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Table 1 The comparison of T7 RNAP, E. coli RNAP holoenzyme and Saccharomyces cerevisiae RNAP 11
&1 T7TRNARAEE. KFTERNARASEEE,. FRAEBSRNARSGE 1HXTL

T7 RNAE A il KT BHRNAZE A PR B2 FERNA S A B L
R LT Kol 54N I S f o T 12N 3
53 T /ku 98.8 21500 #1500
JRET A 1Fh, 17 bp THh 204270
AR RN T 0 4FhoH T Sl R T
AR R PR & kT p DR AR A 24 1L TR PR 2407 CPF-CFAINNS&:Z F i i &1
LSS & #1230 nt/s #150 nt/s -

CPF-CF: YJ#E|5 2RI R LA F-U1%| K (cleavage and polyadenylation factor-cleavage factor); NNS: Nrdl1-Nab3-Senl .

bR 15 HAR Y RNA Z 4, T7 RNAPTER: 38 (1325 aa) FIR G L5 5L (326~883 aa)
SERON P TEA R, . BIRNAGE, AUBE 4UN, ARSI TAERRL T IERIAESS . R
RNA B3 [0 X% RNA ) 45, S EA OB S Y, BEIRE o i8E. T7 RNAP
. e s “AHF7 KL, 418 T7 RNAP “4F7

2 T7 RNAPHIEHS I SR 3 TR IR BT T
2.1 T7 RNAPHIZH TR (KD REBERTEHESL S AL TIX 34>
Moffatt % ' i) T/E4E T T7 RNAP H N2t FHUB TR ZE4E T ¥, H Asp537 Fil Asp812 5

Fig. 1 The structure diagrams of T7 RNAP and E. coli RNAP '/
El1 T7 RNAP. KEZFTHERNAPLHE
(a) T7 RNAPZ5#E] (PDB 3E2E); (b) T7 RNAPIGHEH UL (PDB 1S77); (c) E. coli RNAPZEFYIE (PDB4LIZ).
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Mg 2l A A TS M e, Hid Mg A 55 M
MIRARFF BB S, TR RNA Rtz 1 R 1Y
3'-O %f NTP 1 a- B R 1Y 5= A% ik, T Mg™ B i
T PP IS VE, S S, 5 NTP Y B AR 1y %
BRI RO, B PRI B IR B L AE 7] . A
Mg 38 1 F Rl R 5 DA A 7 fEL fr BRI 7 T Ak
e, MEUERERR —BREENIE O R A S A

“HHET LRI S 330~410 i 22 3 iR ik
MR, HEZERRIER TG Bl k26
VIR AEdeiG ok 1. R 5 DNA S G R AR
— KM E A, B “Je+", LIBH T7 RNAP-
RNA & &M 2, I RirE &K %E DNATE 5.
M RNABEEARKE RS S ntbf, “HRHE” K4S
WA GEEAR 2 X AR AT AR S TE N, “TE B &R
PIBj RNA NE SR e . “F%7 F45H 5k
386~448 ., 532~540 Fl1 788~838 = Bt & Jik i 7% Fk 41
A, Ho & Asp537 Fl Asp812, Ak 2 v i #2
F AN SR Y FRIE . 5 417~429 A G IEBR IR KL ST
R RS R, FE % ST I F2 E DNA-RNA & &
A2l SR AR ekl il 541~738 Fl 771~778
BrAd FEPRTRFE AN, Em BEARSF 1 O-18 g, Hom)
I M TP 43 3l ] HE B B DNA 5 NTP A 1 it
Xfo “FHA87 SitgElE R S5 AL REDE K
“HPIRZERE”, ¥ DNA-RNA & S IR LG Mo
I (S o

BRUEZ AN, T7 RNAPISA 44538 N uish
Fa 3 (1~325 aa) . PUBBERR (449~531aa) ., Jash
TR B IR (739~770 aa) F1 C ¥fi 25 #4 3k (839~
883 aa) . NumZhit A DIfe 2 4s & a8k RNA, 12
P RNA AT BE i 15 . N St 445 4 ok 11 57 6 B2 1l 3R
Al VR T IE AT MR, VIR S R A R T
P BTE R O 1 AN, N w4 /I G s 7
255 FNUEE DNA FTH R FEEER . 55 93~101 37
IR ELLE SR s T & & AT olF, 55232~
242 S R IERRIRILTE — A A KRIE”, I AR
e AR EE Z 0], FTIFIR ST DUIBE R 1)
AE HATE AR S, AR, Jash FiRBIm
N ity Fl C o e 25 0] B RE AR, Pz Fnl A
ANRA WA, & EMBeksh "™, Sousa
85 AR 739~770 [ A SRR IS 5N T7 R
g, K531 7~11 bp AN A FEFELS &,
HJE Asn748 Hhe g b DNA 7ER% 2 8] Bt Fp A 1 A
RNA G RN T CImssit 25 TT iR W (T7
lysozyme, T7 L) XfT7 RNAP #y#45 2/, T7 L{E

