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Abstract: The successful development and application of mRNA COVID-19 vaccine fully illustrated the great
potential and application prospect of mRNA technology in the field of biomedicine. Currently, many companies
worldwide are developing drugs and vaccines based on mRNA technology for the prevention and treatment of
various diseases. It can be foreseen that with the continuous launch of mRNA drugs, commercial GMP production
capacity matching them is also urgent. The optimization of production processes, intelligent manufacturing and
other risk control strategies, as well as the control of industrialization costs, will help improve the core
competitiveness of mRNA innovative drug development. In view of this, this article will provide an overview of
the global production process of mRNA drugs and the progress of related GMP production dynamics, sort out the
key chain points of the mRNA industry chain, explore the construction of the mRNA pharmaceutical enterprise
value chain and the formation of core competitiveness, and provide reference and reference for the research and
development of innovative mRNA drugs and high-quality development in China.
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LT, (22F T mRNA B K — 2 K A1 .

mRNA 251 7] 732 3 38, TRy R0 i a7 PR v
AGIT 2 (protein-encodingtherapies)’s. mRNA
ARAF 2t T B O AL, {H mRNA BORAEHE |
A LUEE [r) Fr A A9 AH OC 1 2 1, 6 NS EBEIT f B L
A K= Y™ BioNTech.Moderna 25 4> 3R 1 245 F S F
[ Ak 2 25 A SEAH AT R, JCH 2 mRNA & %506
7, A mRNA P HT SRR R . AT LU, B
mRNA 5 AN b1, 5 2 VLRSS Rk AL GMP A= 7
AE 77, 7838 7E JE BE; B & mRNA b A WK &,
mRNA £l ) 75 32 51 25 R &, BLAT 36 Al 4
i1 FE mRNA G157 25 9 K AP b AR 58 4 A (A% 0 58
F 7.

ST, RSO MR 4B mRNA 23 1 A= T2
AIAH % GMP A 7= s 25 iy sk e, JCHO A 7 T2k
L e ) 3 A KRS 4% SRS 5 A B mRINA 7 M 4 7Y
SRARHE A, DABIAA P kAL A 28 1) (1 95 B R mRNA
2 A 8 B 1) A A 0 38 S 0 BT B, IR0 S T
mRNA LR BIE GMitir Ba 5 R %, R E
mRNA G137 25 W0 A S i 5B R R A e M 2%
1 mRNAZAYH GMPEE=TZEN

mRNA Z5W) 1) 25 221 52, 5 2 56 B H AR iR ik 4%
A DNA BT e SASARTTRE FE) A4 2 M1 1) 2% b1
JIE Rl ST AR 58, 75 2 56 S mRINA JEUB0A i) 77 A= 7 11
Z M RY. mRNA 2593kt Bl 5, A A
mRNA JF A 75 W5 R, A== T (B 1) B 46 i
$i DNA (plasmid DNA, pDNA) A5 [ 1] % . 2k AL 5
Ji DNA (linearized plasmid DNA, IpDNA) HJ il & «
mRNA J5 % il £ (5KFK mRNA % %) f1 mRNA )£
B AR GRS 4N T EOD IR,

1.1 pDNAERHIHIZ

A A mRNA 15 5 ) & K& FOR AR . 14 S
3% (in vitro transcription, IVT) & il mRNA FT 5 FH [
JIUREASEAR, A8 F T K A B ) A T7 J3 31 10

A B

JFRL, A9 mRNA 751 (84N 5k A8 2 58 )l s, BA
Bl ¥ PE (cell bank) HIJE X IRAF. 77 25 i mRNA I,
S HH b1 PR AT JBORE AR ) 4% o Bk ABEAR AT AR FH 5
K DNA 15 8 PCR 4 3 7 Fh 7 2%, (H R F K AT B8
RIERY 1 7R DNA B3E A T B b 4= 77, B A
7. UKL DNA Y34 B M B 5T 46, F 2 T A:
RIFRE IR TORLIZ L S0 73 2E f A7

PDNA A= 7™ T2 AH X Jl ok, 40 B S B FR A o
MR AT B H 3 B 21 1 BURL, DNA A 2 FAETE TE
X B ARUiE ki DNAL JT 35 DNA. 28 14 DNA Al 5 fi
DNA REMREE, B b5 =YL 7 12 JE iR DNA, 1E4
NP LML R DNA R, F 5 TR > 90%. 4%
1M, BB A Ath DNA 28 A 355 AL R, 2R &
4l B 1) R e S5 RE DNA R A Bk ik, R Al A2 O g
FIHE R ERAE
1.2 1pDNA B9%1%&

Jii KL DNA A5 F B 1l 14 9 VT8 (Bsa 1) 2E47 B DI |
73 IpDNA Bi#R . IpDNA 2B 77 3 2 T N filg V) 28 14
b AL AN S> Btk AE . 5 pDNA [4li4k 2548, IpDNA 1]
Al 2 R
1.3 mRNA JF&H$I % (SR mRNA & i)

mRNA & Ol I IVT £ AR 52, 4 IpDNA ¥ 53 4
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BRAT

