IR 745 https://cci-bioinfo.uncc.edu/ 2022 [89]

o B T A

NN T F4E, Zhang %5 “ B CNN #
T AN T S R 45 A 8 0 I 10 FCNA
Zheng %5 " FEH T — /M HLER 2 2] HESE AgentBind,
FH T 9000 256 B 20w BE A 8 3% TR - 25 7 7 R 52 1 4
MR PR B, RSB LT W .
XTI R, AR T HLAR A SRR A
15244 KEAERARH, TEfwEyn g EBEAE
KigT7.

2.2 RNAiRETH

AT T RIRRNA e T — AT
RNA W40, RS A a5 T ) L RNA,
9T SE R R e PEI PTRNA JofF Y, LARIE B K
M RS, FIH 4G & A Hiq F2 g 1 5 540 )
RNA JG At o 3 8 3f 28 70 148 FH B B b PR 45 4
T FH 5 H bR mRNA 55 3L 54 B X S8
X H bR mRNA (47 5 PE ] o J T b 50 2 ) ) 42
TR A A AR, AHEF AR (o
HE 13 mRNA )67 B F AN £ 2 /0D mr LUl
PRI R R — 5 A et . T BB AT TR
X FRAE DG, DA S IIURS 40 F A ) 4% B Ab,
WA 55— ARG B 457 51 RNA 4% o fF % i
Bk 15 H AP A& 40 B 50 NN T/
B, AR U AL S — B U R B A — B
RAAIETH,  FH TR B FIR 45 77 51 (1 S

SEE TR, SR T B RS YR 4% 1) Toehold
FFE U7 RN S BOE RA% 1) STAR R4 '™ A
W T H AR, X — B R o 1 5%
HEBERR, A NUPACK " 235 F /N H
AESRLVE I RNA g 45 46 T0U A 20 AT LA o H e
TEZE BRI S5 7 B0 o A6 DR 2R 118 26k DAL i 48 19 2% AT
ARG BAEY R, TR RS KR U
HAAIRHEBEENZE L.

2.2.1 Toehold ¥ *

Toehold FF 5% H — 5 Wi/ J . #h RNA J¥ 51 4L 1l ,
oo =X B mRNA 7 51 T £ H #5 mRNA (1)
5-UTR X 5| NN TR -RE5HK), F5% H A5 mRNA 1)
EpER GO (RBS) WEERREEMTIIRX .
REERE T, ZANTEMHEIEZEALE S, M
il B b5 mRNA (8%, Rkt =5 210 8K 9 it =X 410
il mRNA (cis-repressed mRNA, crRNA) . #H
1 S 2CH AR 7 5 0 RR N SR B0IE RNA - (trans-
activating RNA, taRNA), “B45 54 #5540 )
mRNA £ % W 8%, fli RBS & £ M 1M 3% B bx
mRNA B %, F ) RNA — 24500 [ i BE Tl
5%, Toehold XM BTN C &Rt T 24
AR E I ERH RS RASE, Hha 181041
BIAET 2%, 26 NLA BT 12% 7.
222 STAR &%

STAR % 4t tH 3 & — X 0 e )7 %1, AN A F
Toehold ¢, STAR Z 4t (1= BT 5167 T H bk
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mRNA () RBS Eiif, 7ER S, X —BFPHIIE R
SRR, BEEEMIEHPE mRNA . 1R 0UF
%] (FXNSTAR, small transcription activating RNA)
B2 b kR 50 K BT A EAN. R
J7 30 (R BE R 2 4T FF 28 1E 7 R R FF o vF e sk it i &2
N mRNA, AT 92 B H bF mRNA (1) # 5%
i . STAR R4uMR M5 & 2 STAR 7 51 % i =
&bk R 5 o b 2R T R IR ) S DA %
LT RREALRIEL T, BUR LR
S 1% 7 %) B A) 248 STAR £ 4 1 1t 5 25 R 800 1%
H M. STAR F Gt 10 £ B8 A2 M HA B 1) — 4
CEMIFERE 2RO PY, [Hk, RNA g5 H
FH i TR0 45032 A 0] LUF SR 271 STAR R 4t ™

2.3 PeEkFIRE

WL — B REYFH AN EZE T, 3R
W DUIR 22 3 %2 10 FU R #5145 B B)Y 3 o ) 1 A
PRI TR, 2000 5 K K 1A AP 3k
DAL ERL B F 96 B 1T AR AE T /E 1175 25 T DNA
T R Thiz A . T AR TR oA A R
I, G EDE BT BRI R AR
A b KRS PR oA S SR I B AR &R
R VL O, 7R AL EE A R 1k ) R
BT 8 P 8 B 27 > B9 F DNA IR 20 42 o 44 iR
Bl VT DA K Th B M TR A5 U T A AR T KR
MIHE D o T U7 e DU s 1 25502 B 3% B L B K
(R B2 a], AT DL 6F I 2 i 8 4 i el L A 4
JiL B M ) C A T AZOBE T OG, ] LR A AR et
N TR R BE R B B TE BB, X e By 1 5K
UK TR A S 36 A R . AR R PR, R o
THE A% TREASUE Y RSN

