Expanding the glycoforms detected in complex glycopeptide datasets
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Introduction _
Same Peptlde - Glycopeptides were enriched from a tryptic digest of human urine samples by LWAC using WGA. The
et meduee dameeistie e oms wider CI5HED D Glycan oxonium ions EEQFNSV?QT\;STFR Y ions rHesuIti.n.g mix'tures were analyzed by LC/MS/M§ us.ing HC!D, and fragment.ic.)n—triggered EThcD. This
, I T T P N S —— . . epatitis A virus cellular receptor 2 peptide (highlighted in red) was identified from a full database search
fragmentation. g e R 5 (SwissProt, human proteins), when only the most common urinary, mucin-type glycans were permitted. We
* Low mass glycan oxonium ions allow easy recognition of whether a spectrum is of a - iii illustrate the power of MS-Filter with data obtained from a single file. For HCD scans to be retained, both YO
glycopeptide. {] ) ‘ . j | EEEI.FNSTFR famd Y.l. haq to be preser.mt. among the 10 most abundgnt ion.s, within 10 ppm. M.S—Fi!ter allowed the
+ For N-linked glycopeptide spectra fragments corresponding to the intact peptide with B R T MM identification of an additional eight glyvoforms of this peptide after manual validation (for example, data
HexNACHY D) and H exNAC 2 arelubiguitous. e e YT - i representing the glycoform highlighted in green are displayed below).
e For O-linked glycopeptide spectra unmodified intact peptide (YO) and with a HexNAc gﬁg
attached (Y1) are observed for mucin-type O-linked glycans. ; 4:[ 1 N <i Peptide Scan# RT Precursor m/z Z MH+ Delta mass | Potential glycan composition A (ppm)
In this study we investigated how many extra glycoforms for peptides could be g ‘| B o ‘ EEQFNSTFR DFTAAFPR | 17477 | 43.85 770.9904/ 3 2310.9565  1386.4991/HexNAc3Hex3NeuAc 5.1
identified by taking glycopeptides identified by database searching of EThcD data, then — - DFTAAFPR | 17746 | 44.37 770.9890 3 2310.9525  1386.4950 HexNAc3Hex3NeuAc 2.2
using software to search peak lists for additional spectra that contain expected Y ions. gy ez GnemR 1000000000 DETAAEPR | 18200 | 4530 868.0211 3 2602.0486  1677.5912 HexNAc3Hex3NeuAc? 2.9
=== DFTAAFPR | 18472 | 45.82 868.0211 3 2602.0486)  1677.5912/HexNAc3Hex3NeuAc2 2.2
l 1. hy o B o o i I I | EECSFNSTFR DFTAAFPR | 17651 | 44.18 7783441 3 2332.9653  1408.5080 HexNAc3Hex3NeuAcNa 24.0
Z e e e wow o we Teo Hew o o E oo DFTAAFPR | 17106 | 43.15 892.6960, 3 2676.0736,  1751.6161|HexNAc4Hex4NeuAc -4.6
DFTAAFPR | 17698 | 44.28 989.7345 3 2967.1890  2042.7315HexNAc4Hex4NeuAc? 5.8
I\/Iethods DFTAAFPR | 17983 | 44.83 989.7317| 3 2967.1805| 2042.7231|HexNAc4Hex4NeuAc2 1.7
L. BT et o 5 arimel o Bdveseie ckfese e sesrdhe vsiis Brot DFTAAFPR | 19642 | 48.12 624.6002| 3 1871.7859 947.3285HexNAcHexNeuAc2 5.8
Prospector and/or Byonic to identify glycopeptides. DFTAAFPR | 17548 | 44.00 973.6469] 5 4864.2033|  3939.7459 - -
2. A script was written to take these results, calculate expected YO and Y1 ions, then MS-Filter Exam p|e Output

search peak list files for their presence in different charge states. Many candidate
glycopeptide spectra were identified, but there were also many false positives.

