ZM1024

Zenix-300 (3 um, 300 A)
for mAb,ADC fragments separation
with direct mass spec detection
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MADb Fragments
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Reduced MADb
Heavy and light chain
Low pH, organic mobile phase
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Heavy and light chain of Mab321 on Zenix-300

1. Peak 1 and Peak 2 were collected and dried with speed vac. kD

. . 260
2. Re-dissolve in SDS-PAGE gel sample buffer and run gel. 160
110 w
mAU Zenix-300 7830 © 80
70 0.5mL/min % 60
uVv280nm Q 5 - ...
60 0.1%TFA, 0.1% formic acid, 20% CAN
30 ug reduced Mab321 40
(@]
> & 30 - .
40 Peakl Peak2 0 20
‘ n 15
@
30 (oo}
5 3 10
(@)]
20 ol | 2
3 § 3.5
10 © )
— N
N 1 2 3 4
0 - J\'._r,_J \\ :
————————— ] 1. Protein marker
10 12.5 15 17.5 20 22.5 25 275 minl 5 Reduced Mab321

3. Peak 1 heavy chain
4. Peak 2 light chain
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Heavy chain 50 kD, light chain 25 kD




Reduced MAb on Zenix-300 4630

Column: Zenix-300, 4630, Mobile phase: 0.1% TFA, 0.1% formic acid, 20% ACN
Flow rate: 0.2 mL/min, injection: 5 ug intact MAb 321, 20 ug reduced MAb 321 (65°C
incubation with 20 mM DTT for 15 minutes)

mAU
160 ] ”

1407 ”
MADb 321

Buffer peaks

1207
Intact MAb 321

1007

80 1

60 1 Reduced MAb 321

40

20 1 DTT blank

7.5 10 12.5 15 17.5 20 22.5 25

min
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Different TFA concentration effect on reduced MADb
separation on Zenix-300 4630

Column: Zenix-300, 4630, mobile phase: as indicated
Flow rate: 0.2 mL/min, injection: 20 ug reduced MAb 321

mAUL  Mobile phases: |
1 A.0.02% TFA, 0.1% formic acid, 20% ACN ﬂ

1601 B.0.05% TFA, 0.1% formic acid, 20% ACN

1401 C.0.1% TFA, 0.1% formic acid, 20% ACN

1207 Heavy

1001 ¢ ) W

80 7

601 g / \
40 7

201 a Heavy + light— L

0

8 10 12 14 16 18 20 22 24 26 min

At 0.05% TFA concentration, heavy and light chains can be separated on Zenix-300 4.6 x 300 mm.
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Reduced MAb-mobile phases

Column: Zenix-300, 4630, mobile phase: as indicated
Flow rate: 0.2 mL/min, injection: 20 ug reduced MAb 321

mAU. A. 0.02% TFA, 1% formic acid,
20% ACN
] B. 1% formic acid, 20% ACN Heavy .
120 C. 0.1% TFA, 0.1% formic Light
acid, 20% ACN
1001 _C _ -
80
601 B
40 7
20 7 A
8 10 12 14 16 18 min
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SEC-MS (heavy light chains), TIC

Waters Q-Tof Ultima. The scan range is from 350 to 3000 m/z. The instrument settings are:
source temperature = 80°C, desolvation temperature = 150°C, capillary voltage = 4.44 kV

HEAVYLIGHT MAB TOF MS ES+
100~ 12.63 TIC
] 4.94e3

%_

1056 11.51

T T Time
6.00 8.00 10.00 12.00 14.00 16.00

Column: Zenix-300, 4630, mobile phase: 0.02% TFA, 1% formic acid and 20% ACN
Flow rate: 0.2 mL/min, injection: 10 ug reduced MAb 321
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Heavy Chain

HEAVY_MAB 373 (12.626)

50598
100+ 12661369 100
] 1266, | 1407
| 1266, 14891947
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Light Chain

LIGHT_MAB 451 (15.266)

1954 23442
100 100
] 16731804 1955 ]
1675. 2132
1564
] 1564. 2132 ]
% 1466 2345 %
] 1466
| 429 1466
* 2355 * 23462
0 MWWMMMWWMMMMMMMMWZ O T T T T MAasS
500 1000 1500 2000 20000 30000 40000
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Fab and Fc-papain digested MADb
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Fab and Fc separation on Zenix-300 7.8 x 300 mm
Papain digestion: 2mM EDTA, 5mM cysteine, 0.1 M Tris-HCI, MAb: papain=100:1, 37 °C for 3 hours.