EAFRIEM &, Ik RNA 4 o &1t J7
8Bt e, R THE 7 VAT RNA 4% 0
PR AT LUK R IR RNA 32 e T & . it
F RNA 20 25 ¥R B el B 00 (1 AR 2 L& 7E
Toehold JF 5 #l STAR % 4t %6 N T 4% & G 1) Jo
WAr A T IR o T 2 80 v 5 A0 o6t
RNA Z5 g R A28 @ M R I R PR, B ar i Th &
J71EIE R e R T RNA B 7 51 A1 BRI — 90 45 84 IF
JE T, HAT vk o 4 TR Ak 4 0 2H e Ak

AT AR P B8 73 o AR OR BB T 55403800 RNA = 4
ZERIRE PRI E — DB, R H RNA (958 2 45 4
ATRABETE I 2 AL T, A S R PLAR
S O] ST IR SR ORI BT AL, RNA
TeA TSR TR RE R4 TE N 55 K FR BT

3 LTSRN e

LKA IR TTfF) 2 — AT
I o3 BT B 0 M e #% o A4 B8 S, AR AR I
v 0 A A AR W o AV B AL SE A T A 5 S A
(o — i &, 2 o ] E A R 25 b A W UM R
WHTTiE . &SRB a (A Bk, Jtil
B RNE . R SARES) RESBOCKE
FY R 73 A TR, L H s 1B 0 i
MIRh e R Ak B — RIS 5 AL Y RE
0525 S AT I B AL s, (T b U AR
it I & 5 W B/ 2 AR AR 1 B X R AE T4
A IR AR T A 2 AL o B 2 0 AR I

LRSI R . BV
BRI AN (K4, Rl A
AT A AR TR 5. Wit RA D
BE A 1k B SR G A 1) A 0 A A DR T O JE 1N
— AN B AR W B S MV E I BOR I 73 ST . AR A
PR BB TT AT ) A R YR AN, A A% S 1
R

31 ETFFAREYTHEMERERRT

BTl 10 A AR BRER HON N fRE
et TR —, ERewdL 2 ARKNH
AL E YA, H bR A At mr DU 4 ) ek
AL T AL PR T A T B . X I T
AR A RAT IR AR A, IR R L LR
Pe. WTEEMH REA. 5 TS5 TN L.
SR, EAIARAE — LB IE,  fAE A %) SE 56 2% 1F
ARSI BERIARE . AEAE R A XRPRE A R B
FRURE DL SRR B2 pH AR Ak U

2 IR AN AR AR AR I B BT AR AR AR
EIEAEE, BN EAE S B AR 20 7 A0 TAE H A
B A B KRB 2R, 3T IR A4 s
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Fig.4 Design of biosensor

A5 K A 2R, T AT RE B A
WAFpEH bR Ak, A —EkFERE T Eqm
N, Blanmt AR RBUZEA R, 750% 5% %0
T BfE

F T YU I A= A% I 28 08w F T AR I 22
Hos, i HEAR S0 RGE. (HEEThufkm
AR A T A AN T R AR A, B AR A R B R
FEfpBPERIE . Aoh, Pk FER S, &
BARPUAR 2 — A MR RERS e . TR B S s
Yok = AL TR e UK, XG0T T PR I AR A
TR (1) AR B

W% R T BC AR A2 53 Ab— Fh 02 B IR AR ) A Ik
Ao RX IR E BC A B B A TR A G, X2 B H AR
&Y ChNBlEEE T RBIEAST) #HAIRL
IR AR . SR T PR ML RS T, #
3 e AR 1) AR AR X B 7 T R B H o R T i
fn] DL A A 1) 7 S AR AL, XA
PRI AE T BRI 3 . IRERCAR 7 B U,
KREA PR AT 25 5 o TR IE LR AE ) V2 1)
5L AN pHL Y BB 9 #8 R LR FE D RE, 1T HLE AT AR
TR ERTEEERAIRIRES. &2
AR e AT AE AR M 2 N R T RE, L
WE R R EMAE S " KRG AR — &
SELEX [ skim it #2724, BEALZ IR S It
SRSt £ P B S E P AT & S S =i
ERCR . SELEX HA KRG A &3R8 TR
ZIINZEN], A — R E LA AL s R

BEAT B SRR, 2RI L TR AR IX IR
AR B R, i A R 0 35 21 0 3 B AR B
AT R mE AR AE . BASA TR
SELEX # AR M ik 2%, A I 5k k& — R A1)
ANTF AL AR o XX T A PR 8 D 1 A0 T 471 463 S
PRI LA, A I 0% B v 55 R ) R TG Ak 23 TR Ny
AN 58 B (1) ST P T AE S e P i R 5 2R PO
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Table 5 Comparison of the computation methods
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