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Table 1 The comparison of T7 RNAP, E. coli RNAP holoenzyme and Saccharomyces cerevisiae RNAP 11
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Fig. 1 The structure diagrams of T7 RNAP and E. coli RNAP !/
E1l T7 RNAP ~ KIFFERNAPZGE "]
(a) T7 RNAPZEHE (PDB 3E2E); (b) T7 RNAPHEMEHLL (PDB 1S77); (¢) E. coli RNAPZEE] (PDB 4LJZ).
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Fig.2 Sequences and functions of promoter
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Fig. 3 Transcription schematic diagram of T7 RNAP
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Fig. 4 The kinetic model of T7 RNAP transcription”’
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Table 2 Transcription parameters of T7 RNAP
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e tERl =g, T aifh T 2 S0 st LR AR
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DOF A Tl AL S g T T sl AR
T — PR R T BB A BR dsRNA 7 %,
AT mRNA i 5510 (4 4 P9 Rz S 4L T A T
gy
252 EEESRE

7E mRNA A=k i, gl fb 20 SR 38 in & 5
HEYCRE TR, TR R4k mRNA 9 4 7= 52
Z LIRS Z AP R . R SR N R
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Table 3 Research on T7 RNAP mutants
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G753A " [55]
K389A 2 T mRNAPSEREME, FBoR R
B SE NITIA [33]
“r; K172A mRNA 11575 B R R
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)M?f’a* TM10 BERIHIANTP & LR HEDNA [57]
Ja Bl T4 M
”;ﬁ ‘ M6-L T R HATI T [58]
M6-S
JRHER I T7-68 BRI NIBIAUY), I dsSRNAA: i [24]
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TR TR A S

B T HETHEALTE RSN, T7 RNAP RS E 1M 2
FHEA DI N GOCER T . BESEAIBA B I &
() PRIME £5 & — B il 5 FE RS 15 75 A5 (masked
language modeling, MLM) FlJ¥ 1) -4 & B i f 1
H KR E (optimal growth temperature, OGT) &
BT TR 2 I HESL . IR E i 21T 4527 20 3R
ms, FAEAEMLMATS (2 EARFIIN LT
SCHLEE) FIOGT WAT 45 (Il gkt # AR SE Y &
SRR L), DI FE JCAT ] 28 A8 B4 £ 1 F Tl
W EH AR P FRE 2828 05 . X F T7 RNAP, ff
5% A BAFI] FH PRIME #5 U X5} 4 e 41) PR g5 4 A1 58 28 F
FIRAEVESY, FFE0HIE T b A B A8 (07 5 A T
JEEEIR L I . AL S SR AE IR (S YLkl G
&, lak Z R HA 96 (differential scanning
fluorimetry, DSF) 43 T, {f. [FIRFoEFTH; 505
DL e B i, SEEH S A TR 3
iSpinach DNA AR, AR 5E i 7= 59 Gk
DFHBIZ5 & e &k Mok t, HiRE 5 RNA =& IE
K IKPERA S AR T (8, 4k2E1)I1 2% PRIME #
B, JFHN T 2~8 s A RAKR T, &,
BT B I 2 SRS EE , ELEE TR 9~14 S 4
BRARI T A, 258 3 AL S S RE S
WA — A HA 12 A 2 A8 Kk (Q786L/
S430P/L446F/S606V/K642G/S633P/1217L/S397W/
L534V/A124N/G618E/L665D) . %2878 1A 4 T, {4
BRI T7 RNAP B EH S T 12.8°C, i ifitkik g
P A= R 445

