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mRNA B A 52 K25 77, 2019 FERGETE NS MUK T mRNA 257
FHAH . Poly(A)R 2 mRNA Z5¥)AT] Gk i) —&5), SRTILA 1)n 77 LA 47
FESFIR R, #5KBE poly(A) I HURL 2 7E KIAHF I i Rk AR i 2, e 55
poly(A)B K EAEE F 2, MRHI T mRNA 2540 Tk P RIsEhri . A
B ) poly(A)BH LA FIMRB N A S G M T 16 Kkt sl. &
R FH S S 1 BT AURROPT R AR A8 PEAS G 75923, T B A AN [RIMg 32 7 470 RS P K
2H e A It U O E BB 3 A1 2R 7K, 8 PRI T A Mk 3 31 11
. MMEik g, IR T B E R AR e M R AR Ak A A
MBS X —H 7 poly(A)RHEIET TolkA =, NJE4EH mRNA 2540 4 5
LR AL TR A

RE2H: mRNA Z5%), poly(A)E, Fkife e



Abstract

Messenger RNA holds great potential in therapeutics, particularly with the COVID-19
pandemic fueling the research enthusiasm. Poly(A) tail is an indispensable part of
mRNA medicine, but current tailing techniques have their limitations. Plasmids
carrying long stretches of poly(A) are highly prone to recombination, which would
result in a loss of its number, thus limiting the industrial production and application of
mRNA medicine. By inserting intermittent single nucleotide guanosine into poly(A)
tail, 16 candidate sequences were constructed. I established a simplified plasmid
stability assessment assay, and used it to calculate the gray value-based recombination
rate of different candidates. Flow cytometry is used for expression level quantification
of all candidates and the half-life analysis of our best candidate. We screened out the
best candidate with high plasmid stability, unchanged expression level, and
unchanged half-life. This novel poly(A) tail is better suited for industrial production

and provides new insights for future mRNA medicine development and application.

Key words: mRNA medicine, poly(A) tail, plasmid stability
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mRNA Z5¥)3& T & P67, BARBCHAL T B A A 38554 7 . mRNA
ZiY)Lt DNA 2995 N vl 58, W AR AR M AVERT 2.
BEAh, mRNA 29 7ERHE B 7 7 T B B A BRI ) - /M 5 mRNA(IVT mRNA)
&R, w7, POARYE TR EA AR T RE M . BT mRNA RS
MMprb AR, H RN WA A iEH] . HEl mRNA 259 AR |
L1 A e gy 7 DI 75 48 22 07 TR N2 FH o A SR PO 397 el 2 02 1
AW E mRNA 259, AHBULGE T, EATHER AR B e s,

JRE mRNA 259 BA SRR IIEITIE 70, F sk bR S w7 T — 24 7 2
mRNA J7 LB F R e R H A A B — . 5881 mRNA 254 — K
HA 57 @7 57 BRI, misX. 37 JERIREXA poly(A)RIX AL
Forp 57 g ml a2 S B, T 300 R NAA RS . PCREFTURIFE A L
Fip 75 QBT A5 FH K AT B poly(A) SR A Bl 1 1A B2 I A7 75 A8 N (R B 25 i A 1 —
)R, TCVEENZSYE R - PCROIMEN — B FH T SE50 S il o5, fEREAT R EAE I
DRI A% v 0 R R IR s T HE AN FH o PR AN A JBORSE [ A5 3 — 7 Y R SR 3
TS T 247 mRNA 59000 T 5=, SR, KAEEM poly(A) B LE TR A
FeoE, AR5 RRYE I A M 741, BRI T BRI S o

R R —ANE iz FIT R K E RIS, B TSR Edk, 17Ese
Bt e B EE AL, o, BURLIARE YEE mRNA 2591t
Fov AN T B OCE S LSRR E MRS M S R Uk B, B U
LFEIIANSE — , 25 IR AR e i M 55 e R T R ) AR P 2 B TR KT
PR A PR . BT T R A B R AR AE 2 U R R R .
4N 5T DNA 45 H) 570 23 52 UKL iy RS 1), H B IR AR - o FL S e X ) s 2%
CEMLLIE R P A E R 5 R AEMR. ERE. A SRR, Hit, #5
poly(A)EFURL b (& E PEXT K B mRNA 2538 76 ) B .

H AT poly(A)AR sg M I 77 125 T 2 253 SR F 1 PR 2 47 97 8 R A b
poly(A)FiFl . A L I RLRERS 4EFF K BE (<500 bp) poly(A)IFssE B, {H
FAFAERE DU BURIACR S 7T F AR PR A 1k Al i/ 25 el i, B0 AR H S
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BEZ K, BRI T IHAE AL IR . BT poly(A)NI /& H A BioNTech 2 w13 F 1)
Beit, BRI poly(A)Hadi A 10 nt -l w35 SR BENLT FUME 9 R%, 5t aers 2
R AL (~3%) H mRNA HREAZZ K poly(A)Z: 40,

mRNA 259 (1) 5 A9 1 o E 46 0 P R A 0O FRATT 7 ZEAE 2 5 poly(A)
JR TR AR E PE I TR B 4E R mRNA FIIEH TRE. v T RIE poly(A)RTELR Y mRNA
AN AR DA B A s 3 3 7 T PR SR B E R AN BRI T AR T e R B e 8
R, %F poly(A)F B e LR T g /N B i & IR CAFTER 1.

