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Workflows to Simplify Biopharmaceutical Analysis

* Thermo Fisher Scientific provides innovative solutions

* Solutions that consist of innovative products

* Such as our biopharmaceutical protein characterisation workflows
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5 Fundamental Workflows
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Protein and MAb Separation by LC

» Protein properties:
+ Size
+ Charge
+ Hydrophobicity

+ Affinity or
Recognition
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Protein and MAb Separation by LC

* Protein properties:
* Size
* Charge
» Hydrophobicity
« Affinity or
Recognition

YES
Size difference? ——>

Size Exclusion

Thermo Scientific™ MAbPac™ SEC-1
Chromatography (SEC)

NO | | NO
YES o] [l Thermo Scientific™ MAbPac™ SCX-10
: ° )
Charge difference? ———> Sl el ey A=) Thermo Scientific™ ProPac™ WCX-10
A pH-Gradient
NO | | NO
YES Reverse Phase Thermo Scientific™ MAbPac™ RP
\ SRl AGEO . Thermo Scientific™ ProSwift™ RP-4H
Hydrophobicity T ™
difference? YES Hydrophobic Interaction Thermo Scientific™ MAbPac™ HIC-10

h Thermo Scientific™ MAbPac™ HIC-20
Chromatography (HIC) Thermo Scientific™ MAbPac™ HIC-Butyl
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LC Systems for Bio-Therapeutic Protein Analysis

Thermo Scientific™ Vanquish™ UHPLC & Thermo Scientific™ UltiMate™ 3000 BioRS system
Thermo Scientific™ Vanquish™ Flex UHPLC systems
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LC Systems for Bio-Therapeutic Protein Analysis

Thermo Scientific™ Vanquish™ UHPLC & Thermo Scientific™ UltiMate™ 3000 BioRS system
Thermo Scientific™ Vanquish™ Flex UHPLC systems

f\ J

High Resolution,
Cooled Fractionation

{

Highly specific
Work flows

m Standard
(biopharma)
applications

pH and Conductivity

Distribution of applications
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Charged Variant Analysis Workflow

G%:+, )gggév
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Protein Variants pH gradient ion exchange UHPLC
Buffers
Thermo Scientific™ CX-1 pH Gradient buffers, 10X concentrated
Chemistries

MAbPac SCX-10 columns
Separations & Detection

Vanquish Flex UHPLC or UltiMate 3000 BioRS UHPLC system

Automated desalting on polymeric Thermo Scientific™ MSPac™ DS-10 de-salter cartridge
Characterization

Thermo Scientific™ Exactive™ Plus or Thermo Scientific™ Q Exactive™ Plus Mass Spectrometer

Thermo Scientific™ BioPharma Finder™ Software

Full scan method, intact mass deconvolution
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Next-generation CEX Column — MAbPac SCX-10

Y Lysine Variants

Acidic
Variants
Basic Variants
A

N

ProPac WCX-10 column, 4 X 250 mm
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Next-generation CEX Column — MAbPac SCX-10

Y Lysine Variants

Y Acidic
K _ Variants
Lysine

Variants

Y Y A
fK ProPac WCX-10 column, 4 X 250 mm

Basic Variants
A

N

Acidic
Variants

A
- N

L\] M Basic Variants

.

MAbPac SCX-10 column, 4 X250 mm

60 min. total analysis time

ThermoFisher
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Next-generation CEX Column — MAbPac SCX-10

Y Lysine Variants

Y Acidic
K Variants

Lysine Basic Variants

Variants A N
‘ y —
ProPac WCX-10 column, 4 X 250 mm

227

MAbPac SCX-10 column,
# 4 X150 mm

15 min. total analysis time

Acidic
Variants

mAU

A
- N

L\] M Basic Variants

.

MAbPac SCX-10 column, 4 X250 mm

60 min. total analysis time

Minutes
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Next-generation CEX Column — MAbPac SCX-10

Y Lysine Variants

Y Acidic K
K _ Variants
Lysine Basic Variants
Variants A
N
Y ¥ A
KK
ProPac WCX-10 column, 4 X 250 mm

227

MAbPac SCX-10 column,

Acidic
S 4 X150 mm

Variants

15 min. total analysis time

mAU

A
- N

L\] M Basic Variants

.

MAbPac SCX-10 column, 4 X250 mm

60 min. total analysis time

Minutes

Improve resolution or sample throughput through column chemistry

ThermoFisher
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Charge Variant Analysis by CEX

Saltgradient elution

« Based on ionic strengtf

« Competition / displacen
for interaction with func
groups of IEX matrix

+ Multiple interactions wit

IEX matrix
Iso.- Na*

=
303 D

El.
]s0, Na+ Nab Na*
}80,; — Na*
.

