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Glycans, attached to proteins or lipids, play pivotal roles in many biological processes, including cell—cell
communication, immune response, and protein folding. Among other glycan types, N-glycosylation is a
prevalent and biologically significant post-translational modification. N-glycosylation change has been
implicated in numerous pathological conditions such as cancer, autoimmune diseases, and neurodegenerative
disorders, underscoring its importance as both biomarker candidates and potential therapeutic targets in
biomedical research.

Challenges in Glycoproteomics

Quantitative glycoproteomics aims to comprehensively profile glycopeptides. A typical workflow involves
several steps: digestion of proteins, selective enrichment of glycopeptides, and high-throughput analysis via
liquid chromatography—tandem mass spectrometry (LC-MS/MS). However, one of the major technical
bottlenecks is the inefficient enrichment of glycopeptides at the sample preparation stage and their inaccurate
selection for MS/MS fragmentation in conventional intensity-based data-dependent acquisition (DDA)
strategies. As a result, glycopeptides are often underrepresented or completely missed, limiting the depth and
accuracy of glycoproteomic profiling.

Proposed Machine Learning-Based Solution

To address this limitation, we propose the integration of a informed machine learning (ML)-based precursor
selection strategy into the DDA framework. By leveraging our access to large volumes of well annotated and
diverse glycoproteomics datasets, we trained a predictive glycopeptide classifier capable of promptly
distinguishing N-glycosylated peptides from their non-glycosylated counterparts based exclusively on
accurate molecular mass (MS1) information. Conceptually, the classifier harness the unique mass defect
(MD) signatures inherent to the oxygen-rich N-glycopeptides, which differ from the MD profile of non-
glycosylated peptides featuring a lower proportion of oxygen. To this end, we compiled a series of high
quality glycoproteomics datasets consisting of approximately 2 million peptide-spectrum matches (PSMs),
including both N-glycosylated (~10%) and non-glycosylated peptides (~90%), derived from a broad range of
human and mouse tissues. Due to its balance between interpretability and computational efficiency, a
decision tree-based model was trained on ~70% of the curated data. When tested on the remaining 30% of
glycoproteomics data, the model demonstrated a strong discriminative power to distinguish N-glycopeptides
from non-glycosylated peptides even within realistic non-enriched proteomics datasets (AUC >0.95)
documenting the accuracy and potential of the glycopeptide classifier.

Advantages and Future Integration

Compared to previous approaches, our model not only achieved higher sensitivity and specificity but also
demonstrated high performance across a broad mass range of glycopeptides. Additionally, the ML-aided
glycopeptide classifier featured swift prediction (nanosecond scale decision making) ensuring compatibility
with real-time data acquisition pipelines. Our innovative informatics solution opens for intelligent DDA-
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next-generation of clinic-ready glycoproteomic workflows.
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R 2 30V ¥ — - BSERTEOEZLICHE . CO % BURE & 3 % Rife iR 2 WV AL BE BT A3 3Kk
HoNTwD, KEKEIE L T2 702 A TIECO2EEDHE LRI G2 EOMENDH D, X
D RN 72 CO[EE 7 a2 AR D 5T %, BAUILFANZCO2EL BRf S NTE D, ¥k
ECULAYINDEBIZ B O THRE R 7 APBEIN TS, —H, C-CHAEDERE ) K
JET B WO TN A A B2 D 5
Atgiclx, BRAN 7 10X R LA A il @l U 72 FiHCO2Z s 7 v+ A DREEZ HIE T,
T4 IZ AT XBELREIK TH % Reductive Glycine Pathway Z KIGEHICEWTHEEL ., Ok EER
WEBRREMAAEDEL LT, CO2D oL Y Y ERAERTEZ 2 L2 R L L
BE, NAAEEDT Ty b7+ — Lz BEEIZ, RGPORM 7 7 v 7 AB L OO 2 —FEY
TADHBEITHoTVE, AFEERTIH, IhFToEH LI, Xy Ru 7 2200 AR
TAE IR S % 73w IS 2 il L 72\,

