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I.A5 32 4344

e

1. AlzF 2 438 A=

2 AFolA HLA class I #24o)] 2188 A7 gAY AlZF HCT-116

FAAAEAFOZHE A FEUTE Cell lysisdl= Corning

o
ofx
i)
(e
o

Aboll A Al 23 3 mL Tissue grinder(Cat no. 7724-3) & AF&3om =

7 Adde JFEAA AF EF(Ascites) B S Tl A W6/32
S}-HLA class I 3+A ¢} Cytiva A9 Protein A Sepharose fast flow (Cat
no. 17127902) 2 &3t} HLA class I HEo)E £%& (Costar spin-X
column(Cat no. 8160)= Fwiall A& FA FHANAM= Sep-pak tC18

cartridge (Cat no. WATO054960) S %3 HLA Ielol=& EF . HLA
2 A AR N-Fgolzt BAE Waters  AFY GlycoWorks
RapiFluor-MS N-glycan kit(Cat no. 176004154) & o] &3} 4=3) gl o}

o Ado] AHgE ANET T HE, BF AF odF AAAZRH
= AE A AFeolt ArEg oF> dEkd ok (Tilapia), ™+
(Cod), WHl (Pollock) 9] Al Fo=, oFHE ME & FHi AFS 3F
A A A8k geEkgor 8 ZFEke No. 23, 157, 176, 7+
Z&72 No. 16, 28, 153, 98 F: Z222 No. 116, 156, 17302 FH]
sttt

A5E GdSE FA ol 54 AP AEH FA 11F

A

ol
yie3

&

(Humira, Yuflyma, Mabthera, Truxima, Avastin, Alymsys, Vegzelma,
Remicade, Remsima, Herceptin, Herzuma)< E 5 2% 9 E tdAAZH

B Al g ok

_'IO_



2. HLA Class T &4
2-1. Cell lysis A7+ A A

(1) cell lysis

-80°Col A H#stdd et AZF HCT-116 1.3x10° cell 3 5/ E =
ol &, Z} FEH lysis buffer (10 mM Tris-HCl pH 7.4, 150 mM NaCl,
5 mM EDTA, 1 mM Na3VO04, 1% Triton X-100, 10% Glycerol, 1/2 %
¢ cOmplete™ Mini EDTA free Protease Inhibitor Cocktail) 1 mLE #7}
A th o] % oMY S & AE pellets} lysis bufferE F#3] &33%
on, E}EL glass tissue grindero]l &4 2 HHE ol &
3t olofA, ME FHAES 2 mL vlolAE FEO &7 ¥,
337 98] tissue grinder® ol cell lysis buffer
Il mLE 93 "olslgste] ko] MEE T FEA Bkt o]% 77

o AFEE 4°CollA 4N ZF, 8AIZF, 1817}, 24A17F, 48A17F FQF WFESAlA

1, Ris gl

& 7249

—

—
Do
>

lysisE 3ot

(2) @9 d FF

AZ L3871 988 T AEE 13.000 RPMolA 287 9ARg st A
=9 B3ty o]F A=dS Aol BCA assaysS 3ot @z

o

ZFS $3% standard curveE A3 8l Sigma AFe] BSA(Bovine
serum albumin, Cat no. A7030)& AF&3d°™, 0.01, 0.025, 0.05, 0.1, 0.5,
0.75, 1, 2 mg/mL9% TEZ 343t 96-well plated] 10 nL® EF3FH o}

_'I'I_



Al

= A2+ zZbzF 1/2, 1/5, 1/10, 1/20, 1/500.2 343t & FdsA z+
wellel  10uL® EF3Ath ©]% Pierce™ BCA Protein Assay Kite)

i)

Reagent A solution®} Reagent B solutione 7z} 49:12 &£ 3t reagentE 7t
wellol 200uL® 713ttt Platex 342 7% 5 37°C AfFulolEHoolA 30% 7+
HES X At w2 3 562 nmolA SFEE microplate Reader®Z2 =33 o1,

standard curve® 7IRFeZ @A FL & A

(3) 929 E % (Western blot)

lysis A1kl wE HLA class 19 4= #2137 fsl A2 55 F
st th A cell lysate 6 pgol 4x Laemmli Sample Buffer (Cat no.
161-0747, Bio-rad) 25 pL& E&st2, T/FFE ¥ol HAF %3 10 uL9
A8 E F4¥3YY. o]F SDS PAGE® running gel® stacking gel2 A%
st H, gelo] o 2o FHE AR 10 pLE 7t welldl 293y, @z
A7) <SS 93 protein ladder (Cat no. BR1610374, Bio-rad) 5 pL& &
A 2stAth A71dE2 80 VelA 110 VE £AH2s d4s 2

A

=
1417 30&7 Ay d719F°] TE5HY, geldl A membranel 2 T
ds &7l transfer SAE FPst7] el PVDF membrane (Cat no.
IPVH00010, Millipore)& 2 Z71Ett AA Zgk 100% methanolel 47+
Wy ZA38A7 FH, 1x transfer bufferdl H7FFAth. Transfer cassette:
olgf ol EE PAD, filter paper, PVDF membrane, gel, filter paper, PAD
TOoZ v A& YA PR Filter paperg @< $olv 71X AAE
913l 15ml conical tubeE AF&3l Ast&¢= =27ty dolFAd. =49 #
Aol A= membraneo] PFEXA] G EF transfer bufferg& AEZHOE AMF
Aot ZHH cassetter PowerPacIM HC High-Current Power Supply A

2 AFL3e] 100 Vol A 241 7F ZoF A7 % A Z Y. Transfer 34 o=

_12_



ol thHlsl] dgdle ¥ ALEHORE wAMFATY. Transfer’t &5
¥ membranes 1x TBSTZ Al &3t 3 skim milk powderZ Y& blocking
solution®] =7} 4°C shakerol| Al overnighte <313ttt tt2Y membrane
S 1x TBST=E 1587 A3 &l 3, blocking solution®] d-HLA class 1
W6/32 AAE 2000:1= 345 §H 7 Aol A7 T BhSAIH T 1
2} Al db-g Fo= 1x TBST £do =2 3087 A4 AL o]o]A blocking
solution®] HRP7} ¥ &% goat 3] anti-mouse 22+ A S 20000:1 H] &=

A 1x TBSTZ 30%7F A Attt o] @ d HES 98] ECL solution
A% BE 1:1 U&E =3}l chemiluminescent substrateE A Z3F F, 9]
E membraned] ZTITF Y ®HFSAFHT o]F SHST Multifunctional

Imagerg A+&3] @iz W= & Ao

(1) 99 A A (Immunoprecipitation)

M A Protein A beadsE 100 pL £4]3}e] 1x PBS(pH 74) 1 mLZ A &
SEATH Al F 2 '3 & 4°Coll Al 4,000 RPMOo 2 287 A4 s+ #4
S 28] ¥rEElo] FPFt, o]F -HLA class [ 3FA(W6/32) 1 mg=
beadset E33tal 4°Coll A 3A17F F< rotatoroll Al BEGAIH T HHS Foll =
TYaA 1x PBS(pH 74) 1 mLE ¥ 4°C 4,500 RPMel Al 57 4+
gate] FSAE AASE AGE 23] HEIT o)lF FA I AFE beads

T E A GANA D& Lo FH lysated A=HE H7LE o, 4°C rotator

_13_



(2) HLA HEolE &=

Overnight ¥$o] &8 ¥ AFE 4°C, 4500 RPMS 2 587 AR
H, AT E AAFAT. I8 th, IA, beads, ¥ HLA A A d =0l
MS grade Water 500 ptLE 932 & 4 oFAT}. o]F, beadsE & HFH O =E
2371 98] Costar spin-X column(Cat.no. 8160)< FH| &It WA

713 8,000 RPMoll A 2087 Y& 2]k}
B tA] MS grade Water 500 pLE Y3 &
2 columnel &7 10,000 RPMol A 307 A& Ao v gte =

rlo
2
£
iG
H
()
=
rlo
i
o

i

AHE Y8l MS grade Water 500 uyLE & ¥ © columnel 2o 10,000
RPMAl A 30&7F AR E FdeAt. AR E & A E7F column
stte = 3 WHzZ e FAg Foes AMEE ROAE RFEES
column 3dFF-of WX 10% acetic acid 200 pLE column Feel o