T7 RNAP 5 st bR p A W NMEH . a. T7 L@ %
BRI Z [ B AR, PTRECAS EATA D7 TR sk
PR i R 45 B B A 2 B Ak b B
T7 RNAP (R s im P 1
2.2 T7 RNAPEHIRIZHME

T7 RNAP W45 3 A A RPIR A T & A Xz
o Fln, LERREIN IR SRR A K IS
DXIRAEAR R O FE SR B nT RE & 2 AE M S8 Mk, DIiE
IV DNA 25 6 F% S I8 i 3 4508 1 iy
TRALETT LAY DNARIHR , 44510 56 1 AR 1
AR BAT AR, X AAR L SRV R A B AR i Sk i
P AR TR B2 1 DNA FIRNA 20 1. M T£
5L RNAP 8 3 Z Fi i 45 K+, T7 RNAP JC75 1
PR T e AR X SRS WD AR, SEEX G SRS 1
A%, BRI I . Grodberg
& R BL, T7 RNAP AT LLE omp T 85 FI /K i A
A% 20 ku F180 ku (WA Fr B, w bWy v BoAE R As
PR IR G TR IR s lm M . X —FRPE R AR T
BA T AR IR, AT b= & T 34 T7
RNAP Z ki Bt, JFTEIRIMN %6 i HA 5235 DI RE )
BifR T7 RNAP, X — 0% i & PR 1 K85 518
RNA G MERE SONAS o A5 58 )7 47 3800 vt
T ) 6 4 A5 BB A% RNA, 5 B — R G415 B
KRR G SRR R SRR, MR T7 RNAP 1Y L%
SRR I WA B R T A S A G Lk R A
Fi, HIGTENE, T7 RNAP B2 PIEAN AR
B SRR TSR IGUE, 8 3T T7 RNAP H B
P 2H 2 e 1 0 G At 5 FH O & 44 T B . Chee
G T R IR EE R R WITIRE
TipA B 4t —Fh PR &, ZE A BG4S
P55 T7 RNAP 1 N ¥ sk C w5, T2 ABUN-TIpA
8 C-TlpA. Thermal-T7 RNAP % 4t fit 1% 52 B I
EERMN G FIIAREGE T, RRGRIHRE,
i3 AR N-TIpA/C-TlpA HLAFI5E AT S B AARb i
FERUEAY “ON/OFF” i
23 EHRNBHSLEH

T7 RNAP 52 5 (1) 5% s i A 46 3 A B . e
I SRR Y, RSB, T7 RNAP RS
BUNRSIF 75 Ua sF AR DX R 2 AN [F] 5 2
fig (E2) "), H 53+ DNA 56 HR 2
9 1.9x10° mol*-L-s™ "', TERZET7 8 shF Y %%
SRR (F147), GTPBEE PR B i
4 NTP. T7 RNAP H' Pro266 5 DNA-RNA & 4 &
IR A X, HNIMES AR IR T 2 Ft 5 5%
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g T EEAEH . P266L ZEAR AR LE RNA K ¥
AT nt AT G B8, R RC B
RIEHERIIN, BRAEIISCR A RS i DNA-RNA
HAEWHNET, e aikrteett, IR n™
RNA,

+1

TAATACGACTCACTATAGGGAGA
ATTATGCTGAGTGATATCCCTCT

WUIN G & WA 7k 9 IR R
AT 57 R 5
P

Fig.2 Sequences and functions of promoter
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W& % BERNA (<9 nt) 1 T5 DNA Y
EA AR T DNA IR K E 1, 2 DNA I
B TR, TR Bl 2~9 nt (I3 RNA. 2415
1 DNA 458 — @ B fT , % 2 RNAfELE(f 2
9ntbf, JAZhF MRV G E AW (initiation
complex, IC) HR&il. IR, Fesgit AIEMfEL,
JE N AERZ 5% (elongation complex, EC). MIC
FEC AW M G IR AR, fE “F48”
Tk NG UNE A K I S LM, 3K LR B
HE Y X RS 43 78 A Bl N o 45 48 3 2, T2
RNA B FFlIE, AT LS B 0 R AE Qs St i
(1) DNA A5 5 2l IR A2 i