Example Glycopeptide Only Identified using MS-Filter

Link to download _
MS-Filter Report

3. MS-Filter in Protein Prospector was then adapted to be able to perform the same filtered peak list file 180417_05 #17983 RT: 4484 AV: 1 NL: 145E8 HCD
. . . . : . T: FTMS + ¢ NSI d Full ms2 990.4000@hcd28.00 [100.0000-2000.0000]
task, but supports both N- and O-glycosylation and has additional parameters \gh‘\cfpeﬁ’“EW—HCDET“CD'TC‘Dpeﬂt'de—h“d-'"”'5"“ 37/11496 retained Matched Y ions oy AT DFT(HexNAc,Hex,NeuAc,)AAFPR
Archive file (glycopepnew HCDEThcDITCIDpeptide hcd204.zip) ’ ‘ 203 | 120 YotHexNAc,Hex,
It allows va rying the fragment mass tolerance: the number of most [ m/z [[charge| Fraction [ RT [MSMS Info|[ Peptide |Mod Mass/| Possible Mods Y1, z=3/[v1, z=2/[v1, z=1/[v2, z=3 [¥2, z=2([¥2, z=1 ooE |
) ) ) ) i ! ) [854.0206 |[3 [glycopepnew_HCDEThcDITCIDpeptide_hcd|[427 |[3036 [EEQFNSTFR|[1402.5252 | o 1 1 o o 1 g Y, +HexNAcHexNeuAc YotHexNAc,Hex,NeuAc
Intense pea kS N the peak IISt flle to ConS|der; can fllter based on the [976.0596 |3 [glycopepnew_HCDETheDiTCIDpeptide_hcd [828 |[4022 [EEQFNSTFR/[1768.6422 | [HexNAc4HexSFuC o o 1 o o 1 3 F 1945.819
. i . |a68.0244 |3 lglycopepnew_HCDEThcDiTCIDpeptide_hcd [881 [4139 [EEQFNSTFR [1444.5365 [HexNAc4Hex3Fuc [ 1 1 [ [ 1 $ 605 HexNAcHexNeuA
number of Y ions deteCted, and SuggEStS candidate glycan [782.5475 |[4 [glycopepnew_HCDETheDITCIDpeptide_hcd (892 |[4170 [EEQFNSTFR[1969.6460 | o o 1 o 1 o 3 50 168086 ! N:X ) R Y,+HexNAc,Hex Y, +HexNAc;Hex,
s 3 |782.5475 |4 glycopepnew_HCDEThcDITCIDpeptide_hcd [895 (4173 [EEQFNSTFR/[1969.6460 | [ 1 1 [ 1 [1 2 9 ARG 1857.806
CompOS|t|0nS based on the Mass dlfference Observed bEtween the |874.0875 |3 lglycopepnew_HCDEThcDITCIDpeptide_hcd [899 |[4182 [EEQFNSTFR|[1462.7256 | [ [ 1 [ [ [1 3 405 089518 Y +HexNAcHex
. . @ 503 292103 HexNAcHex L
precursor ion and pept|de Mmass. [1018.0620/[3 [glycopepnew_HCDETheDITCIDpeptide_hcd|[032 |[4247 [EEQFNSTFR [1894.6493 | o o 1 o o [1 - 2 HexNAc,Hex, Y, Y, 1289.591 !