TENZRASM A, A7 7E— B8 /b 7= A AN = A
dsRNA FZE75 K . 15 4 G47A/884G [ T7 RNAP &Y
FEARR S IR T dsRNA PR g i, B e
RNA {9 A Bl [ 2 ARG T K LA o I3 11
GATA BUR A T N 3t 235 4 35 = HE LA B0 3
PRHE T IC 17 EC Byt 8, AR R Mok /b 13 7 RNA
AA R s C Ui ab 3k 1Y 884G 28 AR HE i T he 4% #4) 45,
R XU RBUR A [RIALRH, AT REAR T T7
RNAP X RNA AR5 R 7, I T RNA BT A
SRR R, BRI ZAN, A —seasik,
K389A . N171A %5258 A5 1A BEAS I T7 RNAP #4 5% 1

FZ2reK mRNA, fEEeKS, BB mRNA
FEAR Mg AR A I BRI dSRNA 1) G2 P ol
FEAIE mRNA F B, [F L BRIV 5 mRNA 78 b i
FEH T P= A AR

— 43 T7 RNAP 78 28748 Ji HR S 2 A el
1 TM10 28728 & (D10E/I581F/A586V/A615T) 7',
X RZAT PR i R St & AR o, BEFIH dNTP &
M DNA. TMI10 Z&ARMARTE “FF87 Z5sn] A KK
FRUBE K LRI PR 1A, P RDIE s K R 58 5
FEAEZS (A BHAR N, FEAIK T W4T NTP 95 1 71 3F
BRI A R, i, &S NTPHEE T,
TM10 AR e E L I “F487 G5Bk e %R
ARAEREXT ANTP IR BE B, DLSEFIH ANTP &
4% DNA (ssDNA) .

%2 H 4 R 2K M6-S (RI6L/K9ISR/E207K/
E222K/N748D/P759S) B i sl il 58 & ¥ 4k R
T3 3+ T7THT3 A3 F0a 5 AR 2 57 .
ZA A RARRE N S BT, AR T R B
YEHI AR PESS R, THBR T 84 R T7 )5 2h 1 (0
HLfw ), JFHER S T3R8 P4 & . mAEMNIG
S RBIEEAC R T3 87, xR &
Wt A/ AR R SR s Y, R
55 T7 RNAP Z5 4 fE J1 9055 5k 78 i3 ol 7 4 Tk I 4R
Besk, XBRRABBF RN, IR *
B

TEAG GG SR R, B AR A T7 RNAP X —
AT BRIE IS 45 & 5 AR B GTP Y 1/8 (3£
2) 12 T7-68 5345 (AR BB W8 1 R 1B A TE 25U
Py, diGned i ER S, AETERIY/GTP EE R
ol TARPETRIATSEEE (9342) %A iE 250% .
WAN, TR EE (8.2x10°) S5 EFA4: A1 T7
RNAP (8.1x10°) JToRFEFMWEE T, ZRA
A dsRNA &Il ™= 4 0 7 A s /0 22 SRR 1 1/50 DL F
AU mRNA e JEME AL, BIERCRiE & 8% .

BrUbZAh, X T7 )8 8 F e i sk 28 A8 R
b T7 RNAP DI REM)—FP 7=l (R 4). 41 P266L %
AR5 A-15C J5 8+ 1Y 416 7T A7 2008 2> RNA i
FE 0 T7 #4 T7 Max FIT7 ¢62 5 8 1 7] IR 5
Besg e Y T7 DA o 7 0l LA 5 8 7o
JE 10 T7 lac JA 8 e iF T7 5% 569 IPTG 55375 755
WS B FRASRE MR RBEE,
W RHBAETE T T7 RNAP A% S RE K rT b

H Hi X T7 RNAP 14 T 58 el i W 58 LS 17 AN [
FREE BRI, (H M AR 58 4 R 9T sl A P i 7 22



XXXX; XX (XXO

TER, & BT RNARAE: MRk Z2dsRNABLE 5 4913 AR 5 ‘9.