SEMRE AR A IR E AL P R, M RNA
KBEIR 2 8 nti, A 8hF KOS5 A XS % 450,
24 T7 RNAP M IC R 2| EC W R AR I, N &bty
S AE 2548 L FHTHES ARSI DNA JH 8 7o Nush
PSR b 2 3 AN AN RIS AR G A AL AL [V FH i 45
W EHRRNIER D, 6 EELEY o i e R iE i
140°, MICEH#30 A, ol a)a] L& gl 2 /0
3 bp IRGE ., 43X 61~ o MEUiE T 3T F-F2 21 1C g 3
T RS E BT, T7 RNAP 55380 7 4H BAE
B, JashFRERIEE RS 2 KR o BRE M hr
— A o BRTELE AH AT o BEIE Y 1 B R N 22 A dir i 2]
50 A, HFHXMAN a B IESEIITE, FIRE—1
o SR E R HE— 2Rl . SRR SRl P o
IRESE HAE IC T 64> o SBIE SR SE I B . HE 2 TE
RS 1) AT Y o B2 . N 45 #4 38, 160~190 137 28 Ik
i 5% H X B AT AR T 2 IF R B 70 A, XA X8

BOE S — A B SRR — AR, PR R AT
() o BRHE, FRMH L5

FOE R RNA B FLIE T “F57 . FRReEIAR
FTH LS IR, HAE8 A, K20A, WA
Hiff . 24 DNA-RNA & SR K4 7 bp iF, RNA
FABE PRI 5" 5 H OS5 R SR gt A B T FLIE
FLIE AT AN S AT IR, SO RNA KB AT L
RE 12 nt P HIEEE R 75— 5 3R AR DNA
BRI ECHIZ .

24 RNA 5% 2 13 nt i, EC a8 Hi7 %5 DNA
MR s, HRIRAEHRBEIZAE T, oty
ZE IR RNA (E13) . T7 RNAP o] LG 128
LA TR T, 12K T TO £ 0w &
GCHyRIE ', %R IET REML IR DNA-RNA & & 14
Z A R BRE ST, JoiEH RNA BEEE S, M
TR E . R, %5 AT LLHS B s 48 4 55 i
B, S RNA ZREEH MY B3R AL B Bf i) . 1
KL FIFHE ATCTGTT, %55 HPAE T7 3
ZH Y FREX AR JE 45 4L (concatemer junction, CJ),
SRS SERER, s AE 20T F T il 7~8 nt
WhEE, HP IR SEHE—E & TRFS, A
BLIEFRINEE 7, H IS4 T2 0E ) RNA 55
ToR KL . T7 LREMSIG SR 2Lk FIER, XT
IC 2| EC M AR AAAE M GIAE T, T IR 1k F 2
WERAZ TT LT 7

PR B A i RNA G S i i — A~ 2454,
T7 RNAP B{F B2 8.1x107° ', Z W 5L RNAP iy
MR B ARRIINTP, BREMSW SR T —
ANTP B A, BT “IIEH” I8 A ) R 14l
BER A WA TR ', 52 WAL RNAPAHLL, T7
RNAP %A B IEASHC NTP (U3 fE. X%} F T7 RNAP,
Y 639 S PR AR ECRE (1Y) SC AR L . Mg
NTP i 2'-OH 1 Y639 114 %5 3L B 5l e 4 8 o X 43
dNTP FINTP, HfAEEIERBCXT, SO e %A
75 A LU T7 RNAP [X 43 ANTP FI NTP A4 fE
J T HENTP Y IEHG, T7 RNAP 1EJE AL TG
PEM G Z R G AT IR 38 2, RIS
BB EARTCRT, A EA S5 A A PR
%, RNA G A DR EL SR bR e
24 HRDhHZE

TEMFFE T7 RNAP B9 SEHLHIES, BR T 1k 45
PR B SR T S FRAh, 80T LAZS & g8 )
%, WIT7 RNAP 5JEYIZE G HEM Ty | Ak
HRY G A R R B 2R IR, SR ER A SRR
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Fig.3 Transcription schematic diagram of T7 RNAP
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(a) T7 RNAPHEAFEIT B . ICHR S 01 ia#% (PDB 1QLN) , IC 3547 nt RNART ] A#49% (PDB 3E2E) . ECH§#% 3454
MBS (PDB IMSW); (b) T7 RNAPH:EIRAER . A fli HiBioRender.com - &% il o

