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HIGH-THROUGHPUT SEQUENCING

FEHMmEER(CRE I 5 EFETT CQA

Analytical Procedures for mRNA Vaccine
Quality (USP Draft Guidelines 2™ Edition)

Identity ImRNA sequence identity confirmation (HTS)
Sanger sequencing
RT-PCR
Content RNA concentration gPCR
dPCR
uv
Integrity|mRNA intactness CAPILLARY ELECTROPHORESIS
CAPILLARY GEL ELECTROPHORESIS
AGAROSE GEL ELECTROPHORESIS
Purity |5’ capping efficiency RP—LC-MS/MS
IP-RP-HPLC
3’ poly(A) tail length IP-RP-HPLC
Product related impurities - dsRNA IMMUNOBLOT
ELISA
Product related impurities - aggregate quantitation SEC-HPLC
Product related impurities - percentage of fragment mRNA RP-HPLC
Process related impurities-residual DNA template gPCR
Process related impurities - quantitation of free/ non-incorporated
nucleosides RP-LC-MS/MS
Process related impurities - residual T7 RNA polymerase content ELISA

Expression of target protein

CELL-BASED ASSAY

Quality Attribute Method
High throughput sequencing (HTS5)
Identity mRNA sequence identity confirmation Sanger sequencing
Beverse Transcriptase - PCR (RT-PCR)
Quantitative PCR (qPCR)
Contant RMA concentration Digital PCR (dPCR)
Ultraviolet Spectroscopy (U
Capi g
Integrity mRNA intactness Capillary gel electrophoresis (CGER
Agarosa gel electrophorasis
Reverse-phase liguid chromatography mass
spactroscopy (RP-LC-MS/MS)E
5 capping efficiency
lon pair revarsed-phasea high-performance liquid
" len pair reversed-phase high-performance liguid
3 polylA) tail length chromatography (IP-RP-HPLC
Immunoblot
Product related impurities - dsRNA
Furity Praduct related impurities - aggregate Size exclusion-high-performance liguid
quantitation F - SEC- -
Product related impurities - percentage of Reversed-phase HPLG (RPE-HELCE
fragment mRNA
Process related im purities-residual DNA template quantitative PCE (qPCR]
Process related impurities - quantitation of free/ Beverse-phase liguid chromatography mass
non-incorporated nucleosides spectroscopy (RP-| C-MS/MS)
Process ralated impurities - residual T7 RNA .
Enzyme- nked immunosorbent assay (ELISA
polymerase contant
Patency Expression of target protein Ceoll-based assay
Endotoxin USP <85>
Safety
Bioburden USP <B1», <62, <1115=>
Appearance USP <790
Other Residual solvents USP <467
pH USP <791>




MRNA-LNP EZEmOIHEisRICEIEERL CQA

Analytical Procedures for mRNA Vaccine
Quality (USP Draft Guidelines 2™ Edition)

Quality Attribute Method
Identity ImRNA sequence identity confirmation Sanger sequencing mRNA sequence identity confirmation - :
Identity
RT_ PC R Identity of lipids wnl-'n charged a;:-n:!sol dE'[E'I:lDI- (RP-HPLC-CAD)
RNA concentration/RNA encapsulation R )
. .. efficienc -
| dentity of lipids RP-HPLC-CAD ontont '
. . . Lipid content :\.'nl-'n cl'.niur_qu ai-emsul de-tezl—lul [RF-HPLC-C;ADJ -
Content RNA concentration/RNA encapsulation efficiency Fluorescence-based assay
. LNP size and polydispersity Dynamic light scattering (DLS)
Lipid Content RP'HPLC'CAD RNA size and integrity Capillary gal electrophoresis (CGER
Product related impurities - aggregate Size exclusion-high-performance liguid chromatography
. . . . uantitation SEC-HPLC)e
Integrity LNP size and polydispersity DYNAMIC LIGHT SCATTERING B
Oauct reda impurities - parcen 2 O =1l - - - 2 ¥
CAPILLARY GEL R sy T T—
RNA Slze and Integrlty ELECTROPHO RESI S Potency Expression of target protein Cell-based assay
Endaotaxin USP <85>
. . oy . . Safety
Purity |Productrelated impurities - aggregate quantitation SEC-HPLC Sterilty use <71>
Product related impurities - percentage of fragment e ——
Ssidual solvents < >
mRNA I P_RP_H PLC Osmolality USP <785>
Other Subwvisible particles USP <787>
Potency [Expression of target protein CELL-BASED ASSAY Residual solvents USP <467>
Extractable volume USP <1=>, <698>
Container closure integrity USP <1207=
pH USP <791>
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Table 1 UHPLC/MS analytical condition

UHPLC
Instrument

Column

Mobile phase

Flow rate
Gradient

Column temp.

Injection vol.
Needle wash
DAD wavelength
Pressure

1290 Infinity I Bio LC

HiSpeed Pump (G7132A)

MultiSampler (G7167B)
1290 MCT (G7116B)

1290 DAD FS (G7117A), 60 mm cell

MS
Instrument
Polarity
Ionization

Drying gas
Drying gas temp.

