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(HPLC - HILIC, high performance liquid
chromatography - hydrophilic interaction liquid chromatography)
, (FLD, fluorescence detector)
(MS, mass spectrometry)
(retention time, RT, min)
(glucose unit) 2- AB (2- AB
labeled dextran ladder) .2- AB N- glycan
glucose unit  online database
Q- TOF- MS (
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(recombinant  DNA  technology)

(post - translational maodification)

Q) . , (sialic acid)
(recombinant human
erythopoetin) 2) ,
(mannose) 3) .
(heterogeity)
N -
glycan N- (GIcNAc, N -



acetylglucosamine) 3 (mannose)

high mannose type, complex type, hybrid type

Glycan N- glycan

(Etanercept, Enbrel ®) :

, (TNF - , tumor
necrosis factor _U) . TNF receptor 2
(IgG1, immunoglobulin G1) Fc (Fc fragment)
(fusion protein) N- glycan
(glycosyla tion site) 6 . HPLC -
FLD HPLC- MS Etanercept N- glycan
exoglycosidase N- glycan



- Etanercept (Enbrel ®)

2.
2-1
- 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.,
P0705S)

- 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 - galactosidase, BTG ( ProZyme , Inc., Hayward,
CA, USA, GKX- 5013)
- Streptococcus pneumonia - galactosidase, SPG ( ProZyme,
Inc., Hayward, CA, USA, GKX- 5014)
- Streptococcus pneumonia hexosamidase, GUH ( ProZyme, Inc.,
Hayward, CA, USA, . GK80050)
- Jack bean mannosidase, JBM ( ProZyme, In c., Hayward, CA,
USA, GKX- 5010)
- Dextran calibration ladder standard ( Waters Corp., Miliford, MA,

USA, 186006841)

- 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 m

particle, 2.1 x 100 mm)



3- 1. Enbrel Etanercept
Enbrel Etanercept ( 51,234.9)
( 182.2) , ( 342.3) ,

( 121.1)

Etanercept 1,000 ,
10,000
10K Amicon Enbrel (1 g/L) 50

L 14000 x g 15 Etanercept
(Figure 1) .

Glycoprotein drug

[T

Amicon 10K filter devices ‘ ::

Cetrifugation, s 10K Amicon®
14000 x g, 15min . _ _
- Collect concentrated sample | Centrifugal filter devices

provide fast ultrafiltration

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
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3- 2. (protein denaturation)

Etanercept N- glycan 50
g EP tube , PNGase F (NEB) denaturing buffer
(10x) 10 10 L . heat

block 100 , 10

Denaturing buffer sodium dodecyl

sulfate ( SDS, 0.5%) dithiothreitol ( DTT, 0.4 mM)
(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



3- 3. Etanercept N- glycan (Enzymatic

deglycosylation )

asparagine (Asn) N- glycan
: “4) .
Etanercept , PNGase F (NEB)
10 X GlycoBuffer 2 (0.5 M sodium phosphate, pH 7.5) 2 L,
10% NP - 40 2 L, PNGase F 1 L (500 U) 37 C
18 (Figure 3) .

PNGase F
Cleavage site

PNGase F

N-glycan (37 °C for 18 h, pH=7.5)

o B

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



3- 4.
precipitation )

PNGase F

glycan

- 75

(5) (Figure 4).

(supernatant)

speedvac

Released N-glycans + proteins

| 1. Chilled ethanol 300 pe

N- glycan (Ethanol
N- glycan N-
300 L cold ethanol
C
4 C, 15,000 rpm
pellet N- glycan
EP tube

(centrifugal evaporation)

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 Sﬁ%

another Eppendorf tube

Isolated N-glycans pool

|

Dried released N-glycans

Centrifugal evaporation

Figure 4 .

i} > Protein precipitate

N- glycan



3- 5. 2- AB labeling

N- glycan chromophore
(spectrometer)
2- aminobenzamide (2- AB)
N- glycan . DMSO 350 L acetic acid
150 L 100 L 2- AB 6 mg sodium
cyanoborohydride 6 mg 2- AB labeling
10 L N- glycan 37 C 16

(6) (Figureb) .