12CAA 1087+ WA AT ol F 8000 RPMAA 3087 9482 ske} A

-

S£E2F ANE BFAZHE HLA class 1 Helol=E EE &7 98 4
A FAHL FAe Gt ¢4 Sep-pak tCl8 cartridge(Cat no. WAT054960)
5 A 9o Ao F=Hstdy, JtEAE E43tE7] 98 MS
grade acetonitrile 1 mLE %I syringeE o] &3] HH3] EAAAT. oS

o=z, FtEFA HIYZE 98l solvent A (5% Acetonitrile, 95% water,

_14_



0.1% formic acid) 1 mLE& A ¥ <

Y
oft
L3
>
2
_|r_l,
He
X
oo
m e
ot
>
f
[\\]
o
[a)

uLel solvent A 800 uLE& H7tste] & £ 5, ol & 7}
i, d¥ AE7E FANUE welag2 REE ol WX AlE7F ¢ 3
STHEES 33T olF AEHAE thAl AlFH fd &9 FH, F3E Al
55 7Y 7tEZA ARGt g ¥ vl EHFACE. olofA solvent
5 T4 W oer 1 mLA Al W wrESe FAATIH AAHE Fas)
Aok AT R Al wlo]ZR REE JHEXA sidd AXsta 70%
acetonitrile2 250 pL¥ F Wl A E3A#A HLA HE)=E £5319
o HEAHoE

i

N

ofo

2% ANEBAA 70% AcetonitrileS FFE =712 o] &3

o[N

LA T A EE -20°Cell A B skt

B
(4) LC-MS/MS =4

A A FAHSE Ed HAE HLA FEo]=% Thermo FisherAbe
Vanquish Neo UHPLC A|2®l3} Q-Exactive HF Orbitrap 2% EA71&
o]&3t] NanoLC-MS/MS W22 FA4&dtt (& 1). #4 HHS =2+
EASY-Spray™ PepMap™ Neo(Cat. No. ES75500PN)& AM§-3}dth,
NanoLC+ pL/min @919 @& &S AHES7] wjiel o3 &0 A
A FEEHl S4a"FY ARER
PepMap™ Neo E# 7}E# A (Cat. 174502) & Ab&s] £4 A Ao 3
AR FHS FAFLEAN AF 49 285 =T ol 4 Al
0.1% Formic acid in Water, B&}2lel 0.1% Formic acid in AcetonitrileZ
FH|stRom, Alx &4 (1% FA in 75% isopropanol (IPA)ZE A %3}
Rk, A A, Piercerl9] LTQ Positive Ion Calibration Solution (Cat. No.

88322) S AF&3lo] positive modedl Ao A& A7 HAS F3stPch =

_15_



g, Ao A E APsien, oF HF 52 025 pL/mine® A

Aagoh 2H 255 40°C, M &5 = 4°CE §AFYT o)A AL

rir

01% FA in ACN 2%°1A Al&ste] 9087 42%74A A3 S7HA7]
gradient o2 dAYsglon, £4 F5 Folle A2z 10279 Zr
Al F o] o] F A TH(3E 1),

2 BA AL o3 ZoH(E 2). NSI sourceol| Al sheath gas flow

ailo)

i
1%

rate, Aux gas flow rate, sweep gas flow ratets EF 0.2 HAAsA o,
Spray voltages 1.8kV, Capillary temperaturet= 275°CE A A3}t 2 Er
o=+ Data Dependent Acquisition (DDA) ®W2o =z EA3oH, full
MS scanol A= m/z ¥ 400 - 2000, A E 120,000, AGC target 3¢’ =
ARt ol % intensity 7% 49 15709 oS A MS/MS #
A& SRR, om sAEE 15000, AGC target 1le’, normalized

collision energy (NCE)¥ 272 A A3t}
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* 1. LC-MS/MS gradient

Time % A %B Flow [uL/min]
initial 98 2 0.25
S 98 2 0.25
65 72 28 0.25
90 58 42 0.25
90 Column Wash
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¥ 2. Mass spectrometer 4 Z A

Thermo scientific Q-Exactive HF Orbitrap

Experiments
Runtime
Polarity
In-source CID
Full MS
Resolution
AGC target
Maximum IT
scan range
dd-MS?
Resolution

AGC target
Maximum IT
Loop count
Top N
Isolation window
(N)CE

Charge state

Full MS/ dd MS*(Top N)
100 min
Positive

0.0 eV

120000
3ef
100

400 to 2000 m/z

15000
le’
50 ms
15
15
1.6 m/z
27

+2,+3




(5) HelHHo A +5 2 AdE §4

Ao g GMEE FHALE EIAS dNAY 24 5 =99
ol& sl FHA e Wyt HAT £ vk o= Qlal, 7]E9] HolH
o] 2o raw data files thEal HEetol=o] MES dFste= AL A7
ATH wrEkA] ofmiit AFF AolE VWO E JHEE MES dFd T
De novo sequencings AH&s|Al A HlolEM o] 28 At olE A&
e WAool Bt a#AQl HIHelz & 4 UTh

%241 PEAKS Studio 2AZEHAE o] &3te] +15H +47FA 9] precursor
charge state® 7|2 % HolHE FE H35}+= Data Refinement I}AHS
&gt ©]F De novo 4 Z7AE precursor ion®| ™3+ error tolerance:
20 ppm, fragment ion®] ™ 3+ error tolerancet 0.2 Dal® A A3t} De
novo 45 F3 42 HdEelE MIES FFa stbe] FASTA 9d=
H3slo] 2A| databaseE AAASIow, slFd U Thermo FisherAle]
Proteome Discoverer 3.2 AZE g oo A dHolEHuo]|AR ALL3o] F7134
Jd HHH % AL #H S AFHT Proteome Discover ZEZE o] A

B4 27e 0w 2THE 3).

_19_



¥ 3. Proteome Discoverer ¥4 m}n g

Max. Missed Cleavage 2

Min. Peptide Length 3

Max. Peptide Length 12
Precursor Mass Tolerance 20 ppm
Fragment Mass Tolerance 0.2 Da
Enzyme None

_20_




2-3. HLA class I %9 Zdo|zt &4

(1) A AA R ANE 4

Costar Spin-X AHE& H3 doz &, HLA class I S A S3HE A
Zolzke] HAExE F Ade FAE A A7 Yl Amicon Ultra 100K
Centrifugal Filters (Cat. No. UFC510024, Millipore) & At-&3tath wHx, =2

HE #4387 98l MS-grade water 500 pLE 73k & 4°C, 14,000
RPMol A 10&7F 4 & 2]k o}

Aot HHHES T3 FHel Folddes FAE AAS H, I¥ FFIE A
L35 stFol FHE £ 10% acetic acidE A3 =LAAF O ZH F
T AREE FHIAT

Azx¥ A5 MS-grade water 20 uLE H7Fs H, T3] A oAFAT
WA Al k2 RapiGestTM SF Surfactant 10 mgol 5x GlycoWorksTM Rapid
Buffer 200 yLE 7Fsted €438 & AlA FHstA o™, o] & 6 pLE Al
g H7lste =83t o] F water 2 utLE F71ste HE B9 E 28 ul
2 233 5, 90°Col A 3%7F shakingslte] WA WSS F33AT. 2
2, AEE ARdA 375 BA g H, Glycoworks Rapid PNGaseF (Cat
no. P0710S) 2 uL& #7tsta dolsldste]l T8 =93k tha 55°Cell A

10%7} shakingdte] 99 WS QYA FF WY FAE oA AR

o



7 AT F Ew Awde FRsdn suy Aore

RS R

i

Aol A 3

A

GlycoWorksTM RapiFluor-MS Reagent Powder 23 mgol GlycoWorksTM
Reagent Solvent 335 pLE& 7}ste] &3ls & FH|stR e, o] 5 12 uyL&
A gl F7bstdoh gy w3 AFolA 10#7F shakingdtel G363
o™ 3).

npA 2o 2 GlycoWork™ HILIC Elution Plate (Cat. No. 186002780,
Waters) & Ab&3sted 2ozt ZAE FdsAc. BE A FHS
Waters Positive Pressure-96 Processorg 53 43t =S 7tste] 3
HAo 4 4 A oA welll MS-grade water 200 uL& ¥o] A%
S FA 3T o] F 85% acetonitrile (ACN) 200 pLE 5 xb& whrE3s}
o SHAA wells HISAHT. THE AE 400 L& welldl 7}t sF
g5 Jtal BHA F, AAHS 98 formic acid:water:t ACN=1:9:90
(v/v/v) &< 600 uLE F A&l vbEsto] &kt

2ol &2 MEL 96-well ZHEOEE o AH A 200 mM
ammonium acetate in 5% ACN &% &9 30 pLA A =g ¥H5351
THAA FsAeH, FHE EE9= DMEF/ACN 34 210 pL&
F7bsted A ATHIE 4).
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qi @JM‘/‘”

Tertiary Amine
Charge Tag
Rapid
NHS Carbamate Rapid Fluorescence
Tagging Group Quinolinyl
Fluorophore

19 3. RapiFluor-MS 8% &3 F%[20]
NHS 7hulelo] & whe7)9} A=a 7]% 44 123 32 ofel 1FO

o] %014 gltt
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GLYCOPROTEIN

-

Intact mAb Mass
Check Standard

% Ay
Y e )
\~» =
RELEASED

N-GLYCANS BY
DEGLYCOSYLATION

GlycoWorks™ Rapid

=3

PNGase F and Buffer, and
RapiGest™ SF Surfactant

INJECTION ON COLUMN
FOR LC ANALYSIS

Glycan BEH Amide Column and
Glycan Performance Test Standard
Dextran Calibration Ladder

ANALYSISON LC
WITH FLR DETECTOR

Alliance HPLC or
ACQUITY UPLC Systems

‘_

‘;—>

O Resus
v

— = DATAPROCESSING
‘ UNIFI, MassLynx, and

. '\.e
ot ‘ﬁe:

o
LABELED W
GLYCANS

GlycoWorks
RapiFluor-MS
Labeling

K
PURIFIED GLYCANS

GlycoWorks HILIC pElution
Plate or Cartridges

>

CHARACTERIZATION OR :«
MASS CONFIRMATION

ACQUITY® QDa® Detector
Xevo G2-XS QTof MS
SYNAPT G2-Si HDMS

Empower Software

19 4. GlycoWorks RapiFluor-MS N-glycan kit workflow[20].