T7 RNAP AL HLEE

T7 RNAP X I [R5 5 2+ R 3 & 2R f g,
Hifrss w8 (K,) 298 5%10° mol/L ¥, wJ ik
W IC, MIC 7] EC A% 48 J& T7 RNAP 5% 5% (9] 46
BB, BBt sk BRGEIR Ak, 7 AR A e SR
Yo AR BE (Y RNA A B 8 5 B TR K 22
S 208 Y RNA K AT 8 nti Y, ICHE IR
M ECHIG A (K4, NRIKMES LK), 1t
isf EC JE A R H B0 K 4 0.000 4 s™'5 RNA K& 1k
F]9~12 nti}, T7 RNAP i &5 s 13k A GE {3
IR 247 1.2 s {545, J& T7 RNAP M IC %4k EC
SRS F o B, 5 RNA & 5T 75 19 if
] 2075 4 RNAKJEIRE] 12 nth}, B EC I
FRHEBK H}0.3~0.6s". HILATH, ICEIECHIS
AR F LR 12 nt RNA BB, ZJ5, RNA
A AR PR FFEE . M K >>K I, RWIECH)

KYI
IC —— ¢t ——> (EC),, —1> (EC)H+1 [

]

K4n
1o, A0, ——

e i
Ak 1k
Fig. 4 The kinetic model of T7 RNAP transcription'”!
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%, BEMBZABUEAT RNAIEN, HEICHRA L
SR GW; HK>K,, ForIRZ L, 000

2, B RNAMNE SIRP R KBS
T7 RNAP fZ AR AR 207

Table 2 Transcription parameters of T7 RNAP
%2 T7RNAPERSH

ZH Epd ZHHUE
IRELEE GRS 8.1x107°
K, i B 5x107° mol/L
K IR BYECH) BRI peidt 2 7 4L 0.3~0.6 5™
K, ECHI G R — /AN EE 38 0 44 2.0~6.9 pmol™-L-s™
K, K, ECHI R SICH G RV B4 0 4 -
K, ICH) G A 24 1R 5 -
K, ICH AR — AR I % -
K, o XFGTPI¥IZRAN ) H K 2.4+0.6 pmol/L
Ky WP AT RNAPXT A% H BRI A 26 A1) 4L 18+3 pmol/L

K

d, A488T/R571S

A488T/RSTISRAGMNS A% AT FRIE AN IR 28 A1 7 4

0.82+0.15 pmol/L

e b T7 LAl BB 5L AT — R 4, (BT
SR, T7 L] fefedg i 2 b mt R H#/EH B
i3 5 T7 RNAP 9 IC A9 .25 6 - il o 17 EC 49
AL, BIT7 L&l KRR (8 K TR, 2%
# Lyakhov %5 ) fiii[a] T7 L i) 3 EAE R K,
2.5 dsRNARYEAZR

Bfi mRNA 25 ¥ A& H 25 %A, dsRNA 1k
R SRR BB R ARG SO, AR B A
THBR 73800 I AR R I B T . Mu &8 B2 BF 5
F W], dsRNA ] # 8 8 298 53 fb A G FE A S
(melanoma  differentiation-associated protein 5,
MDAS) PAITFHIS e R GE, 520 mRNA 2541
eI S 2, dsRNA B Ll 322 3
KMULTPIRiEAe . a. A RNA GE 0] SE {4 g
BLHI 27 B RNA 1] L g5 & & Bk &0
T7 RNAP, %t B RNA A6 i) RNA 3R 4 il
(RNA-dependent RNA polymerase, RdRp) ¥ ¥4,
PL A B RNA R, M4 8 A i 7 4 i stk
ATIEAf . T7 RNAP % s0y, HdiiE Hon] =4
1 000 1% T s A 1 72 ) Y . Bl e sk )
RNA AW ZE, S T7 RNAP 5 RNA 454 1fif 4 fif
A7 dsRNA IR A R E . b i shFiY
DNA A i J 5 sEML 22 1R KBS T7 RNAP JEFER:
P DNA BEM R i & & GC P8I octE, DA
WA 371977 M DNA K i 5 sh 5% 565 | & 2 1n)
H AR SR, 4K dsSRNA, FrT e &
REMSIY B4 . (HARTE SRR, XMR
SE YA AT A IR B2 ) Mg il . an e ek /b T7 RNAP

Sk dsRNA [T B0 A B 98 N B3 A DG T Y 1)
2 — 240 R S A AR i R A AR LA
Jy Tl
2.5.1 BEHIIRNAZLL A IR

dsRNA >4 T7 RNAP RSN sk 2 19 3 5
SRR, Tl Al T 2 S R L R LI
AR 5k . e TR R 52 22 7 1Y )2 AT H R AT
B ) 85 Bk mRNA 5 dsSRNA, BioNTech 23 )
INTE T —FhEF Y 2 2 FUZ AT 22 BR dsSRNA g T2, )
——E S LR R, 2T 4 R I ok SR A
KAEF 5 dsRNA JE e S 25 &, T A B %
mRNA [ W B RCRAR AR . % T2 A 32255 90%
() dsRNA 24 i, HAE AL FI mRNA, 1% .28
FRER 1z, N2 4ty 5 A RAL A 1 52,
30~1 000 bp K & 75 Bl N 1 dsSRNA RE 8 A 2L 2Bk
DOP A Al AL SR G LT T Al AR
T PR AT H AR L BR dsRNA 97 1%,
SIE YT mRNA i 5 4 oz FH B AL T R Y T
R
252 {REFERIRE