IVT & i mRNA I F& H, Il on e 2 SC A0 3R
HRYE I 7 AR, IVT A PR 7 2 D RE R — 30
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W8 B 12 5 R AT INME, H R (0 e B A 2 J5 0 T e
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mRNA. {EMAEEN R, — IR InEr) E 007
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40%, 7417 Cap0 &5 #4; 55 02 ARCA 7%, INiE%
KAE 50%~80%, 7= ¥ N Cap0 45 #); 55 = 1Q /& Clean
Cap FA, BEARINIEZCRAH H ARCA B =, 7 95%, 7™
Y&k 8 Capl s

IVT & B mRNA, % i 2 5 £ X HE: T7
RNA % &8 (T7 RNA polymerase) #& IVT % H [ )5 5
T, B J5 3 mRNA ¥ 5% ; £ 2 B (pyrophosphatase)
S B BR IVT o 2 v = A ) £ R, 35 Bh IVT s 0t
AT, IR 38 S AR IR NT TV'T Y 470 T 52 5 It AR 0 A% TR
B I (deoxyribonuclease I, DNase I) i T IVT 52 il )5, 4
fift S S B DNA . TVT B, 38 75 I0 N RNA B0 1) 77
(RNase inhibitor), &% & il ') mRNA #% RNase F#f# .

mRNA 4046 A P Fl 5 3% 422 5 F A ali4h i .
SR H RTAE SR P 7 DR FE A AN B B, (RS
GMP ZERAIE H T Tk AL UL A2 7=, B mRNA 7~
N FIAS T K R, R B A s 2208 20 B 316 B X (A
1.4 mRNARGI/EYGER

mRNA [ 6 355 /25 252 mRNA il 751 A2 7= v e 6
BT o

H AT, H T mRNA # 2% 1 3 2804 07 48 75 A
10 Ff: Jig )53 0 K J50kL (lipid nanoparticle, LNP). BH 2§ T
Jig Jii #& (cationic liposome)- 12 i [ B A3 IR 499 2K 5k
(modified dendrimeric nanoparticles). FH & T & & ¥
(cationic polymer). FH 2 F 5 &I lIg 4 (cationic polymer
liposome)- 5 & ¥ 5 i 18 & 49 K BUKL (polymer-lipid
hybrid nanoparticles, PLHNs) 8(FR A i 54470  FH 2+
49K FL7 (cationic nanoemulsion)- 3£ T FF5 & H A #%
5o UKL (protamine-based core-shell paticle) % A 4 Ik
W (polymeric micelle) FH B T 2 ¥% Wil A (cationic
polysaccharide particle)'. T LNP 2 % 8 52 E 1
FRAGME BT R AR 2 Ak, H A Mk 57 ik R H LNP A
79 mRNA Zj ) GMP i b Ak AR 72 (1) 1 60 35 5 32 i
pot Sl

LNP [¥) ] 85 77 1547 S B K A v B 3 3 B TR
BB AR T . T KA GBS BT
VR $5) J5 9 A5 1) 49 1) M KBRS A7 B R AR 43 A7 38 B
b 18] 22 7 REE AN R, IR 45 5 R 1) kL M A S CAE
2 P g AR R g R B IER, Tl _ERE AL AE 2R
A, A AR R IR G E A b U R &
o MR IRA VAR A NS K PNI (Precision
NanoSystems) FH [E (1735 22 44, s SRR A58
fRF Al Ay 48 [ 35 /R KNAUER.  Hi-F LNP [ il % 4
HJET ER R, WM S HCER B R, /£ mRNA
e S Ve A AR A, J8 TR LA, Moderna 5
PNI.BioNTech 55 KNAUER R HU | Hf b 4 4 5 J7 2.

35 22 o S [ 7 A4 R R ) mRNA 245 42 4t T 5 £ 1
.

A TP A =0, K IR TV e CRE
mRNA SR BEEK , H143 A HLAERIZKAR, 28 )5 R A
LNP % #3476 o LNP 52445 5 A V8 008 o 4 ) v
B LR, il 75 90 K UKL 2% 1) mRNA-LNP £ 22 ks, 48
JE AV AU I8, B Ot bR 2 O, BT
o A I RN G B S AR AR R
2 Z2IKEZEmRNAGRHN GMPE RSN mE L
2.1 £IKE LT mRNA =&

Pfizer fl BioNTech ¢t & JF & 1 BNT162b2
(Comirnaty®), 2020 4= 12 H 11 H 7£ 3£ [H 3k 1§ EUA,
2021 4 8 H 31 H 17 3 [ 3515 2E P ] & ¥F 0] 4k B 18
(BLA), /&2 8K E —~ 17 1 mRNA e 2 1 .

Moderna ) mRNA-1273 (Spikevax®), 2020 5 12 H
18 H 7E 2 [H 3% 73 EUA, 2022 4E 2 H 1 H 16 3 [H 3k 15
BLA, #&4ERE A E 17 1 mRNA e 2 1 -

F I SYS6006 #7 i mRNA # 1, - 2023 4F
3 H 22 HEH ESRAL EUA, NE N H K.

TP S AR AR A W S [F R B mRNA B e
i AWcorna, 12022429 H 29 H, #% &% Je 8 I [H 5K

i 29 R R A% T BUA, & BRI ARG I 28—
MEUA.

i ) mRNA B E % 1, T 20224212 H 8 H, ##
R T EUA, J&H BTSN RT3 2 — /N EUA.

