creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

o} A AL} = B

HPLC—-FLD, Q—TOF—-MS,
exoglycosidase array digestion & ©]&3%t
NEPAHE N-GAle E4H A+
Etanercept N—glycosylation Analysis using

HPLC—-FLD, Q—TOF—MS and exoglycosidase

array digestion

20156 84



ohal-}j‘ }\].31-5154 =5

HPLC—FLD, Q—TOF—MS,
exoglycosidase array digestion & ©]-&%t
NEFIPE N-GAls 4% a7
Etanercept N—glycosylation Analysis using
HPLC—-FLD, Q—TOF—MS and exoglycosidase

array digestion

2015 8¢
AEigtn oiehd
oksly) SFE R AL

o] A} &

2015 84
a4%__ %% @
2999 AA D @
9 9_ w39 @




TRz =

JJEFJAE  (Etanercept, Enbrel®)+= ZZFEI=  (polypeptide) 2

574 o}A3e#k7]l (Asn, asparagine) ZH7]o] N—3FAE (N—glycan) ©]

AgrEo] Qe ez olekE  (therapeutic  glycoprotein) ©| t}.
g olokEe] EAS= N-glycan & 327 IS Ay,
o] ok 9] SHA A (stability), s (efficacy), EIRRe!

(immunogenecity) ¥ 72 okg|gha =9 Qho] & QTS uw|A]7]

ulZo] N—glycan ¢ &7 94 (heterogeneity) = UF3st7] 3t A4

v}

o)

=]
= @%1:31 '\L‘}H

=~

< gekaiE ojokEol g ylA 9l FA Y (QC, quality

H
control) o 1o wj-¢ F Q3

= AyeAMe FamiEerE: & Etanercept o A= N-
glycan 9] % 9 A ZF A4S s thd ookl FHE=
N-gdda4 F (PNGase F)& Aglsto] N—glycan = F8A1 +,
F2l¥ N—glycan o] 2—olu]=wl=oln] = (2—AB, 2—aminobenzamide)
&% ¥ A (fluorescence labeling) & 3 th, 1A% % (SPE, solid
phase extraction)S ©|&3ty 2-AB ¥A¥ N-glycan Z3&
(mixture) & 8 AA ¥t 8 A" 2—-AB ¥X¥ N-glycan

VAT A2 e E 1] -2 A A5 A g

foi

i

mixture



M F=ntE 7Y (HPLC-HILIC, high

performance

liquid

chromatography —hydrophilic interaction liquid chromatography) <

o] g3ty Hysta, 49 FFH=7] (FLD, fluorescence detector) 2}

AR 7] (MS, mass spectrometry) & #4383 th 4

g 39 HEE Al7F (retention time, RT, min)°l 3] gsf+=

(glucose unit)& F3t7] 9l8te] 2—-AB ZAE G

#7 A 7}

g

A}

el gk

(2—AB

labeled dextran ladder) & #4135} th 2—AB %A% N—glycan & T%

A8 93] glucose unit # online database & Bl W&ol A& F3%9}
Q-TOF-MS & &3 &2 2 vz Askst AT (o]27k iy
ezpEs 0.01 Da wRbel wigt AE, I2ja s o]
o sFglo] FAthobAl (exoglycosidase) & FAlol el S o ehdt
vz W2 Wgle] st JHES BT x3ete] N-glycan 9
TZEAS Fdetgnh 3 3 WHEAPS so] XU dEE 7z 93
Aol tfsk Ao FEk (relative peak intensity, %)2 XA}
(relative intensity, RSD, %)#S& T8tef & EAH AAHS
AEsHdth (RSD < 10%).

TFQo: gamAolekE N-—glycan, exoglycosidase, fluorescence,

mass spectrometry
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acetylglucosamine) #t7]1¢} 3 719 W= (mannose) ™72
TAE 7IEF2E 7 en, of7]o teFst Jo] Adtste] Fad

T+%% high mannose type, complex type, hybrid type 2% ®F¥c}.

o

Glycan & 724 oA 3std FAMdS N—glycan 7%2 14
o A sh= dlo]l Hrt

of[EFJ Al E  (Etanercept, Enbrel®) & FrE|ATAA, A #44,
FAG Ao ArnAR, TF A A &9 (TNF - e, tumor
necrosis factor —a) AA|o|t}.  TNF receptor 2 ¢} AY==25d

(IgG1, immunoglobulin G1)& Fc %7} (Fc fragment)o] A%

ofl

AC)

@A (fusion protein) ® N-—glycan ©] & Fo] Q&= oAt
(glycosylation site) 7} & 6 7|7} £A3th. £ Ao = HPLC-