*F4 TIBHFRTHR

Table 4 Research on T7 promoter mutations

JashF ]l B3 IhiE
WT T7 TAATACGACTCACTATAGGGAGA B A RUT 70 B A Ja B
A-15CJH i P K B ERNA T W) 42 e e
o TACTACGACTCACTATAGGGAGA SE R N
BT SRR
T7 #4 TAATACGACTCACTATAGGGATAAT eI RR A $ 8 31
T7 Max AATTCTAATACGACTCACTATAGGGA SE MLRAR HINEE R Rk
T7 c62 TAATACGACTCACAATCCGGAG SE RRAR RIBIKFHEFF 245
T7 DI-7 TAATACGACTCACTATAGGGTTTAA Ja s FAE R ERETRTTS50%
T7DJ/A3) CTTTAG~CTTTAG~TTGACT ( -35) ~CTTTAG~CTT- MHHEHEFFICTITAGHK T-35X B
. ) HBRJE B TR, 16°CTFIAEL
F TAG I FRHES
T7 lac)s TAATACGACTCACTATAGGGAGA~GGAATTGT- TRENFHKIGIEMlacE 37 _—
o K . T A IPTG A SR R
T GAGCGATAACAATT A

T7 DIR B T RS2 30k 162,

PR — AN A AR PR ARt . TR
) AL e, HE— 2B HESE T7 RNAP &5 44 M1y fE
AICER, AP OB R B TS X A
BRIV T ) A PR B, AR A
A T e SRR A AR AR A, ARl 2
RNA S HEA T3 R 2 K 42 ) B I i, b
R I SR

3 T7 RNAPHIMNA

T7 RNAP LA Hom BERe Sk L e 8ok S A
a7 B AR AR A, B B TRl S i Y Bl B 2 12
mRNA A= =B, JE4F>K, T7 RNAP £2AE
DA LA T A2 R A& e
3.1 {KIPRNAEHK

T7 RNAP J& RSN 5% By i FH G i =2 —
AEML L) DNA AR 3 80 A 45 Fl RNA 707, 4
5 mRNA, rRNA, tRNA %5, 33X 86 (K 4 & 1l iy
RNA 7] I FZ A58, W mRNA 9B IE0F5T . i
i RNA (DI RERFST . RNA - 2 SUAH B A FHF
G, RAHT, RIS R T AT e it
“Bif8” T7 RNAP ', BEHGS% “Bif3” MU RNAS;
T, #E—EP BT RNAWFFEIER, AT RNase K
fif 1 RNA 2590 TF R AR AE T 30
3.2 EREREMERTRE

T7 RNAP K¢ HAH G 22 48 78 PR T 8% A 56 B
ARG R B W N L . T7 RNAP o] FF
F# CRISPR 6 A48, BN, 2 TRALSGERT7
Ja B AE Z AR A2 i s A b s D 3K 3l CRISPR
FEA gmkt g (CBE) B9 sgRNA E&Fik, JF Hxf
A AR U AR KR T g o MR TR SN

TR s F I RIA, T7 RNAP RS R H I 3 1
SRV SRR S FRIA B @, B EE A T7
JA 21 F1T7 RNAP B H 5 sk R 40, ARG A=
HMEEERTE SR Y IR N 0 SRR, sl
ZHREF TS A EY RS TS A% 2 R AR 1 i 2% L AT
BT H,
33 WwilligE5ESES

