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. . . oligonucleotide on-column. Deconvolved , , 4
e Several LC-MS workflows for oligonucleotide analysis have been recently Figure 4. Complete sequence coverage (100%) resulted from the MS/MS fragmentation of the [M-4H]™ precursor (m/z=1792.14) Figure 5. CONFIRM Sequence App screenshot showing the sequence of the 21-mer extensively modified
introduced [1-4]. - (A) 7172662 of the 21-mer siRNA oligonucleotide. The precursor was fragmented with an optimized fixed collision energy (40 V) in the colli- siRNA oligonucleotide as entered in the Synthetic Library.
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coverage can be viewed in a "dot-map" form to easily assess the Eluent A: 7 mM triethylamine (TEA) and 40 mM hexafluoro-2-propanol (HFIP) P " t FLF.> were processed using the CONFIRM Sequence App to confirm
coverage of a predicted sequence, or to locate an impurity modification, in Milli-Q water (pH 8.6) miz: - Intensity: - Ll Hl " \ 1 their expected sequences
0 N . L d ) s 1

, L | "
and is capable of high-throughput data processing. Eluent B: 3.5 mM TEA, 20 mM HFIP in 50% methanol 650 750 850 950 1050 1150 1250 1350 1450 1550 1650 1750 :.:1850::.1950 e The CONFIRM Sequence App is capable of finding sequence