- .
| SO5- Na* Na® -

Net Q
}s0; Na Na* "

lon ExchangeElution - Cation Chromatography

Salt Gradient

lon Exchange Charge

pH Gradient

lon Exchange Charge

pH gradient elution

« Based on pl of protein

+ Loss of retention with progressi

pH gradient, depending on pl

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

lso., OH-
-,

_—303'

. OH-

50 OH-

-S05 - .

- Na* ‘\“ OH-

1-s0,- Na* - 0 OH-
B 8
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Comparison of pH gradient buffer systems

In house buffer system 1

10.50

10.00

9.00

7.00

6.00

pH

Thermo Scientific CX-1
pH 5.6 and 10.2

880
850

" In house buffer system 2

0o 50 100 15.0 200 250 300 350 40.0
mALl
600
Phosphate based
40.0
300
200 —
P
1004 "
A N
I A
R P Y 4
-10.0 T T T
oo 50 100 150 20.0
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Thermo Scientific CX-1 pH Gradient Buffers

Buffer A Buffer B
P pH 5.6 10.2
- - Form Liquid Liquid
,,_T;,.w - “‘:';,“2 =" Concentrate 10X 10X
_ _ Shipping Room Room
* Dilute buffers 10-fold with DI water condition Temp Temp
A linear pH gradient (pH 5.6 - 10.2)
IS generated by running a linear
pump gradient from 100% Buffer A Storage ) )
to 100% Buffer B condition 4-8°C 4=8°C
* Generic, fast & high-resolution!
ThermoFisher
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Thermo Scientific CX-1 pH Gradient Buffers

Buffer A Buffer B

- pH 5.6 10.2
é‘ggf‘ Eve g £
. o =
. =22 Form Liquid Liquid
P Concentrate 10X 10X
_ _ Shipping Room Room

* A linear pH gradient (pH 5.6 - 10.2)
IS generated by running a linear
pump gradient from 100% Buffer A Storage
to 100% Buffer B condition

* Generic, fast & high-resolution!

4~8°C 4~8°C

pH gradient platform method for charge variant analysis
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MADb Standards Using Linear pH Gradient

200 T 10.50
1 MAbPac SCX 4 x 250mm
180 1 - 10.00
] pH trace
160 1 \ - 9.50
140 1 - 9.00
120 A - 8.50
2 I
£100 7 [ 8.00 _
g I =
S 80 - - 7.50
0 4
s -
8 60 7 - 7.00
< .
40 1 // - 6.50
20 1T 7 \ - 6.00
0 1 - 5.50
-20 I e e e L S e B e e L e B e e T L e e e e e 5.00
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
Retention Time (min)
ThermoFisher
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Fast, Generic and Linear pH Gradient — Vanquish UHPLC

7 5 - testKen_MAb #2 Bevgrad_10_0-100_450muLmin 02A0961F-10CB42TF-8378-63E5214DAMT
2,500 00
MAU ]
20004l A
wdl T MAB 1
B 0,0 T
o RIAR LR
] i LIz min
500l - ~
g5 1 4 -testken_MAD #3 Cetugrad_10_0-100_450muLmn 01BF99F3-52BF-4FC4-ABAS-FEABD35ACADI
dmar ]
2040 T
wd T
04
1 min
50— — — TR T
- 4 3 -test-ien_MAD #4 nfibdgrad_10_0-100_450muLmin 4998728A-1BA9-406B-02BE-CBACHC211EX
o i
v ]
of T
| o L = e
%800 MAB 3
24|Fiow-Mominal: ¢.45¢ mlimin - —
-100
55:ﬂ 1 2 -tesi-Kan_MAb #5 CCATE138-1D1B-4F37-9413-C366A4229600
a0 000
4004
200]
1|%B
IFlokMNominal: 0.450 mi/min
50
]| mau
%8 0.0% N\
:Flow.NomlnaI: 0.450 ml/min -~ — MAB 5 i
“"'rrr—r—v+7Tm7 77—+ v 717 °*TT*—TF+ V17T T*—TTTT*TT"TT T T"TT"TTT"TT"TTT T T"TTT"TTT"TT"T— T T T"TTT"TT"T"TT"TT"—T"TTT"T T TTT"— T T TT+ T T T T T T T T T T T—TT T T T T T [ T T T T [ T T T T T T T T T
0.0 05 10 2 3 3 40 45 50 6.0 6 5 8.0 5 8.0 95 100 105 1.0

pH 5.6 to 10.2 in 10 minutes, MAbPac SCX-10, 2 x 50 mm
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Infliximab — Vanquish System Ultra-fast Gradients