16 mRNA A P2t b, afifb A5 B 0 3 fin 4 5
HEPCR R, R OE L mRNA (A 72 = R
S LAk Z B A R L BT S RN R L
HigZeib . wi, SiRTA IR RNA 43 F N
BREERCXT , A RBOH BRI S WY B 2B
By LU, R AT RNA 5845 il i 2 5% 20 i
B, W0 T RNA REHE GC B EX M IFIE,
AT AR ASE Al % BT 28 T 8 114 J 308 0L 245 A 114) A
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B WA R TR T IR RNA-RNA [A] 5 A% oY
RNA-DNA 5 OBUEE i As e P, ] dsRNA Y R
2R, E IR FIREXT T7 RNAP (5 & PELELE
2, P S50 Em # % T7 RNAP BRI KA
KA Z—
2.5.3  SARFNTHEAS B AL AT I 28 A PR sl Al ) T il

5 3 tH /0 77 A B 77 4 dSRNA Y 98 28 44 1
T7 RNAP TR AL (1) )7 2 — ', T7 RNAP 1)
WRAK GATA/884G ), S HF AT RNA R A B
B mRNA 7= ) 26 R I B iR A — 3k, i
dsRNA 771 KIE D>, Jofs T i RP-HPLC 2lifk. .
SR A B 4 B AR VR W B AR VSW-3 i g LT
—F VSW-3 RNAP, %5 T7 RNAP A 31% i [F]
Tk, H7 A i mRNA 78 IVT A 2 3k K OF 2
T7 RNAP /Y 5 £%5, HJG3'um ki, JL-FAp=/4
dsRNA FIA A H RNA 47
254 CRGENVG &AL

JEAFESK, Martin 55 7 4% HaloTag Z5 4/ 3l il 5
#| T7 RNAP Y N ¥, 58l T RNA R G B A
A AR S 35 B AR A DNA LM 38 X 2 [H]
— R G IREER), 1RSS5 8 A7 AE R

RREN RS T TEEERIREAMT, HAUEAK
R s PRy %, M~ RNA 5 T7 RNAP 78 = 3
FAF R ICIREE A BRI B 1 RNA
P I dSRNA 9 7= KW E T e, 2k n] 8
B, EERIBE™,
2.5.5  ILIEA

Sioud 5§ 1 &I, CS5 7 FIN1-F BB 1
RmERE (W) A LLBE T7 RNAPHEZ HIKY, &
B 5T Y mRNA 55 A, il an, 5- FOEE R A
(m°U) . 5-HA&FERTT (mo'U) . 5-F B R IRFF
(hm’U) . NI-H R (m'P) FINI-Z 5 R AT
(Et'Y), 3X OB F i S ik A% v Bl & 0 /0 dsRNA
I R . H Bt S FEARBIIRRR, H— A
TS, 454 LK T7 RNAP 28 7248 1A Fps S 18 i 1
Y, 38 5 B A I dsRNA 7K SF Sk 36 5iF 1 4k Y
2.6 T7 RNAPH T HE

TE T7 RNAP W57 S o it fe v, B A AU AE
PROEYE . RS TR S A R IR . AR
KA AL FTF TT7 RNAP AR 9E, AT
TAG T7 RNAP T TR (3).

Table 3 Research on T7 RNAP mutants
£R3 T7RNAPZET{ERFR

ESil KA LRACTIES SCHR
AL D537N ToiETE [50]
K631M R 2%
Y639F AR
fiif #44 S430P/N433T/S633P/F8491/F880Y/G788 AL 5 548 4 50 CHF A PR s M [51]

Q786L/S430P/L446F/S606V/K642G/S633P/L217L/S397TW/L534V/ Tt HEFAEAN12.8°C, HLIE M & 2 A B (11415 [52]

