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Objectives LC/MS Conditions for RP and HILIC of Peptides/Glycopeptides HILIC Better Resolves Matched Peptide/Glycopeptide Pairs Prediction of Resolution of Peptide/Glycopeptide Pairs
e Examine conditions for performing high resolution LC/MS separations of : . e o | o i
: P : : : e A mix of Ammonium Formate/Formic Acid is an attractive mobile phase, compared to Formic Acid alone, showing narrow 2 : To uncover new polypeptide glycosylation sites, prediction of RP and HILIC retention effects of site occupanc
hexosamine modified peptides, particularly the effects of separation . . / . . P P Lt . 5 1al . RP = HILIC . POIYPEPHHE BIYEOSY X . . Panty
de (RPC and HILIC and symmetrical peaks, improved load tolerance (linear isotherm), and good compatibility with online ESI-MS detection e S o by an O-linked carbohydrate would be useful. As shown below, the correlation of resolution of GP/P pairs
mode ( an ) (McCalley, J. Chromatogr. A, 1038 (2004), p. 77, Schuster, Boyes, Wagner, Kirkland, J. Chromatogr. A, 1228 (2012), p. 232, 350 APPE95-GP || s50° . APPE9E.GP using RP and HILIC modes of separation is poor, implying that the mechanisms are very different.
* Evaluate the utility of LC with online MS for identification and purity Johnson, Boyes, Fields, Kopkin, Orlando, Journal of Biomolecular Techniques: JBT (2013).) w0, 3 i APP695-Pep " A DPEIE.Pe : Resolution C It
analysis of hexosamine modified peptides.  RP and HILIC conditions can employ the same mobile phases, with reversal of the gradient elution composition: RP A210 = | 250 P : i esolution Lorreiation
e Define the retention and selectivity differences between RPC and HILIC increases aceton'tri:er H'L'idecr“—’ases aceion't”'e (‘(’j"atjr s thz strong SO'VZ”t)- - | | 15.00 o aO s 1 2508
: : o :  Figure 1 presents the TIC chromatograms for a standard peptides separated in RP using the Halo Peptide ES-C18 column z i = 0. X+ 1.
mode of separating hexosamine modified and unmodified peptides sUre 2 p . 5 PEP ebare 5 P . . o g 3 Y > ¢
and in HILIC mode using the Halo Penta HILIC column. Column efficiencies are very comparable, and resolution of this SOMii; MJLW_ o T N 10.00 R“=0.1379
mixture is readily achieved by either mode of separation. .. — o . ¢
o ' e Retention (Rt), peak widths (W, ,,), resolution (Rs) and signal intensities in UV absorbance and in ESI-MS total ion currents - - N - w - o " - - - " " » ® o
n rO u C IO n 1/2 30000000 4y = 30000000 4 oc ’
Recent developments HPLC instruments and column packing materials are permitting were determmed for th.e 26 peptl.de.s shown in Table 1, using conditions similar to those shown.m Figure 1. Tt\e N f = o] 5.00 s . °
faster separations, for reversed-phase (RP) and Hydropbhilic Interaction Liquid glyc.opeptldes and peptldes were injected at known quantities, to allow assessment of ESI-MS signals, normalized to UV- o - : . o : ; - PN ¢
Chromatography (HILIC) analyses of peptides, protein fragments and intact proteins. The derived concentration data. Figure 1. RP and HILIC Peptide Separations 22500000j : N 225°°°°°_; - e . . 0.00 <
recent popularity of sub-2 um diameter particles and the new development of small 2.1 mm ID x 100 mm, 0.35 mL/min, 40°C, MS: SQ TIC (+ 300-2000 m/z) @ 0.35/s MS oo . N : 0.00 500 10.00 15.00 20.00 25.00 30.00
diameter superficially porous particles (SPP) designed for biomolecules is permitting 3000000TIC( % . 2S3 <1 NS - N ‘ Rs HILIC
faster and higher resolution separations of peptides and protein fragments. s ot e I e e/ i) 552545 & 8 g TwER : Lzso000 | - - | | | | |
A-40%ACN/0.1% FA/10 mM AmmForm i - iH §>2 7 oo . 0000000 Given that the peak widths are the same for HILIC and RP, improved HILIC resolution of GP/P pairs must be
2000000 Halo Penta-HILIC - E - - | = : o : : : : : : :
Modification of serine or threonine residues of proteins by B-D-N-acetylglucosamine alo Penta i i i wowo L oo i - ) - drlven. by selectivity dl.fferences. Comparing the plot of ’Fhe dlf.ferences., in retention time (A.Rt, representing
(GIcNAc) has emerged as a significant biological signaling mechanism. O-GlcNAcylation of - o 00000 L%\“’i | e AcN difference at elution) for each mode, for each peptide pair, also yields a poor correlation.
relevant sites can involve meaningful cross-talk with phosphorylation targets, both 1000000 iLJ 2500002 A 2500002 S—— ) A et _ . o . .
nearby and at distant sequences. Similarly modification of polypeptides by a-GalNAc I N — DTS JUL - o 25 50 . 100 125 o 175 200 225 250 275 i The poor correlation of ARt results, in part, by thej greater varlz.ablllty of separation performance in RP mocie,
(mucin antigen Tn) is of Significant interest. For a Variety of purposes, we have prepared 0-0() 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 min : MUCSAC3/13 . S RP H I LIC MUCEAC13 MUC5AC3 g and the smaller effect of the HexNAc modification on retention; for RP the mean value of ARt (Table 1) IS
3000000TIC(+ 700 < 3 600 ) S ) 0 . 0 . . .
