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Structure of IgG and Typical Forms of Heterogeneity

— Heavy Chain mnge&{gmdmg
*

Pyroglutamate formation
from glutamine or glutamic acid

\ Asparagine deamidation

Aspartic acid isomerization

Glycosylation

Methionine oxidation

Lysine truncation

Reduction of disulfide bond
or disulfide shuffling
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Bio-Column Selection Guide

Analysis Description Columns and Buffers Detection
Titer - mAb capture, titer & screening Thermo Scientific™ MAbPac™ Protein A uv
Aggregate Routine screening for aggregates Thermo Scientific™ MAbPac™ SEC-1 UV & light scattering
and fragments
Charge Heterogeneity Routine variant profiling including; Thermo Scientific™ MAbPac™ SCX-10 uv
lysine truncation, deamidation and Thermo Scientific™ MAbPac™ SCX-10 RS
acylation Thermo Scientific™ ProPac™ WCX-10
Thermo Scientific™ CX-1 pH Gradient Buffer Kit
Methionine & Tryptophan Targeted analysis of methionine and  Thermo Scientific™ MAbPac™ HIC-20 uv
Oxidation tryptophan oxidation Thermo Scientific™ MAbPac™ HIC-10
Thermo Scientific™ ProPac™ HIC-10
Antibody Drug Conjugate Drug to Antibody ratios Thermo Scientific™ MAbPac™ HIC-10 Butyl uv
(ADC) Thermo Scientific™ MAbPac™ HIC-20
Thermo Scientific™ MAbPac™ HIC-10
Thermo Scientific™ MAbPac™ RP
Antibody Drug Conjugate Drug to Antibody ratios and intact Thermo Scientific™ MAbPac™ SEC-1
(ADC) using MS mass Thermo Scientific™ MAbPac™ RP
Thermo Scientific™ Acclaim™ SEC-300
Intact or Fragment Mass Intact, light (LC), heavy chain (HC) Thermo Scientific™ MAbPac™ RP UV and MS
and fragment (Fab & Fc) analysis
Native Mass Intact native mass analysis Thermo Scientific™ MAbPac™ SEC-1 UV and MS
Thermo Scientific™ Acclaim™ SEC-300
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Thermo Scientific™ Vanquish™ UHPLC Platform for Bio-therapeutic Characterization

Requirements of a UHPLC System for
g’ gmm Charged Variant Analysis
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Charge Variant Analysis using Cation Exchange Chromatography (CEX)

ProPac WCX-10 Column

10 pm Nonporous .
Polymeric Beads .7

Polymeric grafts
WCX, SCX, WAX,
SAX

Z Boundary
(Cross-linked hydrophilic
layer)

Core

(Highly cross-linked
EVB-DVB)
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by CEX [18]. Table 1 summarnizes different modifications

Untreated mAb

Acidic Variants

(/)\/\

Carboxypeptidase B
digested mADb

Acidic Variants

(/)\/\

— X

Basic Variants

Lysine Variants
N4 y
K W
K K
Basic Variants
P AL

that were detected 1in antibodies by CEX. As seen 1n Table 1. N
ProPac WCX-10 column (Dionex Corp.). based on the po- 4
lymeric tentacle resin [19], has become the gold standard for —
antibody analysis.
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Next-generation CEX Column

MADbPac
SCX-10 Column

Acidic
Variants

L

Y

.

Lysine Variants

Y
K K

|

m

Basic Variants
A
M

MAbPac SCX-10column,4x250 mm

60 min. total analysis time

Y

Acidic Variants

|

22

mAU

Y Lysine Variants
K

Y
K

/{/)\/\/JJ Basic Variants
A
<
[ W
ProPac WCX-10column, 4x250 mm
MAbPac SCX-10column,4x 150 mm
15 min. total analysis time
0 5 1|0 115

Minutes




mAb Charge Variant Analysis by CEX Salt Elution

Cation Exchange « Competition for lon Exchange sites
b between the mAb and Na* ions

« This interaction happens all the

Cation Exchange of mAb
% way through the column

Elution with competing sodium ions from
an NaCl gradient

| s0.- Na*
=
1S0; D
EL.
SO, Na+ Na% Na*
-
180,y — Q Na*

‘\"\

SO, N Na*‘\‘“
B
|80 Na+ > Na* .

