Advances in Automated Multi-lonization Mass Spectrometry: ESI, SAI, MAI and vMAI L e
Khoa Hoang,' Milan Pophristic,’ Santosh Karki,'3 Darrell D. Marshall, 3 Sarah Trimpin,’- 3 Charles N. McEwen, 2 Usciences
TMS™ LLC, Newark, DE; 2 University of the Sciences, Philadelphia, PA; SWayne State University, Detroit, MI.

University of the Sciences

, Overview o Reproducibility Performance of lonique SAI, MAI, and ESI: A Comparison Concept vMAI single automated probe & vMAI
ere we present advances in .automate multi-ionization ma:ss A _ +1095;963 All with Ammonium tartrate 1.2E6 multi-mode vacuum ionization source
spectrometry (MS). The lonique platform offers ESI, matrix- - T1C:1.11e9 /8
MR A 100, 293 397 542 gag 830 976 100 +11857.47 © 1071.59
assisted ionization (MAI) and solvent-assisted ionization (SAl). - £12 219 .52 . NSl
B | +6 - == |
Introduction 8 - 659.83 JLL Mh L 1428.28 +5 VaI}Ie control ™ ———
DN T MWAL N O S T SR A h 171;3'94 L g
MAI,”SAI and \(MAI are nev.v.ionizati_on technologies capable of high B_O 51630 40 50 6.0 7.0 8'017.62'0 'IQ85 707 I 857.37952.63 1.45E6
sensitivity and different selectivity relative to ESI and MALDI and operate m 8.31 11.37 14 48 20.69 S 179,61 1071.58
without use of high voltages or a laser’23>  MS™ built the first ' g | | ' pacer p
automated multi-ionization platform capable of analyses with ESI, MAI, 0 : 714.72 1224.38 1428 44
and SAl and later two different vMAI automated ionization sources*. The 0 50 80 BT L = o b A AR A A & i
lonique platform typically delivers between 0.1 and 1 pL of sample OT|me min 17.0 20.0 D 1428.44 1.90E6 /! ; Yoenine
solution from a variety of formats (e.g., 96-well plates) for analysis on API Figure 3. Total ion chronogram Collected on the lonique of (A) ESI- 0 171393 =s) de
mass spectrometers. The most extensive use of the multi-ionization MS m/z and (B) MAI-MS of Deinococcus radiodurans bacterial .
platform was analysis of ca. 5000 bacterial extract sample by ESI and fingerprints. 62423 | L T | _ | _
MAI and fewer with SAl to demonstrate the ability to differentiate various }gg)_ 3-54}|_IIE§ %00 700 900 1100 1300 . 1500 1700 1900 2100 Figure 10. (A)_ VMA|_ single automated probe, (B_) VMAI mqltl-
bacteria even on the strain Ievell. Here we demonstrat_e a variety of 50; Figure 5. Mass spectra obtained using MAI, SAl and ESI for ubiquitin mode vacuum ionization source on a Thermo Orbitrap Exactive
e o ioare ooy, TProvements. and applications where :HHNHMI.UIH Il Mm”Ili||11|IHHH“1HI||||IJHIH“H|ll|HHlHllh|nhll acquired using native conditions. Acquired on a Thermo Orbitrap Exactive. rocus
multiple ionization delivers suIGIerlor results. g O N TN Y ~ R~~~y Ionique Control Software | 0.21
ethods -‘E (B) 1. 77E5 100 0.27
The MS™ Jonique upgraded platform was interfaced to  Thermo 5100 EIC@502 0.37
Exactive, Q-Exactive Focus, and Waters SYNAPT G2S mass < 50- H ‘ ‘ 1 | | l i | } | H ‘ l H ‘ m | | . 0.44
spectrometers. The platform delivers sample solution using a stainless = 1) ‘ | HI | || HH |“| “lm“ l IH l “” | || ||||HI|HHIIHII X 0.52
© O |
steel capillary tubing to the ionization region of the APl mass o Time (mm) E - 0.58
spectrometer. For ESI, ca. 1 yL of solution is expelled from the capillary 1%?_ 502. 32 | 027
about 1 cm from the MS inlet tube of the mass spectrometer while " 0 021 037 044 052 958
voltage is applied to the capillary (for the SYNAPT G2S an inlet tube is 1484.31 EEEREsRanas: 0.00 Tlme (mln) 0.75
retrofitted). With SAl, the capillary is inserted into the heated inlet tube oo doo 1006 | qaoo 1so00 — =4 N 100 | 380.23 _
before ca. 1 uL of solution is expelled. With MAI, 0.1-0.2 uL of || | miz | | +1 8.84e4 RT: 0.52
matrix:analyte solution is expelled from the tube and allowed to air dry Figure 4. SAI-MS automation of 2 pmol yL-1 fexofenadine (A) total ion 336.21 L
before insertion into the inlet. chronogram (TIC), (B) extracted ion chronogram (EIC) at m/z 502, (C) Figure 6. lonique automated platform software. (A) Controls for adjusting © +1 6.42e4 RT: 0.21