FLD 92 HPLC—MS = ©¢]£3}o] Etanercept o] &1+ N—glycan ©l

st J4d W At AF A4S Fdsksinh E=3, S3s d3s
Aeheli=  exoglycosidase & ©]&3ste] N-glycan Wl 2% WA=

T AT ATl st Ry Ay g ookE o
TZEA ATl 7199 = S Folth



1. A3

1. A&

— Etanercept (Enbrel®)

2. Alek 9 717]

2—1. A)ek

— Water (J.T. Baker, USA)

— Acetonitrile, ACN (J.T. Baker, USA)

— Ethanol (Sigma Aldrich, St. Louis, Mo, USA)

— Acetic acid (Sigma Aldrich, St. Louis, Mo, USA)

— Dimethyl sulfoxide, DMSO (Sigma Aldrich, St. Louis, Mo, USA)

— Sodium cyanoborohydride (Sigma Aldrich, St. Louis, Mo, USA

— 2—Aminobenzamide (Sigma Aldrich, St. Louis, Mo, USA)

— Peptide N—glycosidase F, PNGase F (New England Biolab, Inc.,

P0O705S)

— Streptococcus pneumonia sialidase, NAN1 (ProZyme, Inc.,

Hayward, CA, USA, GK80020)

— Arthrobacter ureafaciens sialidase,

ABS (ProZyme,

Inc.,



Hayward, CA, USA, GK80040)
— Bovine kidney @ —fucosidase, BKF (ProZyme, Inc., Hayward,
CA, USA, GKX-5006)
— Bovine kidney p —galactosidase, BTG (ProZyme, Inc., Hayward,
CA, USA, GKX-5013)
— Streptococcus pneumonia S —galactosidase, SPG (ProZyme,
Inc., Hayward, CA, USA, GKX-5014)
— Streptococcus pneumonia hexosamidase, GUH (ProZyme, Inc.,
Hayward, CA, USA,. GK80050)
— Jack bean mannosidase, JBM (ProZyme, Inc., Hayward, CA,
USA, GKX-5010)
— Dextran calibration ladder standard (Waters Corp., Miliford, MA,

USA, 186006841)

2-2. AH @ £

— Centrifuge 5415R (Eppendorf AG, Hamburg, Germany)

— Vacuum Oven OV—=01 (Jeio Tech, Seoul, South Korea)

— Automatic Environmental SpeedVac System AES 2010 (Thermo
Savant)

— Amicon Ultra—0.5 Centrifugal Filter Unit with Ultracel—10

membrane (Merck Millipore, Darmstadt, Germany)



— Amicon Ultra—0.5 Centrifugal Filter Unit with Ultracel—3
membrane (Merck Millipore, Darmstadt, Germany)

— Glyko® GlycoClean™ S Cartridges (ProZyme, Inc., Hayward,
CA USA, GKI—4726)

— PerkinElmer Flexar® FX—10 UHPLC system with PerkinElmer
Series 200a Fluorescence detector

— Agilent 1260 HPLC instrument coupled with a 6530 Q—TOF
mass spectrometer

— Waters Acquity UPLC Glycan BEH Amide column (1.7 gm

particle, 2.1 x 100 mm)



3—1. Enbrel 9|4l Etanercept & A=1& £

Alzol T3l Enbrel 9 5 29FEo= Etanercept (A} 51,234.9)
ojgle] WUYE (A 182.2), WM (EAF 342.3), EzWER
(A 121D F3AR x3hEo] gk vlw4] & EAFS e
Etanercept °f ¥lsto] F@ A& A2 25 1,000 o]ste]7] wizel,
= ATeldE 10,000 o3 EAEE zhe =AdATe AdgAem
2#&d 4 9+ 10K Amicon 2 ©]&3}o] Enbrel € (1 g/L.) 50
pL & 14000 x g & 15 #+ &< A4E 3to] Etanercept Wh&

AeAow At (Figure 1).

Glycoprotein drug

A
L aad

Centrifugal filter devices
provide fast ultrafiltration

- Collect concentrated sample

[ ;l" | =
Amicon 10K filter devices | s .
Cetrifugation g i 10K Amicon®
14000 x g, 15min - |

Enbrel® M.W.
Principal component Etanercent 51234 9 M.W. > 10K(10,000)
Mannitol 182.2 M.W. < 10K(10,000)
Excipients Sucrose 342 3
Tromethamine 1211

Figure 1. Enbrel 33 A A A
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3—2. @9z HA (protein denaturation)

Etanercept o4 N-—glycan & &¥}do =z £ 3s7] 93t A5 50
rg S EP tube o] Y31, PNGase F (NEB) 9| 5% % denaturing buffer
(10x)E 10 ®wf A A7l &4 10 pL & Lok I3 heat
block ©l4 100 T, 10 &%t ®WgA|A Tudds WHAAAZT
Denaturing buffer 9] 42 o] AAE/dAA sodium dodecyl
sulfate (SDS, 0.5%) %} A<l dithiothreitol (DTT, 0.4 mM) 2

Z3tdolt} (Figure 2).