I AE ZH MO AZ P 3] mRNA J5 7% 00 poly(A) 2 poly(A) R &g (PAP) 41, 4H
P P B AFAE RERE B poly(A)HIR &, RUKSGIZ T R (TENTS) . A
ff) TENT Bif 2 AR OB w1, 76 AR FRIRZS R RERZ 1) poly(A)F A U, C,
G ZHEER, Hf, ¢ HIUIRER, U 580 mRNA 4 5 Hod g,
i G M ZAEKEE poly(A) e B AN B U, IF 3 E 52 H A7 #0 1 Jid e 1 g
CCR4-NOT E &R HIThAE, AEBSAEIR mRNA PRSI ghah, A RSN SLIIE
R G B HEL poly(A)IEFRIRIEE 1, I 4% i iR 5 PAN2-PAN3 [ %%
WEIED, B, FRIEEE T poly(A)RH BN SR G LARASE Uk

AH T B AR FAE N mRNA 299 B ELE5 M) 2 — 1 poly(A) R, FEJFRY 1 it
FERARE. 5T EARBIARTTS. BEELE poly(A)T FIH A FARBN
FAIAE SHR G, 3BT 16 B poly(A) R ARIL P 51 o JFURL AR SE 1 I 2 R R B
NI G B BEEEAFIFLE 32 poly(A)FF A KBk R E M . TVT mRNA %
B LERNEIR, B G X mRNA 25475 HAZAN A A 3R 0E BT 2 5
X BAT R e MR R AL A, e B o, ORI e
ARk, o R, AT DA FH 5 N B0 SR G T8 poly(A) B EE A H sk ik & |
KP4 i FURLAR 8 M 1 mRNA 254,

zi b, AW IVT mRNA [ poly(A) B4/ BEAT T ittk, EHEE T4
WS Tl AR A=, DA W7 5 mRNA 2 125 mRNA 2590 IR R S 6t 4 5
i
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2.1 #¥
2.1.1 4R

293T 4, SIS EORAF, HIZEE NSl AL T 3R15

2.1.2 BEEBEEH

Bt Bk 44 A pUCS57-Kan A1 pcDNA3. 1,
DH50 /52 540 G MER Vazyme Biotech)

IM109 /B2 5405 (42334 TransGen Biotech)

2.2 &
2.2.1 HE3RE
LB #7r5 (11L)
Hoy HE
Tryptone 10g
Yeast Extract 59
NaCl 10¢
*Agar 15¢g
W] A TR N o
222 RAL. B, 5IW
2.2.2.1 Bk
AR S it Y JSORE 5 & 40 R
BRLA4 R R

pcDNA3.1-EGFP_DC50-genscript
pcDNA3.1-EGFP_DC52-genscript
pcDNAS3.1-EGFP_DC54-genscript
pcDNA3.1-EGFP_DC56-genscript

#ALFAE ) EGFP
T B EGFP

R TSI EGFP, RNA & ik
#AS &) EGFP



pcDNA3.1-EGFP_DC58-genscript R FAE ) EGFP

pcDNA3.1-EGFP_DC60-genscript FER T EGFP

pcDNA3.1-EGFP_DC62-genscript FER T EGFP
pcDNA3.1-EGFPwt-TL B4 7 EGFP Xt

pcDNA3.1_mRNABB-Fluc64-TL HOK B R, 552 RNA A ki
pUC57-kan-mBB-A10x10 RS E M 56
pUC57-kan-mBB-A12x8 RS E M 56
pUC57-kan-mBB-A15x6 JRLAG E PR 56
pUC57-kan-mBB-A20A30A50 JFURLER SE A 5
pUC57-kan-mBB-A20A40A40 RS E P 5
pUC57-kan-mBB-A20>5 RS E P 56
pUC57-kan-mBB-A20>2A302 JFURLER SE A 5
pUC57-kan-mBB-A20A40A40 JFURLER SE A 5
pUC57-kan-mBB-A20A30A50 RS E P 56
pUC57-kan-mBB-A25>4 RS E P 56
pUC57-kan-mBB-A30A30A40 JURLES SE A 30 5 e 22 S 56 B A4 B RE

pUC57-kan-mBB-A30A70 RS E M 56
pUC57-kan-mBB-A40A40A20 RS E M 56
pUC57-kan-mBB-A40A60 JRLAS E M 46
pUC57-kan-mBB-A50A50 JRLAS E M 46
pUC57-kan-mBB-A100GA RS E P 56

JFORLIE E <6 i AE VIR .

2.2.2.2 5|9
ARSI FTH 519 K FIan R
L A S 3

pcDNA3.1-T7-F CCACTGCTTACGCCGTAATACGACTCACT

EGFP-TL-R CTTAATTAAGCGGCCGCCTACTTGTACAGCTCGTCCATGC
TL-3UTR+T10 [TTTTTTTTTCTTTTTTTTTTCTTTTTTTITTTCTTTTITTTTITTC
C-R [TTTTTTTTTCTTTTTTTTTTCTTTTTITTTTTCTTTTTITTTTTC