[1384.0632 |4 lglycopepnew_HCDEThcDITCIDpeptide_hcd [944 |[4268 |EEQFNSTFR/[4375.7089 | o 1 1 o o [1 20 l 924.460 1127.540 149‘2'668 1854723
ls61.6736 |3 lglycopepnew_HCDETheDITCIDpeptide_hcd|[046 |[4274 [EEQFNSTFR/[1425.4842 || o o 1 [ [ 1 103 B Y o 3973 | 158;;685 v
l872.3223 |3 |lglycopepnew_HCDEThcDITCIDpeptide_hcd [947 (4275 [EEQFNSTFR/[1457.4301 | o o 1 [ [ 1 o |’ Ll || (1 | 316103 | 407.169 528194 657i236| 'l 843,420 | 1063443 | 1142514 1256.515 | 1331603 1537.733 | | 1784755 1858.806 1948809
861.6736 |3 |glycopepnew_HCDEThcDITCIDpeptide_hcd 949 |[4277 [EEQFNSTFR [1425.4842 | 0 1 1 0 1 E 10 200 300 400 s 0 700 80 90 1000 1100 1200 1300 1400 1500 1600 1700 1800 1800 2000
|1187.2681 |5 lalycopepnew_HCDEThcDIiTCIDpeptide_hcd (952 |[4285 [EEQFNSTFR [4774.7891 | o 1 1 o 1 [1 m/z
. . |679.5487 |4 lglycopepnew_HCDEThcDITCIDpeptide_hcd (959 |[4295 |EEQFNSTFR [1557.6508 | 1 |1 |1 o o lo 180417_05#17985 RT: 4484 AV: 1 NL: 4.58E5 -Ac (2+)
M S— Fl Ite I fo I G cho Syl at 10N [1392.0490/[4 |gI%,-'c0pepnew_HCDETthiTCIDpeptide_hcd 963 |[4302 [EEQFNSTFR[4407.6518 | o 1 1 o [1 1 T. :TOTH NSI d sa Full ms2 990.4000@etd70.13 990.4000@hcd15.00 [150.0000-2000.0000] s EThCD@ 15%NCE
|799.2053 |4 |lglycopepnew_HCDEThcDIiTCIDpeptide_hcd [965 (4310 [EEQFNSTFR/[2036.6374 | o o 1 o o [1 ] Pr(3+)
la62.3800 |3 lglycopepnew_HCDEThcDITCIDpeptide_hcd [970 (4318 [EEQFNSTFR[1427.6033 | o o 1 o o [1 o] *: 1419.088 (2+) 9 Z7+l 989,526 Pr(2+)
|e62.3800 |3 lglycopepnew_HCDEThcDIiTCIDpeptide_hcd [973 (4323 [EEQFNSTFR/[1427.6033 | [ 1 1 [ 1 o 80 (2+)Y 1485,097
MS-Filter |873.3572 |3 lglycopepnew_HCDEThcDITCIDpeptide_hcd (974 |[4325 [EEQFNSTFR [1460.5348  [HexNAc4Hex4 o 1 1 o 1 [1 ] 1339013
la76.0589 |3 lglycopepnew_HCDEThcDITCIDpeptide_hcd (999 [4372 [EEQFNSTFR |1768.6400 | [HexNAc4Hex5Fuc o 1 1 o o [1 8 70_5 (z+)Y3B '
lo89.72346 |3 lglycopepnew_HCDEThcDITCIDpeptide_hcd [1008/[4388 [EEQFNSTFR/[1809.6671 ||HexNAc5Hex4Fuc o 1 1 o o 1 S 607 (2+)Y6BIY10{
_ é - [1389.2213/3 lglycopepnew_HCDEThcDIiTCIDpeptide_hcd 1014|4397 [EEQFNSTFR/[2008.1272 | o o 1 [ 1 1 2 s50-
M+H[500.0 |to|4000.0 |aAll Charge Filter | All [208.5300 [6 lglycopepnew_HCDEThcDITCIDpeptide_hcd|[1016/[4403 [EEQFNSTFR [4288.6216 | [ [ 1 [ o |1 e (3+)Y7B (z+)Y5B ByB
4 v [819.3401 |[3 lglycopepnew_HCDEThcDITCIDpeptide_hcd|[1025/[4418 [EEQFNSTFR/[1298.4837 [HexNAc4Hex3 [ [ 1 o o |1 ﬁ E B3B ot
204.087 _ lo35.7172 |3 lglycopepnew_HCDEThcDITCIDpeptide_hcd [1026/[4419 [EEQFNSTFR [1647.6149 | [HexNAcSHex3Fuc o o 1 o o [1 30_; Z3 657.237 (2+)YlB v B v
Diff MZ 1 | I |a63.3860 |5 lglycopepnew_HCDEThcDITCIDpeptide_hcd 1048|4458 |EEQFNSTFR [3155.3790 | [ [ 1 o 1 o 20 292104 366.140 i Zc o73917| — 5P 1258.023 e Y 15723'2;4
Fragment M/7s Diff MZ 2| = |s68.0239 |3 lglycopepnew_HCDEThcDITCIDpeptide_hcd|[1075 (4523 [EEQFNSTFR/[1444.5348| [HexNAc4Hex3Fuc o 1 1 o 1 1 103 20087 403.224 4742361 545.298 . et 1302.013 l 1 '
[022.0414 [3 |glycopepnew_HCDETheDITCIDpeptide_hcd [1236/[4835 [EEQFNSTFR|[1606.5876 | [HexNAc4Hex4Fuc [0 [0 1 [0 [0 [ ol L L \ L] |ss0221 | | 73|1i277| Sl | \ _ T12a7a | 1193405 ) .i...ul 13-8?“5:j97k.|- “‘. | 1?’81'679 | 1834767 194?'18?"
