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METHODS Figure 3. A) A fast IPRP UPLC-MS chromatogram is shown here (UV and TIC). 0o -
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. Firefly luciferase (Fluc) mRNA (Amp Tec)

Sample used for Poly(A) Tail Heterogeneity
. Firefly luciferase (Fluc) mRNA (Amp Tec)

Sample used for 5’ Capping demonstration

5-GUAGAACUUCGUCGAGUACGCUCAA (New England Biolab)
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INTACT Mass App (software) was the main
software used for 5" capping analysis,
sequence mapping and Poly(A) Tail hetero-
geneity profiling.
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Figure from New England BioLabs Inc. Base = guanine or adenine | R = guanosine or adenosine

Cap 1 was mixed with impurity at 99:1 Ratio
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Figure 4. sgRNA and mRNA were digested by RNase T1 and

analyzed using the BioAccord LC-MS system. Data analysis is
performed using INTACT Mass App with the assistance of mRNA

1.68
5e6

4.5e6

3.5e6

w
]
i

TIC [Counts]

N
v
®

a

2e6

1.922.55

2.90
317

J

76% sequence coverage

3.90 445

14.78

6.87 10.95
7.22 9.88

18.02

8.58 9.02
A
61350 78 1120 14.43 1553
\ o
5.05 1495 2082 21.43
; 1232 4448 17.5¢9] 18.53 1938 T 22.38

1648 1

Cleaver App (to generate theoretical mass of the digested
fragments) and Sequence Viewer (for coverage®% calculation
and review of the data). A) Example data were shown from a
~100 mer sgRNA. B) LC-MS chromatogram of RNase T1
digested Firefly luciferase mMmRNA(~ 4000 mer) and the
sequence coverage in a “MAP viewer”. We included the
ambiguous sequence in the calculation. Data generated from
elevated energy fragmentation can be processed in another
software, CONFIRM Sequence, to differentiate ambiguous
sequence. For example C-D) A better match between two
candidate oligo sequences was highlighted based on the
fragment ion coverage. These two candidates are ambiguous
seguences since they have the same MW (isobaric masses), but
contain scrambled sequences.
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Figure 2. (A) Illustration of the Cap-1 vs. Precursor impurities;
(B) Synthetically made Cap-1 (25 mer long) was mixed with
synthetically made intermediate byproducts in 999:1, 99:1 and
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
100:1 ratio with other impurites. LC-MS
processing using the INTACT Mass App generated the rel%
calculation of the Cap-1 species.
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analysis and data

CONCLUSIONS

. Three analytical workflow were developed on the BioAccord
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mformatlcs platform for three mRNA CQAs analysis. These
CQAs are 5’ capping efficiency, Poly(A) Tail heterogeneity and
seguence mapping analysis.

. Software tools plays a critical role in reducing the time used

for data interpretation. The software used in this study is the
INTACT Mass App with two newly added capabilities, such as
the Enzyme Cleavage Tool and Sequence Mapping Viewer.

. Future work will be focused on improving the sequence

coverage by 1) combining MS1 and MS2 results; 2)
automation of the entire data processing, with less manual
intervention, to reduce the level of ambiguous assignments.
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