8-30 residue synthetic peptides with and without O-GlcNAc modifications at serine and o 2.58.2%5 1 B i 45 i (15 ACK/min) S3 s S5 ; _— | : \l : UCSACS 1 0.73 (74.4 rsd), compared with 2-1.7 (22% rsd) tor HILIC. HILIC is better in P?th absolute terms for resolving
threonine residues. LC/MS methods to qualify the purity and identities of such peptides g P DSSIUB B I b min (L A/ . : § 600 iioo MUCSAC 500 Mucsac | : i GP/P pairs, as well as less variable in the retention effect of a HexNAc addition to the peptide sequences.
using both Hydrophilic-interaction chromatography (HILIC) and reversed-phase 2000000 ﬁ;?glfe;ﬁ{jleog-hcﬂlgmmmrm : B % % : A ] MUCSAC3 | “ s | i!‘ A Rt Correlation
chromatography (RPC) are compared. With many peptide/glycopeptide pairs we observe — S1 3 : iﬂ i i 210 w0 O MUC5AC13 - .
much improved separations and LC/MS features using HILIC, compared to RPC. LC/MS 00, B ; - 0.6387x - 0.6484
using high performance HILIC permits rapid and sensitive analysis of O-GIcNAcylated - ! L o ol § - - - 3 Y I.Rz 0 326.6
peptides. A collection of sequence-matched glycopeptide/peptide pairs are compared for o T eo0 75 100 125 150 175 200 225  min 1001 ig’g ; gii Vi@ H 100} ale s We J1 B o '
various separation features in RP and HILIC mode, as well as for detection by absorbance oo Sla I I e | 2 2 O
at low wavelength (210 nm) and on-line electrospray ionization mass spectrometry (ESI- Table 1. Paired comparison of RP and HILIC for Glycopeptide/Peptide LC/MS. The 26 peptides shown were analyzed by LC/MS using - -}.C(ﬂ - - T 15OOOOOO.T|C(+) | | | | | & N .
MS) using the single quadrupole analyzer. 2.1 x 100 mm columns, with a flow rate of 0.4 mL/min at 60°C. Gradient conditions: A — 0.1% formic acid/10 mM ammonium formate; B — 90% 100000 N : ) . 14000000 ] 1 ®
Acetonitrile in A. 500 pmol was injected, with detection at 210 nm, MS operated +4.5 kV, with 0.45 s scan from 500 to 2000 m/z. RP Gradient - 4% to 13000000 2 g . 13000000 1 I 2 $
34% AcN/30 min (1%/min); HILIC Gradient - 90% to 60% AcN/30 min (-1%/min). The sequences were selected based on known O-HexNAc modified sites 12000000 - 2 12000000 : 0 & ¢
M ate ria IS an d M et h 0) d S in a variety of proteins. Peak widths; means were 0.092 min. for RP and 0.090 min. for HILIC. Average and range of Rt for the modes were similar. izzzzzzz g izzzzzzz 0.00 1.00 7 00 300 4.00
COIumnS Of HALO Peptlde ES-C18 and Halo Penta HILIC Were prOduced at Advanced Peptide Description Sequence (nIZI:tiZI) Rt RP (min) A(GRI:-II:;) Rs RP I Rt HILIC (min) AF(:PI:III’IiIC Rs HILIC MS Zzzzzzzz Eé ZZZSZZZ: % o A Rt HILIC
Materials Technology Inc. (Wilmington, DE). Both materials employ Fused-Core® silica POOS LaGRep  VPTIOGIENACARSTROAVDK 1274-8= — o I — — 9 7000000 rw 7000000 i g S
APP695-14Pep VPTTAASTPDAVDK 1371.7 A1 -0.24 1. 19.4 .07 41 ] ] o ;
' : ' ' , ' ' , MUCSAC TTPSPVPTTSTTSAP 15016 9.2 B 6a 6000000 6000000 3 . . .
partldes Of 2 7 um.dlameter, a SOIIdOCOre Of 1 7 HM dlameter, and A She” thlcokness Of O 5 MsciAca gTT(;GaINA:)PSSPVPTTSTTSAP 1334.2. :.4§ -0.83 6.88 I 1:.68 2.27 13.40 5000000 5oooooo§ A s CO n CI U S I O n S an d FUtU re DI reCtI O n S
KlLm. The Halo Peptlde shell has 160 A pores, anc the Penta HILIC column 90 A pores. MUC5AC-13 GTTPSPVPTTSTT(OGaINAC)SAP 1704.6= 8.53 075 582 I 18.51 2.10 10.72 4000000 1 . 4000000 2 -
. . . MUC5AC3/1 TT(0GalNACc)PSPVPTTSTT(OGalNAC)SAP 1908.1 7.7 -1.52/2 11.84 20.4 4.07/2 23. ] T B S ] g. % = . . .