mAU
Column: Zenix-300, 7830 " ©
70 1 Mobile phase: 0.1% TFA, 0.1% formic 2
acid, 20% ACN -~
60 1 Flow rate: 0.5 mL/min
UV 280 nm
50 1 Sample: Papain digested Mab, 20 ug
40 5
30 l
20
M N~ O
10 sg || ]| 25¢8
. a.g ./ \; Ald@- ':: = o
0 I"'I"'I"I"T'I"'I"'I"'I"'I"'I"
6 8 10 12 14 16 18 20 22 24 min
H Time Area Height Width Area%
1 Intact Mab 11.6 7.6 3.3E-1 0.3818 0.277
2 Fab+Fc 12.3 14.4 5.7E-1 0.4218 0.522
3 Fc 13.764 897.8 38.8 0.3519 32.647
4 Fab 15.076 1769.9 74.8 0.3579 64.357
5 16.413 43.9 1.8 0.3534 1.598
6 17.127 8.2 4.2E-1 0.3232 0.299
7 17.74 8.3 4.1E-1 0.3399 0.300
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1 mM Cysteine and 100:1, 2 hours

mAU
70 1 Column: Zenix-300, 7830 A A
Mobile phase: 0.1% TFA,
60 1 0.1%formic acid, 20% ACN
Flow rate: 0.5mL/min
50 1 Detection: UV 280nm 4
40 | Injection: 20 ug digested 3 12 3
MAb 321
30 -
20 7
10 7
1 2
0
| | | | | I | | | |
11 12 13 14 15 16 17 18 min
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Gel picture of collected fractions from Zenix-300 7830

kD Intact Mab
Fractions were collected 260 /
from the runs in previous ﬁg
slide. a0 — -
Peak 1 and 2 were pooled
from two HPLC runs 60 Fab+Fc

50
separately. — -

40 .b
1. Marker Fa
2. Peak 1 Intact MAb 321 30
3. Peak2 Fab + Fc 5 -
4. Peak 3 Fc 15
5. Peak 4 Fab

10

3.5

1 2 3 4 5
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Fab/Fc separation on Zenix-300 4630

Column: Zenix-300, 4630, Mobile phase: 0.1% TFA, 0.1% formic acid, 20% ACN

Flow rate: 0.2 mL/min, injection: 5 pg intact MAb 321, 5 ug papain digested MAb 321
Papain digestion: 2mM EDTA, 5mM cysteine, 0.1 M Tris-HCI, MAb: papain=100:1, 37 °C
for 3.5 hours.

mAU ]
MADb321
160

- /\
Intact MAb 321
120 "/\f

Fab

Fc 60
100 7
5o Po—

80 40
| Papain digested MAb 321

60
40

20
Papain blank
0 P Fc Fab

5 7.5 10 12.5 15 17.5 20 22.5 min

Fractions of Fc and Fab were collected from a 7.8x 300mm run with 20 ug
digested MAb 321, speed-vac dried and run on 4-12% Bis-tris gel.
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Different TFA concentration effect on Papain digested
MADb (Fab/Fc) separation on Zenix-300 4630

Column: Zenix-300, 4630, mobile phase: as indicated
Flow rate: 0.2 mL/min, injection: 5 ug Papain digestd MAb 321
Papain digestion: 2mM EDTA, 5 mM Cysteine, 100 mM Tris-HCI, pH 7.6, MAb 1mg/mL,
3.5 hours incubation at 37 °C.
mAU

Mobile phases: n
160 1 A.0.02% TFA, 0.1% formic acid, 20% ACN
1 B.0.05% TFA, 0.1% formic acid, 20% ACN
140 1 c.0.1% TFA, 0.1% formic acid, 20% ACN
120 7
Fab
100 7
Fc
80 7
C
60 1
40 B
20 1
A
0
8 10 12 14 16 18 20 22 24 min
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Fab and Fc separation on Zenix-300 4630, with salt and

volatile buffer

Papain digestion: 2mM EDTA, 5 mM Cysteine, 100 mM Tris-HCI, pH 7.6, MAb 1mg/mL, 3.5 hours
incubation at 37 °C
Column: Zenix-300 4.6x300 mm, flow: 0.35 mL/min, injection: 10 uL for A, 5 uL for B

mAU’
Fab Buffer

100" a peak
so 1 A-0.1% TFA, Fc

0.1% formic
60 1 acid, 20% ACN

] Fab”