1260 Isocratic pump (G7110B, for reference ion) Nebulizer

AdvanceBio Oligonucleotide

: (2.1*150mm, 2.7 ym, Agilent)

: A: 200 mM HFIP, 8.15 mM TEA

B: MeOH

: 0.3 mL/min
: t(min)0 1 12 12.1 13 13.1 18

%B 5 5 25 90 90 5

: 60 °C

: 20 pL

: MeOH, 15 sec

: 260 nm, BW 4 nm
: 24-30 Mpa

Sheath gas
Fragmentor (V)
Capillary voltage
Nozzle voltage

Mass range
Acquisition rate
Referenceion

ADC
Data type

6230 TOF

Neg

Dual AJS ESI

N2 (10 L/min)

300 °C

60 psi

350 °C, 12 L/min
220V

4500V

1500V

m/z 600 - 3200

2 spectra/sec
1033.988109, 2533.892301
4 GHz Hi-Resolution

Profile

A A0 NS A(EIC)DIETE(FET+0.01 m/zTiToTVWEY,




RNase H R—XDFFE(CI TAERSNIZ 5 cap mMRNAJSI X b
IP-RP UVAUTOF 70X NISTJ4—

%10 7 -ESI TIC Scan Frag=220.0V sample2_Capped_4GHz_negMS.d
295 10.33

108313204.32
1.751
TIC

1.251

0.751
0.51

%10 2 DAD1 - A:Sig=260.0,4.0 Ref=off sample2_Capped_4GHz_negMS.d

10.33
1.2 58452

| DAD
0.8
0.6
0.4
0.21

93 94 95 96 97 98 99 10 101_ 102 103 104 _105 106 10.7 108 109 11 111 112 113 114
Response vs. Acquisition Time (min)




RNase H R—ADFFEICELDTE

LC/TOF [E%E

x10 7

2.3
2.2
2.14

1.99
1.8
1.74
1.64
1.54
1.44
1.3
1.24

0.9
0.8
0.7
0.6
051
041

-ESI TIC Scan Frag=220.0V sample2_Capped_4GHz_ne..

1033 B
108313204.32

R ENE 5 cap MRNAJSI X~

x10 4

x10 4

-ESI Scan (rt: 10.25-10.26 min, 3 scans) Frag=220.0V sample2_Capped_4GHz...

832.8710 2500.6367
18147 1875.2223 19887
19968
1499.9789
17213
ALl
-ESI Scan (rt: 10.32-10.35 min, 4 scans) Frag=220.0V sample2_Capped_4GHz...
871.2110
17849 1961.4877 2615.6516
19431 20617
1568.9882
[ 20598
“l\\l[ltk Lh. A.)l. L L
-ESI Scan (rt: 10.42-10.52 min, 13 scans) Frag=220.0V sample2_Capped_4G..
871.2127
17108 1961.4846 2615.6517
20699 20776
1568.9807
{\ 1 \ 19935
AH[LJL\LILLLLLI \LJ L AL‘ Lx “L

750 1000 1250 1500 1750 2000 2250 2500 2750 3000
Counts vs. m/

ass-to-Charge (m/z)

x10 4 -ESI Scan (rt: 10.25-10.26 min, 3 scans) Frag=220.0V sample2_Capped_4GHz...
] 832.8710 9
18147 [ - ] -
A, [M-9H
2
0 S e .
x10 4 -ESI Scan (rt: 10.32-10.35 min, 4 scans) Frag=220.0V sample2_Capped_4GHz..
1 871.2110
17849 B [ M 9 H ] 9_
o] 8328736 r
18587
0, l A LA ™
%10 3 -ESI Scan (rt: 10.42-10.52 min, 13 scans) Frag=220.0V sample2_Capped_4G..
il 871.2127 - O-
) 17108 C, [ M 9 H ]
| 832.8729 909.5475
1] 19915 18657
0. ium o At s ulmkm A N A.LAA. "
830 840 850, 860 70 %&?}0 890 900 910 920
Counts vs. Mass-to-Charge (m/z)

10.1 10.6

10.2 103 104 105
Response vs. Acquisition Time (min)
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P/N :

PL1912-1502PKPLRP-S 1000A, 5um, 2.1x50mm, PEEK Lined
PL1912-2502PKPLRP-S 1000A, 5um, 2.1x100mm, PEEK Lined

P/N hS L% X372 z)LFIEX
675775-902  AdvanceBio EC-C18,2.1x100mm,2.7um, PEEK Lined r WHHHTA
679775-902 AdvanceBio EC-C18, 2.1x50mm,2.7um, PEEK Lined

P/N
675775-942 Poroshell 120 CS-C18,2.1x100mm,2.7um, PEEK Lined
679775-942 Poroshell 120 CS-C18, 2.1xX50mm,2.7um, PEEK Lined -

P/N WS L8 XWEAF 2 DEEME
679775-924 Poroshell120 HILIC-Z,2.1x50mm,2.7um, PEEK Lined HILIC7J_A
675775-924 Poroshell120 HILIC-Z,2.1x100mm,2.7um, PEEK Lined 7

673775-924 Poroshell 120 HILIC-Z,2.1x150mm,2.7um, PEEK Lined

PL1980-1201PKAdvanceBio SEC 200A,1.9um, 2.1x50mm, PEEK Lined
PL1980-1250PKAdvanceBio SEC 120A, 1.9um, 2.1xX50mm, PEEK Lined SECHS /A
PL1980-3201PKAdvanceBio SEC 200A,1.9um 2.1x150mm, PEEK Lined
PL1980-3250PKAdvanceBio SEC 120A,1.9um 2.1x150mm, PEEK Lined
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