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The Power of Precision

//,/ Method development of a simple and rapid MS analysis of oligonucleotides with novel Acoustic Ejection Mass Spectrometry (AEMS)
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oli gonu cleotides (OG NS) lon-pairing agents and organic solvents commonly used in LC-MS were tested as diluents at various To confirm the same AEMS conditions could be used for various OGNSs, all samples were prepared in 16.5 mM Samples: Test | Optimized

LC-MS has been established as one of the leading analytical methods for therapeutic oligonucleotides. It can concent.ra_tlons and ratios. Methanpl, the defaqlt mop!le phase for syst(?m, was selected, S|mpllfy|ng system setup DIPEA in 67% ACN at 50-200 pg/mL in different wells on a plate and acquired in a single run. Results-1, 2: 20 mer phosphorothioated (PS) DNA cepg |Eluent | MeOH

provide high-precision qualitative and quantitative results using LC separation. However, there are some and avoiding the problems of mobile phases (instability, adduct formation) commonly used in LC-MS for OGNSs. (dA*dT*dC*dG*dA*dC*dT*dC*dT*dC*dG*dA*dG*dC*dG*dT*dT*dC*dT | " |Flow rate (ul/min) | 400 380

. . . . ' . ’ ) e A . * *- -3 i i Ejection vol. (nL) 5 50 60

challenges. FIA resolves some of them, but still some remains (Fig.1). This results in wasted time and labor, 1-1. lon pairs: TEA+HFIP, DIPEA+HFIP ~ ~ a) RNA, 40mer _ c) d={RNA, 19mer (PS, 2'-F, 2’-Ome, Chol) e ds-DNA, 20mer (PS) g) dT, 15mer i) DNA, 22mer (PS) a?\(é Vr;/]f;zfiﬁcatii)s, %GNSX“E il ATeGn ;yr?wtgrezlizReNdAoggs I_OIIIXaII”Og'S I?Ilgsrso Clur et s S

making it difficult to perform quick and easy analyses or continuous analyses of multiple samples. A new AEMS e 4e6] 633.85 x7gy 79 | 40 Mobile phase: «Methanol can be used, 19796.69 6360.67 | o0 [ed04.43 4500.76 079,98 , ( ’ , 5ap ’ e (), (f)’ Gas 2 (psi) 55 65

svstem is possible to address these challenaes 8 e : e *704.44 . i ed o 2] o s 695537 | s s e s s 2'-Ome (m), Cholesterol TEG (Chol)) and length (15-40mer), Results-4: -

y P Jes. I ; ) ° lon-pairing agents were not require 120328 \E 22mer PS-DNA (dG*dA*dG*dA*dT*dC*dG*dG*dA*dT*dT*dC*dC*dA*dG Temperature °C) | 400 | 500