5 min gradient

10 min gradient

[ e 2202 mimen

, 3 steps method development

1. 10 minutes 0-100% B in 10
minutes

2. 20->40% B in 5 minutes
3. 18227% B in 0.8 minutes

Resolution and number of charge variants maintained
in sub-minute gradients
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Intact & Native Protein Workflow

Protein or reduced protein

Preparation
Protein A, Enzymatic reduction, IEC pH-gradient, HIC, SEC,
Chemistries
Multi-dimension analysis
IEC pH-gradient, HIC, SEC
Separations & Detection
Vanquish Flex UHPLC or UltiMate 3000 BioRS UHPLC system
Automated desalting on MSPac DS-10 de-salter cartridge
Characterization
Exactive Plus or Q Exactive Plus Mass Spectrometer
BioPharma Finder Software
Full scan method, intact mass deconvolution

Protein A, IEC pH-gradient, HIC, SEC

faaal

uv

Nk

8
Lz

0

UHPLC Orbitrap MS
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In-depth HRAM Charge Variant Characterization

1st dimension: IEX pH gradient + 2"d dimension: Polymer RP-LC/MS
fraction collection

Peak5 - l

ThermoFisher
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Carryover : Polymeric MAbPac RP

600 T

1: mAb injection (peak area = 37.97)

500 T

Column:
Format:

Mobile phase A:
Mobile phase B:

MAbPac RP, 4 um

3 x50 mm

H,O/TFA (99.9 : 0.1 v/v)
MeCN/ H,O/TFA (90: 9.9 :0.1

VIVIV)

Gradient:
i Time (min) %A %B
400 0.0 100 0
. 1.0 100 0
- 11.0 0 100
g 300 12.0 0 100
‘5’ 14.0 100 0
8 15.0 0 100
200 A
S Temperature: 80 °C
2 Flow rate: 0.5 mL/min
< o - Inj. volume: 5 L
] Detection: UV (280 nm)
2: blank (Peak area = 0.233) Sample: MAD (5 mg/mL)
0
-100 o B e LI B a e w e o e S T T T T
00 13 25 38 50 63 75 88 100 113 125 138 150
Retention Time (min)
o ThermoFisher
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Carryover : Polymeric MAbPac RP

600 T

1: mAb injection (peak area = 37.97)

500 T

Column:
Format:

Mobile phase A:
Mobile phase B:

MAbPac RP, 4 um

3 x50 mm

H,O/TFA (99.9 : 0.1 v/v)
MeCN/ H,O/TFA (90: 9.9 :0.1

VIVIV)

Gradient:
i Time (min) %A %B
400 0.0 100 0
. 1.0 100 0
- 11.0 0 100
<EE 300 12.0 0 100
“‘EJ’ 14.0 100 0
8 15.0 0 100
200 A
S Temperature: 80 °C
2 Flow rate: 0.5 mL/min
< o - Inj. volume: 5 pL
] Detection: UV (280 nm)
Carryover <0.62% || 2: blank (Peak area = 0.233) Sample: mAD (5 mg/mL)
0
-100 o B e LI B a e w e o e S T T T T
00 13 25 38 50 63 75 88 100 113 125 138 150
Retention Time (min)
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Hydrophobic Interaction Chromatography

45

ﬂ Column: MAbPac HIC-10, 4.6 X100 mm
Competitor A (Ether), 7.5 X 75 mm
Competitor B (Butyl), 4.6 X100 mm
Mobile phase A: 2.0 M ammonium sulfate, 100 mM
sodium phosphate, pH 7.0
Mobile phase B: 100 mM sodium phosphate, pH 7.0
Gradient:
Time (min) %A %B
=) -5.0 60 40
< 0.0 60 40
E 1.0 60 40
]
3] ; 15.0 0 100
§ Competitor A (Ether) 0.0 0 100
o} S T—
3 Temperature: 30 °C
< Flow rate: 1.0 mL/min
J\ . Inj. volume: 2 uL (4 mg/mL)
—__Competitor B (Butyl) Competitor A (Ether): 4 L
' B Detection: UV (280 nm)
Sample: mAb
| bLMAbPac HIC-10 Column
0
I I I I |
0 4 8 12 16 20
Retention Time (min)
06 ThermoFisher
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Global Analysis of Native mAbs

60

Column: MAbPac HIC-10, 5 um
Format: 4.6 X100 mm
Mobile phase A: 2.0 M ammonium sulfate, 100
50~ mM sodium phosphate, pH 7.0
Mobile phase B: 100 mM sodium phosphate, pH
7.0
Gradient:

40 Time (min) %A %B
=) -5.0 60 40
< 0.0 60 40
E 1.0 60 40
L 30 15.0 0 100
G 20.0 0 100
2
_‘2 j Temperature: 30 °C
<50 \__ Flow rate: 1.0 mL/min

Inj. volume: 2 pL (4 mg/mL)

l\\ Detection: UV (280 nm)
Sample: mAb1l
mAb2
10 N mAb3
' mAb4
j L mAb5
0 Jr
l \ \ l l
0 4 8 12 16 20
Retention Time (min)
ThermoFisher
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Separation of Oxidized mAb on MAbPac HIC-20

60 -
Native mAb
/ Column: MAbPac HIC-20, 5 um
Format: 4.6 X250 mm
50 | Mobile phase A: 2 M ammonium sulfate, 100 mM
sodium phosphate, pH 7.0
Mobile phase B: 100 mM sodium phosphate, pH 7.0
Gradient:
40 - Time (min) %A %B
=) -6.0 50 50
E 0.0 50 50
> o 2.0 50 50
830 Oxidized 30.0 0 100
3 variants 35.0 0 100
(@)
g:; — Temperature: 30°C
20 1 Flow rate: 0.5 mL/min
Inj. volume: Untreated mAb: 20 pL (1.25 mg/mL)
Oxidized mAb: 20 pL (1.25 mg/mL)
Detection: UV (280 nm)
10 Sample: Untreated mADb
0-
\ \ T \ 1
10 14 18 22 26 30
Retention Time (min)
08 ThermoFisher
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Separation of Oxidized mAb on MAbPac HIC-20

60 - )
Native mAb
/ Column: MAbPac HIC-20, 5 um
Format: 4.6 X250 mm
50 | Mobile phase A: 2 M ammonium sulfate, 100 mM
sodium phosphate, pH 7.0
Mobile phase B: 100 mM sodium phosphate, pH 7.0
Gradient:
40 - Time (min) %A %B
=) -6.0 50 50
E 0.0 50 50
= o 2.0 50 50
8 30 Oxidized 30.0 0 100
3 variants 35.0 0 100
(@)
.j-: f ! Temperature: 30°C
20 1 Flow rate: 0.5 mL/min
. Inj. volume: Untreated mAb: 20 pL (1.25 mg/mL)
H,0, oxidized mAb — Oxidized mAb: 20 pL (1.25 mg/mL)
Detection: UV (280 nm)
| Sample: Untreated mADb
10 H,O, oxidized mAb
0
\ \ T \ 1
10 14 18 22 26 30
Retention Time (min)
00 ThermoFisher
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Separation of Cys-linked ADC

407
DAR 4 Column: MAbPac HIC-Butyl, 5 um
Format: 4.6 X100 mm
Mobile phase A: 1.5 M ammonium sulfate, 50
mM sodium phosphate, pH 7.0/
301 isopropanol (95:5 v/v)
Mobile phase B: 50 mM sodium phosphate, pH
7.0 / isopropanol (80:20 v/v)
=) Gradient:
< Time (min) %A %B
b -5.0 100 0
[}
2 20 DAR 2 0.0 100 0
3 1.0 100 0
2 15.0 0 100
2 20.0 0 100
Temperature: 25°C
101 Flow rate: 1.0 mL/min
DAR 6 Inj. volume: 5 pL (5 mg/mL)
] Detection: UV (280 nm)
DAR 0 DAR 8 Sample: Cys-conjugated ADC mimic
(00 o | v
[ I [ I |
0 4 8 12 16 20
Retention Time (min)
20 ThermoFisher
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mADb and mAb Fragments Analysis — Reversed Phase

] mADb
140 (a)
1 Column: MAbPac RP, 4 um
Format: 3 x50 mm
Mobile phase A:  H,O/FA/TFA (99.88 : 0.1:0.02 v/v/v)
Mobile phase B: MeCN/ H,O/FA/TFA (90: 9.88
20 - :0.1:0.02 viviviv)
go.0 t HC Gradient:
(b)) &\ 2~ Time (min) %A %B
50.0 T )l:f o \. '\?;;a‘ LC 0.0 80 20
. ) | - 1.0 80 20
) 11.0 55 45
< 12.0 55 45
o 00t 14.0 80 20
8w Fab 15.0 80 20
8
S Temperature: 80 °C
2 1 Flow rate: 0.5 mL/min
< Inj. volume: 5 uL
Detection: UV (280 nm)
10 F Sample: (a) trastuzumab (5 mg/mL)
100 (b) trastuzumab + DTT (4 mg/mL)
. (c) trastuzumab + Papain (2 mg/mL)
. (d) trastuzumab + IdeS (2 mg/mL)
50 1
-10 1 T T T
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0
Retention Time (min)
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LC/MS Analysis of Reduced mADb