* The longer the column the better
the resolution

« Surface exchange on a pelicular
resin for high resolution

lon Exchange Charge

http://bit.ly/ChargeVariants
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Effect of pH on elution of mAb (salt gradient)

pH pR p
8075 7 . . .
0.0115 | " Column: ProPac WCX-10,4 mm x 250 mm
Eluents : A. 20 mM HEPES +
20 mM MES + 20 mM TAPS
B: 20 mM HEPES +
20 mM MES + 20 mM
TAPS + 250 mM NacCl
Gradient: Min %A %B
-10 95 5
AU | 0 95 5
50 5 95
52 5 95
52.5 95 5
Temperature: 30 °C
L Inj. Volume: 20 pL
D _hx“‘ ,)AA Sample: 2.5 mg/mL mAb
‘ - e Flow Rate: 1.0 mL/min
Detection: 280 nm
-0.0021 |
4.2 Minutes 45
23746
8 ThermoFisher
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Mab Charge Variant Analysis by CEX pH Gradient Elution

pH gradient elution

« Based on pl of protein

 Loss of retention with progressing
pH gradient, depending on pl

* “Single” binding event,
trapping at pH < pl (for CEX)

]-so. OH-
-
J-SOy° @
_ ‘e OH
-803' - @ OH-
Fsoy ;’ .
? OH:
150, Na* @ OH:
s
505" Na* OH- P

pH Gradient

lon Exchange Charge

Isoelectric Focusing on a Cation Exchange
Column

 mAD binds to cation exchange sites on the
column

« A gradient of increasing pH is applied

« mAD is released from the exchange site when
the net charge on the mADb is neutral

« This interaction happens once, then the mAb
runs through the rest of the column

« Column length has little effect on the resolution
« This is a concentrating technique

« Surface exchange on a pelicular resin for high
resolution and low buffering capacity effects




Comparison of pH gradient buffer systems

9.00—
8.00—
7.00—

6.00—

Literature buffer system 1

5.00
0.0

..| Thermo Scientific Literature buffer system 3 ‘gl e

CX-1pH Gradient§ Phosphate based . 3
7 . - i _,d__Ff—”’/:{ | 7.50
20,0 o - | [ oo
100+ . - a | | I —G.50
oo_zll-ﬂaf—:.:/_f::_" — A _ --’j I"\ _)'II ‘H——-\,H_ ="

5,0070 5.0 10.0 Time [min] T eso e cn 0 50 100 150 200 250 300 ma 400 .

MAbPac SCX-10 (5 um) 4x50 mm
0 ThermoFisher
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Charge Variant Analysis using pH Gradient

Advantages

Buffer A Buffer B

 Platform method = single method

) = 33’ pH 56 10.2
for wide range of mAbs 2 =
— Form Liquid Liquid
« Reduced method development and T . =
; - wmger S Concentrate 10X 10X
method transfer times L 4
. _ ] Shipping Room Room
Outperforms any other charge - Dilute buffers 10-fold with DI water  oregtion Temp  Temp
variant technology + Alinear pH gradient (pH 5.6 - 10.2)
Is generated by running a linear
* Less effect from column variability pump gradient from 100% BufferA storage 4-8C  4~8°C
to 100% BufferB condition
» Transferability of method from + Generic, fast & high-resolution!
development to QC
11 ThermoFisher



Protein Standard — Linear CX-1 pH Gradient Buffers

MAbPac SCX-10 Column, 4x250 mm _ _
Peak label: protein name — elution pH

90 11
Lectin-1-6.11 —
. —10
60 — pH trace ;
40 —8
Cytochrome C - 10.15
Lectin-2 - 6.28
. Ribonuclease A -8.72 —7
20 Lectin-3 - Trypsinogen - 7.75
0 ‘F
-10 T T | | T T T 5
0 5 10 15 20 25 30 35 40
ThermoFisher
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mAb Charge Variant Separation, 0-100% B