P

Normal protein Denatured protein

Deformulated glycoprotein

Add 10 pe of denaturing buffer (SDS, DTT)
100°C, 10 min

Denatured glycoprotein

Figure 2. Etanercept T2 HA]

gullalYe}



3—3. Etanercept 2 ZX%¥ N-glycan 8

deglycosylation)

93
gor, FmaHe wWHe mao] o e Ao 2
&

(Enzymatic

N—-glycan <=

5512

o]

Atk (4).

Etanercept A|BE 204 2131 ¥ PNGase F (NEB)el

2% 10 X GlycoBuffer 2 (0.5 M sodium phosphate, pH 7.5) 2 x«L,

10% NP—-40 2 nxL, PNGase F 1 L (500 U)E ¥a 37 ° C <A

18 A1ZF EoF vk A F T} (Figure 3).

PNGase F
Cleavage site

PNGase F

N-glycan (37 °C for 18 h, pH=7.5)
D
Asn

Denatured glycoprotein

1. Cooling down

2.Add 2 2 of 10X 0.5 M Sodium Phosphate (pH 7.5)
3. Add 2 12 of 10% NP-40

4. Add 1 p@ of PNGase F (500,000 U/mL)

5. Incubation at 37 °C for 18 h

Released N-glycans + proteins

Figure 3. PNGase F & o] &3t &3}



3—4. o&& HAYPE o843 N-glycan AA (Ethanol
precipitation)

PNGase F &4E 9]&3t9 N-glycan #37} 4 AlgoA N-

glycan %2 AAE7] Yol nEEQ ogr2oA wwzo] SF =

FNE AR W& F —75° C oA & AZF B WAt @S
FAAATG (5)  (Figure 4). d4#g7]= 4 ° C, 15,000 rpm o=
2 7 s dAEYst, @A pellet & #1923 N—glycan ©] &%
5 (supernatant) TS FHal MEE EP tube o A ol

speedvac & o]&3Fo] HAZxA)ZIt}t (centrifugal evaporation).

Released N-glycans + proteins y

| 1. Chilled ethanol 300 pe
2.-75 °C freezer for one hour
3. Centrifugation at
15,000 rpm for 2 min, 4°C > N-glycan solution
4. Transfer N-glycan solution to
another Eppendorf tube gﬁi

Isolated N-glycans pool i?‘"

|

Dried released N-glycans

» Protein precipitate

Centrifugal evaporation

Figure 4. ol&& HAHE o] &3 N—glycan FA



3—5. 2—AB labeling

N—glycan & & chromophore 7} §l7] uwj&o] &E33334%74
(spectrometer) & &% FEo] §olatx] ot wepA 2 AFtoA=
dlolejuol A7 7FE F ¥HEo]%l 2—aminobenzamide (2—AB)
A ehs N—glycan o £Aak¢lth. DMSO 350 xL $} acetic acid
150 pL & &3 & 100 L & #H3 2—-AB 6 mg ¥ sodium
cyanoborohydride 6 mg & 50 2—AB labeling &9 A|x3}3ich.
Aze g9 10 £L 5 AF¥ N-glycan o ¥l 37 ° C A 16 A7t

ZoF Wk A AT (6) (Figure 5).

2-Aminobenzamide (2-AB)

2-AB labeled N-Glycans
Aex: 330 MM, Ay © 420 N

HaN
’ﬁfﬂ, F Red uctant ﬁﬂ’ E
+ =N -———

MNHA
N-Glycans ...  on C NHAC

3::'_“ Hﬁm Schiff's base Labeled Glycan
NHAC ‘\

Acyclic Glycan . Free reducing end
(carbonyl group)

Ay 330 nm
Aem: 420 NM

(Cyclic/acyclic equilibrium in solution)

Dried released N-glycans

1. Add 10 p€ of reagent solution: 2-AB (6 mg) and sodium cyanoborohydride
(6 mg) in 100 pe of DMSO 350 pf + acetic acid 150 @
2. Incubation at 37 °C for 16 h

