IMPROVED SPECTRAL QUALITY IN LC-MS PEPTIDE ANALYSIS
USING ULTRA SMALL PARTICLE CHROMATOGRAPHIC PACKINGS

ASMS 2005

Thomas E. Wheat; Ziling Lu; Beth L. Gillece-Castro; Eric S. Grumbach; Paul R. Rainville; Uwe D. Neue; Jeffrey R. Mazzeo
Waters Corporation, 34 Maple Street, Milford, MA 01757, USA

OVERVIEW LC-MS Instrumentation RESULTS Fig.3a: Effect of Gradient Slope on UPLC Peptide Mapping Fig.5: Effect of Mobile Phase Modifier in UPLC Peptide Mapping
. Small particle size chromatographic packing materials can be used ™ S| i “| Gradient: 100 s
for peptide mapping LC System: ACQU'TY UPLC Sofven’r Delivery System . Fig.1: UPLC Compared with Conventional Peptide Separation | Increase 1.5% B/Column volume 1 17246 ; S5 FA
. This application of UPLC yields reduced peak volumes for better Operating Pressures from 5000~ 13000 psi D | 328 e
resolution and sensitivity. ACQUITY UPLC™ Sample Manager o izumaon T\ A : : o | o
° Beffer reSO|UTion reSU|TS from redUCing flow rOte Ond grOdient Slope. . DUOl_plOTe AUTOSTO'wmpler %.EOO ‘ 2.&)0}\‘ 4.b0 ‘ 64‘00 ‘ 8.60 ‘ 10}00 ‘ 12‘.00 ‘ 1?00 ‘ 16}00 ‘ 18‘.00 ‘ 20100 ‘ 22100 ‘ 24[00 ‘ 25.00A\ 28100 ‘ 30100 1 7-4;78 9.39 o | e 16-88 T 4?10 7
: 1 6.24 7.19 | 0.2 1022 56,53
. TFA can be replaced with formic acid for increased sensitivity UV Detection: ACQlIJITY E\PLC UV Detector ) sl L | B L | T I
. UPLC can reduce run time without compromising resolution Wave engt 214 nm + 3 Hm. 120 A . © . 3 e A+ It~ T T
MS_MS System: Q-Tof micro™ Mass Spectrometer A B o q | Gradient: 100
INTRODUCTION Electrospray lonization (+) | Increase 0.75% B/Column volume o
Mobile Phase: With “TFA” modifier: o] 3 pm, 300 A° R ] ’ 3 . TFA
. . el . ] A ] 2000 o
PrOteins Gre Commonly identified Gnd Charqcferized USing peptide A = 0.02% Trlfluoroqcetlc ACId In Woter %TOO ‘ 2.‘({0L ‘ 4.60 ‘ 6.60 ‘ 8.60 ‘ 10100 ‘ 12‘.OOB‘ 14[00 ‘ 16100 ‘ 18‘.00 ‘&0100 ‘ 2[2\00 ‘ 24[00 ‘ 26‘.{'}0 ‘ 28100 ‘ 30[00 O\Oi = 1 24218 3§193796
mapping with mass spectral identification. Although Peptide Mass Fin- B = O},O] 8% Irifluor?gcetic Acid in Acetonitrile Superficially porous, 5 prm, 0.26 pm shell, 300 A° | . 7'[0 . e l 43[:9 B Te B
gerprinting of the unfractionated digest can be used for identification, With “Formic” modifier “ i ] . o _ ] i/ neatinaen ransancie inansasesn nacstansnisaiinssnsans sosonin Time
the most complete structural information becomes available when the A = 0.1% Formic Acid in Water 606 Es b ek e [; tw et no (|_) I %% e F' 6: Eormic acid is oft ferred in LC/MS id .
. T . eak Width at 10% Peak Bottom .
digest is fractionated. The most complete separation yields the best B = 0.1% Formic Acid in Acetonitrile Column A B C ) - Fig.3b: Peak Tracking flgureh ' o;mlc acic 1s oThen pre .ecgre md dmi pPepliae mapping J
SpeCer. Recenf OdVGnceS in Column Chemlsfry Gnd instrumenfoﬁon per_ Columns: Wcﬂ'ers A. BiOSU“‘eTM C.|8 PA‘A, 2_] X ]OO mm EE\:L 22 gg) ;i gg gg Gradient: Increase 1.5% B/Column volume Gradient: Increase 0.75% B/Column volume O-rhez Gl:lce ds-?nsn-lv'lfyh € peph € Sff?n O.r m.lgfure V‘/.O.S SePOrOfe
mit the routine use of very small particle packings to enhance separa- 3.0 ym particles, 120 A pores PAB 2 I I s 5 wit ﬂ ot :10 i ljrs..thn t IeJr!Orelsence IIo Zrm;F acid, sten:.mvny I; |
tions. The basis of this technique is described in the van Deemter equa- B- BioSuite™ C;5 PA-B, 2.1 x 100 mm Fial: Th t e standard mixtor ated on the four test "] gred yden alr(mce.dtvgl relatively small reduction n refention and n-
tion and is explicitly related to diffusion. To apply ultra high resolution 3.5 ym particles, 300 A pores Igd'. © pePd' et.s Gl Grol"r' X1 ?l\./vcs sepclu are od © ccl)'ur tes creased peak width.
techniques to peptides, we have investigated operating conditions that C- ACQUITY UPLC™ BEH™ (Bridged-Ethyl- media using Identfical conditions of linear velocity and gradient Fia.7: Reducina Column Lenath for Increased Speed
: . . : . slope. Measured peak volumes were smallest on the BEH material. 1 : g.7- 9 9 P
could influence the application of UPLC to peptide mapping. Hybrid) Cig 2.1 x 100 mm, This ot befter sianl ) 4 should of . 3
We have compared the packing material used for UPLC for to those 1.7 ym particles, 120 A pores ( hls gl\F/es” erer S|gn|0 ’ cslsd j:Nn’F ohn > obu m:]provke rescl)) v ;Or: BEH, C18,1.7pm, 2.1 x 50mm