A124N/G618E/L665DA & R4

=k > S43Y
G4TA/884G R 5AF A

G753A

e R R K389A
N171A

K172A

Q754A

P266L

TR R T™MI10

JABN TR S M5

M6-L

M6-S

PAR UL T7-68

JUT-HBR T RARPIE T [53]
RNA 3" Y5t L GATA PRIk B 1y 1245, W BR T [54]
dsRNAF=HIHITE

dsRNA D, 454 K389A 52748 il f£ R mRNA [ 58 [55]
ik

PEE T mRNAM SN, BRI [33]

mRNA 58 A AN R R FE M 3

FHIRRNAJ D, KL RNAKE % [56]
AEFIHIANTP & A BEDNA [57]
JA BT IR N T3 A 307 [58]
RSB NIEZES, P dsSRNAZE & [24]
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H T & #%9 T7 RNAP [ 5825 (R AR T A Fi
(R GRARR A5 /D, R58A8 il RBAEAE S5 T
WIARFE B B EORA S A EE T, Ui Pk I 2 00
B, DS3TN SR AR R AR 1, i
K631M ZRAMEAL TG PERE 2 2%, {H Y639F 2248 AR I
PRFFHEILTE TR

B T HETHEALTE RSN, T7 RNAP RS E M 2
FHEARDBEFE A B, Jhsa B = FF &
(1) PRIME #5502 — it & W55 1 5 228 (masked
language modeling, MLM) F1J¥ 1) - 4 ] B i fe 1
H KR E (optimal growth temperature, OGT) &
ERATHT IR 24 ST HESE . Z ALl o 24T 5522 20 3R
s, R MLM AT S (22 E AP LT
SCHLAE) FIOGT HUNAT 55 (iR i #0456 1 2
FERR R 4 ), DT e TG AT A 28 A8 s 45 1F F 1
W H bR B R E 224805 . XT T T7 RNAP, fiff
5% A A FH PRIME 525 -4 77 81) B 5 A1 2 A8 1F
FFoAE ey, FEOmE 1 i P A0 B 5 AR s A T
G SR I UE . AiAL)E AR AR (1 5 Ykt 2
G, W 2Z R PO (differential scanning
fluorimetry, DSF) 1148 T, 8. [A]BF PE175% S 520
DLW S Wl M, SEEE A S A T7 8 8 F i
iSpinach DNA MR, IZMHRA5E s 7 W) 5296 Je kL
DFHBI %5 & &k hodot, FmE 5 RNA P~ &IE
o KGR S AR T (8, kL1125 PRIME #
B, JETN T 2~8 ;A A RAK T, &5,
G A B N SR, BTN 9~14 4]
GRARN T, 20t 38U S LRI U5
W — A EA 124 %N TR AR
(Q786L/S430P/L446F/S606V/K642G/S633P/1217L/
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() T, {3 BF 4= %0 T7 RNAP W #2551 12.8°C, #%
SR IR B A R 44

TEMRZ SRR | A7 A — /b 7= A B OR = A
dsRNA 177251, 5l G47A/884G ) T7 RNAP L
ZEARAR Y IR T dsRNA I RIE L, ELif
RNA 119 4= i B B B I ACF LA R o 1% AR R 1)
G47A BURA F TN Sty 45 #4 3 F HE LR R 3+,
PEHE T IC 17 EC Byt 8, AR R Mok /b 13 7 RNA
L, C st Fy Y 884G 278 18 hin 1 4% #y 1,
IR XA AR R A [ AR, AR T T7
RNAP X%f RNA AR (1) 2£ A1, #0 T RNA AR A
SRS, BRILZ AN, A —-seRAR R, N
K389A . N171A ZE 58 AR RE RS il T7 RNAP #% 5 i)

LMK mRNA, #EeKR, B Bt mRNA
R ) S G AR A 1 B AIL dSRNA 1) G P ol
FEAIE mRNA F B%, [F L BRI 5 mRNA 78 by i
FEH AT P= AR AR

—3#R43 T7 RNAP £ 58748 J HoRy S 4 AR ol As
1 TM10 28725 /& (D10E/I581F/A586V/A615T) 7',
XA R ) B R v & AR BtE BB NTP &
JUDNA, TMI10%ZKTE “F48" S5tsin] A KK
PG K I AR FR 33T, BRI s K R B8 0T
A2 (A BHARN , AR T W4T NTP 95 F1J) 3F
PR A 4 R . oL, 788 NTP 5 T,
TM10 AR e E L I “F48" G5Bk e
ARAEREXT ANTP (IR BE B, PSR H ANTP &
4% DNA (ssDNA) .,

%2 H 4 R %K M6-S  (RI6L/K9ISR/E207K/
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T3fR3h+. T7TH T3 A3l F0hA 5 M AEn 22 57 .
ZA A AR RE S A IE AT, 2R T R B
YR AR PESS#, THBR T AR R T7 )5 8h 1 10
Hufw ), IR T3 R sh TS & AN
SRS EAC R T3 87, FEXT R &
Wt A/ RE S B s 2, R
55 T7 RNAP 454 18 J1 9055 5k 78 )i o F b Te ik 46
sk, XRRABBF RN, BRI *
B