2-AB labeled N-glycans + excess label

Figure 5. N—glycan ©l] 2—AB 3§33 X
10

]
R

S |



3—6. Solid phase extraction & ©|&3% 2—AB ¥X|¥ N-glycan
A A

N-glycan ¢ 245 wWalielr] wioll, FFaAol FofshA o=

kol 2—-AB & A|AS 2-AB ¥A¥ N-glycan " gA 317

solid phase extraction (SPE) #}4S ut3 o] S8y
GlycoClean S cartridge © 1 mL ¢ water, 5 mL ¢] acetic acid, 4 mL &

CN = A= YojFo] 43t MR 2-AB Whgo] ¢5d ANEE

>

o,

F2olA A3l % cartridge ° ¥i 15 &3F Aol wWA s

ZAI 71T}, 1 mL 9] ACN & 4 mL 9] 96% CAN 2 cartridge o ¥

oo

°] 2—AB 9+ A A%l Cartridge o water 0.6 mL & 3 ¥ Y11

k)
off

2—AB ZA¥ N-glycan W2 MZ2 EP tube © o} 1 speed

vac 0.2 AxAIZtt (7) (Figure 6).

11



O 2-AB

w 2-AB labeled glycan

O
5 i

Conditioning Loading Washing Eluting

1. 1mlL water

w

4 mLACN

5 mL acetic acid

Emple Joad]T‘ 1. 1 mLACN 3 x 0.5 mL water
. 5mL56% ACN

Figure 6. 2—AB ¥A¥ N-—glycan A A
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3—7. Exoglycosidase array digestion

2 AT 2-ABEAE N-glycan o A4 2 {A3s
(stereochemistry)d FZFHS $35l9] exoglycosidaseE *]&| 3}
ke Qe 9= AlASHA, o]& HPLC-FLD # #43}3, N—glycan
peak? ¥ i FH= Tl TRrEe TR olwf o5
2ol F 7F9 exoglycosidased AT @ (2-3) AT sialic
acidiHs Aw3l= NAN1  (Streptococcus pneumonia sialidase),
a(2-3,6,8) A3 sialic acidE #Awst= ABS  (Arthrobacter
ureafaciens sialidase), @ (1-2,6) A3 fucose®= Hdsl= BFK
(bovine kidney « —fucosidase), B (1—-3,4) A3 galactoseTts
Asti= BTG (bovine testis B —galactosidase), £(1—-4) A%
galactoseWS  AWst=  SPG  (Streptococcus pneumonia B —
galactosidase), B(1-2,3,4,6) Ast  N-—acetylglucosamine<
Adst=  GUH  (Streptococcus pneumonia hexosaminidase),
a(1-2,3,6) A% mannoses Awsk= JBM  (jack bean
mannosidase). ¥ oA 2-ABX¥A " N-glycanel| s ©]39]
exoglycosidase & &Al°l A& 3dle] 500 mM sodium acetate buffer

(pH 6.0) oFglel 37 ° CollA 18A]%F &<t HEE-A|7]+= exoglycosidase

rlo

array digestion W& AREslo] FxRHS HI¥gerd e 7 xF

13



Uk 2otk (8).

(a) 2 pL buffer, 8 ¢L water (b) 1 xL NANI1, 2 gL buffer, 7 gL
water (¢c) 1 L ABS, 2 pL buffer, 7 L water (d) 1 L ABS, 1
1L BKF, 2 pL buffer, 6 L water (e) 1 L ABS, 1 pxL BKF, 4
1L BTG, 2 pLbuffer, 2 L water (f) 1 L ABS,1 L BKF, 4 L
SPG, 2 pL buffer, 2 ¢L water (g) 1 L ABS, 1 xL BKF, 4 L
SPG, 1 ¢L GUH, 2 gL buffer, 1 ¢L water (h) 1 L ABS, 1 L
BKF, 4 ¢L SPG, 1 L GUH, 1 gL JBM, 2 xL buffer. (a)~(h) ¢
%3S zZlE= exoglycosidase®  EalA]7]22 3K Amiconl ®E
exoglycosidase® #| A%t 4= speed vacl® AZXAIZITE (9) (Figure
7).