0% B > 100% B
40.0 E E —10.50
pH trace : =
5 30.0 u
=z 9.00
E
GJ o
§ 20.0 —8.00
£ z
@) L
m o
< 10.0 ~7.00
“\ ”LK 6.00
50 r r r r T r r r r T r r r r T r r r r T r r r r T r r r r T r r r - r T r r r r 5.00
0 5 10 15 20 25 30 35 40
Retention Time [min]
*The pH trace at elution was obtained with the Thermo Scientific™ UltiMate™ 3000 pH and Conductivity Monitoring Module (PCM-3000)
ThermoFisher
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mAb Charge Variant Separation, 25-50% B

14

25% B > 50% B
16.0 T —8.00
71 (c) n pH trace : '
” —7.75
2 b ;
E 100 -] —7.50
[} L
[&]
% - I
o) —
5 725 &
5.0 [
2 [
\ —7.00
] > : k"--—-—-Z
2.0 T v T T T T T T v T T v T T T T T v T T v T T T T T T v T T T T T v T T v T T 6.60
0 5 10 15 20 25 30 35 40
Retention Time [min]
ThermoFisher



Infliximab — Vanquish System Ultra-fast Gradients

T 5 min gradient
il . . e
T 10 min gradient L# ---------------------------
: ML

Y mau

3 step method development
1. Full gradient run
10 minutes 0>100% B

2. Adjusted pH window
20->40% B in 5 minutes

3. Flow and shape optimized
18->27% B in 0.8 minutes




Fast, Generic and Linear pH Gradient — Vanquish UHPLC

Separation of 5 therapeutic mAbs pH gradient, optimized t . <925min
. . ) ) ) S grad — <
with a generic 0—100 %B in 10 min at 0.45 mL/min for individual mAb
J\ 2 23-35 %B, 2.5 min
. pH 6.7-7.2, 1.0 mL/min
Bevacizuma s \
! ' ! ! ' ' ! 0.0 D.l2 0?4 L}].B U.IS II.C@El ITB l.la 2.I0 2.I2 2.I4 2?5 2.IB ':1.I0 3II‘£I
10-35 %B, 2.5 min
Cetuximab, 2 pH6.1-7.2, 1.0 mL/min
1 1 1 1 1 || 1 0 u's : 1.'5 ) ﬁ z'sQ)u‘.s :1 415 é 5'5 Es
\ 18-27 %B, 0.8 min
Inflixumab, 4 e pH 6.4-6.8, 1.2 mL/min
I ! I I ! ' I 0 012 014 Olﬁ UI.‘! Ilﬂ II®F IIﬂ 2‘0 2'2 2‘4 2‘6 2'.‘! ?IU ‘3‘2 ‘3‘4‘:‘;
33-45 %B, 2.5 min
Trastuzumak | | , : . pH 7.2-7.7, 1.0 mL/min
! ! ! ! ! ' ! 1] 072 0.‘4 U.IG D.IB 110 11.2 ;ld 1.IGTD 212 2‘4 ZIG 2.‘8 3?0
| 5-30 %B, 2.5 min
“mAb A”. 42 12| 4 pH 5.8-7.0, 1.0 mL/min
] 5
1 1 1 1 1 1 1 T T T T T T T T T T T T T — T T T 1
05 —I 2 3 4 5 6 7 0 0204060810121416 I.BMiEB:.Z 24 26 2 34 36 38 40

Minutes

pH5.6t0 10.2in 10 minutes, MAbPac SCX-10 (5 pm), 2 x 50 mm
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Repeat Injections of Ribonuclease A: >300 Runs

60

25

-25

Absorbance [mAU]

-50

-75

-100

_: n pH trace —
T NN | |
‘._/L Run #200 A@h k -
:_/L Run #100 M *L i
T o L |
—rr - r:r T rrr-x - rrr1r 1 1 1 y
0.0 2.5 5.0 7.5 10.0 12.5 15.0 175 20.0

Retention Time [min]

Retention time reproducibility <0.8% RSD
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pH gradient

« Peak resolutionincreases
with loading

Isoelectric focusing

Full column capacity can be used for
loading without affecting peak
resolution and capacity

Salt gradient

 Peak resolution lost with increased
loading

Separation occurs over complete
columnlength

Peak capacity easily exceeded and
resolution lost

18

Effect on Loading Capacity and Peak Resolution

pH gradientelution

E B B B B

E B

+
— _/'\-"'-“J“J"l-_n_/urlh_ NJ\/\
J \__ 0.3mg SR T e
[ [l I H.