FEAE G L SR R, BPAE R T7 RNAP X —
W TR WE 25 L) 1Y 25 6 2% R ) A B GTP 19 1/8
(F2) ¥, T7-68 RALMKAEIEEFE B AR A
Py, diGne i mER S, AETERIY/GTP EE R
Fo 1 12T Ba] 52 BE(93£2)% 1 IR %% . 1tk
bh, TR A (8.2x107°) S HF4:% T7 RNAP
(8.1x107) JCFEEFIMEHE T, ZRAEK dsSRNA
Rl 7= 4 8 P A FFOR 1 150 LU, AR LY
mRNA S JFPE AR, RHPRROR S & 8 A% .

BRIt ZAh, X T7 )8 8 F g i sl 8 28 IR &
£ T7 RNAP DI REM —FPr=C (£ 4). G1P266L %
AR5 A-15C Ji 8l T I 41 A 0l A 20 2> RNA i
FE TT #4 ., T7 Max F1 T7 ¢62 Ji 3h 1 7l DL i)
B Sy (Y T7 DA shF ] LA 5 3 F
JE 10 T7 lac JA 8 e iF T7 5% 569 IPTG 55375 755
W BT RAESRE MR FEAEN,
W R HAETE T T7 RNAP A% SEERE X T b

HHiXF T7 RNAP 19 D) 68 s v W 5 B 7 AN R
FREE BRI, (H M AR 58 4T IR 9T sl A PP i 7 22
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Table 4 Research on T7 promoter mutations
x4 TIEHTFRERR

HaT il P ke
WT T7 TAATACGACTCACTATAGGGAGA A T 700 B A A B %

A-15CIEEhF TACTACGACTCACTATAGGGAGA SE IR RAR T KR T RN AT ) 3 38 i e

T7 #4 TAATACGACTCACTATAGGGATAAT JRBNFE P R BT IE T
T7 Max AATTCTAATACGACTCACTATAGGGA TE SRR Y| BN E SO
T7 ¢62 TAATACGACTCACAATCCGGAG JE RRAR LI F2 1%
T7 DI-7 TAATACGACTCACTATAGGGTTTAA st FRMERESRTT50%
T7 DJashF CTTTAG~CTTTAG~TTGACT(-35)~ WAHELEFHICTTITAGK T-35  MWsREsl 7%, 16°CH IR
CTTTAG~CTTTAG X 30 FR S
T7 lacki 31 TAATACGACTCACTATAGGGAGA~ TR T ARG E Plac/HZ)  AIHIPTGE 75 T % hil % %

GGAATTGTGAGCGATAACAATT

Tt

T7 DI S TFIIE LS H SR [62].

KA — R i s P LA RR R B Al TR
it R, HE—2WF5T T7 RNAP 2549 FlTaE
MIOEZR, DX M 0 55 sl 725 A X AL
FERRFRIEVE T 2 P s R, AT AR A
O i SRR AV R R AR, TE A R 2
RNA s} 7577 3 R 3 1k 9 4 1 o o ofe i v ke, ik 2>
A= ) i

3 T7 RNAPHIMN A

T7 RNAP LA s BE R Sk L e sk Ak
AR A, WA TR 252 ek
mRNA A== IR, JE4F>K, T7 RNAP E2AE
PLF LA 7 1A 20 0 AR R
3.1 {K5PRNAG R

T7 RNAP RSN 5 5 0 e 0 il 2 —
AERL L DNA AR S R & 45 Fl RNA 207, 4
5 mRNA. rRNA . tRNA %5, 53X 26 (K k& 1l i
RNA 0] I FZ2M0F5%, W mRNA B85 . JE
it RNA I INRERFSE . RNA-E (A A B AR FWFoE
e R, RVAREEE " AT B it
) “BE12” T7 RNAP, BEFLSE “BEM%” [ RNA %
T, #E—EP BT RNAWFFEIERE, NHT RNase K
fif 1 RNA 259 T R B HE T s
32 EREREMERTRE

T7 RNAP S HAH G Z Ge 78 L DA T FE F13E (K] G
T A e AT 2 A Y AN (EL . T7 RNAP AT T
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Ja B FHEZ R AT 2 5 d YAl b s 3K 3l CRISPR
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] RNA (single-guide RNA, sgRNA) [=al#Rik,