2.2 FEFIESINT TG R R A mRNA E &+ 77 i
EHAE

W, 245 5 BE T, AR R 3 Hh ZiUE i GMP
ARG ALY, [FRS, mRNA 24 5 (0 GMP £ 772 4%
TER, g4 AT . H & 2 18 0 1
95 VT PR AR 7 A TR A 22 e v LK AR 7SI A VA
Nl FEE AR 2 )T I o i AR P Al . TR AE )
) it 2B P A b A B 2 AR PR VR RTIE, BR A B 9% W AR
AL TF I S5 AF A, 3 R A B S AT I R
I REUR . FFANE SR B &R WA=/, —
QT RV N7 N | V4 B ot Sl N 5 B e e Sl £y N i R
MR 0 B R T8 F mRNA B2 8 (20357 76t mRNA 7%
W) FA N, B2 E i GMP A= P2 2k, B & AR P Ak 6
AT HIRE 77 AH R A2 T H mRNA i, WA 2
BERR S, v DAZFTAE P o i [ A0 24 5 W WA TE 25
PR, B2 TR . A SR, B E A E SR
mRNA Zj 4>, 7E 47 J7 7l /7 F mRNA %% B ] GMP £ 7
FEHLI, SREUT e AR F S . E 4 mRNA 24 4>
TEIE$E B @A~ 26 5 HAh 25 B AE B THEAE =1,
BB 22 25 FE 1) A A B 1 R 77 R ) mRNA 24 4
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EEH R EE .

T BJs A% 499 I mRNA £ 1 ) pDNA 2 75 e &4
A, o — N AEREAEA RIER . mRNA [ IVT
J& UL pDNA AR, 2816 V) 24 1 75 3] IpDNA, 2R J5
IPDNA 7E i 1) fH A6 A T T 5 5% 42 B mRNA. - W 45
B4 (questions and answers on the principles of GMP for
the manufacturing of starting materials of biological
origin used to transfer genetic material for the
manufacturing of ATMPs)!" 38 pDNA 15 4y it o 4 k) ik
TIHE, RS ERICEL S F A A2 (contract
manufacture organization, CMO) £ # pDNA™, {H
P Crpr e N R A [ o2 i 7 B ) A Ol R 7 R s B T
B P e E R R $R 2 R (304T)), Hh [ H5 pDNA 5
B SR TR AR R AR, Al B Y | R
pDNA, S & 1 THE L b B e 3 DLGVE!

23 £IkFEE mRNAHGTH GMP & = Eith

TEBT el i 4, [ 4 3 2 mRNA 25 Ji i 544 47
RE T A b A AR B AR A ™, SRR 17 dh 7 BE,
(A IS J B30 A 7 i ;i o B 32 2 mRNA 24547
T H R E 3 17 GMP A2 = B i ik . 5 W e
39, o T ek 2 I TR SRR R %, mRINA A 7 5 3 1
3R B PUE 5™ BE AR B mRNA 24 40 [ £ 15 8
FRIE R o AE 7 b 2 AN 152 TS AP ) e it
(1) mRNA 24 4t ] DLIE R4 77

B 2023 4 4 J1, 43K T mRNA 25 4 1) GMP
AP LR AN
2.3.1 Pfizer-BioNTech

Pfizer-BioNTech Hk & JT A& f) BNT162b2, & A
Pfizer (¥ L) 427, Pfizer 7 4 3K Hl A £ 4 GMP L.
J AL T mRNA P21,
2.3.1.1  Pfizer 3¢ [H% 5 HIHYIHTRFAE/REE LT
Tt 4 BRI pDNA.,

EESFEEEMZ 29 T 7157 IpDNA F& Ak
mRNA. A= Ff mRNA, 25 10 88/4t. F48m]
4916 L mRNA JF, w247 750 000 7715 1

2 [E 2 BOR M 42 D #H ) 47 58 mRNA f LNP
fL 3 HERE AT A2, 15 BNT162b2 fin, 2 F Kifi
e KI5y BB P2 BNTI6202 JE 1 1 1)~ 2 —, £/~ R
1 3 1AL HR/6 A7)

EE A 5 7R 37 T2) 7 Poizer 78 G B F A2 7 26 H A
ST, ST BNT162b2 (43 2477

WEREDETI L) 15T BNT162b2 1553
2 SY R

BT yE Kk 4 T Pfizer ZE T N B — K
mRNA 2 b 4277 1), 55T BNT162b2 [ 73 B 427

BeAbh, A 2 [ F 8% 5 T B R B4 T
] BARKBS T, N Plizer $ A G 8 5 A K o
2.3.1.2  Pfizer-BioNTech % [& 5% [X 7% + # #5 /K L
J": Pfizer fil BioNTech It 5 & 37, BEAE P mRNA Ji ¥ Al
433 BNT162b.
2.3.1.3 BioNTech BioNTech AL IT & T — Flt
T 44 N “BioNTainer” (ZEH4E2EH) R HL mRNA
A2 2, EHTEC D7 R R P A AR B 4H R, L R 800 m®
), ¥t 4E P2 BE AT A 5 000 A . AR AN E N
BioNTainers [t I.) S 75 /5 HEIEZEMA 8 L. Bb4h, 16
THRITE ZE N hn R RS A 2 15 BioNTainers 1) 7,
2.3.2 Moderna
2321 BEI EHE G52 i1 1E Norwood
T EEAE RS, R T 1A, RE T8 R
pDNA S H A A T A= .

