| ‘ CONNECTING SCIENCE
m RNA MO LEC U LES = To Solve Problems That Matter
Catalin Doneanu’, Alexandre F. Gomes', Jo-Anne Riley?, Chris Preston?, Matt Gorton®, Tatiana Johnston', Bala Addepalli’, and Ying Qing Yu'
"Waters Corporation, Milford, MA, USA; “Waters Corporation, Wilmslow, UK

INTRODUCTION METHODS RESULTS e - CQA3: LC-MS Sequence Intedrity Assay Automatic elucidation of structural isomers with the MAP Sequence App

CQA1 LC‘MS CaDDInQ EfﬁCienCV Assav ] 1594.1877 M Assigned Unassigned 4 Review Sequence Coverage > Review Single Product
e The use of novel software tools for assessing the critical quality attributes mRNA Sample _— " MS Resolution ~ 100,000 o] e ———
. . . g. qualtty A custom mRNA construct based on the firefly luciferase (Fluc) sequence was custom- et XIC of m7GpppAm GGGAAAU cP digestion product (Cap-1 structure) 2 st I | et | A > N v 100% coverage
(CQAs) of MRNA molecules is described in this poster. made via IVT (in vitro transcription) synthesis by GenScript (GS, Piscataway, NJ). The <€ M-2H]* m/z = 1594.19 < o 1408
. . , . . . mRNA molecule was synthesized with a Cap-1 structure, followed by 1,919 . 100000 / C ’ Fluc mRNA digested with RapiZyme MC1: TIC trace Ditectdion:  Prodat
e Three CQAs were investigated: 1) 5'-Capping Efficiency; 2) Poly(A) Tail nucleotides and a Poly(A) Tail sequence. £ g0000 g e
verage length and heterogeneity; 3) mRNA nce integrity. S | A ) , £ A
average length and heterogeneity; 3) sequence integrity Endonuclease digestions B soooo A 7 | " - i ’ £ B R
e MSF (DIA) data was collected on the Xevo™ MRT Q-Tof Mass Chromatographically purified, animal free, ribonuclease T1 (RNase T1, catalogue no g 40000 ol . DUy | g [mn o - b com e B [
) o ) ) IFGRNASET1AFLY500KU, 500kU), isolated from Aspergillus oryzae, was purchased ~ 20000 1552 1593 1504 1 159 17 1558 1599 B . . .
Spectrometer, our newest high MS-resolution instrument using the multi- from Innovative Research (Novi, MI). The lyophilized enzyme was dissolved in 5 mL of o . T 2170 Wse 40540000 1 5 " g oo L AL AN BN BN AN AN BE BN AN AR BN
o ffli 100 mM ammonium bicarbonate to prepare a solution containing 100 units/pL. 20 pL of 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 1 oL = 7 A Y B il Rl Tl R
reflectron time-of-flight technology (MRT). Fluc mRNA (1.4 mg/mL) were mixed with 10 uL of nuclease-free water and incubated B mxfz:g}mm 5 GGGAAAU of digestion product (Cap-1 siructure) rovt | 12322'1247 VIS Resolufion < 700,000 | b I s (P ]
e The waters_connect™ SYNTHETIC Library v2.0, MAP Sequence v2.0 and at 90°C for 2 min to achieve mRNA denaturation. After cooling the sample to room 60000 ppPp gestion b ‘T’ M P ot | : ' soort ol = B oo feh L ol
- o o temperature (RT), 10 uL (1,000 units) of RNase T1 were added and the mRNA sample Z 50000 [M-2H[*" m/z = 1602.18 \ 5 sl -
INTACT MaSS V1 9 appllcat|0ns (AppS), are SpeCIa|Ized SOftWare tOOIS was digested for 15 min at 370C § 40000 B ‘ \ ‘ S © 200s7 A ﬁh r l l 4+ Review Sequence Coverage > Review Single Product
. . . . . E‘ 30000 ‘ ‘ ‘% de+4 h Review digestion product precursor and fragment data.
developed to streamline the analysis of nucleic acid based therapeutics, The Rapizyme™MC1 endonuclease (P/N 186011190) was dissolved in a buffer £ o0 H ‘ : D 0 | | | | | | | | | | | | , . X 50.0% coveran
such as synthetic o|igonuc|eotides’ ngNA and mRNA. They facilitate cont_aining 200 mI_\/I_ ammonium acetate pH 8.0 at a concentratiqn of 100 !JnitS/L. The Z 10000 N\‘\J “ " B o] 5 10 15 20 25 30 . es . 40 45 50 55 60 65 70 m o FTGe Unmodified MC1 300U 033 ug/ul U0 g