[1]Y. Tashiro, et al. Metabolic engineering 47. 2018
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LS % X2 5 BB HRBIER L. DNADGRNA, X5 VR VEANERLBRICE LTS
Bl 2 3217 T %, FRICRNAGHIL, BBERICRNAOHEE 223 ¥ 5 2 & T, EiEERZ
DHDEWET 2 Z L, BETHREZRFZEBMICHE T 2%E2H>TE D, EE T b
FVARIZV TSR ELTEMPIEEOH T 2 TR LT 5, BIfE £ TIZ1S0MEELL o
RNABHiDHRE I NTE D, KR E L THEEA D FE WD\ Ty 5 (Cappannini A et al., Nucleic
Acids Res., 2024),

RNAE &3, RNABHZ SEE» DEEEICEET 2 720 OB L FIETH 205, 1ERD
fENTTlE% K DGE, EMNARHERICKE L 2 FEIC X 2 AT PAUVBRICESWTE D,
TIRED DD 2 FEDPHE L > T 5,

AWFZETIZ, IS OFEE RS 2720, KBS0 6 OEREMLOGE, FonHiE
e X OEMABUCHED (R FHl, X S ICEERUBIC X WA Lo Pl & %2179 2 L3 T
Z DGUIN ERITHEY — V2 BT L7, BIfEIZ, 2o — 28 L LT, RNAEESITOHE)
fENT A 774 v OREZED TS,
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PO MG X L R BEIE A e L. 2 OfUEME R HEHERI PR OB S & £ Sk i
HBoOFRKE RS, HAIBZVE R I 7 2B 25T 2 #BEICE T, MERWICHERT 2 7201
{thit 7 2 F (Acylated Hexosyl Ceramide, AHexCer) %<7 AW CTHIDTHRL 72, %I THKXL
. B WV TAHexCer3 ED & ) ICHEIRE ORBEFHEICER LTV 20 2HX5 720,
AHexCerD A ICEH 59 2 BEALMINEPAREREE O FE 2 Hig L TR ZH#EE L Tw 5,

F9MICBTZREBERVERNI 2R b7V A2 Y TSV AT =8 OFREITICE 5T,
AHexCer (3 HFER IR S 41, MEBICHE>TZ OFBIEDIKE CLHT 5 2 L, AHexCerD K
W52 EEZONLEIETBAY) ITy Fad A MIEAEBLTw S 2 EDBHL TR 7,
% ZTHEK293MfIC R LT, AV 37 FatA MSEFREBS % FA2H UGTSD @RI FE Bl e %
ML 2 A, 26 DOfllldd’AHexCerz Y 5 Z &2 HI L 7c, AFELRTIE, 06 8FFH
BRI LCBHER « 2 v 270 b« 2 v 28 v Il Ko TIREMRBHINAAT S 2 L TfE
HIRE AR 2 Fe 4 DHITRICOWTHRT 5,
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OFEHHION, MRS, AN IRIG R, il B2, FRETER2, Amit Rai3, B[4 H]1.2
(F R TR, B AP ZE A BR B R B2 F %8 & & —2, University of Illinois Urbana

Champaign3)

Keywords: TEYRHLAGHY), A&, 7%y b7 —72

HEIZZ  OFHIEE B D 2 LAY 2 7 5 . B EFIOR7ENICEL G S 10T 2 UH
W7 B3 TH 5, HEIFFESHAE TR =2 D | RN REY 222 2 LI HFEO M
B LR BRI Onn s LEZ NS, HEICET 220 (Glycyrrhiza glabra, G.
uralensis) DIEE L RO ZLC-MSMSICHEL | 56 117 7 — % ZMS-DIAL % F\» CfghT %
1ol BIBA A VT L1724394ART L2 EHL T4 77 VRBZTo7 L 2 A85%DA 4 v
DIRFETHD > Too AWFZETIEZLE RN WAl B % i U 78 & R O B E A %
e U, 34484 F VT L TRFERE K OMBEHEZT> 72, 2D, 7477V EMA A
YEOMSMSEREZEE L, 7%y bV =2 %FR L%, v b7 =7 E2BET 260G
Wz b LICRFAEA A v OMEZHE L L 2 A, #iiT1864 & v OREFHNICEYI L, 2T
32% DA A v x L CTEEEMRMN S0 Tb iz, #EEMEDTICIZER L E T 29 AMERE
RINICHELTE D, FlifdolEx His L HED» o BRSO - sthihzfr-> 7%, $7%
flDHEY A A AR 2 b & NTHTRIREGE OB GRS Tl S 1, FiliREEIR ) ¥ VHRD 7 LA
uA FChs NI NI, SHIETHREE D S BIHESE R ORI 2 TR 72 72 50 J & I
L. BRSO EYANEEOREZIT I,
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A ) A ER 2 2 5 2 L3 INmBEE B O TN 2 GIH§ 2 L cHETH 5, At
KT, /¥ —=7y FIVER 7 2DEAMHFEZE L. Hiis X OREZMFORL 2 <7 24
fR I U TRERE BB 2 17 o 7o, KEUBEEHINC 1 Z 00T o Edifb & 203 72 7 — & ff b LA 4
DA TH 5720, data dependent / independent acquisitionZ ity L CHIH T 287z FiErER
L. ZN6DT—F AN 2 ERER2EE T2 2 LT 1ERED 37D 1 OIFHETIHRE
Sk Z 2 2 FIE ORISR L 72 (Tokiyoshi K. et al. Analytical Chemistry 2024)

