ThermoFisher

SCIENTIFIC

Characterization of mRNA vaccine 5’ and 3’ end products using BioPharma Finder 5.0

Robert L Ross, Qian Qi, Keeley Murphy, Min Du, Thermo Fisher Scientific, Waltham, MA

ABSTRACT Data Analysis 5’ Capping

Deconvoluted peaks are annotated based off of the difference in the deconvoluted mass and a
theoretical mass of 46067 Da, the calculated mass of 140 x 330.063. Each loss of an adenosine from
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modification is created.
3’ Poly(A) tail workup: Supernatant from the RNase H digestion, containing the cleaved mRNA Intact Mass Analysis option. The Default Oligo Xtract™ Processing Method was chosen for the 1000
transcript with poly(A) tail, was subjected to a one-hour RNase T1 digest. Digestion products were deconvolution. Source Spectra Method was set to Average Over Selected Retention Time as our 0.00

then isolated using Dynabeads™ Oligo(dT),s, taken to dryness in a speedvac, resuspended in MPA
and injected onto a Thermo Scientific™ Vanquish™ Horizon UHPLC system.

Mass Spectrometry: Data was acquired using an Thermo Scientific™ Orbitrap Exploris™ 240 mass
spectrometer detector operating in negative polarity, application mode: Intact Protein over a 15-
minute acquisition window. Full scan resolution was set to 240K over a scan range of 1000-1800
(m/z); RF lens = 70% with a Normalized AGD target of 300%. Maximum injection time was set to 200
ms with two microscan.
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A Description Mencisotopic Mass 724263604
Sample Type | Cligenuclectide Average Mass  72459.97
Category | Sequencing N
Monoisotopic Mass 724263664 B
Average Mass 72,459.91

Formula |C2139H2849071579N845P226 Apply
¥ Oligo Sequence Map

=1: mRNA Sequence
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Figure 1. Sequence Manager panel. A) Creation of named sequences and selection of processing category. B) Monoisotopic
and average mass calculation for each created sequence. C) Sequence map showing each created oligonucleotide.

¥ Edit Sequence

Select Chain ~ :q i

5* Terminal a - miGppp(CT11IHI8N5014P3,... ~ | (5" terminal has precedence over linker.)

Sequence should contain same olige building block for a given symbol. Highlighted in orange customized base, 2' ribose or backbone linker means these building
blocks have same symbol but are using different oligo building block.

Triplet Backbone linker 2’ ribose
1 Ar A - Adenine{C5H5M5, 135.054) = r - Hydroxy (RNA){OH-OH, 0) b
2  pCr p - Phosphate(H3PO4, 97.977) ¥ C- Cytosine(C4HSN30, 111.043) = r - Hydroxy (RNA){OH-OH, 0) b
3 pUr p - Phosphate(H3PO4, 97.977)  ~ U - Uracil{C4H4N202, 112.027) = - Hydroxy (RNA){OH-OH, 0) -

Figure 4. Edit Sequence panel. Each individual nucleotide in the individual sequences can be customized. For the 5’
capping, the 5’ terminal dropdown menu is accessed and the cap structure that we created under building blocks is added
to the sequence. Addition of the 5’ terminal cap, once applied, is then added as a separate character in the oligo sequence
map (red arrow, Fig 1).

Once the sequence(s) are created and saved, the sequence manager is closed, and the
Oligonucleotide Analysis option is chosen from the home screen. The processing analysis is named,

and the data file is chosen. Next the oligonucleotide sequence that was just created is chosen along
with Basic Default Method. Depending on chromatographic and digestion conditions, parameters
such as signal to noise, peak width, etc are defined, as well as nuclease. For this method, a
“‘Nonspecific” nuclease is chosen with no 3’ phosphate. The method is then saved under a new name
and the data processed.

MSMS fragmentation identification was also evaluated using the fragment coverage map tool, which
provides a visual representation of all assigned MSMS fragmentation and is color coded by intensity
for each digestion fragment (Fig 6).

Characterization of the mRNA 5’ cap is accomplished through annealing a biotinylated molecular
probe complementary to the 5’ end of the mRNA. RNase H will cleave the RNA strand in a DNA:RNA
duplex, so DNA nucleotides (minimum of 5) are added to the biotinylated probe. When annealed to
the mRNA a DNA:RNA duplex is created resulting in a cleavage motif for RNase H. Figure 7 shows
the mapping result of a 5’ cap RNase H digestion.
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Figure 7. Mapping results of 5’ end of a commercially available mRNA. Relative abundance between capped and uncapped
was found to be within 4% of theoretical. NOTE: The 7-methylguanosine triphosphate modification is not shown in the
mapping results.

chromatographic trace showed a poly(A) elution of between 10 and 10.3 minutes. Other detection
parameters were output mass range 35-47K, S/N of 3, Rel. abundance Threshold % of 4, a Charge
Range of 5-50.

Table 1. Detailed list of deconvoluted masses identified in the sample. Note: not all table columns are shown.

Modification Menoisotopic Mass Theoretical Mass (Da) Matched Mass Error (ppm) Relative Abundance Number of Charge States Charge State Distribution
18x3'Truncation, 1xA 40411.683 40411.505 100.00 2851

19%3'Truncation, 1xA 40082.625 40082452 43 92.04 19 21-39 2851
17x3'Truncation, TxA A0740.734 40740557 4.4 89.82 20 21-40 2877
16x3'Truncation, TxA 41065.788 41069.610 4.3 79.84 19 22 -40 2918
20x3 ' Truncation, TxA 39753.571 39753.400 43 73.54 19 20- 38 27.90
15x3"Truncation, TxA 41398.803 41398.662 34 72.02 20 21-40 2813
14x3"Truncation, TxA 41727880 41727715 4.0 541 19 22 -40 2881
13x3"Truncation, 1xA 42056.947 42056.767 43 3B.40 18 23 -41 3056
21x3"Truncation, 1xA 39424503 39424347 4.0 35.57 15 22 - 38 2908
12%3'Truncation, TxA 42385993 42385820 41 22.24 12 24 -40 2952
22x3'Truncation, x4 39095.472 39095.295 45 1894 14 24 - 38 2971
11x3 Truncation, 1xA 42715.073 42714872 47 17.43 12 27 - 41 3198
10x3 Truncation, 1xA 43044.181 43043925 6.0 10.16 10 30-4 3447
12x3'Truncation, 1xA 42386.093 42385820 6.4 6.79 5 34-39 3604
9x3"Truncation, Tx4 43373.222 43372977 5.6 5.00 8 34-42 3796

Table 1 lists the detected features of the deconvoluted spectrum. Modification refers to the theoretical
sequence (140-mer) matched with the deconvolution result + Delta Mass and listed as a truncation.
Each of the matched modifications can be referenced to its Relative Abundance. This information
shows the length and intensity distribution in the poly(A) sample. The Number of Charge States
column can be used as a reference value for reliability of the results. Matches of more than a dozen
charge states means a high confidence in the deconvolution results.

123 124 130
length of pon(A)

Figure 10. Graph showing the results of the poly(A) tail lengths found through intact analysis. Monoisotopic masses are
divided by the mass of AMP - OH (330.063 Da). This is then plotted against the relative abundance to show length and
abundance within the sample.

CONCLUSIONS

BioPharma Finder 5.0 software is a powerful tool in the characterization of mMRNA vaccines. We show
its utility for the characterization of both the 5 and 3’ ends of in vitro produced mRNA and give
customers confidence in characterization of their therapeutic products.
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