MabPac SCX 4 x 250mm

Cytochrome C

Ribonuclease A Paak Width

n
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. '
'
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Saltgradientelution

I.HF

MabPac SCX 4 x 260mm

Cytochrome C




Peak Analysis of 50 and 250 mm Columns with pH Gradient Elution

1 Retention time difference =1.32 min 1.32
pH Gradient delay = 2.4 min
] 0.67
mOL_JJ\/L Mj 2
ol N e
PW[HH] PW[HH] PW[HH] Resolution Elution pH Elution Elution
Peak 1 Peak 2 Peak 3 Peak 2to 3 Peak 1 pH Peak 2 pH Peak 3
50mm column 0.06 0.06 0.06 3.63 6.61 6.68 6.81
250mm column  0.06 0.06 0.06 3.73 6.81 6.9 7.04
ThermoFisher

19



Equilibration times on a 150mM long MAbPac SCX column

Tooc: 0.0 96

] Programmed Gradient ~  --------- 1009
70.0— Conductivity
] Monitored pH —

60.0—

50.0
40.0—

30.0—

20.0—

10.0—

7 O/OBZ 0.0 2o :0.0
T Flow: 1000 rI/min

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 22.0

20 SCITENTIETE



ProPac WCX-10vs MAbPac SCX-10

250 10.50
] | T
- (=l
100 — ~8.00
< A o L
- — |
© -50 r v r v T v T T T T T T v T T T T T T T T v T T T T T T T T T T T T T 5.00
Q 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
< 350 10.50
8 L
5 ] MADbPac SCX-10,4 x 250 mm
O 250
o) - L
< ] L L
] —8.00
125 - I
-50 ] T v T T T T T T T T T v T T T T T T T T T T T T T T T T T T T T T T 5.00
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
Retention Time (min)
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1st dimension: IEX pH gradient + fraction collection
Thermo Scientific™ " N

UltiMate™ 3000

BioRS

In-depth Charge Variant Characterization using CEX fraction collection and LC-MS

2" dimension: Polymer RP-LC/MS

Thermo Scientific™ Q
Exactive™ BioPharma

_—

—

Ll
:
8

2

it

Ve
CX-1 pH Gradient Buffers "%
MAbPac SCX

Peak1 | Y

Lys
~ — - — >l': ..‘! :
Peak 2 - §né
= K |
Peak3 i Y I‘ Lys
T ‘
Peak4 - Kﬁé il B
e
Peak5 - f( |
Thermo Scientific™ BioPharma Finder™ Software
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Minimized Carryover using Polymeric MAbPac RP

&00 Column: MAbPac RP, 4 um
o Format: 3 x50 mm
1: mAb injection (peak area = 37.97) Mobile phase A H,O/TFA(99.9: 0.1 viv)
500 - Mobile phase B: MeCN/H,O/TFA (90:99:0.1
viviv)
Gradient:
] Time (min) %A %B

400 0.0 100 0
- 1.0 100 0
3 11.0 0 100
£ 300 12.0 0 100
E_;" 14.0 100 0
c 15.0 0 100
Ezm -
S Temperature: gooC
E Flow rate: 0.5 mL/min

100 - Inj. vnlt_:me: 5L

Detection: UV (280 nm)
Carryover <0.62% || 2: blank (Peak area = 0.233) Sample: MADB (5 mg/mL)
0
L | I L L L L B L L L L L B L L B B B B B B |
o0 13 25 38 50 63 75 88 100 113 125 138 150
Retention Time (min)
23 ThermoFisher
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Full Scan MS Spectra from Q Exactive

Peak 1 1 2002 83 2060 BT

314078

Peak2 =
5%
Bag
2
24
: g
1o _: 285180 P
Pea k 3 £ —; 74840 2066.08 w2117
o0 1 720 |osa 050416 s 12 205603 ?2;0 \ 208051
. X . - V' koszoo
@ IIII"-. / 16.29 \ lllll.ll 2041 54 315536
o de70se | 78317 081744 - — peas.ot \ 208034 e 11724 muzfﬁﬂ.ﬁ?
u.z?m T T T ﬁ?fd T T T iﬂ]:[l T T T b%d T T T m T T T bﬁd T T T émj T T T iﬂj T T T é1u]! T T T ﬁ‘lfd T T T hﬁ
miz
ThermoFisher
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Deconvolved Spectra