TL-S3UTR+T12
C-R

TL-S3UTR+T15
C-R

TL-3UTR+T20
C-R

TL-3UTR-T2+3
-R

TL-3UTR-T2+4
-R

TL-3UTR-T2+3
+5-R

TL-3UTR+T25
C-R

TL-3UTR-T3+4
-R

TL-BUTR-T3+7
-R

TL-3UTR-T4+2
-R

TL-3UTR-T4+6
-R

[CTTTTTTTTTTCTTCCTACTCAGGCTTTAT

[TTTTTTCTTTTTTTTTTTTCTTTTITTTTTTTTCT

[TCTTTTTTTTTTTTCTTTTTTTTTTTTCTTTTT

TCTT

[TTTTTTTTTCTTCCTACTCAGGCTTTAT

[TTTTTTTTTTTTITTTCTTTTTTTTITTTTTITITCTT

[TTTCTTTTTTTTTTTTTTTCTTTTTTTTITTTTITI

[TTTTTTTCTTCCTACTCAGGCTTTAT

[TTTTTTTCTTTTTTTTTTTTTTTTTITTTCTT

[TTTTTCTTTTTTTTTTTTTTTTITTTITCTTT

[TTTCTTCCTACTCAGGCTTTAT

[TTTTTTTTTTTTTTTCTTTTTTTTTITTT

[TTCTTTTTTTTTTTTTTTTTTTTCTTTTI

[CTTCCTACTCAGGCTTTAT

[TTTTTTTTTTTTTTTTTTTTTTTTTCTTT

[TTTTTTTTTTTTTTTTTITTTTTITTCTTTTITI

T TCTTCCTACTCAGGCTTTAT

[CTTTTTTTTTTTTTTTTTTTTTTTITTTTTTITCTTTTTI

TTCTTCCTACTCAGGCTTTAT

[TTTTTTTTTTTTCTTTTTTTTTITTTITTTTITI

[CTTTTTTTTTTTTTTTTTTTITTTTITITCTTITTTTITTT

TTCTTCCTACTCAGGCTTTAT

[TTTTTTTTTTTTTTITTTITTTTTTTTTITCTTI

[TTTTTTTTTTTTTTCTTTTTTTITTTITTTTITI

TTCTTCCTACTCAGGCTTTAT

[TTTTTTTTTTTTTCTTTTTTTTITTTITTTTITI

TCTTCCTACTCAGGCTTTAT

[TTTTTTTCTTTTTTTTTTTTTTTTTITTTTITI

[TTTTCTTTTTTTTTTTTTTTTTITTTITTTTITI

TTCTTCCTACTCAGGCTTTAT

[TTTCTTTTTTTTTTTTTTTTTTITTTITTTTITI



[TTTTTTTTTTTTCTTCCTACTCAGGCTTTAT
TL-3UTR-T5+5 TTTTTTTTTTTTTTTTITTTTTITTTTITITITTTITITTTTITTTTITITTT
-R [TTTTTCTTTTTTTTTTTTTTITTTTTITTTTITITTTTITTTTTITTT
[TTTTTTTTTTTTCTTCCTACTCAGGCTTTAT
TL-3UTR+C-R  CTTTTTTTTTTTTTTTTTTITTTTTITTTITITITTTTITITTTTITTTTITI
rrrrrrerrrerrerrerrerrerrrerrerrrrrrrrrrrrrre
[TTTTTTTTTTTTCTTCCTACTCAGGCTTTAT
TL-3UTR+CT-  TCTTTTTTTTTTTTTTTTTTTTTTITTTITTTTTTITITTTTITTTTTI
R rrrrrrerrrerrerrerrerrerrrerrerrrrrrrrrrrrrre
[TTTTTTTTTTTTTCTTCCTACTCAGGCTTTAT
TL-3UTR+CTC CTCTTTTTTTTTTTTTTTTTTTITTITTTITTTTTTITTTTITITTTITTT
-R ITTTTTTTIT T T T T I T T I T T I T T T T T T I T I T I T T T I
[TTTTTTTTTTTTTTCTTCCTACTCAGGCTTTAT
TL-3UTR+T3L  TTTTTTTTTTTTTTTTTTITTTITTTTITTITTTITITTTTITTTTITITTT
7-R [TTTTTTTTTTTTITTTTTTTTTTTTTAGTCATATGCTTTTTTT
[TTTTTTTTTTTTTTTTTTTTTTCTTCCTACTCAGGCTTTAT
TL-3UTR+100T TTTTTTTTTTTTTTTTTTTTTITTTTITITITTTITITTTTITTTTITITTT
-R rrrrrrerrrerrerrerrerrrerrrrrerrrrrrrrrrrrrre
[CTTCCTACTCAGGCTTTAT

S0 B < 3 s A R .

2223 B

F-F PCR ff] Phusion DNA J 4§, 5XPhusion Buffer £& 1 i 256 = H 47
AifkERACE . ANTP JU H % ME#E Vazyme Biotech A ],

Fi T Y] s M) HindIII-HF, Notl-HF, CutSmart 2504 H NEB A& .

F T oh 3 RNA [ T7 RNA R4A8§, 10X T7 Buffer 2243 B 5256 % HAT
4li Ak B B NTP I H % ME#% Vazyme Biotech /A &), ARCA & H APEXBIO A ],

2.2.3 50 X TAE Buffer (1L)

il 5B
0.5 M EDTA 100 mL
Tris Base 242 g



VKB TR 57.2 mL

5 pH £ 8.4,

2.2.4 10 X TBE Buffer (1L)

Hay Cp
Tris base 108 g
Boric Acid 559
EDTA (0.5M, pH8.0) 40 mL

2.2.52XRNA FREZMHE (20 mL)

il 5B

PR E 9.6 g

10X TBE 2mL
2.5% I i 200 pL
2.5% WIS FF 200 pL
EDTA (0.5M, pH8.0) 600 pL

20 CIRAF

2.2.6 Solution D (200 mL)

Hay =8
Gudine Thiocyanate 100 g
100 mM Sodium Citrate 53 mL
SEAFE 200mL, 0.22 wm ST,
14.28 M B-$i %k 2.1 ({5 H R 1.48 mL

2.2.7 il E
W E i M Vazyme Biotech A & .