i i _ mass spectrum using MSTM lonique on a Thermo Exactive. sampling capillary. B) Software for selecting method and wells. ° 571 36
Ionlque Multifunctional Automated Platform T ——T ' 43805 RT 0.28
(B) MAI vs. ESI in Bacteria Study PCA Comparison of ESI and MAI at the Strain Level o | +2 ' + Y-
100 Z' oc 2 Nova blue mjz 1000
2 80 576,30 MA A y Figure 11. Mass spectra of six different analytes obtained using
g s | 88564 10452 974.80 108311 '8 1392.2 ' 24 vMAI multi-mode vacuum ionization source on Thermo Orbitrap
3 40° “Tos8.0 1654 88636 1247.04 . o1 i 8 PCA 3D @ DHba Q-Exactive Focus at 4 seconds/ sample.
2 o T ass. Z1T 11007.041133.94 \“I095.64 | 226 1511 24 26 181369 o igure o. | .
- e e T \ “LG L 1_772‘},7 7 a score plots of E. coli T e e Conclusions
(B) =~ 536  aaea th|r2a1|ns DHfgé4DH1Obd’ AT The lonique is a lightweight multi-ionization platform which
3 oo | Nova bTJ\é i a(:\) mv1884 allows software selection of one of three ionization modes.
;36052431 e6 a4 ESI VIALLMS and (B)g £S5 o The updated software is intuitive simplifying the operation.
R K 997.93 with 0.1% formic acid - - Good reproducibility, high sensitivity, and minimal carryover. Is
40 < lerells 78692 10 0870 MS fingerprints. iy, NigN sel Y _ y _
N (170257 /831 7307 1310 ora s A28 Acquired on a Q- B. D/H1OB observed. Multiple Ionization modes is helps bacteria
Figure 1. MS™ |onique platform on mass spectrometers (A) the 2 ﬂLLuLW_L,ﬁP“LBS& o R o Exactive Focus. MAI @ identification. The first vMAI single automated probed and
Thermo Orbitrap Exactive, (B) the Waters Synapt G2S. 000 800 1000 1200 miz 1400 1600 1800 2000 differentiates 4 of 5 . \ mv1664 vMAI multi-mode vacuum ionization source is presented.
Figure 7. Fingerprint of E. coli strains mv1884 collected using (A) MAI and BI21-" e
(Bs); ESI on a %-practive Focus. o and £S12 of S Lf‘: * / 'f%\ . References
A ' rc3s DHS5a PC1 1.Trimpin, S.; Inutan, E. D. Anal Chem 2013, 85, 2005.
( ) O a6 26 seaee  O%052 MAI Nova blue 2. Pagnotti, V. S., Chubatyi, N.D. and McEwen. G.N. Anal. Chem 2011, 83: 39813985
) : : 3. Inutan, E. D.; Trimpin, S. Molecular & Cellular Proteomics 2013, 12 (3), 792-796.
a5 27 PCA Comparlson Of Unknown BaCterla 4. 'Iprrmapr;n, S.; Porgl)rr?rl'?lsr’:ic, I\/I.;O,A?dceuneiljir-AdeIee,u:;r TLOmGSC;]TS,KSSj W.; McEwen, C. N. Analytical
3 690.50 Chemistry 2018, 90 (19), 11188-11192.
452 .28 sea.s1 | [795:52 Fle B) ESI-MS PC 2 DH5alpha 5. 'I?rrlnrrllsplrr}\/ S., I\/Iarsh(all,)D.D., Karki, S., Madarshahian, S., Hoang, K., Meher, A.K., Pophristic, M.,
. 97479 108200 A) MAI-MS A ) - : . Richards, A.L., Lietz, C.B., Fischer, J.L., Elia, E.A., Wang, B., Pagnotti, V.S., Lutomski, C.L., El-
339.29 o ac 719.54 119293 121801 . ) Baba, T.J., Lu, I-C., Wager-Miller, J., Mackie, K., McEwen, C.N., Inutan, E.D. Rapid Commun.
1438.05 . Mass Spectrom., 2020, DOI:10.1002/rcm.8829
. ..Nova blue Nova
(B) ™ ey g . ' Acknowledgements
- DH5-alpha
90 s, BI21 e - o We gratefully acknowledge support from the National Science
ESI Khoa — Ly . O Foundation to MS™ (SBIR Phase | grant # 1913787. Any opinions,
PC1 ~ "\ 1884 Bl21 - ‘ "“,Khlg\a,1884 findings, and conclusions or recommendations expressed in this
ESI mode : v : material are those of the author(s) and do not necessarily reflect the
= 5 MST™™ |on e ) i - attach L (2) ri016 oa1sy DH10B views of the National Science Foundation.
igure <. onique platiorm. ange 1or attachment, R e : : : MAI, SAI, and vSAI are protected under US patent 2013/0214154
- - - - = Figure 9. PCA 3D score plots of a blind unknown (Khoa) bacteria sample. ’ ’
instrument override, (3) camera, (4) robotic arm, (5) delivery probe, ||| Figure 8. Mass spectra of DH5 alpha bacteria extract acquired by (A) MAI A)gMAI-I\/IS B) ESI-MS V\Fl)hiCh was later identified a(s .y )1 884 In this cgse (A1) and the vMAI/MALDI high throughput method through
(6) matrix container, (7) wash container, (8) sample well plate and (B) ESI using the MSTM lonique automated platform. ’ ’ ' provisional application (PA #63003299).

ESI| provided a better grouping showing advantage of multi-ionization.



