lon moDbility-selected trapping and enrichment in Structures for Lossless lon Manipulations

. o | . . . Pacific Northwest
Tsung-Chi Chen, Jeremy A. Sandoval, Spencer A. Prost, Willlam E. Karnesky, Xing Zhang, lan K. Webb, Ahmed M. Hamid, Randy Norheim, Erin S. Baker, NATIONAL LABORATORY

Yehia M. Ibrahim and Richard D. Smith Proudly Operated by Battelle Since 1965
: a b (c) (d)
Overview Methods Results @ ®) 2 !
e This work presents an apparatus and a .y : .. : E 3 |2
method using SLIM technologies to switch lon mobility-selected trapping Optimization of the SLIM-Trap -
trap and accumulate mobility-selected ions (a) lon introduction (b) Redirection (@)o.06- e~ Turned -1.6x10° (B), 05 :::E‘iﬁfrd' -6x10°
at 4 Torr nitrogen. = ED ‘ - - L L 10°.
_ o _ 34.3 cm = =§= 0.05 0.04.- -5x10 X
« Key operations and the optimization of the = = - -1.2x10° —— P %
: = = 0.04 - - ) =
SLIM-Trap are described. oy , =§= BN | < - Turned - < 0.03- g X0 . &12a0°
. ' ' ¢’ |IHIEMMMMMMMM@WMMM I A T = 0.03- B - 8.0x10° & = - =n |3x10° & P
The successiul |_on e.nrlchment of the '@ (AN EEEEEEEEEEEEEEE S _ =N Y T E=H _ Y
standard TOF tuning mixture and the low i l 5 0.02- TS - = 5 0-021 B = 1ot 8.0x10° *%
concentration peptides are demonstrated. (c) Accumulation (d) Release | HEETEE- 4 0x10° ‘ 11 (B _
B 0.01 4 AVSW_guard= 100V 0.01- AVSW_Rung= -30V -:l_X:I.O4 4 % 3
L _ ' _ 4.0x10"]
L s 8.0x10° 2.8x10*
L 0.00 : : : : : 0.0 0.00 : : : : 0 melittin 4+, m/z 712 /\/\J\ A
q C 0] -10 -20 -30 -40 -50 -50 0] 50 100 #
|ntrOdUCt|0n x100 | = | 00 e - ' | - - | | - |
) | nammmnnnkiumnn oy 1 © SW-Rung Voliage () () SW-Guard Votiage (V) S W R m S R Em o 0o Bow
The ability to Sel.eCt an.d accumUIate. I0NS bas..Ed ..'............ il ENEEEE (LD "”"”””" 1.0x10°7 2 V/ 8.0x10°7  ——ion count _ 8 Viem __24 Figure 7 (a) Total ion current measurement as a function of the number of accumulations for [M+4H]* of
JUpon a New dlmens.lon of the ion _mo_blllty 4' - SLIM-Trap R A |20 melittin and the comparison of IMS/MS spectra resulting from 100 accumulation of the 9-peptide mixture
separation can benefit many MS applications, Figure 2 Selected-mobility trapping by a SLIM-Trap. (a) lons transferred into a 8.0x107- 5.0x10° - 25040 in (b) no trapping, (b) switching, and (c) trapping mode.
e.g. the enrichment of the low concentration linear SLIM module were initially separated by their mobility. (b) A SLIM tee, —~ 4' — é N - 16
spiked targets from complex matrices with high was used to direct selected ions into the SLIM-Trap. (c) After 100 accumulation g 6:0x10° 3 ) L S e T
concentration components, and the separation of the selected target ions, (d) the trap releases the ion pack to a TOF-MS for S = 4.0x10° — Drift time (msec) ~12 g CO"C' usions
, ) S 4.0x10%- 3 - [
of isobaric species which typically require the mass detection. c | - \ g
' - . . B 4 ~ 2.0x10%; -  The switching and trapping of the mobility-selected ion at 4 Torr was demonstrated
ultrahigh mass-resolved spectra. Trapplng potentlal for SLIIVI-Trap 5 OX10° - | _ ¥ uSing & SLIM?Trap ppINg y
easily targeted for trapping and enrichments by oo Injection Trap End(8) =~ 0 2 4 6 8 0 2 4 6 8 10 12 udies on 1on switcning potentials Show that 2o- , lower than the potentals In
utilizing linear and tee modules of SLIM. The > “=1 Trap Valley (A) DC Gradient (V,_/cm) Releasig gradient (V/cm) the “all pass” mode, are optimal for the SW-Rung.