2.2.810XPBS W# (1L)

Aoy P




NaCl 80¢

KCI 29
NaxHPO4 /H20 27.15¢
KH2PO4 249
W pH 2 7.4,

2.2.9 fEREIHSEEY

I 0 5 R
Hay &R
Gibco ®DMEM 500 mL
10% Gibco ®FBS 50 mL
100 X P/S (Penicillin/Streptomycin) 5mL

DMEM 4115 3% 3 5 FBS 4 H Thermo Fisher Scientific 22 7], 1A 2 P/S
El Sangon Biotech /A F] .

Trypsin, Opti-MEM JCIiE15 573, Invitrogen Lipofectamine 2000 304 H
Thermo Fisher Scientific. £ %M (PFA) JJH Sangon Biotech 7] .

2.2.10 H A5
RNA Zlifv 4 H Solarbio Z3EERHEH R A F .

2.3 {428
Eppendorf Mastercycler® nexus i17 PCR
Olympus 8] & 5t @ s IX73 AT BN
BD FACSJazz™ Cell Sorter it xUZH LA AT I 204 LA
Bio-Rad ChemiDoc™ Touch #F{T4EHR 1%

2.4 W
SnapGene® 4.2.1 & F JFifi
Image] 1.53¢ 4bH fi [
FlowJo v10.6.2 Ab#ii U4
GraphPad Prism 7 (¥



Adobe Photoshop CC 2018 AbEEfE = FH I A

2.5 ik
2.5.1 Phusion PCR (50 pL)
PCR [ B A4 % -
Hor R
Phusion DNA Polymerase 1pL
5 X Phusion Buffer 10 puL
25 mM dNTP 0.4 uL
10 uM Primer (Forward + Reverse) 1+1pL
DNA Template 5ng (0.5 uL)
DEPC-H20 36.1 uL
PCR [tV AEFF:
Edai 2% B E
Az 95 ‘C, 2 min 1 cycle
AR 95 C, 20s
Bk 58 ‘C, 20s 32 cycles
JE A 72 °C, 1kb/30s
LA 72 ‘C, 4min 1 cycle

PEMILE 1% NSRS R F 3t T vk (180 V, 20 min) H&iiF, F GelRed AR
YLt DNA FHW 5,

2.5.2 B§YIR B (Notl-HF 5 HindIII-HF)

Aoy =8

Plasmid 400 ng

10 X CutSmart 221 2 uL
Notl-HF + HindllI-HF 04+0.4puL
ddH20 MR A 20 uL

2.5.3 &4MEES RNA (20 pL)



A5y wE

T7 RNA Polymerase 2 uL
10 X T7 Reaction Buffer 2 ulL
100 mM ARCA 1.2 uL
NTP mix (25 mM ATP, 18.75 mM 6L
GTP,25 mM CTP, 25 mM UTP)
PCR Template 2.5 L
DEPC-H.0 10.7 pL

37°C/KIB/I &I 2 he

2.5.4 fRHMEF RNA 4k

1) V4t DNA Biti: [\ 20 uL fR4M%E % RNA /& RZH A 1 pL DNasel, 37°C
K/ 4@ 15 min.

2) [f] 20 uL f& & i 80 uL DEPC-H»0, 350 pL Solution D 5 250 uL 100%
CBEIFIRST . 253 RNA 4ifbtt b, & E 2min, 11,000 g &0 1 min.

3) M 500 pL 75%Z 8%, 11,000 g &0 1 min, EE 2 K.

4) K RNA HE# 215 EP &, I 70 uL 1 mM FPERIRIN, 65°CHfE
10 min, 11,000 g &5-C» 2 min.

HFIRA3 M) RNA T-80°CHigfr, A B MREZ~100 ng/ L HARAFT-20°C.

2.5.5 RNA HRIGAE
HY 2.5 uL RNA P00 2.5 uL 2 X RNA _FREGE M, 18A, 70°C 4/ 7-10
min, JRHEBENOK LA, 1% i b I i 36 1E

2.5.6 AHIfEARBEEE (10 em BEFRIL)

1) WERFRILAN BRI, IO 1-2 mL PBS JEPEAH IR R Bk

2) MO 1 mL JERG WA =3 A% /5, I 2 mL DMEM 5375 Al,
TR R A A G A 7 R R T 4 S T

3) KGR FRM PR SRS 2 15 mL B, 1000 rpm B0 1 min, WX
% L.

4) [mHE R4 E: FR LA NN 7-10 mL DMEM 5% 89

10



5) A 1-2 mL DMEM 5 775 S 4 i, i UE & EL ] Ja L I
anEs IR, 37°C 5% CO2 Kidf.

2.5.7 ZHHaBRET R (DL 24 FUBRCAHBD
1) %M 1.5X10° A0 /LA KRS 20 M d5 S AR 4E 24 LR N .
2) Bi3% 24 h JE kAT IE G,
¥ mRNA 4 — i 2~100 ng/uL.

AE 250 ng mMRNA 20 pL opti-MEM
B & 0.75 pL lipo 2000 20 uL opti-MEM

B AEMBESHEEESESHE Smin. 185 A. BE, BlHREWRST
BA G EiREFE 15 min, PAERAAIIAN 24 FLRIN -
3) £53% 16 h Ja W g2t 47 ja 42520 .