ARFEZISTIREOMBHTICHE L . ZERMTZ2E ML 72 & 25, 3330DRERIMYOENE - &
BIEZ/37, BB XOMROMSEECLEBN R E - Lgdid 1 >Th 2 HlgTlz, =—71
BIREE LR 74 v IREICEB W TEEE (HFD) AMANDIBEDMEICEWEL 2 L nwH &
a7, S5, HFDFEICE T %5 Hex3CerD EHME IZBEIRINVEEE & BI# ¢ 2 EDH 5 —
Ji. &~ 7 A TIEHex3CerDHIGE DI LT 5 2 EBARIETH O THS Itk o 7, A
FFRTIE, Hex3CerD A H) & Bk IC & 1F 2 ZAEIEE & DBIRIEICHENZ LT, IR 2 W
%,
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REPEEFATOIILDT7 T TNEBICELZIEEETTIVOMAE

oS ARG, RyBR P2, AN FH s s, AR H 282, HY 4R R
(AR TR JUMER A2, KB OR#3)

Keywords: X ¥ X023 VA, A V742747 A, BWAE, 7oy 7L9EE

AR, Btk z M L &g e oz HE L, Rl - baW o 7 & - 584hE
W2 HEE T DB T TV OREEDPBAITbNT WS, T, 2024 S N/ AT b
WVIRE 2 Y7 A b (CASMI2022) DffEEHEEHIICE WT, IEEFD230% % LAl 2 € 7 VIEIAE
9, ZOMEBEI I TCREVES A, 22 0RLIE, BEoOMERE (77— av)
7077 LDOVHFERO T v v TNEEEBARET 2 2 Lo, L) EREOREREE 21T )
BN 2 Hig LR 21T > T\ 5,

Ty 7VEEOERANG E LT, MBEHEE ICIZMS-FINDER, SIRIUS, msbuddy%. H§i&
HEFEIZ IZMS-FINDER, SIRIUS. MetFragZ V2% Z & & L7z, #HE 5 & L CRandom Forest,
Logistic Regression, Support Vector Machine (SVM), XGBoost% 4R, #16,000{L&Y D E#H % 27H
T LT L, MERHEE EMEHEEMEZ L ZNIC D TE T VREZT > 7,
CASMI2022% FH W EFHIIIC B\ T, BEINALZET AL TR -7 /74550 bEVHEET
AR - MEEHEERE R Z M §2 2 N TE R, FIERTH > 7ALEWICBLTH, (LEWEd
F & Tanimoto index % H > CIEMEMEIE & DFLIEZ B L 72 & 2 A, AT TV IEMRE & B
LMz LTws bR dn, K707 F L1%, Github (https://github.com/

systemsomicslab/msemblator) TZABI LT\ 5,
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BEARAY I AT 4 7 ABRMERAWETPIVELEAXORHEMTAOT7 71 ILDEE
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oMk, InIRIGAC!, oIl E Y2, Wei Hes, VBRI 53, HEHRRS, B 1R —1, IR,
SEMR L2, RHEE T, MR, T R 2

(R TR, B A e T B IR AF e & v & —2, BRUR )