2-AB labeled N-glycans

Add array of exoglycosidase,
500mM sodium acetate buffer, pH 6.0, 18 h, 37 °C

Digestions

oyl LI

Undigested 1 pL NAN1 1 pL ABS 1pLABS 1 uL ABS 1L ABS 1 uL ABS 1 JLABS
2 L Buffer 2 pl Buffer 2 pl Buffer 1 L BKF 1 pL BKF 1 L BKF 1 uL BKF 1L BKF
8 pLwater 7utwater || 7pLwater || 2uLBuffer (| 4pLBTG AuLSPG 4uLSPG 4)LSPG
6 pL water 2 pL Buffer 2 L Buffer 1 uLGUH 1L GUH
2plwater || 2pLwater || 2 pLBuffer 1pLIBM

1 L water 2 L Buffer

MAN1 (Streptococcus pneumonia sialidase): a2-3 linked non-reducing terminal sialic acid (1 U/172.4 uL)
ABS (Arthrobacter ureafaciens sialidase) : a(2-3,6,8) linked nen-reducing terminal sialic acid (1 U/200 pL)

BKF (bovine kidney a-fucosidase) : a(1-2,8) linked non-reducing terminal fucose, core a1-6 fucose (500 mU/240 pL)

BTG (bovine testis B-galactosidase) : B(1-3,4) linked non-reducing terminal galactose (0.5 U/100 pL)

SPG (. Js pneumonia - : B1-4 linked non-reducing terminal galactose (200 mU/100 pL)

GUH (Streptococcus pneumonia hexosaminidase) : B(1-2,3,4,6) linked non-reducing terminal N-acetylglucosamine (1.6 U/40 uL)
JBM (jack bean mannosidase): a(1-2,3,6) linked non-reducing terminal mannose (10 U/67 pL)

Figure 7. Exoglycosidase array digestion

14
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3—8. Instrumental Analysis

AeA A5AE 94 mzvlEgdey  (HILIC,  hydrophilic
interaction liquid chromatography)> glycan ¥ &2 154 245
wesket e HFEe AREEo] gtk o] Ve dRtHow A
GG 70% oY =% uHA A5 JUIEWee] £ddow

¥ N-—glycan ¢

ayAel B8 sk HILIC 84S AEstaxl silica 7]14F HILIC

phase 9} silica ©] amide #F7]& FEA3 A7l amide 7]¥F HILIC
phase & B 3F . AXAIZ] 2—AB ¥X]¥ N—glycan< 100 L ¢

o] A} Z7)1x 71 =o]x HILIC HPLC 4& 233t t}. Silica 7|\

mm) < ARSI, o] FA A (100 mM ammonium formate, pH 4.5),
ol B (100% ACN)E "= Z2 &l 7|&7] 271°®E 2-AB
¥A¥E N-glycan & w39tk 2 B3 &9 A 30%= FAA7]2L

43 Fof Ax g A 47%= F7HA

I

g 10 el AA A
&l A 80%% F7HA7IAL 5 E3F FAEH. Amide 7INF HILIC
A= o2 Waters Acquity UPLC Glycan BEH Amide (1.7 gm, 2.1 x
100 mm, waters) & AFE3F 3L, ©]57% A (50 mM ammonium formate,

pH 4.5), o]&A B (100% ACN) S a3 22 &n] 7|27 o=

15



2—AB ¥A¥ N-glycan = &3tk 1.5 &3 & A 30%=

FAAFITL, 45 B AA fu] A 47%% Z7MATE a3 ThA
1 el dx &) A 70%=2 F7HA713, 1 ek A% F =4

EF %2 0.2 mL/min ©2 FAAIFHT (10).

2—AB ¥A¥l N—glycan ¢ AAEAS 93] HILIC HPLC ¢ 4%
TE S AR A7) (high—resolution mass spectrometry) 2 2dEQl
AV =2 Bl @A AFEA 7] (QTOF—MS, quadrupole time of flight
mass spectrometry) =S AFE-3+9 1, Exoglycosidase & E3jA|71 2—
AB 3#EA¥ N-glycan o] A4 3 4224 4= fl8) HILIC HPLC ¢}
Ad" 3P A=7] (FLD, fluorescence detector)E AFE3FITE
QTOF-MS 9 +4 =12 va3d Z2u. 500~3200 m/z 219
AMREE AL3¥9 1, 350 ° C9 7FA 2%, 10 L/min & 7F~ 5%
30 psi ¢ &%71%, 350 ° C ¢ A7}~ (sheath gas) 2%, 12
L/min o A&7tA F&55 A&, @4 dE719 2432012 7]
(excitation) ¥ 330 nm, W% (emission) ¥4 420 nm = AF

a3l

16



A&7 9ske] silica 71¥F HILIC ZH3 silica ©l

G A
Zyzy BAsle] R o

2—AB ¥A® N-glycan ¢ #4429

>

3} A17] amide 7]4¥F HILIC Yo% 2—-AB ¥X¥ N—g

QTOF—-MS ¥4 ZA3} total ion chromatogram (TIC) AFelA

2—AB A N-glycan < Figure 8 ¥ #o] amide 7]4HF 1L

w929 e Pde ehhodh web

S 9% HILIC 174742

amide H71&

gl e mlmskdek 7+ A4S o83 HPLC-

B o= 2—-AB ¥A

N—glycan ¢ ®3& fg 1AL S =2 amide 7|5+ HILIC ZH¥o| ¢
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TIC of HPLC-QTOF-MS 2-AB labeled N-glycan peak (silica)

