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* Protein drugs, such as Fc-fusion proteins are often
modified by complex glycans with heterogeneity

» Glycosylation can impact safety, stability and efficacy of
protein therapeutics, therefore in-depth characterization of
N-and O-glycans is critical

* Analysis of protein glycosylation poses major challenges

* No generic method for release of all glycans is available

* Poor ionization of neutral carbohydrates requires
derivatization such as permethylation or labeling to

enhance detectability of glycans during mass spectrometric

analysis

Methodology

A Denaturation

PNGase F Proteinase K Recovery Permethylation
il o ) LG, mm)y % ov
3. v < g
S !
30 kD Filter
Simultaneous permethylation
25-50 pg Glycoprotein added to FASP filter PNGase F treatment, at Proteinase K treatment, at N-glycans and O- (slolilcjj phas:) gnd relegsinlg of
in 200 uL 8M Urea & DTT followed by 37°C for 21 hrs 50°C for 24 hrs glycopeptides recovered, O-glycans, and
Alkylation with IAA, and buffer exchange to and N-glycans reduced permethylation of reduced N-
ABC buffer glycans
B C MALDI-TOF-MS Tandem Mass Spectra

O-glycopeptides Permethylated O-glycans

Sample Spot

- 2
3 o S

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

N & O-glycan profiles

Permethyl
Reduced N-glycans ermethylated & I . I
Reduced N-glycans : ;;; P
OH NaOH, Mel, DMSO OCH, ” o S [ ’i
OH OCH 47 o ] ’
RO 3 5 A 1 S S
H(%OH :> H'?g&ocm [ R T Tl o a.is
) N 416D mERy l’ BRI
O‘j/ OZQ * 6 a sy E‘T”‘m f Wh S Iw = - - ° ,“210 " 400 6(‘):)LTA‘;60$'I1A(J' ':;';0'2600' '

A chemoenzymatic method for simultaneous profiling of N and O-glycans in one-pot
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One-Pot glycan analysis of Fetuin

S x1097]
®© i —
- b ™
2 % s
T o
o)
— ~
y= 20_ 5
] *
1.5
— ¥ oF
] <
v h
1.0 o ©
. © o .
. o & — w
< ©
1 ~ N © = - @ &
4 o <t < o N
()} To) N . ™ (@]
0.5 < o)) - © © o N~
1 « 0 o o - o
4 N~ (e] e8] N~ ™
'.\ o © N o
1 : — — ((y)
00 b : | s
S x104
0, N~
: o
@ - <
o
Qo ~
IS ©
6_
o
©
©
4 ©
2
@
> ©
Y] <
) ~
o ™ ©
24 3 < 3 © ™ o o
~— ™ N o 4 - ~
(=} o (o] «© [Te) (o2}
0). 4 H . o A ™
oo} H (0] [e 0] o s
m H
- @ ~ o0 N <t H
: o © N
i < T | @
0_..!\ dod ; {

1000 1500 2000 2500 3000 3500 4000 4500

N&O-glycan Ratio

Fet-

Glycan Species identified in Fetuin
100

80

1O} -e

60-

40—

% Total Glycans

20

0_

LN N un \2) QU3 U Y &
& @ \ a2 P oD oD

O

G
v v

‘0
o° o° o° K Ko
'z}* Q\i
& °

&

Total Sialylation

1 O-glycans 1 N-glycans m Asialylated & Sialylated

- Fet

| I I I | | I I
0 25 50 75 100 0 25 50 75 100
% Total Glycans % Total Glycans

B One-Pot glycan analysis of Fc-Fusion Proteins LIFT-MS of N-glycan Species

x

—

o
(&)

o ] N Abatacept )
= | o ~—
o A 0 O ™ 3
- (@) N o o o
< 081 o) © N N - 23
g 8 N == 8
) ) © Bt =
0671 @ 2 o X e
. ~ —
{ © o < el 0w < &
o P 8 < o <~ N < ™
044 o N~ ™ i N N N
]l ©oF < 0 - ~ o 10
0.2- S = N D @
- 3 . : ~ :
00 . sk inkk‘ : l l :
— 4 4
5 x10 Etanercept
S, 84 R
) <
c ] o))
g N o
£ 67 © )
: ~
- 0
- < © B
4 ﬁ < ) = w o K
o ™ ™ oo © ™ o N N~
1 < Y © 10 8 = N = NS 3
Q : o (o2 [q\] o N~ & m © 1
217 o < 0 : © ¥ o N = 54 3
» H AN b i N < 0 2] E L
- © : ~ : N (V] N (e)) Qo 4 g
. : I H : i N £ 1 o
.- N | R B = ] !
3 g
3 X107 - Aflibercept ' .
: ] N Q
i ] N o Doe :
S 2 v o
Q 3_ ~ o (o] - [} '
IS i 0 N © " X
A
] o 1y No® ' :
2 - S S I « 2 M S
1~ «© S N < © L5 3 8 38 89
T ™ O S H (9] =3 T -} S I
13 @ & o 2 © 8 9 23837 g 23 35
1123 2 2 2 N AR 1| L I
: A i o0
T © 0n (92] N~ H H o » TTTTT L B e e e
178 2 © | [ | g o "
o1l : : | . C
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
T T T T T T
1000 1500 2000 2500 3000 3500

m/z

Figure 2. One Pot Glycan analysis of Fetuin and Fc-Fusion

Proteins

A.One-pot N and O-glycan profiling of a model glycoprotein,

Fetuin

B.Glycan profiling of Fc-Fusion Proteins Abatacept, Etanercept,
and Aflibercept and LIFT-MS analysis for differentiation of N-
and O-glycans by unique reducing end fragments

Figure 1. Workflow of the one-pot method for
simultaneously analysis of N-, and O-glycans of
glycoproteins

A. Isolation of N-glycans and O-glycopeptides in tandem by
FASP filter. B. Differentiation of permethylated N and O-glycans
by unique reducing ends. C. Mass Spectrometry analysis of N
and O-glycans in one pot by MALDI-TOF/MS.
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authors and do not necessarily reflect the official policy or
position of the U.S. Food and Drug Administration and the
Department of Health and Human Services, nor does mention
of trade names, commercial products, or organizations imply
endorsement by the U.S. Government.

Figure 3. Simultaneous N &0O-glycan profiling of WT and KOC3

Cellular Glycoproteins

N- and O-glycans from WT and KOC3 (Cosmc-KO and C3GnT
expressing) glycoengineering CHO cell lines were prepared with

One-pot methodology..

Glycans and their relative abundances in Fc-Fusion
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Figure 4. Summary and Reproducibility of One Pot

Glycomics Method

A. Summary of unique glycan species and their relative
abundances in Fc-Fusion proteins Abatacept,
Etanercept, and Aflibercept (Data from 3 independent
preparations)

B. Summary of one-Pot glycan analysis of two different lots
of etanercept

* We developed a reproducible method for simultaneously
profiling N- and O-glycans from purified proteins and
cellular proteins from cell lysates in One-Pot.

* Relative abundances of unique N-and O-glycan species
were determined consistently from three independent
preparations of Fetuin and Fc-Fusion Proteins

* N- and O-glycans were differentiated by tandem mass
spectra based on unique mass shifts (+16 Da)
associated by reduced N-glycan core fragments.

* We evaluated our One-Pot method with O-
glycoengineering CHO cell lines and identified unique
Core 3 O-glycans in C3KO CHO Cells
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