HLA class I A1&0] WA A2k PNGase F, &3 bl AJeFg
°2 A3 ¥ HILIC plateE AFEs] N-ZF&tolzte Ao

_24_
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(3) &Izt LC-FLR ¥4

AAEE T3 dolxl g d Fetelk> AQUITY Premier UPLC Al
2" (Waters) & AH&3l &40t 3 pddE ot &= sl
FLR(Fluorescence) AZ7]1(EX 265 nm/EM 425 nm)E& A& od, 4+
© ACQUITY UPLC Glycan BEH Amide Column (130A, 1.7 um. 2.1 x
150 mm) < AF&3th olF 42 A 29 50mM ammonium formate pH 4.4,

B 2kl 100% ACNo =z 43t &4 A= A @3 B 2kl 247+ 5

l

E7F prime= AAl@ 3, needle washt 80% ACNOZE 99%7F AP
seal wash®= 10% ACNOoZ A3Iglth H3F sample manager F+ <= 15%7¢

103] prime= ST B4 29 s F AFHIAeH, 52 04
6 =

mL/min® &8 AP, 4 F Zd 25+ 60°C, 4F B 255 4°CE
428}l Gradient 2AL o]ZAF A9 B 80| 25%0A A& 4087
APAC=E 100%7HA F7tete WA oz AAATHE 4).

Y

ghol7he] A= B2 ACQUITY UPLC I-Class PLUS(Waters) LCSF
A¥ Xevo G2-XS QTOF(Waters) & o]l &3l 33ttt 2H 2 o]F

2}, gradient 22 UA 33 B AL A FLUSHA 3 A

(0]
iy

BEA o] 29kx 200 pg/ul %9 Leucine-enkephaling &A= 2470
gk %1, 33 purgedte] 556.28 m/z ol HEAHCE =EHEA FASIAUTH
o]l A sodium iodideE Al =& purgedte] scan range¢l 100 - 2000 m/z
Ml ZARke] Zx mass calibrations F skt MS 4 =712 o3

ZoH(E 5).

H
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¥ 4. LC-MS ®4 gradient

Time (min) OV rate % A %B Curve
(mL/min)
initial 0.4 25 75 6
35 0.4 46 54 6
36.5 0.2 100 0 6
395 0.2 100 0 6
431 0.2 25 75 6
476 0.4 25 75 6
55 0.4 25 75 6

¥ 5. Mass spectrometer 4 =74

Parameter Condition
Source
Capillary Voltage(kV) 2.6
Sampling cone 26
Source offset 80

Temperature (°C)

Source 120
Desolvation 250
Gas Flows
Cone Gas(L/h) 0
Desolvation Gas(L/h) 800
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3. AR E A &4

3-1. g4 FA 2o Ay 24

(1) A& &9 % LC-MS &4 =4

A AFE £ 112o=2, 29AYE 8A o 2%Z9 Humira, Mabthera,
Avastin, Remicade, Herceptina} ©]E¢] Hlo]2AE#H  Yuflyma
(Humira), Truxima(Mabthera), Alymsys % Vegzelma(Avastin), Remsima

(Remicade), Herzuma(Herceptin) & <=4] 3 t}.

WA, -20°C ¥ELe BaH W FA ARES 4°CollA slsAA =

sl % 37°C, 300 RPM2 & overnight ¥Hg< et g &5 F, A
55 MS grade waterE A& HZ FT27F 0.075 mg/mL7F H 25 34
Pk W2 E+= PNGase F A2 glo] 9 =& 3435 A ANEE
TH AT o] FHE EE AEES Q- TOFE #43o #aAF Aol&
gl gt

A EAo|= Waters AFe] UPLC I-CLASS PLUSS® ZAEE Waters
Xevo G2-XS Q-TOFE A&ttt Ao 2183 AA-L BioResolve™ RP
mAb Polyphenyl, 450A, 2.7 um 2.1 x 50mm (Cat no. 186008944) & &

e

7E_] -

2 FA9 2 TRAG 2 Ao Ageith B4 £ 4Y LEE 80°C,
ME BE LEE 102 AYRUT o]EA4S A @eld 01% FA in

water, B #<ldl 01% FA in ACNS A&393, 27 242 B 5%

_27_



oANM A &8 3T7E7MA 5% E AP F7Feke gradientE AR S ATH(E 6).
Seal wash$t Needle washol+= Z7ZF 10% ACN3 80% ACNS AF-E3FS T,
AA e dg £4 242 & 7o Astdn 4 A LC =203 Y
3HA 65222 A AJ T Full mass scan ranges 400~4000 m/z=2 243

o

o
of
o
Mo
N
ofil
ML
>

(2) Deconvolution

Ay B4 3 2HEY S FI FAEE =228 5 de
deconvolution ¥4 3317 Y8l Waters UNIFI A2ZE o] & A&t}

AFE3F parameter condition< Th& 3 7t MaxEntl &A= ZF A|R e

A ~FEHo] E3EE 1500~4000 Daltons/e ¥ S input m/z range®

lo

dFGs B HIE AHAAsY I, Iterations 15, Output resolution 0.2

Daltons, Minimum intensitiest left, right =5 33% =2 A s} t}.
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¥ 6. LC-MS ®4 gradient

Time (min) OV rate % A %B Curve
(mL/min)

initial 0.4 95 5 6
1 0.4 95 5 6
1.01 0.2 95 5 6
350 0.2 5 95 6
370 0.4 5 95 6
4.00 0.4 95 5 6
450 0.4 5 95 6
5.00 0.4 95 5 6
550 0.4 95 5 6

¥ 7. Mass spectrometer 4 =4

Parameter Condition
Source
Capillary Voltage (kV) 3
Sampling cone 150
Source offset 80

Temperature (°C)

Source 150
Desolvation 500
Gas Flows
Cone Gas(L/h) 0
Desolvation Gas(L/h) 800
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(3) AF &4 7% 21t &3

-20°Cell M dF Hag A

=

ANEES 4°CAA sl FAA Al AHER

o ZF AR 20 pg¥ #5F3 F ®AAISF PNGase F 3 @33 Alok= A

AL wpAHe g HILIC BAE 4o ZE #AH > 44 HLA class |

oIzt ¥5 A9 dAS FAU(AE 4). olF HAAY AFS T3l

Aol ZFEkel k2 AQUITY Premier UPLC Al2® 2 AQUITY I-Class<}
|

8 Q-TOFE ®Astgow zzte] ¥4 stehog 24 94 24 4

T e =

ol

i3

S AYAATHE 4, E 5).
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1. A% ARA SHA A= ¥4

4-1. E5t7 Aetol=E ME T4

(1) A €¥ 2 Y F8 =3

detgjol, ti, HEle] F 9% FHA(E 8)= 9% M MS-grade
Waterel =< 05 mg/mLEZ EF3At. AE EA+= Thermoite
Vanquish Neo UHPLC Al2¥ 3} Q-Exactive HF Orbitrap 2% &4 77}
AFEE AT =3 75 pme] mAlE WAS 7H- EASY-Spray™ Pepmap™
Neo Z®E& Ab&ste] 82 Wl HAetel=& o A EEstdoh F71
2 PepMap™ Neo E® 7}E @ A (Cat no. 174502) 2 74 AlgTozHn 2

A A GAdA AE W Eeess A

(2) 84 A 29 23 2 43

B4 el

rir
o

g3t m/z S4S 53 doly A=A FRE 93 Pierce
Aol LTQ Positive Ion Calibration Solutione A}&3te] A A7) RS
FsA. o F HH HASE WP, HF flowe 025 pL/min®
2 AdAsedoh LC 42 94 AEnEdHY Moz JAgAen 0.1%
FA (formic acid) in water ¥ 01% FA in ACNS 7+ A &< B 22 9]
THOE AFEAY. TS AE 4 ASE MAHE 98 01% FA in 5%

IPA (Isopropanol) & A}&3) o},
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(3) LC-MS/MS #4 =4

AN B AeE AP 40°CR FANL AS

|
ro
k1
rlr
¥
@)
i
(0
ox
_0|L

Ach, WA BAH ADE GBROR o5 AL B B 22014 A%

8547+ 42% 7V A ¥ Z7HAI71 & gradient Ao E A AT B4 T8

Fole AFoE 107k Ad AF 9 bFs7t ol FoAAT(E 9). AR
A AFoe Y JIFRE AF 93 FEIE A FAE(blank) E 7
7t FYJstH T BEAES positive modeE FIEHJ LW, m/z scan ranges=
200~1800 m/z2 & MAA Yk F=o, full scan ¥ 9 intensityE 717 ]
= A"l MS/MS #4< <3st= %W2<¢l DDA(Data-Dependent