5o e 2e Diluent: « Amines enhanced sensitivity and S L - T 43 T *dT*dA*dT*dA*dC*dC*dA) M5 |Polarity, Scantype | Negative, Q1
H [ = = = . .
LC-MS (method development and analysis) S N 1Y W N . reduce adducts ions, « HFIP was not required et e R Mass range (m/z) |400-1250| 500-1250
( Sampl 0.5h 1%t sample 20 samples >=2d > — >0 — >0 1000  No issues with adding organic solvent and : &‘\-- T e e R i E Mose 2 > L B AEMS system and software: Scan rate (Da/s) 12000
~0. ! i L — . .
amPpie prep \—H 1A: DEPC-water ~ 2A: 10mM TEA, 50mM HFIP 3A: 10mM DIPEA, 50mM HFIP _no need to remove organic solvents Y LN — 2005|2325 —— System: Echo® MS system (coupled with SCIEX Triple Quad 6500+ S, DP (V) 4500, -80
LC set up 2~3h LC-MS optimization 0.5 ~ 1d 1°15h == 1-2. Organic solvents and %ratio L g 2.024 2.074 - 5 1::"1 mass spectrometer, Software: SCIEX OS software with Bio Tool Kit Table 1. AEMS parameters
N y, L 0.770 123 1372 1rs o Y | e 1623 o ' (SCIEX)
e ~N 8 661 %704 44 6e61 *704.38 6e6 ¥704.45 6eb *704.42 6e6| *7p$.42 - 0.620 )\LA\ 1.021 ' i ‘ i L 1'643 L_;[\J\_;( . ;
FIA (Simple and rapid analySiS) Cha”enges of LC_MS’ solved by %: 406 *792.70 466 466 : 466 406 0.0:™ 0.1 0.2 0.3 04 0.5 0.6 7 0.3 0.8 I 12 13 py L.'s T w 23 24 25 26 27 o 29
FIA (*), AEMS (v') , method development (v) 3 2e6 | l ( 2e6 H_l { [ 2¢6 | J { t | 2e6 2¢6 — | \ -m\ CONCL USIONS
Sample prep. ~ 0.25h v *Requirement of time and experience for LC cleaning, equilibration, bbb | | OelPuch L eoMaskld ul Oe Oe et | £366.75 7| 6199.24 1 16360.83 - 5196.48 1~ 6360.73 | 326,24 st 6348.17
LC setup ~ 1h ] . D 500 1000 500 1000 500 1000 500 1000 500 1000 - e - - - 5e6 . 4e6 LC MS FlA AEMS
and evaluation of analytical conditions 3A: 10mM DIPEA, 50mM HFIP  3B: 3A /MeOH=9/1 3C: 3A /ACN=9/1 3D: 3A /MeOH=1/2 3E: 3A/ACN=1/2 6a0456  |f | * P P : - . — —
v"*Limitations in terms of throughput _ _ o _ _ o] 1 6156.53 | | 6398.33 oo e N Separation / purification N/A N/A
Problems with commonly used mobile phases 1-3. Concentrations of ion pairs (diluted three times with methanol) Figure 3. Comparison of o .. o il e e - I b Quantification v'v' with separation v v'? need further verification
. . . N ) - ) L. 6000 aSSJESEDD 6000 s, aESIJD 5000 s, 05 5500 6000 s, aESIJD 6000 s, aESDD J// .
AEMS (simple and rapid analysis) v Instability of ion-pairing agents requires frequent replacement g 6¢6 6¢6 6e6 sensitivity and spectra eee, 0 ess 0 ese, 0 oss, 0 ik Identification (MS level) accurate mass with HRMS |, rate mass with HRMS v average mass
v | f | h h l | id o 46 4e6]  704.43 466 46 between dilution solutions b) RNA, 20mer dRNA, 19mer (PS, 2’-F, 2’-OMe) f) Gapmer, 15mer (PS, LNA) h) DNA, 20mer (PS) j) DNA, 20mer (PS) and LC separation
mpact on analyses ot samples other than o Igonucleotides ? 505,94 " " ected f . Sequencing v with HRMS v with HRMS N/A
Sample prep. ~ 0.25h v Extensive passivation of LC system needed g2 266 ' 266 266 g Setings Secfc N OL. Hliahted Figure 5. Reconstructed data of various OGNSs. preparing mobile phase, oreparing mobile phase,
AEMS ~0.5h v Hi subsequent studies are highlighted. System setup o L v auto-purge only
setup ~ 0. High cost of reagents and columns Oehubs i OeohiL et OegPht e Deghui — LC and column equilibration LC equilibration
v *Limitations on sample dissolution solution during injection DEPEC: diethyl bonate, HFIP: ) . ) . ) . Method development required v not required v not required
. & J 3D: 10mM DIPEA, 50mM HFIP 4D: 50mM DIPEA, 250mM HFIP  5D: 10mM DIPEA  6D: 50mM DIPEA hexafmor';sgpfzgzcnagl ‘;EaA,et'riethy'l 8 Molecular weights of all the OGNs could be obtained in less than 4 minutes using the exact same condltlons\ Mobile phase requirements | need ion pairs and fresh preparation | nead ion pairs and fresh preparation 7 thanol
: : : i N-ethyldii i - Th le-stran ds) OGNs (sampl wer rate chains with rior - :
Figure 1. Time course, throughput and challenges of LC-MS and FIA of OGNs and expectations for AEMS. amine, DIPEA:N-ethyldiisopropylamine e double-stranded (c'5) OGNs (sample ¢, d, €) were detected as two separate chains without prio Sample diluent restricted v v
. . - denaturation Denaturing of OGN v" with high column tem N/A, need pre-treatment Y7 with AE?, need further
RESULT-2: Concentration and ejection vo lume - Impurities (*) were detected in samples d and i. The impurity profile of sample d was similar to the results of . & P- sneeap verification
" . . _ H _ /// . ..
INTRODUCTION'2 AEMS an d beﬂ efItS fOT OGN an alyS|S _ ) ] _ o _ _ ) \ LC-HRMS anaIySIS (RESULTS 4) / Sample throughput / hour v' <10 samples v'v' <50 samples <<5108§)a2)mples,llnd:;/|ilu:l
Since alkali metal, commonly found in ONG analysis, reduce sensitivity and increase spectral complexity, there is _— ;amp €s, batc
Droplets are ejected from the sample by acoustic energy and delivered to the MS electrode by solvent flow in a desire to limit adduct formation. The effect of concentration and ejection volume on the spectrum and adduct Flexibility of system for other assays N/A, mleed system clt'ean up N/A, need system clean up
orpP. lons were investigated. _ o S _ . . Running cost corumns, 1on pairs ion pairs for mobile phases v
AE: Echo® Module MS: SCIEX Triple ™ - - concentration injectionvolume _ injection weight RESULT-4: Im pu I’Ity P rofilin 0 for mobile phases
: _— . Quad™ 6500+ system | 384samples/11.6 min* . s #p04. 90597 qonL| ] *p04.44 20nL | 1 *po4.38 sonL| .| *704.42 100nL Table 2. Advantages and disadvantages of each analytical method in OGN analysis.
Acoustic Droplet Ejection (ADE): i Solventinlet (*in single run, delay time 1500 msec) g ! 405 *905.99 *905.96 6e5 *905.96 . . . . . )
: , ag— 2 Ty e o . The impurities detected in sample d were compared with those detected by previous LC-HRMS analysis.