Keywords: B &7HT, PREFRFE M, 597 F AR 7 Fovx vy b7 — 27 NMR, X i i

MY Z DEEED 72D ITHkA BREREA FLRAICI 63N 50, HHORE# 7’07 74 V25
HEIED I ETREICGEINLTE ., BHEDOT7VE (Zostera marina) (ZFIUEFERTICREAM LD S
M EBREE ARG 22 72 Th D . Z OIREW L RRIE O MR 28 OB O PEE o TR I 5]
D35, KRR TIIERDNA v 7 4~ T4 7 Az 5 2 &k BiEY <R U < B8
&9 24 % (Oryza sativa) & 7 <& DG LLESET %2 FEh L 7=,

PHIRRREZ BN L 7274 77V =7/ 7= a v g TARI vy b =7 %FHT 35
Z & TRIEIICAEHIBE DO BUKIEREICREG 7/ 7 — > a v st G Sk, 38D 7 = =1
7as8 ) 4 PRI O VBT, A4 32 TldtricinlREW L C-Y v 7 7 7K 7 4 B3, 7~ T TIISHME
DEFEIE 2 R OWIRIL 7 73/ A4 FORRNLMAE & LTRIETE R, ST vETIRM MR
WCEBEICHFET 2MAD 7 = /7 —UILEYDHII I 0TE D . NMR & XGRS i G T 2 i3 %
Z & TZ DKEIEHT”,87-didehydrosalvianolic acid BTH % & [[E TE 7z,
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(TR TR, BEESRERY b MY A -2 R 5 v o —2, HRRAR, L
FORGEAT A R R A e R v 8 —4)

Keywords: H&/7H, VEFI 72X

WS, BERaHT (MS) ZHWAZERMY BRI 72 () F—AfN) FEEEablaoms o
HEnTws—F, 7/ 7=y areEREGHENRL (ERINTwS, £, fons Y-
LEMDBED X ) HMBICHKT 2 00 HEET 2BV HFEHEL BV 5, ¥ VL LRNA-
seq PR N 7 VAV TP I VAT =8 LORARNTBNEE L %25, 2 2 TAUIZETIZ, v 7R
WrzxvFe—r LT, (1) bV y 7 AL —F =i A 4 1t (MALDI) %z w7
HOREZEEY E RS 72 (MALDI-MS) . (2) V—%—<A427u¥ft2r>av (LMD) &
Wik o< s 7574 —% v 7T LRERDN (LC-MS/MS) & MW 7R REZE Y © F S 7 R
BXO (3) filaomc X 2Mis 4 7MY ER S 72 20wV FE=FINT—8 2RSS 2 M
FxfrH, £, BHEETVLLELRBBNTFLEZHAAEDOE LI ETHEYY 74 DEF %5l
L, BFZMINAZTA V74T 4 7 AL 7574 v ORELFHRIT) . AFETIZ, w7
AWE A CIKEY Y T4 DT — Y HIFICE T 2 ELEE - AT - S FRICOVLTINE T
fToaE R 25K T 2,
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ol ffiSEr , K , B AR, 4 RAE &2, LA, YR E]2
(R TR B AR A mBERl e e v & —2 , 7 7 v AENIRF A v 9 — 1
B SEIT IR

Keywords: YV ¥ N 3 7 A HEDH, A74 T3 ) v

A7 ClE, BRFRNAERETH S 7 NMEA 7 4 22 L) V(acylated sphingomyelin, ASM)
DEBIEFEIEE X OCEREDRIHZIT 5T\ %, ASM 13 1996 FEICW O THRE S NTUUR 1, Z D
75 A2 SRR BERE 3P S I I T e, LarL, EHEDY ¥R 3 7 2 EE o
B2k DA IIDET, v 7 A2 5HdT ASM ZHEL K, 7, BiEbkofakcd 2
KMRC-1 Mgz ) BRI 7 2L 72E2 5 ASM DFEBEL TS L2 /RE LA, —J. ASM
& HeLa % HEK293 7% ED—fiyaMilgtkTidiz L A ERHEI N W L bbb o, AFKET
IZ. KMRC-1 iz UCPHEAISRIARBARMIC X > CTHEERBICMNAT 2 2 & T2 ASM 12 %)
T2 INETOHIIOWTHEMNT 5,