Acquisition) & AF&3}9th Ton source 79l sheath gas flow rate, Aux
gas flow rate, sweep gas flow ratee= EF 022 HAAs9°SM, Spray
voltaget 1.8 kV, Capillary temperaturet 275°CE A A3t xA s A
F A 2L e Zo(E 10). full scanolA 9 dlE=E 120,000,
AGC targete 3¢"2 HAAsA T MS/MS EAAE A% 15,000, AGC
target le> normalized collision energy (NCE)+ 272 A A At F4=
Helol B A7) EF o] 23} (electrospray ionization, ESI) S £ A &4 7]

WHE FAHJL ool WE m/z 2FEHS 7o w 42 I &
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Al S 238 = = K
® 8 A AET SR AE FF
Eap7i/ et
No AMg HE ol& x| Certificate 95 EXt2(Da) SRYHEIE
29
HIE2 H L0
ofHtE 2 = 10| X w2go|
16 r2go| Powder o s den AS) 500~2000 98.90%
eagarden
4B 180 9
A _ HI £ W2 atEAl
23 |4 Zapl Powder Eatm|of JeE—— 1000 100%
_ r2go|
28 3L m4 E2HA Powder o 500~2000 99%
(Seagarden AS)
aB%E XEX HEH (Alaska
116 Powd. 2{A|0 300 0|3| 100%
m4 gap oweer Pollock) AMOF Iet
22| ot o Lmao
153 24 Ak 100 Powder - 29| 1000 99%
HAEZ a7l
HE (Alaska
156 AR EX} Powder °P"|(|A " 240t 300 100%
m4 B ellock
oA
=3 (LESAFFRE
157 ZYANEX Powder Sl 2tm| ot INGREDIENTS 2000 0|3t 100%
o Fap SERVICES) Naticol
BPMG
The best X 2%}
_ HEl (Alaska | E
173 4 g2t Powder °P"|(IA ak N \INELLNESS 500 100%
"ol ollocd v )
Zya
E20td M2t (LESAFFRE
176 Powd: El 2} 0| 2000 100%
m4 et owder ekl INGREDIENTS
SERVICES)

£ 9. LC-MS/MS gradient

Time

% A

%B

Flow

[uL/min]

initial

60

85

85

98

98

72

o8

28

42

Column Wash

0.25

0.25

0.25

0.25
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¥ 10. Mass spectrometer 4 =4

Thermo scientific Q-EXactive HF Orbitrap

Experiments Full MS/ dd MS*(Top N)
Runtime 95 min
Polarity Positive
In-source CID 0.0 eV
Full MS
Resolution 120000
AGC target 3eb
Maximum [T 100
scan range 200 to 1800 m/z
dd-MS?
Resolution 15000
AGC target 1e5
Maximum [T 50 ms
Loop count 15
Top N 15
Isolation window 1.6 m/z
(N)CE 27
Charge state +1, +2, +3, +4
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(4) 23} "oy A
X E£F 3, raw data fileg PEAKS Studio 2ZE¢ o9 De novo
sequencing 715< Ab&s] EH AL, oS Tl WHAA HEol=E AL

o

M

ok A +1~+47+A 9 precursor charge stateE A A& dHolHE &

i\

B @ dl+= Data RefinementE 33 t}t. °]F, De novo w4 parameter A

oY

A A], precursor ion 20 ppm, fragment ion 0.5 Da®] error tolerenceE Z &

Aok ok, kAol EAAF Proline® Lysineol hydroxylationo] H1¥ 3}
doj}7] W&o o] E fixed PTMO 2 HAAste] 4 & AP}, o 2
H2 o SH ANEE FASTA Y= ®33te] Proteome Discoverer &AXZE
dojol dolEHeol 22 FL&FgoTN TAHES P, Proteome

Discover AZE gojo| A ALL3SE B4 AL ¥ 11 Ao}

¥ 11. Proteome Discoverer ¥4 3} &}u| g

Min. Peptide Length 7
Max. Peptide Length 25
Precursor Mass Tolerance 20 ppm
Fragment Mass Tolerance 0.5 Da
Enzyme None
Static Modifications Hydroxylation(P, K)
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1. HLA Class I 4 A3

1-1. Feol=E B4 243

(1) @9d FF

r o
)
2
o
o
X
ke
s
@)
—
[um—
—_
(o))
=
w
X
—_
o
[oe)
@)
@,
(@2]
N
-
i
f
N
[
>
i
[e09]
>
)
[am—
o

curve® At 2 A7 229 dis S E SFEE AArstd 19
standard curve= EE R* %ol 099 o|Ao® =&Y
5l TIEAHOZ 4AZF 249 AA4E AN AT v
4 Aol lysateE 7t 1/50. 1/20. 1/10, 1/5. 1/2% 8 M8 252 =3
a9 2 o] 2 standard curveol] thYste] HFztoE ww =

Atk 1 A% 7t Az ®E F wwa srE: ool ggrh

-~
N

lo
off
ki
]
)
>

AN ZF  15.76mg/ml, 8AI7F 825mg/mL, 18417+ 20.35mg/mL, 24A47F
21.55mg/mL, 4841 7F 14.51mg/mL.
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¥ 12. BSA standard 3= 2 £33 % (4A17H)

BSA % (mg/mL) &3 = (562nm)
0.025 0.002
0.05 0.006
0.1 0.035
0.25 0.105
0.5 0.216
0.75 0.329
1 0417
2 0.784
0.9
0.8 L®
£ 0.7
§ 06 7T y=0.4002x +0.0029
' 05 R® = 0.9963
>
S 0.4 .
K=}
S 03 e
R
) .
0.1 n
o »®
0 0.5 1 1.5 2

BSA Standard (mg/ml)

19 5. BCA standard curve (44 7})
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K

il 1
!

(2) A=

of

A" EF

sl

%

ol

s

&

e

=7

W

w2

48A17F) | A HLA class I &
£ 37 kDa3} 50 kDa Ato]l YAl A FAHATH(TH 6).

Zt,

18217, 244

A ZE,

w3,

~

i

—_
fite)

lysate©l 4] ¢

]

9]

—

£

o] HLA class I @4

B¥F= Edh

e
o

e
ofp
ool

—

W

i
o
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50 kDa
37 kDa

1Y 6. Lysis A7t W3 & HLA class I 992 AZE ZAF
U&HE A =E 4h, 8h, 18h. 24h, 48h lysis =79 lysateZHH
A HLA class I ©¥ & 9] western blot 2#E e A o)
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(3) HLA class I #Ele]= LC-MS/MS ZA

HCT-116 M X255 £ 3 HLA Class I eI =E Orbitrap2 2 # 4]
st (19 7), PEAKS Studio 2AXZE o E o] &34 De novo sequencing
Fefatdtt. 1 A3, F 4057709 HFElE A Eol AZH AT ol F, o]
=

ol MEES sty FASTA 3wd=Z W33t Proteome Discoverer

tlo

i)

AZESN S FZ dolEHWo AR A& At. F/HHCSZ, minimum
peptide length 8, maximum peptide length 129] 2745 A3t FEHHS
Tqsten, I A3 F 144570 9] fEolE M E HelE 7 EEE U
g, sAE JEelEE AoH=E ERFote Alztstd A (29 8), 10719
ofE|izqto 2 A HE 10mer FEFO] =7 387T/HE 8~12mer Tl 7HY =
v &2 uetstth ol ¢t FAFsHAl 9mer MBI =7 £ T H]

&
A, I HE ol llmer, 12mer, 8mer €22 =& H] &S A T},

-~

rlo

=
x2

KeN
=

_40_



Relative Abundance

g
9308

§8.00

15:42 231 3051
1036 332 872 .89 1355 i
AT T T T T T T T T e T e e e
: g 2 c

0 § 10 3 ) pid

2187 248

3

2 i 3

]
Time (min)

Jd¥ 7. HLA gl FE&F #4 Total ion chromatogram

450
400
350
300
250
200
150
100

50

8mer 11mer 12mer

Smer 10mer

NLSHES
WA &

8mer 9mer 10mer 11mer 12mer

peptide 147 369 387 297 244

H =
o TT

1Y 8. HLA class I Elo]E29] Zo)y

© qetol= Aol AREL

NNEES 2 A" ME

i

e,

i
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1-2. 21zt +=2 3 2#

HCT-116 A=A &3 HLA class [ 2] thal LC-MSE 33l
de AZvEIHY F 77/ peakel sl ol TAHS A=A
(19 9). WA, Z peak®] &g ~HEHS EXdle EAFS AAS AL,

ol 1¥ 109 AAE FF HA VT =AFH PLFeEA )T peak

&
GOF, GIF, G2F7F &2 ¥v&= dvetwen 77 GIF, GOF, G2F 2=
BExsdrr. ol¢dx GOF-GlctNAc, GIF-GlcNAc, G2F-GIcNAc$ 7o)
GleNAc z717F & A AA" Feo ozt 74 dAE= A
olE Tl F 7/N¢ peakelX FHE ZeltES UPLC-FLR #4+

a e amemagd gAsAon, o 1y 126 AT w3,

of

Z} peak® Zztolzlol i3k &= Al ZH(retention time), ™ & (area), © &
2 & (percent area), ¥ 3 =0](peak height) 59 ARE A FE Aol