2.5.8 AL MIEEmmAESR (BL 24 FLBCRHD

1) WZRMEEFRA, AN 100 uL Trypsin, 2% 4-5 1 5 RGN 2.

2) A 200-400 pL PBS WUHT 2315 77 S R A0 58 2 i v, W 4 &3
NEZEARAR PRA W

3) 4CHBEERAT, ERERTIRZE LiEZ) 200 pl, K4 A 78 20 W 3T 55 B 156 F iR
A GH AT A

2.5.9 TBE-PAGE HJi%
1) #4 TBE-PAGE & (8%, 15mL)

oy 28
30% AL F SO I ik e (29:1) 4 mL
10X TBE 2 1.5 mL
ddH20 %555 15 mL
BEE, BRI
10% APS 75 uL
TEMED 7.5 uL

2) #FL EFEZ) 100 ng, 160 V i 37 min.

11



3) FHBZHUHBAE~50 mL FRKH, B 5 uL 10000 X GelRed £ ALEL, #
H 3-5min, TR RERE.

12
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3.1 REF 5

Z i poly(A)4i&HEH (PABP) M4REUAIE, Lt 7 16 Pl A [FH%
B G 1 poly(A)E, FH1HFH 100 nt poly(A)F1 BioNTech 2 & T & ] AsoLA7 &
EROWE NP PERT R (B 1)

G

¥
(A10G)eAro | IENTNEN NN N D S S S — — —
(A12G)rAs I B D DN D B
(A15G)sAzs I I N

(A2G)ePao [ ————
(A20G)oAxGA%, I S
A20GAsGAs)
Az0GALCAL
(AzsG)sas - |
(AsG):Ag0
AscGAro
AccGhg
(AucG)Aso
AsoCAso —
A10oG
ArosGA m
A0, GAG 1
Ao
AsalArs LINKER

10 bp

B 1. 7E 100 nt B poly(A)BFEAFAMEHENLSHR G

BEORE A, BEARE G, An F/RiZE poly(A)H: n MR, 4H/8E BioNTech 2w T
10 bp JEHEFE S (GCATATGACT); 2% FE: %o HE 5 271 4k v e b HY
3.2 FRRe B A I
3.2.1 fEMALhR BURLES & AR 06 SR T v

i ik R B R, SRR, PR TE . FR . Al
KL BEY)E poly(A) B BUARMAIEZ & & & K AEEAR T (B 2A) kit
FEAPURL A ZOR B IR S, PREEECE, O Sie i B AT 1 B
o, DL R E 45 FO % TURL E H FR AT A I

{4k Ja B S2 g0 AR AP IRAAR , 458 0 PR B B U SE R TR R R TR
(>100) & T HENF—RREE D AT T EHRR TR

TEHL
X 100%
SR

EEOSPIEE: ik

13



(R — o FRE) R IR IE — FRE — R BRE) R B IR
(LR — R ERE) A 2t AR
o eI % 4% IR B (R P B R 1 T 2L T

X 100%

3.2.2 18 XML

N T ARG B ) poly(A) E BEIE T mRNA 5411 TolkAb 4 7=, ik T DHSa
AT IM109 3X AR b b FH B ok A = WA E 9 e AR itk . BATTH recA 5
endA FERISI R, AT BE e KRR FE b CRAIE R AE A 7= it R e D).
Hr,  MBCDHSa, IM109 84k 5 BA EARH EH R IF b 5 T HE L DNA
g@ﬁ%[lé],[lﬂo

#EXF DH50 AT IM109 #4674 100 nt poly(A)KIFURLE, 37 B AP _E 3k
75, 10, 15 AETEAFRNE (K 2B-C). KJEHEHFEEEFEINEN T =
MBS b Tbe [, =455 P K B A0 2RI R BRI W, B 5 ULET
TR 3 P B 2 AR D) (B 20), X5 BAMBIE T 2K B E 4 it
S RTAT M AR DHS 0 ~65% 1 4K B B4 2R, IM109 ¥ 7K FE B 41 R AR (~55%),
MR B B2 o 20 S TR (] 2B). S RIEHE 7RI AR A1
IM109 1E N J5 SR E 11 S8 (1 TR ko

A

QO

204 PRE/EIR RERRIGIE
801
D-5 D-10 D-15 J-5 J-10 J-15 = Marker /bp & n=10 n=15 B
asoed 250 o1 Comm
Full-length< s s :- — — — ‘ 200 5 “ ne5
Recombined{ ; _ = K
£
§ 20-
&
s 100 0-

B 2. Ao 7E IM109 H I EHZ{KT DH5a
A. ki E RIS, B T AR 5 b Bk R E i P e A R AR A A R,
fRT AR BT 90 7 5 0 TR 38 e P v 4 4% ARG 4 B 2 B B, R AR FE AR T 52K
FEEHAZ; B. D% DHSa, JGE IM109, FpRRILPEU LA HEE —FREE, A MFK
N DNA $Rn 2k 5 HA K, 1-6 kil Lo AR EA LN, FIrASEMAK; C. 1)
W5 B BR A EE T AT B B8 K B AR, WS B4 I R 5 45 AR