R HL: 4 31E8

- Peak 1

iy é [ I EP S
MREEsE
140070500 T4BIIGE0E 148434 703

- N PN JaN

--rrrrreeere T T T T T T T T T T T T T e e T T e T T T T T T T T T T T T e T T e T T T T T T e T T e T T T T T T T T T T T T T T T T T T T T
147850 147500 147560 142000 148050 148100 148150 450 20 148300 148350 148400 45D N 148550 148600
miz

Ralatve Intamsity

148120650 NL: 101EZ

1 Peak 2

m_
] I EIE; 145283 250

147080.250
20 K T EED 4B402.250

Ralative Intensity
2

L S B T I Iy I e I L I 0 I S U I L e I L B LI B 0 0 I L S U (I S iy L I I W L I I L e I
147500 147850 147500 4755 14500 143050 143100 14615 145200 45250 148300 14535 145400 148450 145500 145500 145500
miz

40248 541 NL: 1 BeEE

1 Peak 3 -

14341244

=R

1 KK

Ralative Intensity

U|||||||| LU L L B L AL LIS I O L L L L I P L L O L L N | L I I L L LS L T L L L L L L L L L L L I L I LB L L |

T T
147800 14750 147500 THA] 145000 148050 12100 145150 145200 143250 148500 148350 148400 14450 148500 1485 146600 143050
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Optimized Conditions

1 NISTmAB 50ug
%1 MAbPac SCX-10, 4x250mm 5
1501 Flow TmL/min

1404  30-80% B in 30min

ol R 8 @

: G ‘ ¥

o 1207 ? 'Y - e o
X ] W é
@”OE -

] National Institute of b6
— 90 ] Standards and Technology

U.S. Department of Commerce

Absorbance
N
(@]

4/ & 30 1

20 1
10 ] 8 9 12 13 14 15 |16 17 18 19 20
__.,Jk

-1
00 20 40 60 80 100 120 140 16.0 180 20.0 220 240 260 28.0 30.0 320 340 360 38.0 40.0min inbrt

Nati | Institute for Bioprocessin

- ThermoFisher



Reproducibility NIST mAb

170

160] ol Peak# | 1 [ 2 | 3 | 4 | 5 1 6 ] 7 | 8 | 0
I NISTmAB 50ug Min. RT
14.17 1466 15.16 1558 16.06 17.06 17.44 18.22 18.87

140 MADbPac SCX-10, 4x250mm
i1 Flow ImL/min
1201 ['\:'n""i’lf]']RT 1423 1478 1528 15.60 16.08 17.08 17.47 1825 18.90

30-80% B in 30min
/[A\r;/i(rf]RT 14.21 14.71 15.23 1559 16.07 17.08 17.45 18.24 18.88

019 025 022 005 005 004 0.06 0.0/ 0.06
% % % % % % % % %

100

o~ @
o O

N
(@)

Injection # 1
Injection # 2

Absorbance [mAU] @ 280
N
(@]

Y
o

(@)
~

Injection # 3
Injection # 4

Injection # 5

U

Vi s
h Injection # 7
y—

IN
o

—
-80 ] J
-100] o

] \ Injection # 10

-

Injection # 8
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Cetuximab Commercial Drug Product

| Peaks | 1| 2] 3 ] 4| 5 ] 6 | 7| 8] o] 10]

1450 1475 1564 1694 1833 19.89 2042 2172 2348 24.89 . :
S TRSD Carboxypeptidase B (CPB) digest
% 044 013 005 008 008 007 028 008 019 0.05
4
1 'ih.i‘
6 6
6
o
0
N
® 5 "
= 3
E s|| -
g / N
4 KK
: AT
5 4 10
< Cetuximab Y
N=6
Cetuximab after CPB 3
_liregtment =\
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32A_-A
2 4 6 8 10 12 14 16 18 20 22 24 34m|n
ThermoFisher
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Biosimilar Candidate

