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USP Guideline for mRNA vaccine analytical control strategy
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} Critical Quality Attributes

* 5'capping: improves mRNA stability and enhances translation.

* Poly(A) tail: mRNA stability and translation efficiency.
* Cationic lipid: counter ion to stabilize mRNA moclucule.

Nucleotide modification and codon
optimization improve protein
expression

"~ Poly(A) tail length
affects mANA stability
and translation efficiency

Current Opinion in Biotechnology
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} 9’capping reaction by Vaccinia enzyme system

Vaccinia enzymatic capping reaction.
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Capping analysis with customized probe and RNaseH

cleavage probe

,__,»'CCCUCUGCGCACRAUUUR TTGTTT +
TmGPPPGGGAGACGCGUGIUARAUARCARAUCUC . .............. MRNA
biotin
anneal
TmGpppGGGAGRCGCGUGUUMUMCMD.UCUC..................
_CCCUCUGCGCACAAUUUATTGTTT
O 1 bind to strepdavidin magnetic bead

TMGPPPEECAGACGCEUGUUARRUAACAAAUCUC oo sveeneee.

Streptavidin

@ — CCCUCUGCGCACAAUUUATTGTTT
cleave with RNAse H

L 4

imagnetic bead

TmGpppGGEAGACGCGUGUUAARUAR UCUC.ceeeeemereeneas

_— CCCUCUGCGCACARUUUATTGTTT

remove enzyme and mRNA

TmGpppGGGAGACGCGUGUUARAUAACA BAUCUC.....cccoeesnnans MRNA
CP ___~CCCUCUGCGCACARUUUATTGTTT
l disassociate clean fragment for analysis

- CCCUCUGCGCACARUUUATTGITT

-

7mGpPPPGGGAGACGCGTGTTAAATAACA

Beverley et al, 2016 Anal Bioanal Chem (2016) 408:5021-5030
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} Separation and identification

Extracted ion chromatograms

of different capping stages.

Reconstructed data
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SCIEX technical application notes “Characterization and relative quantification of mRNA 5’- capping”
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} Poly (A) tail synthesis approaches
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Beverley et al. 2018 Analytical and Bioanalytical Chemistry (2018) 410:1667-1677
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} Poly (A) tail analysis by LC-MS

LC chromatogram of polyA tail at various length

High resolution mass spectra of long polyA tails
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Agilent application notes “Analysis of mMRNA Poly-A Sequence variants by High-Resolution LC/MS”.
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} LNP biodistribution and pharmacokinetic analysis by LC-MS

Component

Cationic lipid

Function

RNA entrapment and intracellular release

Zwitterionic lipid (DSPC) Phosphatidylcholine as lipid base for particle assembling

Cholesterol

PEGylated lipid

Stabilizes particles by affecting mechanical strength and
elasticity, and increasing lipid packing density

Prevents particle aggregation during the formulation
process, increases circulation lifetime.
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} Pharmacokinetic analysis of cationic lipids in mouse model
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Cationic lipid quantification by LC-MS
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Lipid biodistribution by MALDI MS imaging
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An overview of LC-MS analytical methods development for several critical quality
attributes in mMRNA vaccine development: 5’Capping, 3'PolyA tail and LNP
biodistribution and pharmacokinetic analysis.

LC-MS has demonstrated the high-resolution power to support full understanding of

MRNA characteristics and robustness to provide quantitative analysis for lipid
pharmacokinetic study.
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