14



3.2.3 BALHRRRMREF 5] RS E A I

S BT Mk 39 SR ] B AT T AR AR 8 PR 3G, T R 2 R (& 3D,
M 3-5 POBSLSEEG BT 25 AT LA Y, 13 AMBE 7 513 R H 1 K R o 4 e e
RIS, M Ao 20 FFET 50% (B 3B HH1(A20G)2A30GA30~ (A30G)2A40
N AsoGAc = AMEEFFIRILH T 5 AsoLAq X HEAE AR R AR . Wit
BN Aroo FURLAK B BEH R 50%, HULATZ5 AR (& 2B), #t—HEH T
K 8 B 2H 2 S VA R T AT

SRES RN, B PRI R AT A, AR [ JFORL 1 2 2H % R S AR AE 2
7 (K 3A). ERHKE TR AN (A20G)2A30GA30+ (A30G)2A40 M As0GAeo
=AM RS, HEAKN R, F, SRRt s-15 ANEr HI L%
FsE EAH IO (B 2B) R, & Awo MR KEFEKEEFEGHIN T — &
HIK N A 20 2%, I L E 20k R AR Aok i L Rase MR 22, BRI AR 1)
KEERE, HEUFZ) 30-40 bp M HAHALFEAF 1L, X—KEE =ARNNLFFH
1512 7 51) poly(A) Fr BL FEARWI & o T IAIRG FP A FEBE 4621 10 bp. 12 bp. 15 bp
¥ B ZH R RO AR B R, AT RERR A E R AG 741 (X=10, 12, 15) JERL
TR AR R AR TR E A, AT RO SR F (A20G)aAz0 Hl
(A25G)3A2s 115326 7 1 1) E AL AR ARG BE o 6 Ah, BioNTech 2 @) & AT HHUE &
7N, KT 120 nt §) poly(A)FF 51, HA2E 30-50 Arfs st 20 o ARURD), RitiZ
A EHIERETE 30 A7 LB poly(A)ENESE T 41 o 1 A SEEG Hh = 2 R (1
A 45 RAHTT o
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A (A12G)7A6 (A20G)4A2 A20GA3,GAsg (A25G)3A25
fbp  Marker (AoG)oA1o (A15G)sA25 (A20G)2A30GAs0 Az0GALGAL Atoo
300  S—
250 Nt S— 2 T
200 Nt Nt it . et ) ) i et

100 N

/bp  Marker (A3G),Az As0GA70 AspCA7 (AsG)2A2 AwGAse AsogCAsy  AsolAzg Aioo
300 St 2
250 St

200 ‘S — N\ R T L R Ry - g it o

100 St
B __ 60+
Q
2 I
©
© 40
c
2
: I
S 20 :[ I
Logl gt
g T E3
N 2o .-f: S “Q ) o @ .\Q ’19 @Q (OQ /\Q QQ
FFFIFFFYyITFFFFTF P
P EE T LYY
NS\ SN A R N I & \g

B 3. BALER G REBREFhifa etk
A, XTI 7 B 34T A RORR e PRSI B A9 i — ok L R i T, L A2 WK IE D DNA
R 5 HA R E, A5 005 3k T8 B P HIAEPKIE BT kR s BT AvooGs
A100GA, A10GAG FEFIEH 100 bp poly(A), WNENTELHERS A H%; B. HE
3-5 HMST SEIRAS B FI BT FE TS K AR, RZELZ N SEM {H
3.3 IVT mRNA IR IS
3.3.1 ThEbEREH

AT BENE ST T AN R poly(A)FF1 ) IVT mRNA ZhEEHEATIMK, PL EGFP
SRR AE N DhRE L . SEE6 == A i) EGFP B A5 2% ) 5 i i Al
MK R S . N T RENE T M R R A R A2 I A, A S MRS T
WS 1 EGFP 78 H, B R Gam i A 85 AE N e S22 I i 5 A .

PR AN 57 3 AliA k22 B I8 2 5 1K) EGFP %1 DC50-62 1] mRNA, #5444 iy
FETUOLEMEBE TWE., f£— RINABFHIF, DC54 Fil DC56 FRILH T A
B4 EGFP HARMI R GERE, Hrh DC54 [IERIE AET (B 4A). M40
ARSLEGEE BRI DC54 [5G PAR TR AR (| 4B). FbFRIEFE T DC54
YE NN REFE R HEAT J5 21 5256

16



wtEGFP

o
o'
?@

& 4. DC54 HB AR EGFP £iEKF&EH
A. Bf/ER EGFP (WtEGFP) H#% 1% J5 ¥ 5% EGFP (DC50-52) ] IVT mRNA 7E%
AT TAEELE R IVT mRNA £ ARCA JnfE, 100 nt poly(A)RE, 4k 293T 4ifi)5
12 h MELHE R, B. DC54 3500 1M AU RN ET 4= Y EGFP M7 s AR SZEb 45 5, Ity
FHXT P GERIE, F S5 16 h &

3.3.2 BASHBRIMREIEFF] IVT mRNA REKFPRR

T4 A EGFP S PO sRE S R vE, MEAS#FH . 6k
ST B fs 5 R (R s s oF [FI R BGFP R AR L AT B AR S w4, it —
BB FHLM A IVT mRNA & &5 WAy LSS &3 — K 2] EGFP (1)
FENG R BERAEWT I LEBOH B B % O T RUEZH (8] IVT mRNA &5 & AR — 3,
WILTEE 7R s i 16 h CREEZREHE) X 40 P 5 't s B2 3E 47 Il =

W153% poly(A)/FF1iE I PCR &EH:3] DC54-EGFP B 577, Sl ki
A 293T 2R 4, 7E5G R R T WS 8 IR QA0 i A & 6 s
DS Bl 50 326 7 51 0T L FF) mRINA FE 20 it H R 1 K1 o 2E 420 16 Sk Mk J3 41

0 RIS AsoLAqo X FEAHIT B R i, Horh AsoGAso FFRIA /K HE 4
BT Asoo XTHE (& 5. 60 FEULHTRIL 7 1) =26 17 51 (A20G)2A30GA 30«
(A30G)2A40 Al AsgGAgo MIFRIZTEL S AsoLAq XFHRIEA 3, HrF(A30G)A0 il
AwGAg BIEEM Ao HFLREFEZER (t1k, P>0.05).