2 B 5 B ZE M 1 0% 2 9k b B R RE R
I PRAE di A2 72 ), #8098 1.1 4232500,

INEE RZ4H R /R KX L] : Moderna 5 & K
JFAEAETH , & Moderna i1 %I 75 3¢ [/ DL AME 2 1 5 —
AT, RN 1.8 443 T, Wit 77/ 1145 .
2322 5i&%%F LonzaZil 41E Moderna 5 Lonza
G AE, ff F Lonza 1) T.] 4 /" mRNA-1273 F1 H fth
e

Lonza 3¢ [B Py #IA N %7 )¢ 61 5% 5 ki DNA
e,

Lonza ¥ = FL3EMN FERE 7 L) : 5 Moderna 35 [
AR T 2R, BE 5 R pDNA SR ) HAth B g L
A7

Lonza 3& [E MK 1) : 5 Lonza i £ FLSE M JE
Jr e 17 TR, RE 5E R pDNA Ah ) oAtk B A LR
A=, HF= B R A 1/3,

2323 Ht&E1E Moderna ik 553 H #1245 /4 7 FEi
&% Catalent. P JE 7 ffil] 24 2 7] &' 4 Rovi Fig #L 11 25 22
) ¥ ;B FE Recipharm . i [ 1 24 24 7] = & =) Samsung
Biologics ¥ K SV BUR A4k 22 F) 0 BUR & 1, 48
FL5E i mRNA-1273 Bl 7 43 %¢ . Catalent I 4/ R ik
2| 1127, Rovi I 4F 7= RE 1L 21 6 1271, Samsung Biolo-
gics LV ANZ) 1.74 Jife 5670 (L6 151035 70).

233 AHEH

£ 251 SYS6006 ¥ 2 7 B A AR BTt AR R
B AP mRNA 477 5, B4 % mik 104478, fig
% S mRNA M JF I (35 pDNA) 2 i 71 1) 4 5 %%
A=, FERE 1S4, Ferb R e B T 1042550
234 UHEEM&KHRED

KRR mRNA A2 T fE A RN &
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B X s L, AL T, AR RE EAZ

A mRNA A 7= T 6 F 9 Tl X, 4 7=
AEJ9 4 000 /377 (B 7RG, OIS T FH A= 1 il
A PRV AT
235 Hifg&E

Wit i) mRNA A2 7= T 43 ) 78 7k VT B el X
FIZE B X AR 7 £ =, 33 50 000 m?, Sy o8
M) 4 B 25 mRNA A= 77 28, AT SZ 8 20 12570 )5 W B
LSRR T RE

W g A 5 O 3 mRNA 4277 T @, R4
FRE2 000 3 7
23.6 EHfth

mRNA — F 3k 2 —[#] CureVac, 7F{# AR
#4428 GMP L IUAT I ZE 7 4208, F T CureVac H A
A AE T H I PR BT AT I K mRNA BE 5 1 4=
P 2N GMP IV L), AR 8 800 m?, ¥ it =
3000 /3752, g4k, CureVac it 5 Novartis & 1F, 11 %
1E Novartis f7 T B Hh A1) Kundl {42 7% T.) 4 77 mRNA
JEE VRURA 1) 751, A7 B ek 24272

HHE B mRNA M), £ mRNA 259 GMP 47~ |,
W HE 2 7000 a3 TR AR AR W 7E Bk Mg [ B i 9 3 4 V8 1
mRNA ¥ 7§ GMP A= 7= Z= [], 3 50 [0 A7 1 300 m®, fE
SCP 4 BE 2k AR 7R [ 24 R AR R {1 GMIP AR 7R Sk
T B8 e, (52 20 i, A E S TH AR HE 32 000 m?,
A PR RS 16 000 m?, BT A i 4F 72 BE 20 147715 Bk
AP T v A ) 1) AR P S b AT T RRES R RF [ B A A I,
LRI =g 142570, 1 TR BN, e B
F K T 10 000 m® ) GMP £ 7= e i A 76
WL T 2917 000 m> (472 s .
24 LIKEFEmRNA WAL EL%

mRNA 25 ) 5 ¥] 141 3& B E N VR 97 g, (E
COVID-19 % K Ji % mRNA NV AEF FHw . H
WHO & 1ii COVID-19 A Ff-#4) i [ s 56 33 1) 5% &k 3%
PAFEA G, % mRNA 1k & i85 R A 5 T 4R,
B P AIE R 1) 22 AR I 77 o (EL R 6
RNEF, BT mRNA MG AR . E s =Bk
o T AN, ot Moderna A J5 e 4 i), W R
IR BT R B UL R PR OE A R B S EL AN i 5 L EB
I E  FRL AL 20 B KR AT IR 2 0 B BN R
W 55 SRR 27 DL A1 B S e M0 (R 1)
3 mRNA 23§77l 5%
3.1 mRNA 23475 L SEAE & R Az

Pl B (industry chain) fi7 2E T 4 {8 8% (value
chain) M. [RIFEATAE T U0 (8 8 ME & IR0 (1t 1 AR
X3RS AR R, BT =