. Non-contactal?ql.gf;]-speed, high — HV power supply 5 18.5ug/mL 5] 2e) l. | > | L | N
?ech)l:(;ilT}IC,Igﬂlty :zmpllng in the Open Port Probe Spra capil/ar E B S TR TRET T RS S ) 90'0. 1000 1100 1200 b0 e 700 L"su'ul 900 1000 1100 1200 o< 600 700 800 900 %1056.93 LC-HRMS (Reference Data, 5000% on column, vaUired on the TripleTOF 6600 system from SClEX) * USIng AEMS’ a rapld’ Slmple’ COSt- and tlme_eﬁ:eCtlve analytlcal methOd for OGN was eStabIIShed
order of nlL (opp) intet | V' y y o Mess/cheraepe . Mess/cheraepe o Mess/cheraepe - *7*’9“2 ' " Ty " Parent — + The method was shown to be applicable to various types of OGNSs.
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Open-Port Interface (OPI): mbulizergas | s ] %6338 +905.90 *P04.40 79%%3; o %905.86 5.6ng%63}.77 Parent « AEMS detected the profiles of major impurities similar to LC-HRMS in about 1/20th of the time.

- Direct liquid transfer, no ‘ o T i T 55.6ug/mL 61 { A ' e 1o \—7-— > Deourination of A Parent’Na, K adducts « The ability to use ion-pair-free mobile phases enables continuous analysis including samples other than
Sample IOSS or Carl’y'OVEI’ v MS e/ectrode 1266 4 4.212 4,337 4.665 817 ) 0ed i il =k " L T T 0e0 - 00 - 0e0 Egmln o _dc* dT* epurlnatlonpos to PO OGNS.

* Significant matrix dilution, Ejected droplet @ /;; @\ ass/Crarg, s Mass/Charge, Oz ass/Charge, Mass/Charg, s M Q N/ L L « The system can be applied to urgent and rapid analysis of a large number of samples, such as reaction
allowing the direct ejection of | - N L Ve oee ] %6337 =1 043 “1 63 ] 6336 B R AR AL R R A W 3 A ST AR M I A E 2O T e wewe e e o me e k0 7o confirmation during synthesis, development of synthesis and purification methods, and lot management
complex samples . Samplein well 6 LI S E s & . T %702 49 = ' *905.85 e ' *905.77 2ot | : *905.82 Time, min Mass, Da g sy , P y P , g .
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Electrospray ionization: . Ultrasonic wave b — - ‘ N 167ug/mL . . L..L 2661 iy AEMS (3 ng injection) Parent
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<4‘1 42 43 4 1m|n i 47 48 439 Mass/Chart M:;:azrg;;a Mass/Charge, Da Mass/Charge, Da 0.570 JMS Parent w N . . . . . . . . .
5.0ng’ L7y *633.65 | 777 63570 | 779505 63361 fsgs g S Parent Na, K adducts The SCIEX clinical diagnostic portfolio is For In Vitro Diagnostic Use. Rx Only. Product(s) not available in all
Figure 2. lllustration of the sampling process and throughput of AEMS 500ug/mL ** 9 | I ’ o ' saes Depurination of A countries. For information on availability, please contact your local sales representative or refer to
' . 1.2min ‘ PS to PO www.sciex.com/diagnostics. All other products are For Research Use Only. Not for use in Diagnostic
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If AEMS is applicable to OGN analysis, - | Figure 4. Mass spectra of various concentrations and ejection volumes. Inserts show zoom-in at comparable _ | _ Echo and Echo MS are trademarks or registered trademarks of Labcyte, Inc. in the United States and other

o it will be possible to analyze easily, quickly and at low cost without LC. iniection weights. Figure 6. Total ion chromatograms (left) and reconstructed data (right) of LC-HRMS (upper) and AEMS (lower). countries, and are being used under license. o | _

If a stable and general solvent can be used as the mobile phase L _ _ o _ _ Trademarks and/or registered trademarks mentioned herein, including associated logos, are the property of AB
the sol tdg  need 10 be changed f i dp i vsis includi les other th * There was no significant difference in the charge distribution depending on the concentration ) T L Sciex Pte. Ltd. or their respective owners in the United States and/or certain other countries (see

o the solvent does not need 1o be changed Irequently, and continuous analysis Including samples other than * Dilution in 16.5 mM DIPEA in 67% ACN reduced the adduct ions caused by alkali metals - AEMS detected the profiles of major impurities similar to LC-HRMS www.sciex.com/trademarks)

\_ OGN becomes possible. Yy, « A good linearity (R2>0.99, CV=<10%) was obtained for the peak area values of TIC at each injection volume « By using AEMS, the acquisition time was reduced to about 1/20 compared to LC-MS
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