. . The superticially porous material was excluded from further testing because the peaks are so broad an e . -
more commonl}/.used for peptide LC/MS to measure e.ffecf on resolu- Agilent  D- POROSHELL 300 SB (.:]8, asymmetrcal. | -
hon Gnd SeleClelty. Th-()se. p(] ra m.eTers th(.]t |nﬂuence.dIH:USIOn-rel(-]ted 2 . ] X 75 mm, 5 .Um pOrhCleS, 300 A pores Fig.2a: Complex Digest on UPLC Gnd Convenfiondl Media T 2 2w a0 e e wm e | 1w e msr0 1em 2T Mo iez tos | 1e7s w00 a2 s 27 |mw otm ae T w | 1573
chromatographic equilibria, specifically linear velocity and gradient Figure 3: The enolase fryptic digest was separated on the BEH col- -
slope, have been measured. The suitability of the material with differ- o, omn at t\;vo different gradient slopes. The more shallow gradient | U
ifi i i i . = ] 075?'97 ’ y 1. 1474 . . . . . ’ T 298 4.84 e 17.63 18.64 20.07
e.n’r.r.nodlfler.s to increase elec-frosproy 5|gr1c1| is demonstrote.d The pos i BEM.C1847ym gives better separation but with longer run time and somewhat lower - ST N 3 G 5 O L“Jh Ll e S0
sibility of using intrinsically higher resolution to reduce run is explored. = iy : . : . ) ] ' | | | | et | -
.. ] sensitivity. While maps are similar, changes in selectivity including | PA-B, C18,3.5um, 2.1 x 100mm
METHODS Chromatography Prmaples reversal of elution order can be identified using SIC to track peaks.
. . Mass Transfer / Diffusion ™ Fig.4: Effect of Flow Rate in UPLC Peptide Mapping f
All separations were performed using an ACQUITY UltraPerformance | " PA-A,C18,3.0pm o= * 7 36 pL .
LC™, and monitored with a Q-Tof micro™ tandem mass spectrometer sl | A 0.3 mL/min ]
(Waters Corp., Milford, MA). The columns evaluated were selected to RT3 A N T i e ] a8pL | g o e A
include particles that affect diffusion differently, including porous and St T e e e | 1 i TS —dtiui
Slfperflcmlly porous materials. The. porous packing .mo’rerlol-s included | PAB, C18,3.5um _ Figure 7: The same number of peaks can be separated in less fime us-
different particle sizes and pore sizes. Linear velocity, gradient slope, Analyte molecules S e e 2 e || o ﬁ 67\“" 54 pL {4 ing UPLC as compared to more conventional HPLC.
and sample load were varied independently. Results were evaluated 1 Lo e s SO e el D | W S .
for chromatographic peak volume and resolution, intensity of mass /\ o a0 4k ey | ew ey | e wWes | o | taa | w00 | B: 0.1 mL/min 27 WL ] 23 pL CONCLUSIONS
signal, and homogeneity of MS and MS/MS spectra. MassPREP™ pro- Fig.2b: Peak Tracking Figure 2: A tryptic digest of phos- 7 oo L
tein digests (Waters Corp., Milford, MA) were prepared in H,O con- 9 e phorylase b was separated on the & H 22 pL « Peptide mapping can be performed using 1.7 um particle packing material
. . . . BEH, C18, 1.7um . . . ] . . . .
taining 0.1% TFA. The mobile phases were H,O with 0.02% TFA (A) . three media under identical con- | « UPLC peptide mapping is characterized by smaller peak volumes for better
and acetonitrile with 0.018% TFA (B). The gradients were from 5 to b ditions. The BEH material gives , 33 uL resoluhon'o'nd sensitivity. | B
50% B with a flow rate of 0.3 mL/min. All column dimensions are PA-A, C18, 3.0um the most peaks. Although the TR e e e e ) Thhe Selledw”y olf.the s:porcnon 'deipendeg.t on flhe mobile phase modifier,
2.1x100 mm and 35 min gradient time was used except the noted. C " T2 separations are overtly similar Figure 4: Since diffusional band-broadening is related to linear ve- fne column packing chemisiry, and fne gradient siope
. ki ial ACQUITY UgPLCTM BEH Bi ite™ PA-A dpPAB . = Adsorpﬁon EqU|||br|G o T T T - P . . . Y N |OC”Y the peak W|dfhs For the peptide standard were measured at - Resolution is dependent on linear VGlOC"Y
pac (l}lng materials - , Blosuite " FAA an b were com- i e c.h.onges. n Seled'v'v can be iden- hw H' Pt b fant P dp. el Peak vol . « The increased resolution of UPLC can be used to reduce run time without
pared. Diffus ctod Bund Brocden J PAB, C18, 3.5 um tified using selected ion chroma- vo flow rates with constant gradient slope. Peak volumes are sig- sacrificing speed or sensitivity.
Ifusion-related band broadening W tograms for peak tracking. nificantly reduced with lower linear velocity, as predicted for the rela-
Tie (rin tively slow diffusion of peptides.

©2005 Waters Corporation

TO DOWNLOAD A COPY OF THIS POSTER VISIT WWW.WATERS.COM/POSTERS



