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Introduction

Key isomer distinguishing fragment ions

observed in annotated MS/MS spectra.
Structural characterization of therapeutic mMRNA, including confirmation of the oligonucleotide sequence
and assessment of 5" and 3’ capping efficiency, is crucial for ensuring safety and efficacy. LC-MS/MS
digested oligonucleotide sequence mapping is a powerful tool for evaluating these three critical quality -
attributes within a single assay. In this study, we demonstrate the application of a novel oligonucleotide Rows Sequence Calep ApexTime . Delta XIC area
. . , (Posit) Score summed
mapping workflow to fully map the eGFP mRNA sequence, detect and quantify the m7Gppp 5’ cap, and
. L . . . AN . . - S7e+07
measure the PolyA tail length distribution. The eGFP mRNA samples were digested with hRNase 4 ! U.GAACU.U 1552.26 6.03 416 40 - 143 1.37e+0
. L . . . . 2 U.CAAGU.C 1552.26 6.15 372 89 -112 1.13e+07
endoribonuclease and analyzed using ion pairing reverse phase liquid chromatography-high resolution ﬁ - N ﬁ
electrospray tandem mass spectrometry (IP-RPLC-MS/MS) > L AAE S0 L) i e DRSE & Se
' 4 C.AACGU.C 1552.26 7.62 359 51 - 68 2.04e+07
g wi- PR L 4es0y 1 GAACU, Calc. m/z= -775.1244(-2)
6e+04 — P rr ]
Methods ; GAACU | 1sei0r
Se+04 y2- T]ZJ'ﬁ IJ&f ] A
] 1.0e+07
2 Z  4e+04 = ]
e+08 % g % 8. 0e+06 -
< 3e+04 _ £ N
] Guanine d1-18- Wf.z_d2718- d3-18- 60e+06—E
1 2e+047 PHosphoribosg y3- 4.0e+06
1e+08 ] d . ’ : B_ _ -
E i oe+00_:L{j%|C]]l|.| II ":' ||“ ]|IN II" Illfl I ﬂl HL‘LL |I |I ll [} Iu Ilk | . lll . ll llI OOE'*‘OO: — 'JIINI ——— ;
Digested . \ [ 946 200 400 600 m/Z 800 1000 1200 5.5 6 6.;
' : : ] - ..~ 3cAnaGu, cale. m/z= -77
Oligo Oligonucleotides ' | ( 1e+05+ 543 23 || 14e+07- /
Identification, annotation “ f ' ’ ‘ | " | ‘ | “ ' ‘ i L)‘. HU | f\ . y2- CAAGU | 0
’ 1 . ‘ | [ . : 0 e+ o
Of OlIgOnUCleOtlde Enzymatlcauy dlgeSted —.— ’ ‘Ifll f\” ‘JH urm Lw ruluLl‘W' fh, mluW LJ ‘ul MHLJM [J bb] “W J‘WMU MM ” ‘»’ M H H‘ J W me | \“ 8e+04—_ wl- 12 3 45 1 Oe+072
lecul oligonucleotides 10 20 s Minutes 40 50 o0 - § 5 E
motecules Fig. 1: TIC Chromatogram of hRNAse4 digested eGFP. 2 eih el Zs. 0e+06
20-minute IP-RPLC dient usine th 4e+04-Adenine  d1-1l8- d2 18 V?"3 " 006007
: . -minute |- radlient usin e : : 4 Phosphorib d3-15- +06 -] ' g Minutess
- eGFP mRNA was digested S s - Data processing with ron Cymossl: oribose a3 =
. ot i : - 5.15
with and ] b b3l d3-w3. 2.0e+06 b
PN: O0F-4790-AN) and DDA Neg mode UH i 1 m 1 }Z .
analyzed by |P—RPLC—MS . ( ) g and (V5.6) Oe+00 — : 1 c{l | |I ] |I il il |||I I || lllll Hllll L ll I! II||l i | 4 i | lll ; ; I J 0.0e_*_oo__ —_—— f';k] -
using the Thermo Q-Exactive Plus 999 200 iz sho 1000 1200 5.5 6 6.5 Minutes 7
e S a2 | tde0r AAGCU, Calc. m/z= -775.1244(-2)
6e+05—E Wi- 'A_] A_I(',:JC:'IU 1-2e+07:: 7.11
10 20 30 40 50 60 70 80 90 100 110 120 130 5e+05-: 1 2 3 4 5 i h
GGGGAGACGCCGCCACCAUGGUGAGCAAGGGCGAGGAGCUGUUCACCGGGGUGGUGCCCAUCCUGGUCGAGCUGGACGGCGACGUAAACGGCCACAAGUUCAGCGUGUCCGGCGAGGGCGAGGGCGAUGC ] y2- 1.0e+07
Z 40405 > E
= feros JAdenine <1g)80e+06—
140 150 160 170 180 190 200 210 220 230 240 250 260 S 3e+05] | y3- 260e+063
CACCUACGGCAAGCUGACCCUGAAGUUCAUCUGCACCACCGGCAAGCUGCCCGUGCCCUGGCCCACCCUCGUGACCACCCUGACCUACGGCGUGCAGUGCUUCAGCCGCUACCCCGACCACAUGAAGCAG E d1;18- d2_.-18— ' d3-18- _
2e+05—: Phosphoribose 4.0e+06 -
— — N Cy:os'nT b2-W2 }j y4- 7
1e+05 . - -B- _
JUrcil a2-B- l \ a4-B ll 2.0e+06 L/\-_