) ) i ] ) RapiZyme Cusativin endonuclease (P/N 186011192) was dissolved in a buffer ol n . . .WJ e T Retention time (min) e
ollgonucleotlde mappmg and sequence conflrmatlon ana|ySGS from containing 200 mM ammonium acetate pH 9.0 at a concentration of 100 units/L. The 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 e
: detailed digestion protocols with RapiZyme MC1 and RapiZyme Cusativin are provided Retention time [min] o . . 5 |GD NP1 UNS | WY WS WA W . — igesionprouc epected moss 00 Sbserees s O R Sbsersed T (i = =
sequence entry to report generat|0n e|Sewhere [1 _3] e e 1 1‘603m/z ot o 1o e . @ Us93:U702 UGCGUGCGGU-cP B 10 3253.3956 3253.3952 8,125,430 2884 @ Found B yi1 —° ¥s 2 ¥2 =N
 Nearly complete mRNA sequence coverage (93.7%) was obtained after i .5 i i i i ; 19 5055 @ rouna = [N SR S
y_ ] P ] d ge ( °) ) The hRNAse4 enzyme (catalogue no M1284S, 2500 units) was purchased from New Figure 3. 5-Cap analysis of the GenScript Fluc mRNA via a single LC/MS assay o ‘ ‘ o = @ ’7 ( ( F
combining the sequencing results generated by a panel of four enzymatic England Biolabs (Ipswich, MA). 20 uL of Fluc mRNA were denatured following the  (A,B) Extracted ion chromatograms corresponding to the doubly charged digestion products containing two Cap-1 structures, m7GpppAm e cisss 10 5174 @ Found s @O OO0 J OO0 0> 0 0 ¢
digestions, underlining the utility of this approach for comprehensive same procedure described for RNase T1 digestion, then 10 L (5000 units) of hRNase4  (panel A) and m7GpppGm (panel B), attached to the same 7-mer hRNase4 digestion product with the sequence GGG AAA U cP; R , o @ o o &5 N
were added and the mRNA sample was digested for 90 min at 37°C. . T . . .
sequence integrity verification (C,D) MAP. Sequence |sot_op|c _dlstrlbutlons of the doubly charged precursors correspondln_g to the 9-mer Cap-_1 dlgestlon products gener- @ suscins AGcAcCcchRC cP 1" 34915052 2481 5087 4480043 2098 @ round b5}
q Yy . Al digestion mixtures were prepared in QuanRecovery™ MaxPeak™ 300 uL Vials. ated following hRNase4 digestion. Both Cap-1 structures were detected in the hRNAse4 digest, but the free digestion product (GGG AAA _ . Y e @ o &) -
The digests were analyzed immediately by LC-MS using 5 pL injections. U cP, m/z= 1163.13, -2) was not detec_:ted (data not_ shown). In addition, no Cap-related impurities (truncations of Cap-0/Cap-1/Cap-2 I S 5 e i _ B
structures) were detected upon processing the data with the Map Sequence App. o Figure 6. An example of automatic elucidation of structural isomers using user-
o= The RNase T1 ribonuclease has 3'-guanosine specificity, cleaving after guanosine  Based on these results, the GenScript Fluc mRNA Capping Efficiency is 100%, with 62.7% of mRNA bearing an m7GpppAm Cap-1and "~ A — " i R s w2 @ o specified acceptance criteria: (A) the 12-mer U124:A135 digestion product dis-
residues, regardless of the identity of the next nucleotide residue: G_A/ G_C/G_G/  37.3% of mRNA having an m7GpppGm Cap-1 structure. This is an unexpected result, as typical 5-mRNA Caps have either a methylated ® =< " 3531 @ Found plays full (100%) sequence coverage at the fragment ion level, therefore this
waters connect’ G_U. adenosine-Am or a methylated guanosine_Gm Cap-‘| structure, but not both. ® Guiacias GGCGAGCAGE-cP 10 2298.4661 3298.4662 2,347,953 3020 @ Found digestion product is confirmed; (B) its isomeric counterpart, the 12-mer