Loss Composition | | |1073.0911 3 lglycopepnew_HCDEThcDITCIDpeptide_hcd (1721|5784 [EEQFNSTFR |2059.7264 |HexNAc4Hex5FucNeuAc |0 o 1 o o [1 ‘20 a0 400  s0 e 700 80 900 1000 1100 1200 1300 1400 1500 1800 1700 1800 1900 2000
Instrument |ESLQ-TOF 7] [1017.9345 |4 |glycopepnew_HCDEThcDITCIDpeptide_hcd [1749/[5838 [EEQFNSTFR/[2911.1940 | [ [ 1 [ [ [1 m/z
|—""" Maebizs 1 — — =5 Tolerance for peak matching and
Masses are | monoisotopic ~ | Parent Tol m =~ s Err raqg Tol m =~ |Match Charge .
= [movasoopc ~|Parent Toll20_Jlpem ~|oysferlo  Jeragtoll®0  Jlpem -IMatchcharge D) | | o many most intense peaks to
| | Max MSMS Pks v||3lil || Keep Spectra Matching Criteria v| .
| Report 4 Output [HTML ~|Name | | - consider Su MmMm a ry
EEQFNSTFR 7 Given peptlde SequenCE/S, will
o automatically calculate Y ion masses Performance  MS-Filter has been adapted to be able to look for peak lists containing Y ions for specified peptides
~ (can include other modifications) Test Dataset: Human serum sample used for Human Glycoproteomics Initiative Study
Ngiycoyiation human ] A v2 4 +1 4 +2 A +3 & : : ' It ' Ifi '
e 0 D1 Bv2 1823 R L e e e + HCD and ETheD acquired on every precursor * Itis able to suggest glycan compositions based on mass difference between unmodified peptide and
- Ghcomaton mommls . Min Mod Matches[2 | Matched YoY1 [J | Yions required to match observed mass.
\ _ _ . _ . . * MS-Filter is able to identify many more O-glycoforms of peptides than database searching of HCD
beak List File \ }Select ©eak st files o upload Comparing results for alphabetically first 31 glycopeptides identified: (or EThcD) data.
Browse... | glycopepnew_HCDEThcDiTCIDpeptide_hcd204.zip . . . oy o . . . . .
_ — * 241 spectra extracted; 64 with assigned glycan composition * Analyzing HCD data using MS-Filter provides complementary results to those achieved by EThcD
List of glycan compositions to compare observed precursor : .
i . » After manual assessment: 52/64 correct database searching analysis.
mass difference compared to non-glycosylated peptide
 Ofincorrect, 10 are correct peptide but wrong glycan because wrong precursor * False discovery rate is higher than ideal; still requires manual verification.
Optimal Parameters monoisotopic mass reported HCD IDs< ETheD IDs . Majority of errors are due to incorrect monoisotopic peak assignment.
For HCD and EThcD data tried Varying number of peakS reqUired to match and From extracted Spectra | can assign 84 to glycopeptides (by manual
l ’ 1 . . . .
among ‘n” most intense peaks analysis/verification)
* Requiring matching only one peak (YO for O-linked; Y1 for N-linked) leads to too + 55 of these were not reported in ETheD results
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