2-Aminobenzamide (2-AB)

2-AB labeled N-Glycans
Aex: 330 NM, Agyy - 420 M

OH H:M_ O OH H;N__.0
OH Reductant oH H
' _— Rﬁ’o =N - Rﬁo N ===

NHA
N-Glycans ... ¢ Lk

3::'_“ Hﬁaﬂ'—;o Schiff's base Labeled Glycan
NHAe

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 2- AB
10



3- 6. Solid phase extraction 2- AB N- glycan

2- AB 2- AB

N- glycan ,

2- AB 2- AB N- glycan

cellulose paper GlycoClean S cartridges
solid phase extraction (SPE)
GlycoClean S cartridge 1mL water ,5mL acetic acid, 4 mL
ACN .2- AB

cartridge 15

.1 mL ACN 4 mL 96% CAN cartridge
2- AB . Cartridge water 0.5 mL 3
2- AB N- glycan EP tube speed

vac (7) (Figure 6) .

11



Conditioning

O 2-AB

w
2-AB labeled glycan

2o 134
Loading Washing Eluting

1. 1mlL water
2. 5 mLl acetic acid
3. 4mLACN

[

Emple Ioadingl 1. 1 mLACN 3 x 0.5 mL water

2. 5mL96% ACN

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

(stereochemistry)

peak
7
acid

(2. 3,6,8)

2- AB N- glycan

exoglycosidase

, HPLC- FLD , N- glycan

exoglycosidase

(2, 3) sialic

NAN1 (Streptococcus pneumonia sialidase)

sialic acid

ureafaciens sialidase) |, (1. 2,6)

(bovine kidney

BTG (bovine testis

galactose
galactosidase) |,
GUH
(1. 2,3,6)
mannosidase) .
exoglycosidase
(pH 6.0)

array digestion

- fucosidase)

ABS  (Arthrobacter
fucose BFK

1. 3,4) galactose

- galactosidase) , (1. 4)

SPG ( Streptococcus pneumonia -

(1. 2,3,4,6)

N- acetylglucosamine

(Streptococcus  pneumonia  hexosaminidase)

mannose

2- AB

37 C 18

13

JBM  (jack bean
N- glycan
500 mM sodium acetate buffer

exoglycosidase



8) .

(@) 2 L buffer, 8 L water (b) 1 L NAN1, 2 Lbuffer, 7 L
water (c) 1 L ABS, 2 L buffer, 7 L water (d) 1 L ABS, 1

L BKF, 2 L buffer, 6 L water () 1 L ABS, 1 L BKF, 4

LBT G,2 L buffer, 2 L water (f)1 LABS, 1 L BKF, 4 L
SPG, 2 L buffer, 2 L water (g) 1 L ABS, 1 L BKF, 4 L
SPG,1 L GUH, 2 L buffer, 1 L water (h) 1 L ABS, 1 L
BKF,4 LSPG,1 LGUH, 1 LJBM, 2 L buffer. (a~th )

exoglycosidase 3K Amicon

exoglycosidase speed vac (9) (Figure
7).

2-AB labeled N-glycans

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

Digestions

£y T

Undigested 1 pL NAN1 1 pL ABS 1pLABS 1 uL ABS 1L ABS 1 uL ABS 1 JLABS
2 L Buffer 2pLBuffer || 2pLBuffer |[ 1uLBKF 1 UL BKF 1 L BKF 1 UL BKF 1L BKF
8 pLwater 7utwater || 7pLwater || 2uLBuffer (| 4pLBTG ApLSPG 4uLSPG 4)LSPG
GuLwater || zpLBuffer || zpLButfer || 1pLGUH 1uLGUH
2ulwater || 2plwater || 2ulBuffer (| 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(2-3,68,8) linked non-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 nen-reducing terminal galactose (0.5 U/100 uL)