———
=== 2-AB labeled N-glycan peak (amide)
—— Silicacolumn
—— Amide column

Acquisition Time (min)

SN

3 4 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 26 26 27 28 29 30 31 32 33 34

A oA whos A

12345678 9101112131415161718 192021222324 2526 2728293031 323334353637 383940 414243444546 474549 50515253 54 55 56 57 58 5960 6162 63 64 6566 67 68 69
Acquisition Time (min)

Figure 8. Bare silica HILIC column vs amide HILIC column
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2. 2—AB ¥A] N—glycan 7% =3

2—1. Overview

2—AB 3A¥ N-glycan ¢ % %% #4S Figure 9 9 7o
2833t HPLC-FLD & ©]$-3%] Etanercept 9] 2-AB %A ¥ N-
glycan ¢ A Z=E3AS A5, w4 HY Al gF meEA
(external standard) Z theFst Zo]eo] ©iE&ERE o] F ozl dextran
ladder & &7 +43F9 . Dextran ladder & §3l 2—AB %A% N-
glycan peak ©] A&% = W55 Al (retention time, RT) <= & &9
3k (glucose unit value, GU value) &% Akt Akt 2—-AB
¥AE N-glycan ¢ GU value & 5 22}l glycan library <l
GlycoBase (11) oA FHMsto] N-glycan o FxE dapF o=z
A5eAr. QTOF-MS 45 &3l 92 A3t 2AZFe= +x25
&8 7 o

=
exoglycosidase 98] & o]l &3t dAlE W A3 waS skt
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/— 2-AB labeled N-glycan

Sample Dextran ladder

Wbt GlycoBase
RT(min)
‘I, GU value l
Matching

Emu (major peaks)  glycan

p- Stusture ___, Gyean

_ / prediction
Exoglycosidase.

Retention time (min) = Glucose unit (GU)

— 1., Linkage identification m/z matching

R N

O \

—l Glycan identification

Figure 9. Workflow of 2—AB labeled N-—glycan
identification.

20

Sample

RT(min)

Exact mass accuracy

,-,H

structure

T



2—2. HPLC-FLD 3 GlycoBase & ©°]|&3% 2—AB EA¥ N-

glycan 7% 9=

2—AB ¥ A3t Etanercept N—glycan A %% HPLC—-FLD & #435}9
Z} peak 9 RT 9} intensity & ATt 7} peak 9] RT 7} dextran
ladder 2] GU value 2~12 °] aj@sti= RT HE ol HEEHUV]
gito] E AFo s GU value 2~12 ¢ 3lE3= RT (min) #
o] &3lo] 528 HAAE 3] AEA (5" order polynomial least square

regression) & €38t 5 2} TS A3l o] A& o]&sto] 2—-AB

— = . = .
EA¥E N—glycan 2] RT = GU value & &4ttt (Figure 10).
RT (min) GU
gig § 2-AB labeled
a.77 4 N-glycan in Enbrel
6.97 5
10.71 6 GU and RT (min)
16.18 7 ——
:;‘:: g RT range of 2-AB labeled N-glycan peaks Dextran ladder
30.05 10
33.63 1 8 9 10 11 12
36.83 12 34 5 6 7 13 1415
39.84 13 NN
43.26 14 T T v T v )
4813 b 0 10 20 30 40 50
Least square polynomial fitting (5'" order)
y=ax®+bx* +cx® +dx® +ex+ f
Calibration curve: GU range: 2-12
15 187 O : Calculated GU value
¥=15x%1075x" —1.8x 107 x* + 7.8 x 1073x? —0.16x% + L71x — 1.324
- '.,"
10 R?=0.9997 /./" Calculate GU value 10 =4
*
=] ~ of 2-AB labeled N-glycan 2
(] /._/—0’"' [C] ,r"./
5 e 5 ’)"
4 |
g NN
h 10 20 20 40 0 10 ) 2 40
RT (min) RT (min)

Figure 10. Dextran ladder & ©]£3}9] GU value 2] 3HAF
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ke

H o AFodE 2-AB ¥A3 N-glycan ¢ GU value =
GlycoBase ©lA] B]wdlo] N-—glycan 7-%5 oA 4 AUt (xb
GU value H¥9]: 0.01 ~ 0.34). X3} o529 EA2AS 7|wto g 3t 2—

AB A9 N-glycan 9] m/z °]&#> thaat 2 ktH(Table 1).