R Ao
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- 2
mab o AY 70.'.
i I
\'Ma, A Ee |
M"J\\Mﬂw“‘w HJLJ JLM?J I R e

2 6o soo 780 1080 | 12B0 | 1600 | A7 &0 | 2000 @ 2260 @ 2600 2760 a0

198 9. HLA Class I 29|zt LC-MS ZZvE1HY

RTY Detected m/z o Detected MW Theoretical MW ppm Glyean
1 14.05 Bl4.8401 2 1627.6645 1627.6611 209 Lell]
2 15.15 857.8705 2 1773.7253 1773714 355 GOF
3 16.33 959.409 2 1976.8023 19767984 187 GOF +GN
4 1672 845.86066 2 1789.7175 1785714 1.96 Gl
5 171 BY5.8667 2 1789.7177 1789.714 207 Gl
[ 17.71 965.8968 2 19357779 19357719 310 GIF
7 1815 9688904 2 19357771 193577TH 269 G1F
8 1859 1070.4361 2 2138.8565 2138.8512 248 GIF+GN
9 1896 1070.4361 2 21388565 2138.8512 148 GIF+GN
10 19.64 9768028 2 195176499 1951.7668 159 G2
11 2055 1049 9224 2 2047.8291 297 8247 210 G2F
12 21.03 1151.462 2 2300.9083 2300.59041 1.83 G2E+GN
13 2.7 1114.4439 2 22268721 22268673 216 GIF + NANA
14 2487 11224412 . 2242 8667 2242 8522 201 G2+ NANA
15 375 11954704 2 2388.9251 2388.9201 2,09 GAF + NANA
16 446 1297 00498 2 2592.0041 2591.9%95 177 G2F +GN+NANA
17 26.55 1341.0186 2 2680.0215 2680.015 243 G2F + INANA
18 26.92 1442.5595 2 2883.1033 2883.0949 291 G2F +GN+2ZNANA

19 10. RapiFluor-MS labeled N-Z&to| 3t Ex &
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(a)

847825
5052880
# 6037558 786,3260
7836 | 765 5196
{6 2687 787312
s
787 3248
7052081 A
17385
. §02445  [7067927
004718 Lok 7 1132928 T340 —
“ ‘J 8285057 R ad asdy 52 45726725220 ‘ T:;ma‘z\l 714267 HESTR e
I | i 9125 )
i N .L\ L Iil P | L YOO "
o e A o e o s et s Lt s o s st AN s o s e e s -
550 600 610 64 830 B0 650 660 ({] B0 B30 00 ™ 70 730 40

TO T T 70 7% 80 80 aw | 63

(b)

100+ 887 8614
288.3676
=]
288 8616
5
898.8521
-899.3400
989.3619
r 829.8523
905 8389
882 4065 889.6624 |00 opn 9003741 “fw 8426
i A Jn A A L Lot
Y T y Y ” T T T ’ T T T
870 ars 830 885 890 895 s00 905 910 915 920 925 930

a9 11. 770 e F8elgk peakdl Wi AF AHEY g o]n A
(a) Peak 1, GOF-GIcNAc, (b) Peak 2, GOF

_44_



(a)

oo 867 3481
8678544
=
868.3488
8
8783387
8558553
885.3255
B879.3457
< 887 3242
8693500 . 7
0-dsy i ; s " . " i.' IJ , |h L T ; v ’
835 B40 845 B850 855 860 865 8¥0 875 880 885 890 895 Qo0 905 a10 915
100+ 2583883
969 3921
P
=]
969 8892
9703926
#
9708883 araas17?
[ L
o ! A4 P
T T T T T T T T
955 960 965 970 975 980 985 990

13 11. Continued
(a) Peak 3, G1F-GIcNAc, (b)

Peak 4, G1F
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(a)

100+ 867.3481
968.8880
950.3921
8578544
'd
=l
569,8892
868 3488
b
9703990
368 8553 bttt
Z!EBGSBTS
ase 3580 287 3590
L A L, .
B e s A sk e A L LA A s L Bt e s st Aty sy seny DA s s e s e
830 840 850 860 870 880 890 900 910 920 930 si0 @50 960 970 980 950 . 1000 1010 1020 103
W 9483748
Bagerza
8493703
" 2
SeaBu7e
{ 958 37
908 a7
503783 il
! i
‘ | J [ 9508500
L'J J .I g
o st a il o hed Ao it L o Yl e
¥ ! " ¥ ; ; 7 ¥

s
97 S8 w9 W0 W1 G2 S B4 M5 %6 B S8 Sis %D

91 %52 943 B4 95 mE  S6T BB 89 BA0 961 %ez %63 96

13 11. Continued
(a) Peak 5, GIF, (b) Peak 6, G2F-GlcNAc
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100 1049.9105. 00 144
10509118
10514220
‘ ‘ | Joreere 1080 9059.1061.4125
( 81,0050
|" i 'I [ || posusose
L PE 1N e N =T
G-\ T T T T T T T T T T T T T T T T T T T
1046 1047 1046 1049 1050 1051 1052 1053 1054 1055 1056 1057 10868 1059 1060 1061 1062 1063 1064 1065

1Y 11. Continued. Peak 7, G2F

® 13. 20l Peak® AZF7 2 T 23

Mass(Dalton) Glycan
Peak 1 1570.652 GOF-GIcNACc
Peak 2 1773.7228 GOF
Peak 3 1732.6962 G1F-GIcNAc
Peak 4 1935.7778 G1F
Peak 5 1935.7778 G1F
Peak 6 1894.7488 G2F-GIcNAc
Peak 7 2097.821 G2F
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100.00
B0.00—

60.00—

EU

40.00

20.00- GOF-GleNAc

1
INEEEEN - SR
0

0.0

GOF

G1F(1)
4

G?F—L;rlcNAc GIFQ)

G2F
7

5 G2F-GlcNAc
N ] W\ :

10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21 IOQ 22.00
Minutes
Ret.e I Area % Area Height
time
Peak 1 11.749 408847 3.48 49183
Peak 2 13.345 2156793 18.33 255865
Peak 3 14.669 735568 6.25 86580
Peak 4 15.708 6122629 52.05 709849
Peak 5 16.110 621783 5.29 72380
Peak 6 17.484 212041 1.80 25179
Peak 7 18.355 1505949 12.80 169517
J% 12. UPLC-FLR ¥ LC-MS 7I% &&°|zt 3 ZA%%
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2. A5 & A &4 A
2-1. 2oz dY B4 A3
(1) Deconvolution ¥4

A8E FAC A N-Zolzt HaS Fokshr] S dA A
& A A5 PNGase FE Agsl N-zztolzts AAg IFA A
ZAo] A BAPT, o)F A} AEREIHS 7o w EAHS o
3l deconvolution A4S 3t ZE A Fo EAFS et He
& deconvolution 23+ 19 139, 72} A5 #AEF> & 149 vl
% PNGase FE A 23 A ANEE 2345 4ol i AR

o A 3~4712] deconvoluted peak’} &&=, °] 5 71 intensity7} =

S main peak 9] 128 Da T+ 162 Da®l A xto]7F UE peakEo] o
A ettt ols & @il dol AEH Zo] otd, Z+ A FH Y C-F

G A lysine #7717} A AE & lysine clipping®] WA A AU, A AR F&
=Zgolzte] EAZE Clsk Aoz AZE F k. wmEbA, FAg A A
2} PNGase F A8 A5 7Fe] EA}&F Aol= PNGase F *8 A5 oA

i<
F2E 71 intensity 7} =2 deconvoluted peak?] EAZHF 7S J|FOo =
Ab&-ste] Al 4kel o,

r°*'

, A48 A AlZ9 deconvolution Z#}E EW, PNGase F X &+
of H3] © B2 deconvolution peak’t U= AL & 4 gt} o= &4
o] N-Zgte]lZ A3t 9 Ao EAlste g Fehelzkel GOF, GIF, G2F
Zo|zte] ¥ o= % Fow Hlg Zo|t 2 A F AT &
A A& 7zt deconvolution peak®t PNGase FE @3 A A 59
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deconvolution peak®] ztolE AA4tet= WA o E PPk, o] F o] zo]&=
#® 150 AHalw> 2 =FE el A % vlwsdn xo A
g 7t Fetol 7] A ES> N-ZFekelgto] A9 Asn 297 F-2=E wf
Asle= g4 =9 wS(condensation reaction)el 98] & EA(H,0, 18

Da)7t AIAR G = AHd S wbgs] A AT &, GIF+G1F, GOF+G2F =

olF AElsl FEtolzts FARIAAT olHd 2AS T ATHeE 7+ I
A Az Felzt 2% AU A intensityE AT F AATHE 16).