Jf HXbar A gy A K BT i 2 50 o AT
TG NIRTES 3 T3R5, T7 RNAP &G R M i
IR A R AR S RS B L Tl
A TTJa 8 F I T7 RNAPJEHFE SRR S0, Ik
HEVR RSN N AE SR IR N R e Rk, ah
TR A S RERT TS AV E YIRS s AL 2 AR T iRk
HrlgmfEn T.H
33 WwilligEH5ESHS
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K M FH: R (nucleic acid  sequence-based
amplification, NASBA) . RNA 525 A% ik 45 i
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W, NI AS I R . 7RG 5 1L B
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— P RETE = IR T A DB AT HR 8 SR A
B, RSP R - PR - E AR E &Y, WOE T
RNAP, 7 Ki RNA, X4 RNA 5567101
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5uf B P WT BT R RV B . DL FACTT SRR A B 2%
PERGINFL AR, B TR A B 53 H - (enzyme-
linked immunosorbent assay, ELISA) & il i) = &
JiE 190 AT LA H ELISA Jo3k L0 AT H R,
YRAM T ELISA BBk R o T7 RNAP 35 14
$E ML S W E  (T7 RNA  polymerase-linked
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immunosensing assay, TLISA) (FiEIA) FlE 4l
BRI E AR B T TR S U Sk
BRZEE 0, SL T R E YRR T BRI
R R
34 mRNAEBHETHEAYAL

W i 2> Fi) B4 L SRR 2 iR e (COVID-19)
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KRR .

4 T7 RNAPHIRFEF

U T7 RNAP B 58 E ARSNGB i
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Zh. Wit Xt T7 RNAP B GE , #4456 % S g w

RN AAIER—, 2 LS ZRng > )
NS A TR, PRI T A EROR,, BRARA E AR
T WA E A mRNA A R . 0 1 X6 i 2 eI
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Analysis of T7 RNA Polymerase: From Structure—function Relationship to
dsRNA Challenge and Biotechnological Applications”
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Graphical abstract

Abstract T7 RNA polymerase (T7 RNAP) is one of the simplest known RNA polymerases. Its unique structural
features make it a critical model for studying the mechanisms of RNA synthesis. This review systematically
examines the static crystal structure of T7 RNAP, beginning with an in-depth examination of its characteristic
“thumb”, “palm”, and “finger” domains, which form the classic “right-hand-like” architecture. By detailing these
structural elements, this review establishes a foundation for understanding the overall organization of T7 RNAP.
This review systematically maps the functional roles of secondary structural elements and their subdomains in

transcriptional catalysis, progressively elucidating the fundamental relationships between structure and function.
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Further, the intrinsic flexibility of T7 RNAP and its applications in research are also discussed. Additionally, the
review presents the structural diagrams of the enzyme at different stages of the transcription process, and through
these diagrams, it provides a detailed description of the complete transcription process of T7 RNAP. By
integrating structural dynamics and kinetics analyses, the review constructs a comprehensive framework that
bridges static structure to dynamic processes. Despite its advantages, T7 RNAP has a notable limitation: it
generates double-stranded RNA (dsRNA) as a byproduct. The presence of dsRNA not only compromises the
purity of mRNA products but also elicits nonspecific immune responses, which pose significant challenges for
biotechnological and therapeutic applications. The review provides a detailed exploration of the mechanisms
underlying dsRNA formation during T7 RNAP catalysis, reviews current strategies to mitigate this issue, and
highlights recent progress in the field. A key focus is the semi-rational design of T7 RNAP mutants engineered to
minimize dSRNA generation and enhance catalytic performance. Beyond its role in transcription, T7 RNAP
exhibits rapid development and extensive application in fields, including gene editing, biosensing, and mRNA
vaccines. This review systematically examines the structure-function relationships of T7 RNAP, elucidates the
mechanisms of dSRNA formation, and discusses engineering strategies to optimize its performance. It further
explores the engineering optimization and functional expansion of T7 RNAP. Furthermore, this review also
addresses the pressing issues that currently need resolution, discusses the major challenges in the practical
application of T7 RNAP, and provides an outlook on potential future research directions. In summary, this review
provides a comprehensive analysis of T7 RNAP, ranging from its structural architecture to cutting-edge
applications. We systematically examine: (1) the characteristic right-hand domains (thumb, palm, fingers) that
define its minimalistic structure; (2) the structure-function relationships underlying transcriptional catalysis; and
(3) the dynamic transitions during the complete transcription cycle. While highlighting T7 RNAP’s versatility in
gene editing, biosensing, and mRNA vaccine production, we critically address its major limitation—dsRNA
byproduct formation—and evaluate engineering solutions including semi-rationally designed mutants. By
synthesizing current knowledge and identifying key challenges, this work aims to provide novel insights for the
development and application of T7 RNAP and to foster further thought and progress in related fields.
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