[ Peak# | 1 | 2 | 3 | 4 | 5 | 6 [ 7 [ 8 | 9 | 10 N
1538 1618 16.65 17.51 1819 1997 2191 2294 2452 2517
RT RSD i I
o 010 065 008 013 004 003 001 020 011  0.04 Carboxypeptidase B (CPB) digest
4
24.12:
22.50 6 ﬁr
21.25 %
20.00
0 18.75
17.50
— 16.25
< 15.00
E 1375
o 12.50
8 11.25 5
O 10.00
0
5 f \
' 10 |
g 6.25 4 8 9
5.00 3 KK
375 1 Biosimilar candidate 10
2.50 1 N=6
1.25 . .. .
om ?:lggr?llorfcon?do’re after I
Y2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 reamen L
e A DG
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34min
\ N e for Bop .
29 ThermoFisher
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Drug Product vs. Biosimilar Candidate

N

38.0 7 6
36.0
34.0 ] 6

32.01
30.0 1
28.0 7
26.0 1

24.0 1 ﬁ
22.01
20.0 7

18.0 1]
16.0 1

14.0 7

12.07

Absorbance [mAU] @ 280

10.0 7

8.0 1
6.0 1]

401 Cetuximab commercial drug product > 4
1
2.0

001 Cetuximab biosimilar candidate 12

-2.0

417,

2 4 6 8 1o 12 14 16 18 20 22 24 26 28 30 32  34min P> nibl't
Q\ ’

National Institute for Bioprocessin
Research and Training

30 ThermoFisher
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Compare Expression Systems

Potential causes : . Drug Product
Chinese Hamster Ovary Human Embryonic Kidney (NSO Cell line)

Stable

Transfection

Culture Duration

DNA construct

Purification

Viability at
harvest

Viable Cell count
at harvest

Culture Volume

Transient

8 days

Human

Purified from culture media into
neutralized Acetic Acid

~93%

(Mean) 6.9x10° cells/mL

50 mL

Transient

6 Days

Human

Purified from culture media into
neutralized Acetic Acid

~70%

(Mean) 8.3x10° cells/mL

50 mL

N/D

Chimeric mouse/human

Diafiltrated into formulation
buffer prior to purification

N/D

N/D

10,000-12,000 L

31
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Different Charge Variants

MabPac SCX-10, 2.1 x 250 RS, 5um
CX—] pH Gradient Buffers

- 100% B in 17min
Flow 0.32 mL/min

l

——__ Cetuximab Drug Product

-
80

70
60 L .
| M CHO biosimilar candidate
40
30
20
10 o HEK biosimilar candidate
ﬁl\ T T—T T y — T y — T

O r—T—v—T<r—TT L e B e e L o e S e e e B e e L B e e e e e e e e LI B s e e e e e B e e e R —

0 1 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 min
<n|brt

- ThermoFisher

Absorbance [mAU] @ 280




Preparative Chromatography

Thermo Scientific™ Accucore™ 150 Amide HILIC, 2.1 x 150 2 6 MM

M 5 e Vv e Vv
Cetuximab 50ug ‘=1 50mM Ammonium Formate, pH 4.4 / MeCN . :-" o[*8esu o) ofesn
§ MabPac SCX-]O, 2.1x250 RS, 5|Jm % 80 — 60% B in 40min o.om ¢lom s om
'S Flow: 1 mL/min Fraction 1 L W
g CX-1 pH Gradient Buffers 2 §
E 20 - 80% B in 50min
o Flow 0.32 mL/min —
2 PNGase F .
IS
§ ________________ Fraction 3
S S AT A A 40 42 44 min Q
” 3
Sialic Acid ﬁ Fraction 4 N
30
a-Galactose 9 o
=
E Fraction 5 1 \ A
q.) v v v
20 % »éo-- »éon- Zéo.-
Q “
@ Fraction 6 .
o] °
D e omm L ]
) : W
. .
1 2 3 4 5 6 7 8
Charge Variants 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 b t
33 ThermoFisher
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Conclusions: Charge Variant Analysis

Charge variant analysis can be achieved with salt
or pH gradient elution

New column chemistries are available that can
provide increased speed and resolution

pH gradient elution can provide several advantages
including; Global applicability, Increased speed, fast
method development, High loading capacity, less
columndependence, Easy method transfer

Collection of variant peaks can be easily desalted
on-line for further analysis by MS

Protein expression in different cell lines resulted in
altered charge variants

Charge variants peak collection and individual N-
glycan analysis can identify sialylation patterns.

34
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