% (supply chain)”,

Table 1 Pipeline of major mRNA companies

mRNA

Pipeline
company
Moderna COVID-19  Flu COVID-19+Flu
RSV Older adults RSV Flu+RSV
EBV \7AY% COVID-19+Flu+RSV
HIV CMV HSV
Nipah HCoV Fibrosis treatment
Zika Tumors Solid tumors/lymphoma
PCV Solid tumors Systemic intracellular

therapy

BioNTech COVID-19 Flu COVID-19+Flu

HSV HIV Pulmonary tuberculosis
Malaria Tumors

CureVac  COVID-19 RSV Rabies Malaria
Flu Tumors

ABOGEN COVID-19  Tumors

StemrRNA COVID-19 Tumors PCV

R W FT, U A B 7 Mk B R N BE R R VA N F —
M,

PV B (AR AN —, AT U i A L R TG
AL SCIIX 3 A A FE M2 . mRINA 2547 1 7 b A
7)) T mRNA 771 % 20 K, mRNA 259 1) A4 77 &
mRNA P2\l 24 2 M A0 R, AR SR = AR
P (mRNA 3B AE =) 8 X mRNA 7= b4
M mRNA 254 4 7 BT 7 1 J5 4 BER I B B 4 mRNA
2y R 1 — R ANE F), ALFE mRNA 2454
AR T T ARSI FIRE AL o (5 R B O ME & AR
W —, EL X [ % 7 il F A2 7 3 I 77 5 A ) R 5%
PR A,

7 A R 7 R S [, (LI R R, 39 RA
mRNA 254 (42 77 % 0 o 7K % mRNA 259 4 77 (1)
N mRNA 244, K, mRNA 2 12 mRNA 7=k
BERIRZ 0o PRE A T3 IR 55 S5 4L B2 7 2 mRNA
2y AR R, R mRNA 2 A I 4 N
mRNA 24 2 H A R R, 49 %  mRNA Pk #E .
3.2 AmRNA Z51E A4%0H) mRNA 2549 7=l % 5K 52
e

FRUE mRNA S 37 2% 77, (B AE v 259 1) 48 53 4
B, A% 2 JU IR A R 2 A DG R R, 9 mRNA
ZYWIRIE R A AE PR AR AL T Rl . mRNA 299045 7 1 L
7 A B BB SC BE B B A I S A R
Y 8T 280 IR R EURE 3 S 44K ¥ 4% S5 RERS L LNP
AER RS RE.

mRNA 254 r= A i, JEAPRL o b B s, o
WA /FENE, T B AL T A I - SR S5 4 I
MORME) F B AS o ARAE T AR IR SO S, R A
Z11~3 %0, MRS i & (41.70%~55.90%), F
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W He W& /R (23.90%~31.70%). JEAH R, IF 72
B o BE g i ik B 46%, H k& T A (T7 RNA R &
W A= 952 e B L 2-O- H B EL R I L o R I L JC L A 1
P iE W RNA B3040 77 \DNA B) &5 b 29%, & 48 722 b 4%
R E 2 MRS {5 IE 5 7T 4R i, 32 8 Public
Citizen 24 M 5 () mRNA 259 JR A4 RL AR 1, DNA 5
B o EE 4%; 1872504 . T7 RNA R &8 TN B R
Mg 55 5 1k o B 74%; 1% H IR X AE % UTP & B 7%;
A LNP BT 5 BH 2 7 Fig o B [ 245 5 B 5% . mRNA
250 7 M i O R TR R M RE (3R 2) & FIFE M
(R 3)KIRAEE (R 4) 3FMBLM N

M 2~4 7] WL, mRNA 2E 77 i 75 JE A RE A% 4%
15w T ek 2 AR e A AR I R SR, B R R g R
EUR, B = i R gE 177 i Z2 BRI 45 /s, O AR R Sk
L= AR, )RR . WA IR A, RS R RHAE

Table 2 Key chain points of mRNA industry chain—raw material

VBORH G 1 e R R e S IR 7 AN, R T AR
s PRI IYI 22 i, (5 [ 7 AL 3 75 0 9™, A RE S B 4 i
R B A MR 22 A 75 7 4 JF (9 mRNA 7 Mk ) 7F 7T
el & CHBERE R0 I TR AL A T AR 5P
4 mRNAZEHNERZ 0TS DR

B MR e I ol 2 B AR I SE R - R T
1985 SFAECTE AN D s FE th, T — Fb 28 i 1) 7 BT 48
Y, By £ b R F A% 0 38 S 0 I ) S8 A LR Y
ANy ok REANE B BAR, Ak is & AR v T A
e B AR A (BB o Ak B BRI AT RA 2> 9 3 3K A TE
W TR B MBS (G AR IR Alk B
3R] LS B Al A A e SR UEE B, B Al 1B B
T BN AR, M B v B A Al ) 5 5 3 R o

AN TR B AP AR A AS [ 8 Aiolk B9, Aol pi 18 8 A
A, bz & RIE S AR o B2 2547 ML 3 32 347 i (14

Process Raw material

China's industry chain point/supplier ~Overseas industry chain point/supplier

Cut the pDNAs Bsal

In vitro transcription (IVT) T7 RNA polymerase
Pyrophosphatase
DNase I
RNase inhibitor