;O

Table 1. Glycobase ¢} vl 3dte] A& N—glycan oA +%

RT (min) GU (Mean) GU (in GlycoBase) Delta GU M/Z(Theo) Identity
526 423 431 0.08 1031.4039 M3 en
Comm
654 486 487 0.01 1234 4522 M
; =a
8.28 5.48 544 0.04 14375615 A2 ¢
981 587 591 0.04 1583.6217 FA2 : e
11.93 627 52 0.07 13555087 M5 wn
. ;'l
14.36 6.66 673 0.07 873.3427 Fa2G1 7
.
18.01 728 723 0.05 881.3402 me2
ioes
19.67 761 7.66 0.04 954 3687 FA2G2 |
o
21.68 8.04 791 0.13 1026.8578 pcast |
PE ) nu
2382 853 832 021 1099.9169 FA2G2S1 | -4
- . -~
2565 896 867 029 1172 4358 A2G2S2 «
* i ;'I
2737 937 9.03 0.34 12454530 FA2G252 + 4
22
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2—3. Q—TOFMS £ o] €3 2—AB ¥A]%¥ N—glycan 7% &%

2—AB 3 X3t Etanercept N—glycan A& HPLC-QTOFMS =
S S Ay, 2-AB  ¥AE  N-glycan I Fx9
S GU #e AUE 9359 mz ARl m/z olEgk
A sPdon 0.01 m/z oo SAHAE AUtk o] E3 GU
e 7IHte g o Agl N—glycan T%5 mass #S 9] 8319
AZs3 Y (Table 2).
Table 2. QTOF—MS & ©]&-3% N—glycan &4
RT (min) GU (Mean) GU (in glycobase) Delta GU M/Z(Theo) M/Z (Exp) Delta M/iZ Identity
5.26 4.23 4.31 0.08  1031.4039 1031.4061 0.0022 M3
6.54 4.86 4.87 0.01 1234.4822 1234.4817 0.0005 A1
8.28 5.48 5.44 0.04 14375615 1437.5625 0.0010 A2
9.81 5.87 5.91 0.04  1583.6217 1583.6214 0.0003 FA2
11.93 6.27 6.2 0.07 13555087 13555059 0.0028 M5
14.36 6.66 6.73 0.07 873.3427 873.3434 0.0007 FA2G1
18.01 7.28 7.23 0.05 881.3402 881.3404 0.0002 A2G2
19.67 7.61 7.65 0.04 0543687 ©954.3685 0.0002 FA2G2
21.68 8.04 7.91 0.13  1026.8878 1026.8882 0.0004 A2G2S1
23.82 8.53 8.32 0.21 1099.9169 1099.9184 0.0015 FA2G2S1
2565 8.96 8.67 0.29 11724358 1172.4337 0.0021 A2G2S2
27.37 9.37 9.03 0.34  1245.4630 1245.4647 _0.0017 FA2G2S2
23
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2—4. Exoglycosidase & ©]&3% 2—AB XX ¥ glycan 2% FF

A

2-3. oM AFE 2-AB EAE N-glycan & A& W 29 THE

TE37] 9ste] B ATo] A= exoglycosidase array digestion
Y&til HPLC-FLD = &lsk3ltt (Figure 11). W&l kel QU=

Y Aedz ddstdas A FFE O rEsky] 918 sialidase,

fucosidase, galactosidase, hexosaminidase = 3} o] F3halo]

2]kl peak & WS FlsA T

ABS & A=edE wek NAN1 & AH3s9S wWe] spectrum ©]

%

40

31, o|A S F Etanercept ¢ N-—glycan ¢ sialic acid & E%F

@2-3 dgor ddye] v s Fddsisit. ABS ¢ BKF =

l

AYstRs Wl o9 peak o o]&o] A%, = fucose 7F AEE
AL 3. o]5 & vl Etanerept N—glycan ©] core
fucose & 7M1 Ut AS EAstk. ABS+BKF+BTG ¢

ABS+BKF+SPG & A#38t3l& Wl spectrum ©] 7 sdFom,

o

o) AL Ao BE galactose 7} f1—4 Aoz dAFE Q= A

ovistich. FF APelA glactosidase 9 ¥ 27 o /RS

i)

T spectrum 9 9ol @A EAex FQlsE "yt 9t}

ABS+BKF+SPG+GUH £ Ag3F3S u, peak ©] M3 = A9
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Dextran

ladder

2 4 8 10 12
|~drae A2G281 -

“|a * > FA2G251 | ':3*"