U727:A738 digestion product has only 50.0% fragment ion coverage, therefore
this assignment is rejected.

@ A174:A186 ACCGACGCCCACACP 13 4141.5940 41415941 1,611,327 40.68 @ Found

° RapiZyme MC1 is a recombinant enzyme from the RNase T2 family, which display 5’-

’ : uridine specificity, cleaving at three primary cleavage sites: A_U /C_U /U_U / and two
minor cleavage sites: C_A/ C_G, for a total of 5 cleavage sites. .
RapiZyme Cusativin is a recombinant enzyme from the same family, which display 3'- CQAZ2: LC-MS Poly(A) Tail Assay o C s o e ) P y ) “ - :yzz
cytidine specificity, cleaving primarily at: C_A / C_G / C_U [/ with other four minor

cleavage sites at: U_A/A_U,/G_U/U_U, for a total of 7 cleavage sites. - _ - [M-34H wiz Lt e s | 2 CO N C LU S I O N S

Human RNase4 (hRNAse4) is an endonuclease with 3’-uridine specificity, cleaving N B
only at two cleavage sites: U_A and U_G. - [M-34HT™ ’
" 12es 5 3 e
. M\ WS Resoluion = 706,000 | . . . . . . . . . . . . . . . . O O e MSEF data acquisition on the Xevo MRT Q-Tof Mass Spectrometer
LC-MS conditions o _ i I e I B B =10 provides excellent mass resolution, mass accuracy and sensitivity
UHPLC System: ACQUITY Premier Binary System with TUV detector (260 nm) 7 soo A Lo H ﬂ B ] * ]
Mass Spectrometer: Xevo MRT Q-Tof P E o \H ‘ U”’\ > > o for analysis of MRNA CQAs.
Column: ACQUITY Premier OST Column 1.7 pm, 300 A, 2.1 x 150 mm (PN .. s UU\ “\H I : o o o e _
186010541) ‘H ”””‘M‘MM‘ ’ ” e SYNTHETIC Library, MAP Sequence and INTACT Mass Apps
°°°°° =l I . . .
Mobile phases: - | . “ D precrsr ] E deliver excellent usability for assessing the mRNA CQAs.
UUUUU * S gbs: f : o '985‘ ;s ES'S 93;?2;:%;;:;“/;;; “:BE 2: TOF MSe (405-4000) 6V ESI- ms3 67.17% i 4voe+5_ M—g H 9- 1 1 1 0
Eluent A: 10 mM DPA (n-dipropyl amine), 40 mM HFIP in deionized water, pH 8.6 S e e T e T 16 e et e e e s e | ! ]  The Capping Efficiency of GS Fluc mRNA was 100%, based on two

Eluent B: 10 mM DPA, 40 mM HFIP in 50% methanol 5’-Cap1 structures detected

The Average Poly(A) Tail length calculated for the GS Fluc mRNA is 102.3-

)
- < O
Intensity (counts)
NN w
5 o o
& & &
[

Digest separations were performed at a flow rate of 0.3 mL/min with a gradient from
0% to 50% Solvent B in 90 min, at a column temperature of 60 °C.
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