Modified nucleoside substrate

Cap analog

Vaccinia capping enzyme

Prepare the lipids Tonizable lipid

Other lipids

Hongene Biotech
Vazyme

HZYMES BIOTECH
YEASEN
Novoprotein
KACTUS

Monad

Yugong Biolabs, etc
Hongene Biotech
Vazyme

HZYMES BIOTECH
YEASEN
Novoprotein
KACTUS, etc
Hongene Biotech
SYNTHGENE
Glycogene

Vazyme

YEASEN
Novoprotein, etc
Hongene Biotech
Glycogene

HZYMES BIOTECH
SYNTHGENE
Vazyme

Novoprotein
KACTUS

YEASEN

HZYMES BIOTECH
Self developed

Thermo Fisher
Takara
NEB, etc

Thermo Fisher
NEB, etc

TriLink (Maravai), etc

TriLink (Maravai)

Thermo Fisher
NEB

(Canadian Arbutus/Genevant holds

Sinopeg patent protection)
Self developed
Nippon Fine Chemical
JenKem Merck
Sinopeg Nippon Fine Chemical
Well Avanti

Sigma
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Table 3 Key chain points of mRNA industry chain—equipment

and consumable

Table 4 Key chain points of mRNA industry chain—inspection

instruments

China's industry Overseas

Equipment and

. China's industry Overseas industry
Inspection

Process chain points/ industry chain Quality attribute . chain point/ chain point/
consumable . . . instrument . .
suppliers points/suppliers supplier supplier
Plasmid DNA Purification Tofflon SARTORIUS Sequence CE HOUZE BIO- Agilent
purification equipment TRUKING Cytiva confirmation TECH SCIEX
Tangential flow  Cobetter SARTORIUS mRNA integrity CE HOUZE BIO- Agilent
filtration (TFF) PALL TECH SCIEX
Cytiva mRNA purity HPLC Focused Agilent
Purification of Purification Tofflon SARTORIUS Photonics Inc. Waters
IpDNA equipment TRUKING Cytiva Thermo Fisher
TFF Cobetter SARTORIUS Shimadzu
PALL mRNA cap LC-MS Focused Agilent
Cytiva Photonics Inc. Waters
mRNA Purification Tofflon SARTORIUS Thermo Fisher
purification equipment TRUKING Cytiva mRNA encapsu- ELISA reader Molecular Devices
Fillers of NanoMicro Cytiva lation efficiency BioTek
purification Sepax Merck Thermo Fisher
SUNRESIN Thermo Fisher Tecan
BESTCHROM  TOSOH Agilent
HUIYAN Bio Bio-Rad
Assemble the Assemble Micro&Nano PNI RiboGreen Invitorgen
mRNA equipment AITESEN KNAUER (Thermo Fisher)
Inscinstech Aquarius GENMED
Ultrafiltration ~ Ultrafiltration Tofflon PALL PDI and zeta Laser particle Malvern
equipment TRUKING Cytiva potential size analyzer PSS
Inscinstech OMEC
Cobetter Nanoparticle Cryo-electron FEI
images Microscopy JEOL
Hitachi

#j 44y N 3 25: Biotech. Biopharma 11 Big pharma. —
FAELGY) 77 il NSL I B 2 3im il B iE s #E T, 2 5
PIFEEEA[FPY . Biotech A 2 5 Firuy, BRI SZ I WF Ak
#t 5 PR ; Biopharma A1 Big pharma ¥ 2 5 4t #2: 37
WHER M IEIR A AN T &, H
Biopharma ] T 3 & 5 W 2% Fl i 7155 Big pharma #f Lt
1R 55 . Biotech A Biopharma % £ T JF & Hr # 1] - 3 T
A= B BIHT 245 5P 5 HOR, 1 Big pharma 18 % 2
Z Ph s, FUBEROR T SIS A, AT Z R
AP CER R B 2%, SRR D K B AV BRIE AN D,
B 58K I A7 A . 3E N mRNA 254 3818
M)Ak, WA P b 7 26 . ARG 2 5 mRNA 254
AN I R BT DA R A0 A2 2 M 2 I, i A Bk A
T mRNA V#7502 (% 6).

HRIEF 6 /14335, Arbutus.BioNTech. ¥ 15 Wi fil)E
F Biotech; Moderna J& T~ BioPharma; 4= ¥k mRNA 40l 41
] Big Pharma {X & Pfizer fl 4 244 4], {H Pfizer % A &
5 BNT162b2 (Comirnaty®™) Aij it [ &, A1 24 45 B 1)
SYS6006 [ A & Jil K HUALE Wi, FA SRAE

FRAMBZ 5 mRNA 2597 sh K2, 70 i 24
MEAE B, T DANESRE AR A (B R T E
B (S IRELIE), LA 2 B A IS B N R 4 i

FAN IR, T CANEFE R BT A 3 B T ) B R B TAE
R AR A AR ST & 7=, TR s s & )
G TR EM B L&A R, LT %
AN RS THIRPN S5 77 A T O 2L 2R RE D

% mRNA 24 4 19 40 {5 B 3 20 A Al 35 R I 22 5
W T 5 g I . ToTE 5= 4 75 ZEK A A R
FA, HAE AR, 385 2 Aol 38 4 R 34 ) kR

R, BT % 7= % T BT A mRNA 4l 46 % ¢ &
P, mRNA £ RH = KA 2 mRNA 751 ik R4
AL AR 77, A% O [ BE 22 2 L ), A7 T2 M &
P O ARG T P BE 22 . A ER mRNA T
LR 2 I E K, HEA R 2 E L, 4 SR E
21211 136 EH . EE—HLAERWHTHE, T E
P 38 K AE 2020 FRRFE S5 . A BR mRNA 4k % F
Bk 4 T2 0 A2 BR3E A, A B mRNA Ak & 3T
20 A2, 4Bk T B mRNA 2 4 76 57 20 A7 1 HE 4
WK 7.