ARHog E AFrs= GOF+GOF, GOF+G1F, GOF+G2F, GIF+GIF,
GIF+G2F % 57FA Z=&¢ A Hl&S Aot BEE FA A5l A
GOF+GOF, GOF+GI1F, GIF+GIF E& GOF+G2F ¢ =S A owm,
F71H 22 Mabthera®t 1 vlo] LA 2191 Truxima, Herceptin3 21 H}o]
A2l Herzumadl A5t GIF+G2F 9 Z3gto] A& LAY o= ald 3
| NEEAA AR G2FO ¥ &o] ®ol YEld Al AR A
=

2l
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Mass=148082.20313 Mass=145191.20313

|| Mass=148244.40625 3 |

Mass=148083.20313 Mass=145196.00000

|| Mass=148245.00000 ; I
[l = |

Mass=148407.79688 o

138 13. A A2 deconvolutioin 2
(a)Humira, (b)Yuflyma. #52 A A 23R &2 A o] E AL,

$5& PNGase F& #28 &Al¢ #4432 vea
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(a)

Mass=147239.59375

1 Mass=147299.79688

. “ ’I
- ]
Mass=147077.00000 ‘| ‘ |
e | \
™ |'| I | Mass=147560.59375

-
I\
\

Mass144191.59375

(b)

Mass=147238.79688

Mass=147077.79688

‘ Mass=147401.20313

13 13. Continued.

(a)Mabthera, (b) Truxima. #&2 A sA E2 Ao A,

Mass=144186.40625

[¢]

22 PNGase F& A28 a9 43S verdd,
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(a)

Mass=149199.40625

;‘fj {‘

1Y 13. Continued.

(a) Avastin, (b) Alymsys, (c)Vegzelma., F#=&

B2, =& PNGase FE 283 Ao Exz%

_53_

Mass=146313.20313

F ] Mass=149362.20313 b
ey |
i , |
-t |‘ || | l\
| | Mass=149522.79688 = |\
-t e - I| \
A o /
Mass=149200.40625 Mass=146312.20313
. o -
i ||
: H h
I
- H Mass=149360.40625 i |
—— ¥
| |
‘I | || |
|
‘ | Mass=14952320313 |
||| .'I I‘.
e A A . e
(c)
Mass=149199.40625 Mass=146312.00000
. ” |'|I
[
e | : |\
i ‘ [
o | ||
. goid [
1 ‘ [
e | : [
|
= H Mass=149361.59375 I\ '.‘
| = N |
|| | Mass=149523.79688
i / | e

]
=

|



(a)

i Mass=148511.79688 M.a.5,5= 148675.59375 Mass= 1&;5235.00000
..... - I
I |
- | ||
e
f
. ]
1
\ \
..... f\,H‘..' . i \\ \ ——
(b)
Mass=148673.20313 Mass=145623.59375
e ‘”ﬁ‘
Mass=148836.59375 |
“| Mass=148514.20313| ™" . ‘ \
i | e
= ‘ T
o ‘
- | |l |
Rt | (-
\} | || \, |
: PG NN
19 13. Continued.
(a)Remicade, (b)Remsima. #Z< # FA] &2 A A

=

45+ PNGase F& A28 A9 £AFS U
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(a)

Mass=148220.59375 Mass=145171.20313

i
|
o |
i
Mass=148059.79688 ‘ Mass=148383.20313 I \I
‘‘‘‘‘ || gy |
|
- | |
| 4 | |
‘ ‘ H II |I
| || | Mass=148545.20313 i il
l |
b en—" I|‘ I‘l‘l ‘Il || ﬁl » ;‘l o
NVAVAVAY Sl .

(b)

Mass=148220.79688 : Mass=145172.59375

[P

Mass=148383.79688 ||

‘ e | |
‘ n i| ||
i - |

5 Mass=148060.79688

" I | || Mass=148545.20313 [

Vagsasmans 151 |

— “ | | | | '| . I| I||
I [ ”
oSy III | II I || o .;Iu \ ..-.7.:5{.._-.
v I\ e P N

24 13. Continued.
(a)Herceptin, (b)Herzuma. #52 AA 2 stA &2 Ao A%,

$%& PNGase FE Agld @Ae 242 e,
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=

14. PNGase F A& fFd wE

A ANE EXAF

2xz]

Molecular Weight (Da)

PNGase F X{2|

Molecular Weight (Da)

Adalimumab

Humira

148082.20313

148244.40625

148408.00000

145191.20313

Yuflyma

148083.20313

148245.00000

148407.79688

145196.00000

Rituximab

Mabthera

147077.00000

147239.59375

147399.79688

147560.59375

144191.59375

Truxima

147077.79688

147238.79688

147401.20313

147560.79688

144186.40625

Bevacizumab

Avastin

149199.40625

149362.20313

149522.79688

146313.20313

Alymsys

149200.40625

149360.40625

149523.20313

146312.20313

Vegzelma

149199.40625

149361.59375

149523.79688

146312.00000
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3% 14. Continued

FHz

Molecular Weight (Da)

PNGase F X2|

Molecular Weight (Da)

Infliximab

Remicade

148511.79688

148675.59375

148838.40625

145625.00000

Remsima

148514.20313

148673.20313

148836.59375

145623.59375

Trastuzumab

Herceptin

148059.79688

148220.59375

148383.20313

148545.20313

145171.20313

Herzuma

148060.79688

148220.79688

148383.79688

148545.20313

145172.59375
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E 15. N-2 ozt &Y °o& EARF A

Glycan &% Molecular Weight (Da)
GOF + GOF 2889.088866
GOF + GIF 3051.14169
GOF + G2F 3213.194513
GIF + GIF 3213.194514
GIF + G2F 3375.247337
G2F + G2F 3537.30016
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% 16. N-Z&°| 7t 2 % intensity 3 A}
A Molecular . Relative
. Composition . .
Weight (Da) intensity(%)
2891.000 GOF+GOF 67.76
Humira 3053.203 GOF+G1F 25.94
3216.797 GOF+G2F/G1F+G1F 6.30
Adalimumab
2887.203 GOF+GOF 73.80
Yuflyma 3049 GOF+G1F 19.16
3211.797 GOF+G2F/G1F+G1F 7.04
2885.406 GOF+GOF 19.81
3048 GOF+G1F 35.79
Mabthera
3208.203 GOF+G2F/G1F+G1F 31.73
3369 G1F+G2F 12.67
Rituximab
2891.391 GOF+GOF 28.64
3052.391 GOF+G1F 38.23
Truxima
3214.797 GOF+G2F/G1F+G1F 25.48
3374.391 G1F+G2F 7.65
2886.203 GOF+GOF 65.27
Avastin 3049 GOF+G1F 27.03
3209.594 GOF+G2F/ G1F+G1F 7.70
2888.203 GOF+GOF 60.90
P Alymsys 3048.203 GOF+G1F 28.89
3211 GOF+G2F/G1F+G1F 10.21
2887.406 GOF+GOF 76.04
3049.594 GOF+G1F 18.80
Vegzelma
3211.797 GOF+G2F/G1F+G1F 5.16
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% 16. Continued.

A Molecular . Relative
. Glycan Composition . .
Weight (Da) intensity(%)
2886.797 GOF+GOF 37.10
Remicade 3050.594 GOF+G1F 38.79
3213.406 GOF+G2F/G1F+G1F 24.11
Infliximab
2890.609 GOF+GOF 28.65
Remsima 3049.609 GOF+G1F 40.47
3213 GOF+G2F/G1F+G1F 30.88
2888.594 GOF+GOF 26.58
3049.391 GOF+G1F 37.48
Herceptin
3212 GOF+G2F/G1F+G1F 27.23
3374 G1F+G2F 8.71
Trastuzumab
2888.203 GOF+GOF 19.03
3048.203 GOF+G1F 37.48
Herzuma
3211.203 GOF+G2F/G1F+G1F 3143
3372.609 G1F+G2F 12.06
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193 14. Continued
(a) Mabthera, (b) Truxima

_63_



a
; .
23 \ = I" 7.
e : % A | _,]-t,l|I| 8
|

| s
% T
|
e | \ A .|| I-,'Ili'l. ‘5,
||
(c)
5.
- e LE f“ ﬂu‘: 7
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(a) Avastin, (b) Alymsys, (c) Vegzelma
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(a) Remicade, (b) Remsima
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(a) Herceptin, (b) Herzuma
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(a) G1F(2), (b) Man 6
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(a) Mabthera, (b) Truxima
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(a) Avastin, (b) Alymsys, (c) Vegzelma
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(a) Remicade, (b) Remsima
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(a) Herceptin, (b) Herzuma
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E17. A2 F2 FH°0% 74 FEL(»)
, Major H| &
GOF G1F G1F G2F (%)
Humira 70.413 11.340 4.680 1.173 87.607
Adalimumab
Yuflyma 74.630 11.320 4.843 1.740 92.533
Mabthera 41.943 35.767 11.460 10.827 99.997
Rituximab
Truxima 46.457 30.607 10.277 7.593 94.933
Avastin 73.867 9.043 3.800 0.913 87.623
Bevacizumab Alymsys 70.833 16.557 6.360 2.227 95.977
Vegzelma 80.493 9.073 4.097 1.003 94.667
Remicade 47.207 23.927 9.730 5.493 86.357
Infliximab
Remsima 48.487 31.800 8.707 5.213 94.207
Herceptin 48.127 30.240 10.653 6.720 95.740
Trastuzumab
Herzuma 40.867 34.913 11.497 9.167 96.443
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3. 7 AEA FA FABol=E £Y 47