Synthetic peptides were synthesized at the CCRC (Lab of Prof. Geert-Jan Boons), or a1 sccmocevcsst | vsolEGE IS / W ¢ | *High performance HILIC and RP HPLC separations were conducted to define preferred mode of
. . P-42 Ac-CSTFRPRTSSNAST 155570 7.03 0.06 0.4 | 17.03 1.56 11.58 2000000 20000005 W - N g p p p
Obiamzd from AnaSpec (i‘li:reemont.; CA), Ordfrocgn C.Olm Mai:it and Prof. R.S. Hodges (U. GP-78 Ac-CQHPPVT(OGICNACINGDTVK 1639.8= 6.47 I 20.32 1000000 1000000 practice to resolve O-GIcNAc and O-GalNAc modified peptides.
- . P-84 Ac-CQHPPVTNGDTVK 1436.7 6.56 -0.10 0.66 18.72 1.61 11.23 0;\ IIIIIII - T | — . . . . . . . . . .
Colora O, ASulrora, C(z)GZGZ Rgtgﬂ(tlzn Standard Mix uses the S1-S5 sequences: GP-79 Ac-CKIADFGLS(OGICNAC)KIVEHQ 1932.o= 19.36 = 19.15 0.0 25 5.0 75 10.0 125 min 10.0 125 15.0 175 20.0 225 min Formic aC|d/Ammon|um formate mixtures with acetonitrile gradient elution was effective for LC/MS
AQ B | - m P-85 Ac-CKIADFGLSKIVEHQ 1728.9 20.80 -1.44 8.16 17.21 1.94 14.76 . . . . . .
S2 Ac-RGGGGLGLGK-Am . masovae é?LZI — I 1515 214 1538 Comparing RP versus HILIC for LC/MS analyses of the collection of paired glycopeptides and peptides (GP and P) reveals: analysis of the glycopeptide and .peptlde imxtures using both RP and HILIC operation.
S3  Ac-RGAGGLGLGK-Am s AT PO AR B e B o e wm e As previous observed for unmodified peptides and tryptic digests, RP and HILIC are orthogonal (retention in each mode does not *HILIC better resolved glycopeptide/peptide mixtures.
S4  Ac-RGVGGLGLGK-Am > e 1332:2! — I 1545 189 1391 significantly correlate to the other). *HILIC exhlbltgd some potential to resolve O-GalNAc modifications at variant sites (3 and 13) on the
S5 Ac-RGVVGLGLGK-Am e ey iiﬁiil — I 1555 169 1242  |n all cases, glycopeptides were retained less in RP, eluting at or before the unmodified peptide with the same sequence. MUCS5AC peptide sequence.
The instrument was the Shimadzu Nexera LC-30 components (40 pL mixer), with the GP-;G A CKPGS(OGeNATPar 1‘21:7;= — = Lz — * In HILIC operation, glycopeptides were retained more, eluting after the unmodified peptide. eAdditional glycopeptide/peptide pairs will be examined to improve the predictability of retention
SPD20 Absorbance detector, fitted with a high sensitivity semi-micro flow cell, and the GP-2-p53 Ac-CQLWVDS(OGICNACITPPPG 154317= 16.43 | | I 1272 | |  The difference in retention time (%AcN) between paired GP and P were much larger in HILIC than RP. prediction for O-HexNAc peptide modifications.
MS-2020 single quadrupole MS, operated at +4.5 kV capillary potential, scanning e ST i D ’ o e For all pairs of glycopeptides/peptides, resolution is higher in HILIC than RP.
between 300-2000 m/z at 0.3 or 0.45 sec/scan. Chromatographic parameter measures = E— — 1285‘6II z: ZZ 17; II 17:259 ‘:‘; 2:231 * TICsignalis slightly lower (-35%) in RP than HILIC, for either GP or P, but variable with sequence. This was the case comparing either *Supported by NIH NIGMS GM099355, GM093747.
used the absorbance data at 210 nm, generated with LabSolutions v.5.54 software.. Seardord Deviation I I I I v o 13 all peptides and glycopeptides as groups, or by pair-wise GP/P comparisons. HILIC conditions appear less noisy.
% RSD 45.7 74.3 67.3 31.0 21.8 33.7