T7 RNAP 0] H] TAZRRAGIN , A% R A e 4
Wk M #: R (nucleic acid  sequence-based
amplification, NASBA) . RNA 525 ¢ fe a4 4
7R (simultaneous amplification and testing, SAT)
B, AR AR HIERE T CRISPR BRI
R 5T o X LERFSERI I T T7 RNAP 5% 5% 1)
e, BRI IRE L RNA G, BEAF S IELS A 5
Cas fiff 45 5 19 sgRNA, #4115 Cas13 1) 55 VI il 15 74
M SE sAer  R B E  FEAE S S AR B, T7
RNAP A U TGS 5. T7 RNAPAEFLR)ZE
FeP HEE R (fluorescent amplification catalyzed by
T7 polymerase technique, FACTT) J&—FhRETE S
TR A HAR S YHURAATER, JE AT
J5 - ik - EECIARE S, S T7 RNAP, 774
K RNA, X4 RNA 52OCHRC I BEAMEIRIT S
AR NTONMF S, W IOCFE S BRI
AU . L FACTT AR B HT M A ek il 5 A
PE o T R S % WML 4 AT (enzyme-linked
immunosorbent assay, ELISA) £l fY R & @7,
AT LA ELISA JCIE UM BT s 5, 54h 1
ELISA A B 5 IR JE o T7 RNAP 4 $2 1 52 14 1%
%€ (T7 RNA polymerase - linked immunosensing
assay, TLISA) FIEANGE GlEl i B AR R 1455
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TP BUE T RREAR G 7Y,
AR T B FR ST RS ARSI
34 mRNAEBHETHEAYAL

W i 2w B4 L SRR 2 iR e (COVID-19)
P25 P A AR P mRNA S 7[R
T 4f FH T7 RNAP A= 7= i mRNA REV, HAZ D4
RAKH T T7 RNAP A RSN S R GE . X —4
REIEIIRE T, bR & mRNA BB AR AP
RIEHIBTEE, SCHLT mRNA P A IEREHFSE 1) I
PRI AL B SC B 28l . T7 RNAP S Hm 2 i
FeRBE M TT R sh F OO S ERE S, Bh
mRNA B 1 A5 7= W AR SN Sie 1 32 30 28 7 P e I kel
Z—5
35 WEFEMR

N T SRR MRROR B R R, AFSE BT
BT —FhEET T7 RNAP (R s EE R R 50 737,
ZAR GBS RE 8 T7 RNAP AR ,
GG AR SR ICIE, Wi EE cDNA 7RI skt
P TR SOk B B s AN, TR £ AN
SUAE F AR N A B EE PR H Y, SR EEAY
“EIET. AN, ERGE N T sl
W, DAWFGER B AR N R Rt . R AR AR PR
ARG, SMUOTHR TGRSR
FYIERCRIR . 5 Z AN BRI A5 ) 8, I8 AT
ATFFE RNA JG 85 A S FHLH] . g 320 0 v DL K
B0 3 2B A VR B AL TR A i AR AR FEAH
K5

4 T7 RNAPHYRFERS

U T7 RNAP B 58 B AE RSN S . A s
Yy Fe mRNA $ A 25 45k i S 3 g ml, (HH )
REARAL SR N AR IR ER =S . BET45H
W S E AR TR G UERE DL T7 RNAP 7R
Tl SRR RS S, PAR ISR e S ELA B
B, WHEA T EBE N HME
4.1 FTFmRNASHAEFHTT RNAPKHAL

mRNA 259 A = i RS S 5i . i B 3
TR, N TIRFHAEFRCR, DU AT IR AWF
FERILAN T 1]

4.1.1 RTHERE SRR

51 mRNA A= 7= e N 50 & 2B i 5k
ZJG . WL X T7 RNAP BBk, 5% 58 5 e i
RN AN, 2 e ZRng > )
N KA AT, T T AETEROR, BRRA S AR

ST R

WA A mRNA A B ZR . 0 X6 i 2 I
Wy EAG 5 25 FUJI 0 T7 RNAP 28738 1K | S8 fL 58 14
Z 0 GTP 3E e PRl A, 45 = mRNA i g Fn
B, 2 HTTT7 RNAP T2 ok py i s
4.1.2 JE/LdsRNAJE LAY T7 RNAPZEAL A