A26282 . ¥ "
g . .
AAT ‘FazGzsz -+ == Undigested
-
N AJi
W oww FAZ 7

> FA2G1 v::? -

> FA2G2 ~&r-ww

NAN1

N A hL M

iy aw FAZ ¢

> FA2G1 ~[2 =
i
— FA2G2 ~4:-==

ABS

ABS+BKF

ABS+BKF+BTG

A2 "—-—-

ABS+BKF+SPG

M3 mm

ABS+BKF+SPG+GUH

M1

ABS+BKF+SPG+GUH+JBM

Figure 11. Exoglycosidase array digestion 43}
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3. N—glycan 49 A A=

Etanercept & 3 W Z3249% PNGase F & AHdsta, 2—-AB =

kA

Asted & 3 NS AlsE whEal A7hs HPLC-FLD 2 #43haith.
2-2,3. oA s 12 £ 2-AB EAE N-glycan 9| =z
7ottt (Figure 12). E3H Auid@ghs ol8std AdAY w4
FAE Ak ofd 193t o] M3, Al FA2GL & Ad YA 9F 9

N—glycan 2] AtE+HA} (relative standard deviation, RSD, %)

Relatwe;mtensﬁy (%)
]
|
-
o
]
]
]
|
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Table 3. Ao =5k
(RSD, %)

A

A7 Relative standard

deviation

Identity RSD(%)

M3
A1l
A2
FA2
M5
FA2G1
A2G2
FA2G2
A2G2S1
FA2G251
A2G2S2
FA2G252

254

30.1
5.0
3.4
3.2

234
8.9
25
4.0
3.0
7.8
5.1
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2 Ao A= Etanercept ©] £As+= N-glycan 9 +x% H

Fedes FHsY 24 Al Amide  7IWE HILIC
1774& o] 88 HILIC HPLC Weo| Etanercept 2 2—AB ¥4 ¥ N-
glycan & &340 Fest= 2 Fdsiin. =3, 2-AB dextran
ladder external standard & ©]&3}o] 2—-AB %A¥ N-glycan ¢

Tz GU #e A o= £kel dolEHo]A (GlycoBase) A

o

E3 & 12 F9 N—glycan 7%E &390tk QTOF-MS & o] &3}

2

m/z APFI FAAE 7R S m/z ol e Bl

)
2
o

E3 =3t = FAsrE. F7HH O R exoglycosidase =
o] §3to] 2-AB EA® N-glycan Y YA AF w4 #9E

T3ssth. 3 39 whEAFHAA 12 F9 2—-AB %A N-glycan & %

9 F° RSD (%) #ol 10% vvtoz vepde] wel 2 R
AN A5 skt Wb B Aol 33 N—glycan #2411
k5 plo] @ ook o] Z Ao 7]ojE Aolgt 7thE ).
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Abstract

Etanercept N—glycosylation Analysis using
HPLC—-FLD, Q—TOF—MS and exoglycosidase

array digestion

Sae Bom Lee
Department of Pharmacy, Pharmaceutical Analysis
The Graduate School

Seoul National University

Etanercept is a therapeutic glycoprotein that contains N—
glycans on its asparagine residue of polypeptide chain. N—
glycans that attached to the therapeutic glycoprotein have
structural microheterogeneity and exert influence on drug
stability, efficacy and immunogenicity. Thus, qualitative and
quantitative analyses characterizing N—glycan
microheterogeneity play vital role 1in quality control of

therapeutic glycoproteins.
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In the current study, structure elucidation and relative
quantification of N-—glycans in Etanercept were performed
using liquid chromatography/fluorescence (LC/FLR) and liquid
chromatography/mass spectrometry (LC/MS) methods. At first,
N—glycans were released by peptide N—glycosidase F followed
by 2—aminobenzamide (2—AB) fluorescence labeling. 2—AB
labeled N—glycan mixture was purified through solid phase
extraction (SPE) method and separated using hydrophilic
interaction liquid chromatography (HILIC-HPLC). The
retention time of each glycan peak were converted to glucose
unit (GU) by comparison with 2—AB labeled dextran ladder, and
the preliminary glycan structures were assigned by searching
through Glycobase. These structures were confirmed by mass
value obtained from quadrupole time—of—flight mass
spectrometry (Q—TOF-MS). The linkage information was
determined by exoglycosidase array digestions. The

reproducibility of this analytical method was validated by
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relative standard deviation (RSD,%) of relative peak intensity

(%) acquired from 3 replicates.

Keywords: therapeutic glycoprotein, N-—glycan,
exoglycosidase, fluorescence, mass spectrometry

Student Number: 2013—-23465
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