JRAE AR mRNA &R A7 5 588 = (1 H A
FL B EE B A AL A 5% 1 mRNA H0R 3 EAE P 7
WRSE Ak . o, S A% 0 L 2 NS K Arbutus 3
A LNPIEE RS LR (55 T 0] 7008 51 25 44 A
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Table 5 Major suppliers of key chain points

Category Item China's industry chain point/supplier ~ Overseas industry chain point/supplier
Raw material Bsal Vazyme Thermo Fisher
T7 RNA polymerase Vazyme Thermo Fisher
Pyrophosphatase Novoprotein NEB
DNase |
RNase inhibitor
Modified nucleoside substrate Hongene Biotech TriLink (Maravai)
Cap analog Vazyme TriLink (Maravai)
Vaccinia capping enzyme Vazyme Thermo Fisher
Novoprotein NEB
KACTUS
Ionizable lipid Self developed [Canadian Arbutus/Genevant holds patent
protection]
Other lipids Sinopeg Merck
Equipment & consumable Purification equipment Tofflon Cytiva
TRUKING SARTORIUS
TFF Cobetter PALL
Cytiva
Fillers of purification NanoMicro Cytiva
Merck
Assemble equipment Micro&Nano PNI
KNAUER
Ultrafiltration equipment Cobetter PALL
Cytiva
Inspection instruments Sequence confirmation: CE HOUZE BIO-TECH Agilent
SCIEX
mRNA integrity: CE HOUZE BIO-TECH Agilent
SCIEX
mRNA purity: HPLC Focused Photonics Inc. Agilent
Waters
mRNA cap: LC-MS Focused Photonics Inc. Agilent

mRNA encapsulation efficiency:
ELISA reader

mRNA encapsulation efficiency:
RiboGreen

PDI and zeta potential: laser particle
size analyzer

Nanoparticle images: Cryo-electron
microscopy

Thermo Fisher

BioTek

Thermo Fisher

Tecan

Invitorgen (Thermo Fisher)

Malvern
PSS

FEI
JEOL
Hitachi

Table 6 Classification of global major mRNA companies

Table 7 Ranking of global major mRNA companies

Process and . ABO Stemr Rank Assignee File Family

field Arbutus Pfizer BioNTech Moderna CSPC GEN RNA 1 CureVac (Germany) 53 p

Project approval ¥ N N NN N 2 Moderna (US) 323 62

R&D N N N N N 3 BioNTech (Germany) 245 46

Register affair N N NN 4 Pfizer (US) 161 19

Clinical N N NN N

Manufacture J J J J N

Access J J J o4 BioNTech i Bl T Arbutus f LNP % #|, ¥ I /£ mRNA

Market j j U (BRI KRR, Ry B

e Y ; i mRNA BiEHE . CureVac H1JF R T mRNA Hi s

LNP it /5 bt #1)s mRNA =[5 3k Moderna . BioNTech £/l
CureVac # £ {f f§ LNP i$ 1% 7 K, 5 /& mRNA ¥ 41
BT AR AL A e L E AR M Ak . Modernas

B, (H 47% 1w R A R Sl 5 207 2RI ST RE

JRERAE T R A F B ) mRNA, B 5 mRNA 5
517 <P, mRNA 4L &1 A & F{R- P, CureVac
RS E S .
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TERUBLAL A 72 J7 T, Pizer {F A4 ER TR 1) 155 [ 4>
Ml Big Pharma, #1 8 T IR JE I 25 HE H R, R 4@
KR I 2B P2 BE J3, A BioNTech i £ Al Pfizer & 1,
& B Pfizer 9 77 &, ¥ 25 i BR E Hb HE 7] 4 B,
BNT162b2 B4 8 i i B2 T Moderna Hi -7 RE I
Ji AL, 8258 K M 3 2,

1 2545 B E Sy A [E 1) Big Pharma, 75 B 25 408
WIERRE . THEERREAY LR R, #ia
24 B EWE R TR AR, R T LNP B &
Flo fER—HRIE, A 2 HTE 5] 3E mRNA S0 1) 41
TENA G, RHHESD T SYS6006 it s . A 2545 ]
e 75 1 Al B U5 B A e ) AN (E BE R Re 0, (645
SYS6006 &y H [ 55 — A>3k 45 [ A EUA ) mRNA
78 928 Y o