270 280 290 300 310 320 330 340 350 360 370 380 390 0e+00—: .J:}' dl | |I . Ll |I| [I ..I|.|||. I-J l l I Inll d il | |ﬁ/ , mlll . O.Oe+OOE — __ f]/]\l . ___ __). D ot —
CACGACUUCUUCAAGUCCGCCAUGCCCGAAGGCUACGUCCAGGAGCGCACCAUCUUCUUCAAGGACGACGGCAACUACAAGACCCGCGCCGAGGUGAAGUUCGAGGGCGACACCCUGGUGAACCGCAUCG 1151 200 400 m/z 800 1000 1200 5.'5 é 6.I5 Minutes 7' 7.'5 é
— = _ PR : aes07 1 AACGU, Calc. m/z= -775.1244(-2)

= 2e+05 o o T E

400 410 420 430 440 450 460 470 480 490 500 510 520 T | Wi- 5. A_,A_I “, _IU 1.26+07
AGCUGAAGGGCAUCGACUUCAAGGAGGACGGCAACAUCCUGGGGCACAAGCUGGAGUACAACUACAACAGCCACAACGUCUAUAUCAUGGCCGACAAGCAGAAGAACGGCAUCAAGGUGAACUUCAAGAU : Adenme ' & 12 3 4 5 1 0007 ] \

e+07
=——— = £ le+05 d1-18- s, Oe+06:
3 | d2-18- y3- 3 h

530 540 550 560 570 580 590 600 610 620 630 640 650 B - Ww2- " 6.0e+06

CCGCCACAACAUCGAGGACGGCAGCGUGCAGCUCGCCGACCACUACCAGCAGAACACCCCCAUCGGCACGGCCCCGUGCUGCUGCCCGACAACCACUACCUGAGCACCCAGUCCGCCCUGAGCAAAGACC ] 7]
>e+04-  Phpsphoribose d3-18- 4.0e+06

E——— - : Guanin B d3 v E 762
Ol ndk ~E | T a2-B- 21| a3{B- T 7" a4-B- 2.0e+06 -

660 670 680 690 700 710 720 730 740 750 otdli't O} lUraq j | l [ |.|“.|| | J “ J] M IjJ i | L ] /\/\ J L/\
CCAACGAGAAGCGCGAUCACAUGGUCCUGCUGGAGUUCGUGACCGCCGCCGGGAUCACUCUCGGCAUGGACGAGCUGUACAAGU‘AAGGAGAAGAGAAGGAAGAGAAAA — =  ug 0Oe+00 -~ l" ".II P ‘I i I ,' “.' ,' e I - [l — 0.0e+00 "—F/—77FF7—F+ 17— FT—FFFF 7 ems——
= FOIVE atl 1254 - 200 600 __M/Z _ gog 1000 1200 5.5 6 6.5 Minutes 7 8
— —— Fig. 3: MS/MS spectra and XICs of four oligo isomers. The Oligo Table at the top includes columns useful for assessing oligo assignments.
Fig. 2: eGFP mRNA Sequence coverage map. Figures and tables are part of the Byos Digested Oligonucleotide investigation view.

Results - Oligo Sequence Mapping, 5’ cap and 3’ PolyA Tail
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Fig. 4: Bar graph and table for relative abundance of 5’ cap species (n=3) prepared with Byos Reporting Fig. 5: Byos Oligo MS1 scan summation, deconvolution and Mass XIC plotting of the eGFP PolyA tail.
- m7Gppp 5’ cap relative abundance of 33.2% %RSD=1.4% (n=3). (Fig. 4) - PolyA tail lengths of 51-84 are mass matched in deconvoluted spectrum. (Fig. 5)
- Observed 5’ cap intermediates Gppp (19%), ppp (1%), and pp (47%). (Fig. 4) » Mass XIC plot shows LC resolution of PolyA tails. (Fig. 5)