TERE S NR 2 7h, T7 RNAP, DNA #EA K
SR RNA TR B [ =3 Z [ Ry e, #B 4
2 dsSRNAJE B . PAPE 2246 (Broccoli) DNA A
M A7 5% Sk, {8 B T7 RNAP/DNA A9 BE /K [b
B, e A DFHBI B2 kHE 68 U5 2] 28 Yo (1 k
BEANFE G (Broceoli F2H 5 LRI 4ES ), RIT
2518 R % (Broccoli RNA ZEff) 75 FEFH e g s /b
dsRNA JE i () T7 RNAP ZEA5 (Rt | [AAG 3R A il Xof
RNA (R FU ) 2 —ANEAR S 10 7 10) . RI(E AR 4
P AR B AR, T7 RNAP 248 (R 9%
) 45 5 DNA #E4 754 S5 TR S 45 5 s B 1) RNA
HE1T dsRNA 194 1
4.13 ZHHBEERSE

JF % T7 RNAP 1Y Z B I 2 405t fin Pt mRNA
IR A HATENE Lo ¥ T7 RNAP 5 H L5
FE Mt ot S TR Bl & A —ife, SEEfE sk -
B - 3L 25207 OB, I8 O e ] AR
24 M, 45 mRNA A ACR M 5 % T7
RNAP 5 9E U6 55 1 SO S g B A4S &, 78
PP R R P A T Tk, LR 1 el LB AR A
WGP EE G T R 2 R IR R G A AU
TARSE T7 RNAP 53 7= Py R ik = 5" v g 45 44 117 ¢
FH mRNA 75 HAZ R G0 BIRRCRAUT AR
4.2 FHITT RNAPEMIRE R4

FUHA T7 RNAP {6 A I i) 2 10 35 F i 5 PR A
IEMINTP, o KGE e 5 ) 59 e Y B s & ok b
W, Bl4ns# 3 (Spinach), Broccoli R4E, %%t
R RGN T T7 RNAP B4 3 1 20158 F5E 1]
PEARTRBE 77, FFRERIALIX 43 T7 RNAP [ 54 JE:
LR dsRNA 7' 8k, WRRGESRAET
Wiz iR, HEME B TR BT = 52 i Broceoli DNA
() 2% b =R ZEF L)L T RNA 5 YR gs 4, flifs
RGN TS T7 RNAP [k . &3
e U A B SRS RGO — N EEE A ).
43 EFETREMERFA

T7 RNAP W& T I TR B i foe 1k, B
R AF Sas g iAo SR, ER TS, 17
RNAP & HELIE PEZ B L (FE3& 1R & R 8
) o WEFE T7 RNAP (A AL I 01 2 o R 1 A 28
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AR, X R TR AR E MRS P LA e
B A
44 T7 RNAPHIREZFESI RN A

DeepMind 41 A K JF & AlphaFold 2 # 7 2024
AR DR 2 ) DR I 8 1 o TR 42
HET At T ks A BAGE & I % %) PRIME #52
R D A T P R AR R 2 s T
RNAP AR A 52 33— W RN IE T AT 2%
MRS AR, e ERT TR BT e MR
W%, FIRETIRA R ET, M T
SEIGRCR . BT A T7 RNAP 728K 5 1127 DL K
SEREAR AT IR B ) Je R AT IR BN
Dy PRARAEEH - DIREC R, ORGSR 1 AT 5
HA9H T7 RNAP 741,

A, T7 RNAP ZESE R HL i | 3% A A% 8
Je DNA 28 A A S5 S5 3l Jig 00 10 T ) 149 oy FH i 5% o
SR, ZPR TR, A SORBEXTX SL U T IR A
it

5 B4

ARCEEE T T7 RNAP B 5T BY 24 i 0F 8 % i A
i R B AR [R) B, T7 RNAP R A A= 3 A 45 8 i)
Bl TREZ —, SN TREFE TR, L2l
HMRL A Y SR80 . BE T7 RNA Z5H) 5 TR
RINEANITE, T7 RNA A A AR 10 H
G FFEMERBIHTE N T7 RNAP LA F}
ST I AR T AL, HESIARDC =R A e
BRI . KSR 2 K B AR R A R SR AT
it
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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.
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
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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 dsSRNA 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 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 dsSRNA 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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