FE=ZANRIUE S IITFHIF, (A30G)2As0 & KI5 8B (Y s P s
B, (A30G)2A40 S ZHHA 5 AsoL Ago Xof HEAZEIE AR EE 4125 (18] 3) o #HK AuoG Ao,
(A30G)Az THEN G MEERIE T, & F BUATE i H A BUK T 30-50 bp 4P TiiAH
BL(A20G)2A30GA30, HEIEEE Ao AT, X IVT mRNA 1E% D HE #5E i B
o BRARLEA T R T RLRREERT IVT mRNA fIFRIERER, Wik 7R m
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(A30G)2A40 BEAT J5 £E5L56 .

A1 00

(A10G)9A10

(A20G)sAz0

AzoGA4OGA4Q l(AZOG)2A3DGA30 N

(A40G)2A2

A,GAG

B 5. KL BB MBS RIE 7 F KR
7£ DC54-EGFP E# R IN&AFIE R, #14 IVT mRNA, {#H ARCA g, #3445 18 h &
e FALER O S EE B AR T FTH P poly(A) B4, 4 T AN 50 pum Fr/

'S
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1
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1
1
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1
1
|
1

T
@ 0 & P

‘\*' & N
& TR
Nal\a\ S\ o

] 6. 10/16 MEEFIEF 5 AznLAz X BETBERPIRABE
BRI R PFH IR B S ke e 41, AR 2Ot smEE ;. 518 5 AT H
— LB IVT mRNA, #4945 16 h WAR4EM, @7 RN € 7t Eh &4
SRR s bR, T HETIR g 4 2T SEER G IR L ) AME, R ZELCN SD fH; MR
R AsoLAz X HRDE R P ME, NN PFIEBEES S T ELrEE Py EG S
AszoL Ao B2l B = R IARUE

3.3.3 (A30G)2A40 PERY (R I RIE B 52
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M 332 HBARIR T, 7E EGFP & A MBI B8R — BN AT T, S
RAR D R B T HL P9 TVT mRNA FI%CE . AN IVT mRNA FI#1 46 & — 5,
FOH P 2 B e A mRNA B R g o H i mld o BH M 4 i LE A1) s
W, JEEARILT 1% mRNA BIZhREIEM . Bk, ATl g AR — ] gk 17
JEBR BT IVT mRNA PR e 28 F1 [ ik 2

TR B e T HAT (A30G)2A40 F1 AsoL A7 JEF 1) DC54-EGFP J5 1 0.5-96 h /3
T EURE , 385 vt 2 M A I B A 2 Y R S B %% L e PR PR A BT o 0 B
FESIFTA] 5, (A30G)2A40 AT AzoL Ao Xof HE 11872 5 it 2 A SH A4 401 L B 451 1) AR — B

(B 7. Z5E EXCE R, (A30G)2A0 TS HERIIB AN IVT mRNA FikE
RS 3 hOPRTES AR

B eI (A ZE K, 1 h JERE% EGFP [I35A SR, AMMITa6 Kk e,
bSO B D T, 1R 24 h LB T, R8N, SiEaRiA
ROCIIBHE MM LE BT LUE B, 581 1-4 h (56 om S b T 32 0 H 40 Ak i 2
i IVT mRNA FFHUEFRIB DN, BB Bt B A BH P 200 it LU 9] 5 5 A R 24
WK, i 8-24 h FORERSE FF BRI T EGFP RIARIA B K ARIEM
EGFP iZ#i A 8, BH L0 M L7 756 38 2 AR T2 e BE KR fE - J5 3 24-96 h
SOCIRETTUATS, EERET IVT mRNA B4R, 41004 9 1) EGFP
W, MURETAE ) EGFP 12 M4 B il 5% 25 ThRR TC 2 RO, TR bk B R BH 44 24 it
IS A 98/, (R sk DA RAE, #4IT 0.5 h B A

o
=]

(AggGlaAsp

? gao AzplAzg

© 2000- F

S ¢4°

8 §20

S 1500+ .

o 024 8 2‘4 4‘3 9%

8 Time (h)

S 1000+

=

L

@ 500+

©

g 0 LI L T L 1
024 8 24 48 96

Time (h)

B 7. (A30G)2A40 BEARIXT IVT mRNA FIRENE 5L
AT B A (A30G)A0 BB HT DC54-EGFP 1A 7M% 5% mRNA, FEZRARER AsoLA7o XTI,
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VR Sl A L e R I TR], ORI ARG 8 6o g s 1] P il RV R A G e SR INF ], DA ke e
IRE 2 B A5 s BB 45 0.5, 1, 2, 4, 8, 24, 48, 96 h 7 I 4 Y, 2 J5HE47 i =40 i A I 52
Hean ;B L& o= Ao s BE i ME, iR ZE AR SD; R IVT mRNA

5K 5. 6 JylE—Hbii] &
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.+

4.1 FRfaEAEERH KBS RE

SO0 RS T A RS R AR A T AR 36 7 V2, SRR AR PR N AR Y AR
HAR, X IPERREA T LRI, HRINWEAAEARL:

e B TR 25T K P AR B A SR B 0 ok ST Sz 6 20 1) ) — SRR () 2K
HARGR TR IBRZER, SR TRERRESL (E3B).

