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INTRODUCTION RESULTSINTRODUCTION RESULTS INTRODUCTION SU S
 
R d l d l f h COVID RNA Poly A TailRecent development and approval of the two COVID mRNA Poly A Tail Recent development and approval of the two COVID mRNA 
based vaccines has brought RNA based therapeutics to the Bbased vaccines has brought  RNA-based therapeutics to the B 

Aforefront of the biopharma industry As such development of A forefront of the biopharma industry. As such, development of 
n l ti l method fo monito ing of the CQA of RNA b edanalytical methods for monitoring of the CQAs of RNA-based y g Q

therapeutics has become a high priority for ensuring propertherapeutics has become a high priority for ensuring proper 
t l f th f t i

 

control of the manufacturing process.control of the manufacturing process.  
 
This study illustrated three CQAs (Critical Quality Attributes)This study illustrated three CQAs (Critical Quality Attributes) 
anal tical o kflo fo mRNA sing a bench top UPLC TOF MSanalytical workflow for mRNA using a bench top UPLC-TOF MS 

3
y g p

instrument and customized data processing software 1-3instrument and customized data processing software.  
 
These CQAs are:These CQAs are:  
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METHODS Figure 3 A) A fast IPRP UPLC MS chromatogram is shown here (UV and TIC)METHODS  Figure 3.  A) A fast IPRP UPLC-MS chromatogram is shown here (UV and TIC). 
P l A t il t f d t h k i f tPoly A tail components were focused to a sharp peak using a fast 

3 y p p p g
chromatographic separation,3 the goal was to improve the MS sensitivity for the

mRNA CQAs Instrument
chromatographic separation,  the goal was to improve the MS sensitivity for the 
highly heterogeneous Poly A components from the RNase T1 digestion B)mRNA CQAs Instrument highly heterogeneous Poly A components from the RNase T1 digestion. B) 
Summed MS scans showed the level of heterogeneity of the poly A tail MaxEnt 1Summed MS scans showed the level of heterogeneity of the poly A tail. MaxEnt 1 
h d l ti i d t th MS d t t bt i MW i fcharge deconvolution is used to process the raw MS data to obtain MW series of 

the Poly A tail. C)  Weighted average Poly A tail length was calculated, showing at y ) g g y g , g
126 5 mer long126.5 mer long. 

Sample Prepara on 

S C fi iSequence Confirmation
Figure 1: BioAccord UPLC-TOF MS System with

Sequence Confirmation 
Figure 1: BioAccord UPLC TOF MS System with 
Max Peak High Performance Surfaces (HPS)Max Peak High Performance Surfaces (HPS). 
 
UPLC Column: ACQUITY Premier OST Column 1 7 µmUPLC Column: ACQUITY Premier OST Column 1.7 µm, 
130 Å 2 1 x 150 mm130 Å, 2.1 x 150 mm 

So ware 

UCA CCA UCG  vs  ACA UCC UCG 

Sample used for RNA Mapping:Sample used for RNA Mapping: 
 
 sgRNA (100 mer IDT) contains six PTMs such as 2’O sgRNA (100 mer, IDT) - contains six PTMs, such as 2 O-

mehtylguanosine 2’O-methyluridine and 2’O-mehtylguanosine, 2 O-methyluridine and 2 O-
methyladenosine and each modification has a  methyladenosine and each modification has a  
phosporothioate groupphosporothioate group. 

 
 Firefly luciferase (Fluc) mRNA (Amp Tec) Firefly luciferase  (Fluc) mRNA (Amp Tec) 
   

Figure 4 sgRNA and mRNA were digested by RNase T1 and 
Sample used for Poly(A) Tail Heterogeneity

Figure 4. sgRNA and mRNA were digested by RNase T1 and 
l d i th Bi A d LC MS t D t l i iSample used for Poly(A) Tail Heterogeneity  

INTACT Mass App (software) was the main
analyzed using the BioAccord LC-MS system.  Data analysis is  

 Firefly luciferase (Fluc) mRNA (Amp Tec) INTACT Mass App (software) was the main 
f d f 5’ i l i

performed using INTACT Mass App with the assistance of mRNA  Firefly luciferase (Fluc) mRNA (Amp Tec) software used for 5’ capping analysis, 
p g pp
Cleaver App (to generate theoretical mass of the digested pp g y ,

sequence mapping and Poly(A) Tail hetero-
Cleaver App (to generate theoretical mass of the digested 
fragments) and Sequence Viewer (for coverage% calculation 