Relative Abundance

600000
550000
500000
450000
400000
350000
399000
250000
200000
150000
100000
50000

- Relative Abundance
s o0 @ N @ © 9 [ I * I T
8§ 8 83 3 8 8 30 5 8 8 &8 & 8

w
8

323

TIC

363 394 434

479

520 550 595

LC HC

610 6o cos

828

1037

o1 976 1002

NL
2.54E8
TIc Ms
Herceptin_
HC+LC_tul

1077

Uv

L
6.06E5

Herceptin_
HC+LC_1ul

a0
L C 1803.88 195416
213163
167514
1563.47 230474
1465.80
1379.68 1762.96
| 2146.62
1303.03 1302.86 1687.01 | 1%9/‘28 L6787 v 236104
sl A 2% et 57562 f L 200500 f;© 223310 o
153903 103629
169283
1493.85
175118
144647
181369
141090
188081
1953.11
136836
2031.28
133667 211581
118058 220069
1269.96 230814 241802
1238.96 2158.66
) W] O ‘ | ‘ | | I | | LM22s337 H.IA2358-1° |.2472'?7
. A e
1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400
miz

NL: 2.52E7

Herceptin_HC+
LC_1ul#152 RT:7.42
AV:1T:FTMS +p ESI
sid=40.00 Full ms
[1000.00-4000.00]

NL: 6.19E6
Herceptin_HC+
LC_1ul#178 RT: 8.28
AVI1T:FTMS + p ESI
sid=40.00 Full ms

[1000.00-4000.00]

Column:
Format:

Mobile phase A:

Mobile phase B:

Gradient:

Temperature:
Flow rate:

Inj. volume:
UV Detection:
MS Detection:
Mass Spec:
Sample:

MAbPac RP, 4 um

3 X 50 mm

H,O/FA/TFA (99.88 : 0.1:0.02
VIVIV)

MeCN/ H,O/FA/TFA (90: 9.88
:0.1:0.02 viviviv)

%A
80

%B
20

Time (min)
0.0

1.0
11.0

80
55

20
45

12.0
14.0
15.0

55
80
80

45
20
20

80°C

0.5 mL/min

1puL

280 nm

positive-ion mode

Q Exactive Plus

reduced trastuzumab (4 mg/mL)
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Heterogeneity of SiteClick™ N-glycan Labeling of Antibody

R *::;W/F':* t;WFC

DAR 3

N\
*ro
DAR 4 par
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RP Separation of Unmodified mAbs and ADCs

12.0
1@
Column: MAbPac RP, 4 um
Format: 2.1 x50 mm
Mobile phase A:  H,O/TFA (99.9 : 0.1 v/v)
Mobile phase B: MeCN/ H,O/TFA (90: 9.9 :0.1 v/v/v)
5.0
. MS raw data
2
= - +50
= 317200 3242 41
o < 1 . 2977.8 3104 .48
o - - 3107 .78
% 2.0 E(: DAR 0 ?3033 mﬁ 3043 27 o 3093.20Jl - arar 27 31435.45!l 175,56 a0 6o 323589
0 25.0 D 312768 * 19417 "
"o' | (b) - 2 3002.6 311875 | 316208
w (o] " 310502 | 3173108 S170 88 T 4238.77
2 . DAR1 3 anll e MG 225299 i,
2 3 30432;350 3180.66 3237.45
< .' 3221.20
N D DAR 2 s ol sasmcns so LS AT . emnocel) _'” '
100 - E(: ) 4 3043.2, =
.0 045.60 2100.44 3163.88 (217329  aas2s2 [3240.81
T 2 DAR 2 = [ " oeraa 205" e e} W e
D <t 5 J23.28 208376 30838 a212.12
C\f (ap] 026.44 3087 05 a150.02 [p215.53
DAR 3 J{i  3p4zz2 306862 |17 34573 313:\0' Aﬁa L3166.15 :”9?"“ Allg ,\3224313248-“3
] 31 A 95
6 3063.00 31243*
DAR 4 77 i . 306821 ) ﬂ i ) 1533 3238 48
5.0 ‘ ‘ ‘ ‘ et s vt wi‘?;. %T,,.-;;;:;;;:r.i‘f,ﬁiim T e i iy
050  1.00 2.00 3.00 4.00 o
Retention Time (min)
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