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



3- 8. Instrumental Analysis

(HILIC, hydrophilic

interaction liquid chromatography )  glycan

70%
2- AB N- glycan
HILIC silica HILIC
phase silica amide amide HILIC
phase . 2- AB N- glycan 100 L
HILIC HPLC . Silica
HILIC Waters Aquity UPLC BEHHILIC (1.7 m, 2.1 x 100
mm) , A (100 mM ammonium formate, pH 4.5) ,
B (100% ACN) 2- AB
N- glycan .2 A 30% ,
43 A 47% . 10
A 80% 5 . Amide HILIC

Waters Acquity UPLC Glycan BEH Amide (1.7 m, 2.1 x
100 mm, waters) , A ( 50 mM ammonium for mate,

pH 4.5) B (100% ACN)

15



2- AB N- glycan .15 A 30%

, 45 A 47%
1 A 70% , 1
0.2 mL/min (10) .
2- AB N- glycan HILIC HPLC

(high- resolution mass spectrometry)
(QTOF- MS, quadrupole t ime of flight
mass spectrometry ) , Exoglycosidase 2-
AB N- glycan HILIC HPLC

(FLD, fluorescence detector )

QTOF- MS . 500~3200 m/z
,350 C , 10 L/min
30 psi , 350 C (sheath gas) , 12
L/min
(excitation ) 330 nm, (emission ) 420 nm

16



2- AB N- glycan HILIC
silica HILIC silica amide
amide HILIC 2- AB N- glycan
HPLC -

QTOF- MS total ion chromatogram (TIC)

2- AB N- glycan Figure 8 amide

2- AB

N- glycan amide HILIC

17



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 16 16 17 18 19 20 21 22 23 24 26 26 27 28 29 30 31 32 33 34

A oA A A

12345678 9101112131415161718192021222324 2526 2728293031 323334353637 38394041424344 4546474849 5051 5253 54 55 56 57 58 59 60 6162 63 64 65 66 67 68 69
Acquisition Time (min)

Figure 8 . Bare silica HILIC column vs amide HILIC column

18



2. 2- AB N- glycan

2- 1. Overview

2- AB N- glycan Figure 9

. HPLC- FLD Etanercept 2- AB N-
glycan :
(external standard) dextran
ladder . Dextran ladder 2- AB N-
glycan peak (retention time, RT)

(glucose unit value, GU value) . 2- AB
N- glycan GU value glycan library

GlycoB ase (11) N- glycan

. QTOF- MS

exoglycosidase

19



/— 2-AB labeled N-glycan

Sample Dextran ladder

wot GlycoBase
RT(min)
‘I, GU value l
Matching
T eserpess)  ayean
p- Stusture ___, Gyean
_ / prediction
Exoglycosidase

Retention time (min) = Glucose unit (GU)

— 1., Linkage identification m/z matching

U N
O \l
—l Glycan identification

Sample

RT(min)

Exact mass accuracy

Figure 9. Workflow of 2- AB labeled N - glycan structure

identification.

20



2- 2. HPLC- FLD GlycoBase 2- AB N-

glycan

2- AB Etanercept N- glycan HPLC- FLD
peak RT intensity . peak RT dextran
ladder GU value 2~12 RT
GU value 2~12 RT (min)
th R
5 (5™ order polynomial least square
regression) 5 2- AB
N- glycan RT GU value (Figure 10 ).
RT (min) Gu
340 3 2-AB labeled
aj?? 4 N-glycan in Enbrel
6.97 5
10.71 6 GU and RT (min)
16.18 7 —
g;::g g RT range of 2-AB labeled N-glycan peaks Dextran ladder
30,05 10
%083 2 345 § 7 8 9 10114243 .,
39.84 13 NN
3::?2 :g 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
1 B 15 0 : Calculated GU value
¥=15x%1075x" —1.8x 107 x* + 7.8 x 1073x? —0.16x% + L71x — 1.324
o o®
o ;