Sample used for 5’ Capping demonstration
sequence mapping and Poly(A) Tail hetero
geneity profiling

fragments) and Sequence Viewer (for coverage% calculation 
and review of the data) A) Example data were shown from aSample used for 5  Capping demonstration geneity profiling. and review of the data). A) Example data were shown from a 

100 RNA B) LC MS h t f RN T1 
5’-GUAGAACUUCGUCGAGUACGCUCAA (New England Biolab) ~100 mer sgRNA.  B) LC-MS chromatogram of RNase T1 5 GUAGAACUUCGUCGAGUACGCUCAA (New England Biolab) 
 

g ) g
digested Firefly luciferase mRNA(~ 4000 mer) and the

 
digested Firefly luciferase mRNA(  4000 mer) and the 
sequence coverage in a “MAP viewer” We included thesequence coverage in a MAP viewer . We included the 
ambiguous sequence in the calculation Data generated fromambiguous sequence in the calculation.  Data generated from 
l t d f t ti b d i thelevated energy fragmentation can be processed in another 

RESULTS software, CONFIRM Sequence, to differentiate ambiguous RESULTS , q , g
sequence. For example C-D) A better match between twosequence. For example C D) A better match between two 
candidate oligo sequences was highlighted based on thecandidate oligo sequences was highlighted based on the 
f t i Th t did t bifragment ion coverage. These two candidates are ambiguous 

i h h h MW (i b i ) bsequences since they have the same MW (isobaric masses), but q y ( ),
contain scrambled sequences.contain scrambled sequences.  

5’ capping5  capping 
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Th l ti l kfl d l d th Bi A dBase

P
OO  Three analytical workflow were developed on the BioAccord 
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UPLC-MS system equipped with the waters connect
OHO

UPLC-MS system equipped with the waters_connect 
i f ti l tf f th RNA CQA l i ThOHO

mRNA informatics platform for three mRNA CQAs analysis. These 
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CQAs are 5’ capping efficiency Poly(A) Tail heterogeneity andpppR- ppR- GpppR- m7GpppR- m7GpppRm- CQAs are 5  capping efficiency, Poly(A) Tail heterogeneity and 
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sequence mapping analysis. 
Cap-1Cap-0
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S ft t l l iti l l i d i th ti dPrecursor impurities Desired structure  Software tools plays a critical role in reducing the time used p y g
for data interpretation The software used in this study is thefor data interpretation. The software used in this study is the 
INTACT Mass App with two newly added capabilities such asBase = guanine or adenine | R = guanosine or adenosineFigure from New England BioLabs Inc. INTACT Mass App with two newly added capabilities, such as 

Figure 2 (A) Illustration of the Cap 1 vs Precursor impurities;
g | gg g pp y p

the Enzyme Cleavage Tool and Sequence Mapping ViewerFigure 2. (A) Illustration of the Cap-1 vs. Precursor impurities; 
(B) S th ti ll d C 1 (25 l ) i d ith

the Enzyme Cleavage Tool and Sequence Mapping Viewer. 
(B) Synthetically made Cap-1 (25 mer long) was mixed with   ( ) y y p ( g)
synthetically made intermediate byproducts in 999:1, 99:1 and  Future work will be focused on improving the sequencey y yp ,
9:1 ratio before LC-MS analysis to quantify the Cap-1 product

 Future work will be focused on improving the sequence 
coverage by 1) combining MS1 and MS2 results; 2)9:1 ratio before LC MS analysis to quantify the Cap 1 product 

rel% using MS signals C) Result table from Cap-1 mixed in at coverage by 1) combining MS1 and MS2 results; 2) Cap 1 was mixed with impurity at 99:1 Ratio rel% using MS signals. C) Result table from Cap-1 mixed in at 
100:1 ratio with other impurites LC MS analysis and data automation of the entire data processing, with less manual

Cap 1 was mixed with impurity at 99:1  Ratio 
C 100:1 ratio with other impurites.  LC-MS analysis and data 

i i th INTACT M A t d th l%
automation of the entire data processing, with less manual 
intervention to reduce the level of ambiguous assignments

C 
processing using the INTACT Mass App generated the rel% intervention, to reduce the level of ambiguous assignments.  p g g pp g
calculation of the Cap-1 species.calculation of the Cap 1 species.  
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