3-1. LC-MS/MS Z =%
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LC-MS/MS #4 <= 383t 2% £4 23 A=vEIH T1d174 4
B 2t} o] &, Peaks Studio® #£3] De novo sequencings J3P 3, W
st dolHE &840 =2 A st 98l ALC(Average Local Confidence)
£ I E3te FASTA #td =2 W3t ALC= De novo sequencing® 2 9
=3k ofm At Mg Zhzbe] tis] AlAFE local confidence score®] o #S
olm gttt =, local confidence score’t E % 7t ofw|lmilo] 1 9JX]o] $)
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Discoverer &ZZE g ojo] Atiste]l Fx dlolgwo] 2~z &&33lth ol &
e T #162 9870, thE#28 9170, #1532 15270, HEl #1162
19270, e} #1562 20370, el #1732 33370, €@ty o} #2328 10670, €&t
o} #1572 15970, @atuol #1762 92719 FEol= Mdo] FAHFAG
(£ 18). 2x3 o2 & o, F718d 102 Qs dH YOS Z De novo

sequencings Fdl A< ZAFET HEelol= A NS A AS g
A, Boh AFA e Ad A% HolHE 942 F AU

the @Al A E SES A4E dHelHE &8s 2t 1He] 3F AEH
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HATHE 19). o]odA 7t o]F 9 A HolHE stUE Rol ofF Ik MY
FA S WlaeE A, HEie depgjol Atolol A 3o FF Ado
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19 17. Continued
(a) Pollock #116, (b) Pollock #156, (c) Pollock #173
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19 17. Continued
(a) Tilapia #23, (b) Tilapia #157, (c) Tilapia#176
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# 18. ALC = 75% ZZAA A¥dE Jeolt F

. De novo 7| HEIOIE 4 | DB Z4 7|@t HELO|= S
(Peaks Studio) (Proteome Discoverer)
Cod 16 296 98
Cod 28 325 91
Cod 153 329 152
Pollock 116 1117 192
Pollock 156 874 203
Pollock 173 894 333
Tilapia 23 537 106
Tilapia 157 439 159
Tilapia 176 278 92
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(a)

(b)

19 18, 284 A5 W 35 2 SolAE H X
(a) Cod(th--), (b) Pollock( ). th--2] %, 16709 &&F A &0l
el el B 670 FF Aol A=A
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193 18. Continued
Tilapia(g &t o}l), 1709 F& Aol A=A

a9 19. F3A o F 7 375 R 5] A€ ¥x

Pollock (% B ) ¢} Tilapia(€ k3] oF) Apelell A 371 €] &5 A do]l A=At
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E19. 24 o1F W ¥F AE 5%

Collagen Identical sequence

EGGGGAGQDGYTHK
Cod 16 & Cod 28 KVGLAHE
AVSGPPG

KGLGESGAHGSSGSEATAQR
PGACALASGLLGAQ
Cod 16 & Cod 153 RVPPALGEYAVGYT
EPSGGYEDH
APGAGAPGTSGAPGQLGNA

PGAGLGAAGEGGQLDARG
RAGNPGSDGSQVQGN
VAAGASGEVGRE
Cod 28 & Cod 153 LGEGVVNAGAPGAAGAR
SVGAGTHAGAGQAH
SVGAGHTAGALYT
AGGPGPF

Cod 16 & Cod 28 & Cod 153 AGHAGVN

QPVENWPGPPGH
TPQGFPGEGR
WGAPGAPGSQ
AGAPGAPGSQ
ALAGVGAE
TGPPGAP

Pollock 116 & Pollock 156

Tilapia 157 & Tilapia 176 QDGSLGQDAALLQ

=2
)
=)
Ll
i)
B3
2
ofN
i
o}y

-

Collagen Identical sequence

WGGGGVGVVGQHQ
Poliock & Tilapia ADGLLYT
TGELGAA

_85_



=

= 3}

=

LC-MS/MS

=i
=

tar, LC-MS

°

3l AEE FH

l ZE2rtEORY-2HE B

A

ol %

=4

i
B

—~
file)

—~
file)

wjr

Q.
)

4

Ao WeelS MLS

1=}

pL

HLA class 1

L

=] —

].

S

o ¥

o At2¥ A5+ HLA class I
ghal o] Al 7HA 2 A EH AT

A
3

==
=

_]

)

w

=y

™

ajil]
™

lysis Al ZF &

o
A,

%=

9

4

[

]_1

 HLA class I &3
8AI 7k, 18A4]

] 3
]_1

b a

o

3l 4]

2

b g

°

8

A
=

B
Gl

0}
N
I+

o|J
HH

ﬂ.o

Abg3s] HLA class 1 ¥

bl

. Aol

A

&) 31 A o
Aol 10% acetic acid

s

CEE I Rt

LC-MS/MS& A3tk I A3, 140070 ©]7e] 3 Eto]

=

-%1—

=

=

§ A" HLA class [ &
o]

I

SEEES

9

Z10] (10 mer)

<

A

A

3 1078 9] of]

= A
A3, GOF, GI1F, G2F ¥® e Feelgto] =&

W

;.01_
i
)
ol
il

i

T3k, HLA class I #2319

=

= A4z
_86_

[e]

=

3]
=

kg e

Al
=2

s

ole] A Efol

golzt 54

va|

=L
=



e,
LC/MS

=

GOF7} 713 =2

of w

)=

H

T

GIF7} 7F& @o)

= oA

L

-

78 %<l

GIcNAc7} Al AE e
AZE YA E PNGase F A& o

|
a

s}

=

]

x5 HLA class 19

w4 o o}

&l

T AT

5

=

o

Holom, 1 9

Z

6% <) uho] 2.4

@
1%

W
o

i

PNGase F A glo w&
] A3 A GOF+GOF, GOF+G1F, G1F+GIF =T

X

Aok A

]_

fi’e)

g

s

=
[}

GOF+G2F
Mabthera,

L

-

Herzuma,

Herceptin,

1%
ES N

2 GIF+G2F ¢

Z7

=

T

Truxima®l A

¢

A3, GOF, GIF, G2F¢

ki3

o .
A A S

—=
%)

—_

oF

]

o

A=
2~
2

F ) oA AR
A3
7

k)
i

3T
ar

T

o
pad

X

o
pal

o] &

o v]

o

sy
T

o]

=

AN

0]

[e) E_ 7‘5]
7}l

=

7

GOF X GOolA] GlcNAco]
H]

[e)

R

=
=

=i
3L =
o] ¥4 EA

G0, Mannose-5, Mannose-6
Ao Zetol

N

oj
ojn

R

-
ol

o

_87_



97, e, "debslol Sl Febal Aeo|EE LC-MS/MSE 243
TE AY 8 Solqde FEsdth $4, 0T K 2 359 ADL

A A3 16709 & AE B 308719 Solxdo] FlEAom, wH
] 12

ghajof Apelol A 3719 FF MLl HEHUL
7 32470, WE 71970, k¥ ot 353709 SolxEe] AEHA. ol 7 A
BolE ME T4 A= 35 MEH SolMde] FERE FEEe HY
FH, ol AF 985 74 % F2 ¥ 5 0FY 2oklAM & e

AF Fol vhel LvkARA ) THEAS AN,

-
Og:,'h
b
)
A
ol
Ru)
o 9
i

_88_



1. Shi, Y., Xiang, R., Horvath, C., & Wilkins, J. A. (2004). The role of liquid

chromatography in proteomics. Journal of Chromatography A, 1053(1-2), 27-36.

2. Cruz-Tapias P, Castiblanco J, Anaya JM. Major histocompatibility complex:
Antigen processing and presentation. In: Anaya JM, Shoenfeld Y, Rojas-Villarraga
A, et al, editors. Autoimmunity: From Bench to Bedside [Internet]. Bogota
(Colombia) : El Rosario University Press: 2013 Jul 18. Chapter 10.Available from:
https://www.ncbi.nlm.nih.gov/books/NBK459467/

3. Boyne, C., Lennox, D., Beech, O., Powis, S. J., & Kumar, P. (2021). What is
the role of HLA-I on cancer derived extracellular vesicles? Defining the

challenges in characterisation and potential uses of this ligandome. International

Journal of Molecular Sciences, 22(24), 13554.

4, Roche & Cresswell, 2017)Roche, P. A., & Cresswell, P. (2017). Antigen
processing and presentation mechanisms in myeloid cells. Myeloid Cells in Health

and Disease: A Synthesis, 209-223.

5. Dhatchinamoorthy, K., Colbert, J. D., & Rock, K. L. (2021). Cancer immune

evasion through loss of MHC «class I antigen presentation. Frontiers in

immunology, 12, 636568.

_89_



6. Lee, J.-K., Choi, Y.-L., Kwon, M., & Park, P. J. (2016). Mechanisms and
consequences of cancer genome instability: lessons from genome sequencing

studies. Annual Review of Pathology: Mechanisms of Disease, 11(1), 283-312.

7. llca, F. T., & Boyle, L. H. (2021). The glycosylation status of MHC class I
molecules impacts their interactions with TAPBPR. Molecular Immunology, 139,

168-176.