Mock Observed mass [m/z] L. . . . . L
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Flow rate: 300 puL/min 2390.367 _Figure_z 6. Ior) pajring ESI-MS spectrum _of a 6-mer. 5’-phosphorylated o!igonucleotide mentation of the [M-2H]?precursor (m/z=1120.7) of the 5-phosphorylated 6- extensively modified synthetic oligonucleotides
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lonization mode: negative ESI oligonucleotide: (A): deconvolved spectrum of the neutral species obtained us- — —
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Acq 's't'()n rate 1H MS SpeCtrum Used for asseSSIng the fldellty Of the deCOﬂVOlUtlon process' 6-mer [ 3 10.9 GCA CCT C75 H110 N21 044 P5 - 5009 Da (loss of GCCUCAGTCTGCTTC) 2163.5704 1080.7779 (-2) 720.1828 (-3) 40/28 74.2 82.4 0.06 References
uisiti . z 7-mer | 4 11.2 GCA CCT €85 H124 N24 050 P6 | - 4706 Da (loss of GCCUCAGTCTGCTT) 2466.6324 1232.3089 (-2) 821.2053 (-3) 38/28 65.1 76.8 0.09
D()Ubly tr|p|y and quadruply Charged precursors Of the 21 mer and ItS Poak ID Typ NGiEaRin o Observed mass Expected mass Mass error Identity 8-mer 5 113 TC GCA CCT C95 H137 N26 O57 P7 - 4402 Da (loss of GCCUCAGTCTGCT) 2770.6784 1384.3319 (-2) 922.5522 (-3) 38/30 65.7 75.2 0.07
) - ea i MRS e (Da) (Da) (ppm) result 9mer | 6 11.8 TTC GCA CCT €105 H150 N28 064 P8 - 4098 Da (loss of GCCUCAGTCTGC) 3074.7245 1536.3496 (-2) 1023.8825 (-3) 38/32 68.6 783 0.08 .
. ayn . .. . . I 7172.57 7172.57 2"“MOE-5Me Cytid g 6.491.427 6.491.425 02 P 19-mer r 7 19.5 GC* UCA G*C TGC TTC GCA CCT C217 H304 N64 0133 P18 - 681 Da (2'-MOE-5Me C & dT) 6491.4269 2162.8017 (-3) 1621.8495 (-4) - - - 0.14 1 An AUtomated Compllance-Ready LC-MS Workﬂow for IntaCt MaSS
impurities were fragmented by CID in the collision cell using voltages in the 7 Impurity 172, .57 2-MOE-5Me Cytidine.n- 491, A2 5 Pe 19-mer [ 8 209 GC* UCAGTC TG TT* GCACCT | C217 H303 N63 0134 P18 | - -680Da (2'-MOE-SMe C & 5MeC) 6492.4109 2163.1297 (-3) 1622.0955 (-4) - - - 0.45 Confirmation and Purity Analysis of Oligonucleotides, 2020, Waters
I range of 10-70 V. In addition, MSE (DIA—data independent) datasets were 8 Impurity 7.172.57 7172.57 2'-MOE-5Me Cytidine,5Me-Cytidine 6,492.316 6,492.409 144  Warning ;g:ﬂ:: r 190 ;iz GCCC*TJC&GGTT TTGG :_rr C;CCACCCCTT E;;; :i;i :Z: gij; Ei: _3-;8[)73[)(:,?2'\/'1')\?3?;,\2 ) 2;2;2;;‘ ;;22:?;;3 :z; 122?22; :2; g:;: application note, P/N 720006820EN.
. . . . 20-mer r 11 21.7 *CC UCA GTC TGC TTC GCA CCT C227 H319 N64 0140 P19 - 403 Da (2'-MOE G) 6769.4824 2255.4869 (-3) 1691.3633 (-4) - - - 0.25
acquired for the same oligonucleotides on the same QTof instrument. 11 impurity 7.172.57 7172.57 2-MOE Guanosine 6.769.459 6.769.481 32 Pass 20mer [ 12 220 GCC UCA G*C TGC TTC GCA CCT | €230 H324 N67 0141 P19 -304 Da (dT) 6868.5257 2288.5013 (-3) 1716.1242 (-4) - - - 032 2. Analysis of Oligonucleotide Impurities on the BioAccord System with
20-mer 13 22.5 GCC *CA GTC TGC TTC GCA CCT C227 H318 N67 0139 P19 - 378 Da (2'-MOE-5Me U) 6794.4889 2263.8227 (-3) 1697.6149 (-4) - - - 0.45 H H H
9 Impurity 7.172.57 7172.57 2-MOE Adenosine 6,785.440 6,785.476 -5.3 Pass 20-mer r 14 22.7 GCC UCA GTC TGC TT* GCA CCT C230 H323 N66 0142 P19 -303 Da (5Me Q) 6869.5097 2288.8293 (-3) 1716.3702 (-4) - - - _065 ACQUITY Premler’ 2021 7 Waters appllcatlon nOte’ P/N 720007301 EN
I f t. 21-mer | FLP 23.1 GCCUCA GTC TGC TTC GCA CCT C240 H337 N69 0148 P20 - 7172.5717 1792.1357 (-4) 2389.8500 (-3) 40 /55 100.0 100.0 (94.51)
n orma Ics 13 Impurity 7.172.57 7172.57 2'-MOE-5Me Uridine 6,794.473 6,794.487 21 Pass 20-mer L 15 23.8/24.1 GCC UCA *TC TGC TTC GCA CCT C230 H325 N64 0142 P19 -329 Da (dG) 6843.5192 2280.1658 (-3) 1709.8725 (-4) - - - 1.17 3- LC_MS AnalySIS of SIRNA Slngle GUIde RNA and |mpur|t|es USIng
D t . t d i rf d . t tTM 21-mer 16 249/25.1 GCCUCA GTC TGC TTC GCA CCT C240 H342 N69 0151 P20 +53 Da (H503) 7225.5956 2407.5246 (-3) 1805.3916 (-4) - 0.57 the BlOACCOFd System Wlth’ ACQUITY Premler SyStem and NeW
a a vaUISI |On an proceSSIng Was pe Orme USIng Wa ers_ConneC 10 Impurity 7.172.57 7172.57 2'-MOE-5Me Cytidine 6,795.455 6,795.471 -24 Pass TOTAL 100.00 . . . .
Soft ESI-MS ¢ £ oli leotid 4 aut ticall Automated INTACT Mass Aplication, 2022, Waters application note,
oftware. Eol-Ms spectra of oligonuciectides were processed automatically 15 mpuity 717257 717257046 63526 683517 15 pass Table I. Sixteen oligonucleotide impurities were identified in a 21-mer siRNA modified oligonucleotide. Six impurities and the full length product (FLP) were sequenced P/N 720007546EN.
using the INTACT Mass App. The oligonucleotide purity assessments were using a Xevo G3 mass spectrometer and the individual MS/MS spectra fragmented with optimum collision energies were processed using the CONFIRM Sequence
12 Impurity 7.172.57 7172.57 n-dT 6,868.558 6,868.524 49 Pass H H 1 0, H 1 0, H 1 . . .
calculated based on the UV response from the UV chromatogram using the Py App. 'I"he MS/MS sequence coverage for the FLP and its impurities were above 75%. The lowest abundance impurity, measured at 0.05% relative abundance, is a 6- 4. CONFIRM Sequence: A waters_connect Application for Sequencing
: mer 5’-phosphorylated oligonucleotide which was sequenced with 83% sequence coverage. The sequence of the FLP (21-mer oligonucleotide, 94.51% purity) was ; ; ; : o
phospnory g q q g q g purity
™ v o E 14  Impurity 7,172.57 7172.57 SMe-Cytidine 6,869.450 6,869.508 85 Pass fi d with 100% The total ds to th bined btained f the MS/MS f tati ft f of Synthetlc Ollgonucleotldes and Their Impurltles, 2022, Waters
Figure 1. Xevo™ G3 QTof Mass Spectrometer with the ACQUITY same software. Individual MS/MS spectra and MSF datasets were processed . gggl—:rg?ie or\:l/chIeotideo coverage. The total sequence coverage corresponds to the combined sequence obtained from the ragmentation of two precursors o application note, P/N 720007677EN.
. . . - Product 7.172.57 7.172.57 7,172.549 7,172.570 -29 P, .
Premier UPLC™ System and waters_connect’™ Software. by the CONFIRM Sequence App to establish the optimum collision energy for o = 9
fragmentation of each oligonucleotide precursor. Figure 3. Screenshot showing a portion of the processing results table generated by the

INTACT Mass App for the 21-mer oligonucleotide and its impurities. The dataset was
deconvolved using the BayesSpray charge deconvolution algorithm and 15 oligonucleo-
tide impurities were identified with mass accuracies of under 10 ppm.
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