[1] Biochim Biophys Acta, 1996, 1303(1), 47-55.
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Keywords: 7'0 7 4 — 4, LLM, H &3 H7

7 DB Y — v A — N — IR O MERF O BB O BR IC R T H B, KBIE

BONEMOMERIC LD, XTF F LNV CEREE 2 IRRIINE DS ATRE I 72 o 7208, 77 IREERE
ARV HIIEBRBE O HHE S 2> & . BIRY2EE) 2 BlaE 3 % BiSl L~V ORI 2 G S 22T %
DIFEIRE LCHEETH 5, —J5. Transformer N—ADY VN VEESEE TN 2 EH5LHREEED
AT KD BAIEED S BRI 2 f T 2 TS H 2 £ O T 5,
AWFZE Tl FHHIAE A Transformer ET A 686157 2/ BHOIAAZIEH L, X7FF
DY =2 F—=N—WE% PR T 2 72D D2EHDOKRERINE TN ZIEL L 7, (1) TimeSeq 13FRIE
EDHDAARZFGH L, LSTM W TakiRI %2 —i5TTFld 28K,  (2) AASeq 13FRHEL
LD DAAZREFE L 72 £ XA TERNICTHZTIOERTH S, WThOEFLYL, K
BB N T—% 2 v FZ MW RMSE 8 X ORI X 2FHliIc BT, fERFEEZREC R3S
FHRERE & ZEMNEZ R LT, 510, BRI L OFLGEZ WG T 20270, EFILFHIC
HFHTHRHEN 7 S VB — v 2B L, TS DR EIE, BAIR—RADRE L KRYT
WG, X7F PO EZIRA S LTAMTH L L2nm LTk, SHBDO7a 7437
AERTIC BT 2877 7 —F L LTCOARELZRB LTS,
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Exploring Lipid Biomarkers in Melanoma by Non-invasive Skin
Sampling and Untargeted Lipidomics

oSkaidre Jankovskajal:23, Kari Nielsent5, Gustav Christensen5, Bujinlkham Buyantogtokh!, Tautgirdas
Ruzgas?:3 and Hiroshi Tsugawa!

(Department of Biotechnology and Life Science, Tokyo University of Agriculture and Technology, Tokyo,
Japan!, Department of Biomedical Science, Malmo University, Sweden?, Biofilms Research Centre for
Biointerfaces, Malmo University, Sweden3, Department of Dermatology, Skane University Hospital, Lund,
Sweden?4, Department of Clinical Sciences Lund, Division of Dermatology and Venereology, Lund
University, Lund, Sweden5)

Keywords: Melanoma, Non-invasive tape sampling, Lipidomics

Melanoma, the deadliest type of skin cancer, is currently diagnosed through visual examination followed
by surgical excision of the suspected lesion for pathological confirmation. This diagnostic approach is highly
subjective, has low specificity, and is resource - intensive. Non-invasive methods, such as tape sampling,
which can be easily performed on large number of lesions, offer a promising approach to complement
current diagnostic practices. In this study, we explore lipid profiles from melanoma lesions sampled using
adhesive tape to identify potential biomarkers for melanoma diagnosis. Biological samples are collected in
Sweden, Malmé University and Skane University Hospital in Lund, while mass spectrometry-based
lipidomic analysis will be carried out in Japan, Tokyo University of Agriculture and Technology.

The project consists of two parts. The first part focuses on investigating lipid profiles in samples
collected from healthy human volunteers, both females and males, across different age groups (20-70 years).
The goal is to explore if and how lipid profiles change with age and whether these changes can be captured
using tape sampling. These healthy reference samples will also serve as a baseline for comparison when
analyzing melanoma patient samples. The second, and main part of the study will analyze samples collected
from melanoma patients. Tape sampling on the patients is performed before surgical excision, following
Swedish national guidelines for suspected melanoma lesions. From each patient, three consecutive tape strips
are collected from the melanoma-suspected lesion and an additional three from adjacent healthy skin. As a
preliminary data, we introduce the optimized workflow of lipidomics for tape strip samples.

The Japan Society for the Promotion of Science (JSPS) is acknowledged for postdoctoral fellowship funding.
The Mats Paulsson Foundation and Knowledge Foundation are acknowledged for supporting non-invasive
melanoma patient sampling and analysis.
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