8. Hu, M., Zhang, R., Yang, J., Zhao, C., Liu, W., Huang, Y., Lyu, H., Xiao, S,
Guo, D, & Zhou, C. (2023). The role of N-glycosylation modification in the
pathogenesis of liver cancer. Cell Death & Disease, 14(3), 222.

9. Hoek, M., Demmers, L. C., Wu, W., & Heck, A. J. (2021). Allotype-specific
glycosylation and cellular localization of human leukocyte antigen class I proteins.

Journal of proteome research, 20(9), 4518-4528.

10. Mesonzhnik, N., Belushenko, A., Novikova, P., Kukharenko, A., & Afonin, M.
(2024). Enhanced N-Glycan Profiling of Therapeutic Monoclonal Antibodies
through the Application of Upper-Hinge Middle-Up Level LC-HRMS Analysis.
Antibodies, 13(3), 66.

11. Singh, S. K., & Lee, K. H. (2022). Characterization of monoclonal antibody

glycan heterogeneity using hydrophilic interaction liquid chromatography-mass

spectrometry. Frontiers in Bioengineering and Biotechnology, 9, 805788.

_90_



12. Boune et al., 2020: Boyne et al, 2021: Dhatchinamoorthy et al, 2021:
Dierickx et al., 2023: Hoek et al, 2021: Hu et al, 2023: Ilca & Boyle, 2021:
Kumazawa et al., 2018: Lee et al, 2016: Mesonzhnik et al., 2024: Salvatore et
al.,, 2020: Shi et al, 2004: Singh & Lee, 2022: Tiwari et al, 2023: Varunjikar
et al, 2024: Wang et al, 2025: Yalovenko et al., 2020)Boune, S., Hu, P.,
Epstein, A. L., & Khawli, L. A. (2020). Principles of N-linked glycosylation
variations of IgG-based therapeutics: pharmacokinetic and  functional

considerations. Antibodies, 9(2), 22.

13. Yalovenko, N., Yatsyna, V. Bansal, P., AbiKhodr, A. H., & Rizzo, T. R.
(2020). Analyzing glycans cleaved from a biotherapeutic protein using
ultrahigh-resolution ion mobility spectrometry together with cryogenic ion

spectroscopy. Analyst, 145(20), 6493-6499.

14. Salvatore, L., Gallo, N., Natali M. L., Campa, L., Lunetti, P., Madaghiele,
M., Blasi, F. S., Corallo, A. Capobianco, L., & Sannino, A. (2020). Marine
collagen and its derivatives: Versatile and sustainable bio-resources for

healthcare. Materials Science and Engineering: C, 113, 110963.

15. Wang, M., Liu, Y., Pallarés, N., El Marsni, Z., Kousoulaki, K., & Barba, F.
J. (2025). Determination of collagen types and mineral contents in fish skin and
collagen-containing skin-derived protein hydrolysates before and after in vitro

simulated digestion. Food & Function, 16(3), 1032-1040.

16. Tiwari, R., Mishra, J., Devhare, L. D., & Tiwari, G. (2023). An updated

review on recent developments and applications of fish collagen. Pharma Times,

55(6), 28-36.

_9']_



17. Varunjikar, M. S., Pineda-Pampliega, J., Belghit, 1., Palmblad, M., Grgsvik, B.
E.. Meier, S., Olsvik, P. A., Lie, K. K., & Rasinger, J. D. (2024). Fish species
authentication in commercial fish products using mass spectrometry and spectral

library matching approach. Food Research International, 192, 114785.

18. Kumazawa, Y., Taga, Y., Takashima, M. & Hattori, S. (2018). A novel LC
- MS method using collagen marker peptides for species identification of glue

applicable to samples with multiple animal origins. Heritage Science, 6, 1-9.

19. Dierickx, K., Presslee, S., & Harvey, V. L. (2023). Rapid collagen peptide
mass fingerprinting as a tool to authenticate Pleuronectiformes in the food

industry. Food Control, 148, 109680.

20. (Lauber et al, 2015)Lauber, M. A., Brousmiche, D. W., Hua, Z., Koza, S.
M., Guthrie, E., Magnelli, P., Taron, C. H.,, & Fountain, K. J. (2015). Rapid
preparation of released N-glycans for HILIC analysis using a novel fluorescence

and MS-active labeling reagent. Waters Application Note 720005275EN.

_92_



ABSTRACT

Mass Spectrometry Based Characterization of

Peptides and Glycans in Biomolecules

- Mass Spectrometry Based Multi- Analytical Approach for the

Characterization of Immune and Structural Proteins -
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Graduate School of

Sungshin Women's University

Proteomics is a vital field of research aimed at understanding the
diversity and complexity of proteins and peptides within biological
systems. Among the various analytical techniques, mass spectrometry
(MS) is widely regarded as a powerful tool due to its high precision in
characterizing proteins. In this study, we aimed to establish precise
analytical methodologies using mass spectrometry and to apply these
approaches to the structural and functional characterization of various
biologically relevant proteins, including HL A class I complexes, therapeutic
antibodies, and collagen.

The Human Leukocyte Antigen (HLA) system plays a central role in
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immune regulation and is categorized into classes I, II, and IIl. Among
them, HLA class I molecules are responsible for presenting endogenously
derived peptides to CD8" T cells, thereby playing a crucial role in the
immune response. This antigen presentation not only contributes to
immune surveillance but also has significant implications in the
development and progression of diseases such as cancer. Therefore,
identifying and characterizing the peptide sequences bound to HLA class
I molecules expressed in tumor «cells is essential for advancing
antigen-based cancer immunotherapies.

For this purpose, the human colorectal cancer cell line HCT-116 was
used. Prior to peptide isolation, we optimized cell lysis conditions to
improve peptide extraction efficiency by varying the lysis duration. We
observed the highest extraction efficiency at 4 hours, while longer lysis
times resulted in a decline in peptide yield. Peptides were then analyzed
using an Orbitrap mass spectrometer, and the resulting data were
processed using PEAKS Studio and Proteome Discoverer software.
Initially, de novo sequencing was conducted using PEAKS Studio to
predict peptide sequences, which were then converted into a FASTA
format file. This file was used as a custom database in Proteome
Discoverer to identify and quantify the number of peptides matched.
Through this approach, we successfully identified over 1,400 HL A class I
peptides.

In addition, N-glycans, which are functionally significant in the
immunological roles of HLA «class I molecules, were analyzed. We

compared the UPLC-FLR and mass spectrometry results to confirm the
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overall glycan structures associated with HL A class I complexes.

Secondly, we investigated the glycosylation characteristics of therapeutic
monoclonal antibodies using mass spectrometry-based approaches. The use
of monoclonal antibodies has been steadily increasing in modern medicine
due to their therapeutic efficacy against a variety of diseases.
Accordingly, evaluating the heterogeneity of these antibodies is essential,
especially since antibody glycosylation directly affects their therapeutic
efficacy. Therefore, optimizing analytical methods for glycan profiling is
considered a crucial step in the quality assessment of therapeutic
antibodies.

In this study, we performed a comprehensive analysis of the
glycosylation patterns of wvarious originator antibodies and their biosimilar
counterparts using a combination of LC-MS analysis of the intact
antibodies and LC-MS analysis of the released N-glycans. First, the
intact antibody samples were analyzed by mass spectrometry without
enzymatic treatment to determine their molecular weights. Subsequently,
PNGase F digestion was performed to identify mass shifts indicative of
glycan removal, enabling inference of the glycan compositions attached to
the antibodies. The released N-glycans were further analyzed using
Ultra-Performance Liquid Chromatography with Fluorescence Detection
(UPLC-FLR) and LC-MS, which enabled the identification of various
glycan structures. Based on the calculated percentage of peak areas for
the major glycans, it was observed that most antibody samples exhibited
over 80% of total peak area, indicating favorable glycosylation

characteristics in terms of quality. In addition, differences in the
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distribution ratios of GOF, GI1F, and G2F were observed among the
antibodies, revealing subtle variations in glycan patterns.

Lastly, we conducted a proteomic analysis of collagen, a key structural
protein in biological tissues, using a mass spectrometry-based approach.
Low-molecular-weight fish collagen, typically obtained via enzymatic
hydrolysis, is widely used in various industries. However, the functional
and stability properties of collagen can differ depending on the species of
origin, and commercial collagen products are often provided in processed
forms, making it difficult to trace their source and quality. Therefore,
there is a growing need for analytical techniques capable of accurately
evaluating species-specific characteristics of collagen. Due to the low
molecular weight and peptide complexity of hydrolyzed fish collagen,
conventional methods often fall short in providing accurate sequence
identification.

To overcome this limitation, we established a strategy that combines
liquid chromatography with mass spectrometry (LC-MS) to analyze
complex peptide mixtures and identify both common and species-specific
peptide sequences. We analyzed nine collagen samples derived from three
fish species— Alaska pollock, tilapia, and cod—using an Orbitrap mass
spectrometer., Data analysis was performed using PEAKS Studio and
Proteome Discoverer. As with previous experiments, de novo sequencing
was conducted using PEAKS Studio, followed by the construction of a
custom database that enabled the identification of shared and unique

peptide sequences among different fish species in Proteome Discoverer.
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