10 R?=0.9997 _ & Calculate GU value 10 o
-

o 3y - > o il
g P of 2-AB labeled N-glycan 3 -
T o
5 - 5 ’;’ |
." ‘. N “ L A _\'l |H- A
0 10 2 0 0 0 10 ) 2 40
RT (min) RT (min)

Figure 10 . Dextran ladder GU value

21



2- AB N- glycan GU value

GlycoB ase N- glycan
GU value : 0.01 ~ 0.34) ,
AB N- glycan m/z (T able 1).
Table 1 . Glycobase N- glycan
RT (min) GU (Mean) GU (in GlycoBase) Delta GU M/Z(Theo) Identity
5.26 423 431 0.08 1031.4039 M3 Jrma
Comm
6.54 4.86 487 0.01 1234.4622 Al s
-\ =a
8.28 5.48 544 0.04 14375615 A2 {
981 587 591 0.04 1583.6217 FA2 : e
11.93 6.27 6.2 0.07 13555067 M5 -
. ;'I
1436 6.66 673 0.07 873.3427 FA2G1 {
.
18.01 728 723 0.05 881.3402 A2G2 K
aam
1967 761 7.65 0.04 9543687 FA2G2 4
N
21.68 8.04 7.91 0.13 10266675 A2G2S g
. I nu
2382 8.53 832 0.21 1099.9169 FA2G2S1 | -&
- . -
2565 896 867 029 1172 4358 A2G252 «oa
ook
27.37 9.a7 203 0.34 1245 4630 FA26252 « &

22



2- 3. Q- TOFMS

GU

Etanercept N - glycan

0.01 m/z

(Table 2).

2- AB

2- AB

N- glycan

Table 2. QTOF - MS

N- glycan

HPLC- QTOFMS

N- glycan
m/z m/z
GU
mass
N- glycan

RT (min) GU (Mean) GU (in glycobase) Delta GU

M/Z(Theo) M/Z (Exp) Delta M/Z Identity

5.26
6.54
8.28
9.81
11.93
14.36
18.01
19.67
21.68
23.82
2565
27.37

4.23
4.86
5.48
5.87
86.27
6.66
7.28
7.61
8.04
8.53
8.96
9.37

4.31
4.87
5.44
5.91
6.2
6.73
7.23
7.65
7.91
8.32
8.67
9.03

0.08
0.01
0.04
0.04
0.07
0.07
0.05
0.04
0.13
0.21
0.29
0.34

1031.4039 1031.4061 0.0022 M3
1234.4822 1234.4817 0.0005 Al
1437.5615 1437.5625 0.0010 A2
1583.6217 1583.6214 0.0003 FA2
1355.5087 1355.5059 0.0028 M5
873.3427 873.3434  0.0007 FA2G1
881.3402 881.3404 0.0002 A2G2
954.3687 954.3685 0.0002 FA2G2
1026.8878 1026.8882 0.0004 A2G251
1099.9169 1099.9184 0.0015 FA2G2S1
1172.4358 1172.4337 0.0021 A2G2S2
1245.4630 12454647 0.0017 FA2G2S2

23



2- 4. Exoglycosidase 2- AB glycan

2- 3. 2- AB N- glycan
exoglycosidase array digestion
HPLC- FLD (Figure 11)
sialidase,
fucosidase, galactosidase, hexosaminidase
peak
ABS NAN1 spectrum
, Etanercept N- glycan sialic acid
2 3 . ABS BKF
peak , fucose
Etanerept N - glycan core
fucose . ABS+BKF+BTG
ABS+BKF+SPG spectrum
galactose 1 4
glactosidase
spectrum

ABS+BKF+SPG+GUH , peak M3

24



Etanercept N- glycan biantennary

25



Figure 11 . Exoglycosidase array  digestion
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