first linear SLIM module was for initial ion g SW- Rung (R) lgi Figure 5 lon current and TIC measured for tuning mixture at different voltages on (a) switch rung and (b) switch guard electrodes. + Higher trapping efficiency of the SLIM-Trap was obtained for lower DC gradients in
_ _ . = — . . . . . . . " . . e o _ |
separation. A following SLIM tee was used to Trapping mmmmmmmﬁlmmmﬂmmm|||||| Thg TICs obtamgd at dlffergnt DC gradient during (.c) ion trapping and (d) ion releasing. The inset displays the drift time distribution the trapping region.
redlrect Selected Ions Into a Second Ilnear R HENEEEEER [ of ions at releaS|ng DC grad|ent of 8 (blue) and 1 (plnk) V/Cm
module (SLIM-Trap) positioned orthogonal to SW- Guard (G) (a) (b) (c) (d) The resu_lts of th_e lon re_IeaS|_ng _efﬂuency o_f thg SLIM Trap |nd|cates_tha_1t _the lower
the instrument direction. By repeating cycles of | Figure 3 Schematic of the SLIM- 6 —— i - DC gradler)t during the i1on eje_ctlon results in higher ion numbers while it increases
selection and trapping, ion population inside the Release 135 operational potentials for S the peak widths of the trapped ion pack.
SLIM-trap can be significantly increased. X lon injection, trapping and x « lon accumulation applications of hexakis (2,2-difluoroethoxy) Phosphazene and
P 9 y
. release (top to bottom) . e . . .
SLIM T Back lon Eunnel Position Melittin show that the SLIM-Trap can store and accumulate selected ions until the ion
rap Control sequences for ion manipulations ~ number reaches to the maximum trapping capacity of the trap.
V 4 (n) iterations of ion accumulation lon ejection %
( ; I ; | B Acknowledgements
FT Gate | ] L . eee® | Portions of this work were supported by the National Institutes of Health (NIH) NIGMS
Heated Mobility Switch Switch | | grant P41 GM103493, the Laboratory Directed Research and Development (LDRD)
Capillary rune _I—I i I-l . o0e _Ll i ° | hexakis (2,2-difluoroethoxy) 5 o | T 30x10° | B B | 30x10°| b B 3.0x10 program at Pacific Northwest National Laboratory, and by the Department of Energy
Rectangular lon Funnel \T/;a”pe e i i i T . Phosphazene, m/z 622 & & | M a0l & 8 /\ 1510 & B [\ § 510t Office of Biological and Environmental Research Genome Sciences Program under the
on Funnel Tran y | | ; - S 0 100 150 200 250 [N\ A Y IJAA d S Pan-omics project. Experiments were performed in the Environmental Molecular
° 360 360(N)  TOF pulse 360(NI*C Accumulation 2 Difttime (msec) 2 Difttime (msec) 20 Drift time (msec) Science Laboratory (EMSL), a U.S. Department of Energy (DOE) national scientific user
Figure 1 An overview of the ESI-SLIM-TOFMS instrument Figure 4 Example control sequences of voltages applied to the exit gate of source Figure 6 (a) TIC as a function of the accumulations for [M+H]* of hexakis (2,2-difluoroethoxy) Phosphazene and the comparison of facility at Pacific Northwest National Laboratory (PNNL) operated by Battelle for the DOE
with an orthogonal SLIM-Trap. ion funnel, the electrodes of switch rung, trap valley and the trap end. IMS/MS spectra resulting from 100 accumulation of the TOF tuning mixture in (b) no trapping, (b) switching, and (c) trapping mode. under contract DE-ACO05-76RL0 1830.
Career Opportunities: For potential openings in Integrative Omics Group CONTACT: Tsung-Chi Chen, Ph.D.
at PNNL please visit http://omics.pnl.gov/careers Biological Sciences Division .
Pacific Northwest National Laboratory WWW.OmiIcCsS.pn l .gov

E-mail: tsung-chi.chen@pnnl.gov


http://omics.pnl.gov/careers

	Slide Number 1

