The GlycoPaSER prototype as a real-time N-glycopeptide identification tool based on the PaSER parallel computing platform
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Introduction Results

Glycosylation of proteins has strong implications on protein function and has high potential for serving as biomarkers in Comparing the glycopeptide PASEF acquisition time to the GlycoPaSER identification time shows that the PaSER modules are quick enough to perform the
clinical applications. Holistic glycoproteomics in blood offers unique possibilities for functional diagnoses of different human identification in real-time, during data acquisition. Therefore, right after the end of the LC-MS/MS measurement the glycopeptide identification results are
diseases by providing site-specific data for glycosylation of hundreds of proteins in a single measurement. We develop available for subsequent downstream analysis. These glycopeptide results include the identification of the peptide moiety and potential glycan composition(s)
GlycoPaSER, software modules for the PaSER (Parallel Search Engine in Real-time) computational platform, which efficiently based on the glycan moiety mass.
handle data generated by PASEF-DDA on timsTOF Pro instruments. These modules enable glycoproteomics in clinical _ Peptide-moiety Identification Glycan-moiety composition
environments by performing (semi) real-time data processing, data analysis, results dependent acquisition (RDA), reporting, Computathnal Performance L R
and data management. average tlme per precursor File: 0b14b400-f1f9-4490-b133-ae14e49792a6_1657577206, Scan: 26951, Precursor m/z: 847.181, Charge: 4 tl Glycopeptide maSS 5386.4
M ethods T Peptide-moiety mass 3384.7
. e - . e 14.6 ms Decomposer Glycan-moiety mass 2204.8
To enable real-time glycopeptide identification capabilities on PaSER, we split the glycopeptide identification into two Peptide
distinct processes: peptide moiety identification and glycan moiety identification. The fragmentation spectra are streamed to Identification 23.1 ms identification 8, &8 l
a decomposer module which first determines if a spectrum was derived from a glycopeptide based on oxonium ions. Next, 59 ms Glycan g8 I 5 L HexNAc,Hex.NeuAc,
the glycopeptide decomposer uses the fragmentation pattern of the constant N-glycan core structure to determine the mass composition RS J lal Fd3lz18 g & |
of the peptide moiety part. For peptide identification, the spectrum is processed and submitted to the database search - - - - .
engine in PaSER (ProLuCID). As a first step towards full glycan characterization, the glycan mass is used to calculate possible
compositions. The identifications from a real-time search on PaSER were compared to results The intricate relationship between the glycosylation sites and the types of

of an MSFragger search results performed on the same data. glycans that are found on them are visualized by the chord diagram. We can
The amount of unique spectra identified by each of the tools probably stems observe that the most frequently detected glycan mass correspond to
timsTOF?fé from the different approaches taken for glycopeptide identification. complex di- and tri-antennary glycans which are the dominant glycans of the
= Nonetheless, when both tools identify the same spectrum, 93% of the plasma N-glycome. Furthermore, some key plasma glycoproteins were

Do R “Tt, identifications are the same. identified with the glycans reported in the GlyGen database.
ala collecton

DaSES; ™

Peptide-moiety

: Spectrum
Fragmentation Mass seE
modifier

pattern finder Glycan-moiety EXUEEREHIVITLLT

! 2 7, . A2 g0 jok
| | e M Y 2w
\/ | P a S E R 3002057 ’ ) // y /% // \\2\6-‘5‘2966
3 9 N ) 7 / ) A )\095.-‘5‘0,\1
I | 26, 7322 ' Z 7 7 7 / i $ )\019
I ~ W b / —
| | . 7 /
X Peptid-moiety sequence Glycoproteins \ 7 .
| | 2A2G 109 / , 7\‘1’:%11 T

L ‘—’——1
| | I ld /\g
D Glycopeptide spectra . y ¥
= = | Glycan mass 2204.783 | MSFragger ;(@ \2
Glycopeptide Decomposer . - ' Possible compositions: | . g Y | . N
ium i ) : | | ) SRS / T ey, b”w”vj "
Oxonium ion : - | , o 72 AT & 4
; Pe ptlde - < @d’o@ % e " / '@{9669?3&%{1’
ﬁ |ter h - : : 6\0'%99 v e ,/ / A bﬁ:%\b% ﬁ%"‘
Peptide Seare . | | ke v, el
[ | | | . > e‘j\é‘e 95’5;)99% / ’, 7/ ) 620\?3?9’2%(%
ProLuCID b, RNl W,
spectrum - X B, ‘?y o . >, e
| | | 0 0 .1)' ~~96‘eg6‘ ~\ /// \@gg’;fx‘iﬁgﬁ%
: : 3 1 / 0 4 / 0 . 255, \\ s ,513 P‘E,?B
|
|
|
|
|
|
|

VTNC gg

Glycan search s = = wiAG1 52
Gly’fan yGenerate Building blocks EEEE%% E 7 \ E 07
>pectrum Composition Hex HexNAc NeuAc dHex RRE o / \\‘\ = é‘{é{jﬁ;
(162.053) (203.079) <> (291.095) (146.058) L N o
P‘(JB(‘%E‘%(;? 18 E . A2y G °
KNG\QQ:B .'? ~ 410
R T e
Oxonium ions Fragmentation pattern T = 5 g
Tl Sl
: . N, Ve S
i : % kel 0—0—@- Glycan moiety (+peptide) N & Al
o &al p PaSER MR N o e
~ E PaSER MSFragger MSFragger \\\@i@\«« . 7 ‘/"- 4 \\\\\s Og‘é}%e
= i {T ¢ @‘\i;ﬁ\”’} % 4y, \\\\\\‘\\\\ 0‘553’%25’;%0
Peptide moiety : p P P PP P PP_P P P P p R I T T T T s oo
GlycoPaSER enables results ool e
dependent  acquisition  (RDA) SR T
| 0 I8 N U O O 1 | || I e e il | which can improve the data quality 4
500 1000 1500 2000 2500 3000 3500 4000 4500 5000 m/z . . e e T ¢
5 by adjusting acquisition  « V'
. . S 1 1 E f"/ s
Peptide moiety spectrum paramleters in real ;‘me-”_ For 5y
TV R TV T example, our optimized collision - : o L :
e A T L T e energy ’for alycoproteomics i S Provided proof-of-concept for N-glycopeptide identification in real-time.
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N-glycan core optimal for only 39% of the = | The identification is quick enough to run in real time (up to 30 Hz).
0 [}
QLAHQSNSTNIFFSPVSIATAFAMLSLGTK ¢ ted ; s e 39% method CE is optimal The performance is comparable to MSFragger.
ragmentea spectra. ' 7 61% other CE is optimal h | - - f . . | . h h |
T P A T T p The glycopeptide identifications are in line with the literature.
06l Performance improvement and new features are under development.

30 40 50 60 70 80 90 GlycoPaSER enables results dependant acquisition (RDA) for glycopeptides.
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