HoRRE AR SR — A &I ZE e REMEH TR
) SR AR ot g B 2, RS2 R T IIT BRI B R/, AT Ao XF R AR, £ H
TR, SHEIEAK T ESIHG (B 3A) . S TAURAE D HHAE F K 1
HAH, A A KR E A SR e LA TR AT RE

H =R BTN I A . H AT i seie b, T80k fil i 7 el g
I IR SAR A %

SR Y — AMEAF T R ASLE T (A10G)oA 1o A B2 25 5 UG 4% v T HoAth Aok
P (B 3A), RELSFIDM(ALG) A TEKE FAHZE 2 bp. XA HEZK N
FEARPERAREE T DNA B g 4EM, TMi(A10G)oA0 T Z5HTENRARL, 1A
TR, SFEHTHEETL,

ST A RS R AR S8 T s 75 v 5 B AR ket T = AN R IR S i e 1 51,
{EX)F fe vk 2 F T /5 48 mRNA 300 & 1(A30G)2A40 poly(A)E, i E X FH
R o8 PEAT SRS A 1) SRS A o V1R — B BOkd I 5 T R R S R 2 R,
I8 I 3RAT D B E A SR R

4.2 IVT mRNA FiEAKPREEHER KB EGRE
SRR AN —Fh T e B I RAA KT AT TR, HAS IR AT RE R — 2 MESA
Mo PRI —FBOB E#H IVT mRNA A h RS8R A LLIGE H AR S25645 58 .
ST 38 1 2k B I A] A AR AL 6 TVT mRNA (B B8 52 AHEAT T 58 PE TR,
(R R R B2 T 7 OEASHER, FITf5 405 B Al e A7 6 o ph P it o R S se it
¥ BT qPCR K E B 7T (A30G)2A40 JEXT IVT mRNA 2 ZE 520
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4.3 IVT mRNA FiEAKFREZHS poly(A)S5 & EEIREUER

Poly(A)45 &2 H (PABP) :H 4 /> RNA RA12EF (RRM), HHFEIE N
Uit RRM 1 AT RRM 2 5 mRNA K456 5 95 % B IR R v 5 5 9, RRM 4
N2 PABP 55 FUAth 25 (1 AH TLAE FH 00 32 B4 08, AT A SO I, TE B IR R
fif poly(A)EFEH, PABP fIVUA> RRM f2i%5 I mRNA R, 49 RRM
gh&~8 nt [ poly(A)!'. [FIE, 7RIS, 5 SIEE A elF4F E 61k
R LAY PABP A0 ELAE FH Y B R 254, 3% — 2584 AT DA SR B AT 20 TR 42 B
R AR R 1,

SIS SR R AIRS 10 nt 3L 12 nt BA G 2 FEIVT mRNA B3R B,
MRS 15 nt BI(A15G)sAxs MIVKE T 5 AsoL Az X HEALE IFRIZKTF (K 6). H
IEHEWT, 15 nt AERS 1L PABP ) RRM 1 A1 RRM 2 [AI 5 poly(A) EAE, MI{RIE
PABP 5 mRNA W& 4G IR IER IR, X5 ORI i ds AR, i
12 nt [ poly(A)A 2 LLORIE PABP HIfaE 45 & 5IRe K45 . AR, ZLil PABP
1) 4 4~ RRM #B5 poly(A)&E 4, TE~30nt A, XE5EH AT 30 nt poly(A) A
B A 38 17 91 RE S I HE S F B IR R I B G2 — 300 (B 6D TTTE Auoo JE NN
G/GA/GAG ) =25 1% P IR I T AH IR IR KT, S50 S5 DR vl A 2
MTFRER G 5 T poly(A)FE. PABP 5 elF4F HAKIIAH AR, Mifi S5
BRI s B 2P 9 W] BEOE 1 ot b S e BBk RNA R 22 1, i NOD2!Y)
5 TLR7P, 51 S [ N EL T IVT mRNA F R AR 10 1)

Bb4h, BN PABP [N 5 elF4F & 1AR eRF3 B AM BN, i
T HE RS CCR4-NOT A4 HAEH BIAL AR, LAl 3 13X #73 poly(A)
J7 5 G0 52 AR R 1 B AR, AT mRNA SRFEE — B 1) poly(A) R RFSE
PR R b, SRV SRR BT F AR 7 RN T G, £E PABP Rl 5 5 Tl 9 poly(A)
R A HRBILT, (A30G)2Ak EIEZEIAA (- 7).

4.4 B4

ARLIRLE poly(A)TFF1 i [B] B 1 45 N\ e & 5 R G, i e 16 Phiigit e
H B FURLES E PR AT IVT mRNA Bk, ikt 17 R (A30G)2A40 B . 1%
FI A S FUORAR 8 AT S AsoLAgo X 8 — 3501 IVT mRNA FHIERCE A3, e
B T J5 820 mRNA 29001 &%, 3 mRNA 299010 KB Tl Ak AE 7= 613 A4
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