Arbutus.BioNTech.Moderna . Pfizer Fll 7 %) 4 [4] 7&
mRNA H & % 1 B 5 R I, 1R 45 b 2 B T Biotech.
Biopharma ! Big pharma iX 3 Ff A [/ 25 84 [)) mRNA %]
A A e S A S 23 AT R Al B IR A BT T IS A O e
J1: B mmm N A, RAEFCAREH . 8%, Biotech 1€
g6 NS — A ) T 2 K, BRI B e R B H2 R )
B . 2010~2020 4, FDA Lk 1 50 Ff— 3t g 24
Y. AEIX 50 Fh 254 B ME— & N 1, Biotech (5 Eb
46%, Big pharma I % AR 5246 = &7 LU AH ], 309 14%.
{H %, Big pharma #E H B2 5 T 76% 1) — Ui I 98 24
PR, SCHRPY 2 M T Moderna. CureVac. Pfizer Al
BioNTech %5 /A ] 76 31 &t mRNA 1 [0 &R, I8 1
XL % ) 2 (8] B R VR AT AR, 8 H BT S mRNA
925 T 1) BB HE D R AE R SE 3G = BY Biotech &K #
1), SR G L KA FIEAT = i IF o fH k] WL, AN [
FH A mRNA 2 £ BT i k% 0 56 5 ), v R EUA [\ 3%
fi% : Biotech. Biopharma ) J¢ 8 7£ T i R G387, 4k 42 1E
mRNA G35 7% B0 380 IR M RN PR A5 G
FR EIRBE, R AR BE 22k AN [R)3&E BRE, T8 R 22
FEAL RIS, BE B | R BAL, 48 R R HOE AT IR R
MERBIE 20, B Ok T35 HET 805 Big pharma
&1k 1M Big pharma I A] DL A 55 K 0 5% 452 1 P2k
e fig 71 AR SR R 8, B B Bl Biotech . % R
AT G, [R R = Re AL 3, it — P PLE R AT

EATEER 2, mRNA 250 H ARG, it 424
A B8 T BR AL S T K AT, 9 mRNA HRW e £
PR GIE ), BN EAT AT IR 5T . A, mRNA
A TF BT O A, 5 R s AR BT B 2 5T
BURTBR &4, AR FERIAT SO 3 BEE m RSB B Pk
L RN R = b A Ak ek R BA E R
THIR I 55 4 0 F, AR QR B & 4 gl VR AR

iR A, FEEEH SR TG HT AR J1, A T AR
JEFRAIRIEA W I3 /7
5 mRNA ZAYIR) X BEFTIR XX mRNA 5B 5
BB E FIEIY

mRNA ¥ [ i W) 32 V6 J7 %8 0, mRNA BEAR
it B 4 B 7o 2 17 1T KR . mRNA 254 11 4 9% iR
PR B RO L I I RN AR E M S OB R 17 A, 7R TR
M TS T E R

J& H I AR, K 22 B mRNA 24 46 2838 A7) e [m]
JiJEE 04 . mRNA VBT 1 MR % 1, 18 mRNA 5 %)
Gl RrE BUR, FEE Ik BA N, WOE R HE I E SRR
S0 9 A0 M AT Mok o H AT, mRNA VAR ST Vb
TN PR 2 AR M 9% iR 1 TAAS/TSAs 45 2 Al
0] P P e e B B 1 o R, AT A6 B 8 R AL R 5 3 2K
1R 590 A0 T bR A R e A, S A A AR Y
%) 33 36 0 iR R 1 R 0 B 2 S, 38 TR A IR R ORI
AL

fiT 5 mRNA 24 s (18 £ SR E A Jm, SRR P LK
HHBEAT AR . R mRNA G T 1 g 2 1 1 Ik Ak,
{HL iR 24 R 4 2 (R i 3 EOK, R R AR R, Hon] DB
ZERL . RIS, mRINA JE 1 1B A% 4 1) s A AL
PR RO 22 A v E 18 B G UE, R0k, 21 mRNA 25 4>
Tt J AT S bR 7 A RN T A s A R R A R, AT
DA R 5 2 8 3=, Bl DAJRE DR g V6 7 27 LS, AN T b AR
B S BE AL, B2 0 R0 T B0 I 1 | 22 Ak 7 R R AR
I 7o LAt b, KA A S5 AT DA R B At v o 1
b, R VERESE . 45 A T SO [ 2R mRNA 24 4
FIIE R O 56 5 7 B SR BE, A0 )5 45 2RI B 78 43 VAN 58 4
5, JtH 2 Biotech Biopharma.
6 RESRE

mRNA 5 11 7 1) bR 48 FE T 27 B BeAR 38 ) 2021
R KRR 4 5015 15, 1 NI 2540
W —AREE R, HAE 2R gk N o 2
VI BUARZW) 5 B8 = IR 25 TR, AT T AR T
Z RIS A DY 7 R 2 Tk ok R R B
e L, 763 B W R A P AL e e, S
B mRNA P B P58 W AR BT A i 1k R G S5 R
&, FESH 5 5T R AL . mRNA FEARE A
REHERIEAR TG, AR BRIEG LY, IF
P T (R IE 97 , HRR BT VAR . H T, TR
mRNA 5 1 0415 3 96 0F, 78 B8 50 5% 16 77 A8t Y
13 T WAFIT A, R T E AR R LR ).
FAE, BE A 8K 2 () mRNA 259 ¥ 47 & AN BF 7T,
mRNA 25908 76 N2 T A (e 3l b R B M 5 K AR
i
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