40 Fe Buffer

B. 150 mM peak
20 1 phosphate buffer,

pH 7.0 j
0 T T T T T T '- T T T T T T T T T T T

4 6 8 10 12 14 min

Conclusion: volatile buffer system separates Fc and Fab
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Fab and Fc separation-TFA/formic acid

Column: Zenix-300, 4630, mobile phase: as indicated
Flow rate: 0.2 mL/min, injection: 5 ug Papain digestd MAb 321

Papain digestion: 2mM EDTA, 5 mM Cysteine, 100 mM Tris-HCI, pH 7.6, MAb 1mg/mL,
3.5 hours incubation at 37 °C.

mAU
1 A. 0.02% TFA, 1% formic acid,
120 20% ACN
B. 1% formic acid, 20% ACN Fab
10071 C. 0.1%TFA, 0.1% formic
acid, 20% ACN
Fc
80 ]
C
60 - L J
40 B -
20 7
A .
O ) T T T T T T T T T T T T T T T T T T T T T T T T T T T T
6 8 10 12 14 16 18 min
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TFA affect in 1% formic acid, 20% acetonitrile-
Fab/Fc separation

mAU
A. 0.02% TFA, 1% formic acid, | Fab
_ 20% ACN
40 1 B. 1% formic acid, 20% ACN
i Fc
30 n Fab
201 B \,,¥ o
Fc
10
A \/\
o |
6 8 10 12 14 16 18 20 22 min
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Dependence of column performance on mobile
phase compositions

Peak Mobile phase RT (min) | Plate | Tailing | Resolution

Fc 0.02% TFA, 1% formic 12.78 | 6824 1.09
acid, 20% ACN

1% formic acid, 20% 11.91 | 4909 1.05
ACN

0.1% TFA, 0.1% formic 13.25 | 5884 1.08
acid, 20% ACN

Fab 0.02% TFA, 1% formic 13.89 | 7551 1.09 1.77
acid, 20% ACN
1% formic acid, 20% 12.75 | 5824 1.55 1.26
ACN
0.1% TFA, 0.1% formic 14.58 | 6322 1.19 1.85
acid, 20% ACN
www.sepax-tech.com
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20% and 50% acetonitrile effect on Fab/Fc

mAU

A. 0.02% TFA, 1% formic acid, ”
20% ACN
50 7 0.02% TFA, 1% formic acid,
50% ACN
40 7
30 ° n Fab
20 o J\/L
Fc
10 - L
0 —_—
6 8 10 12 14 22 min
21 www.sepax-teeh.com
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Papain digested MADb loading test

Column: Zenix-300 4.6x300 mm, flow: 0.2 mL/min, mobile phase: 0.02% TFA,
1% formic acid and 20% ACN, injection: as indicated

mAU
] Papain digested
25 MADb loading:
0.1pug
. 0.25 pg
20 0.5 ug
1pug . —
15 1 3 ug 15 16 mi
S5 ug
10 ]
5
0
11 12 13 14 15 16 min
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Fab and Fc-TIC

Column: Zenix-300 4.6x300 mm, flow: 0.2 mL/min, mobile phase: 0.02% TFA,
1% formic acid and 20% ACN, injection: papain digested MAb 10 png,

FABFC_MAB TOF MS ES+
100- TIC
| 9.46€3

0/
T 77T T T 1 T T T T 1 T Time

10.00 12.00 14.00 16.00 18.00
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Fc Peak

FC_MAB 369 (12.484)

100- 1553 100 52762
| 1553 1703
1820
1509
1955
1467 2111
% 1427 2199 7
351 1427 2295 | 52924
, 53086
UMbk /
0 m/z O~ et mass
500 1000 1500 2000 3000 40000 50000 60000

53086 Da: 2x 162 (galactose), on each heavy chain
52924 Da: 1 x 162 (galactose)
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Fab peak

FAB_MAB 401 (13.567)

100~ 16451703 100~ 47670
: 1539 || || 1767 ]
1834
1446 1008
1445 o
- %
% 1403 2073 J
I N 2168
1363, 2384
| 1325, | 47202 47997
| bkl | 2/
0- mfz| O s e e T mass
500 1000 1500 2000 3000 40000 50000 60000
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Peak at 14.62 min

FABFC_MAB 432 (14.617)

100 874 100 47670

A VY |
| 816 |
| 815 15901645 |
0% %

& ° 130024
2180 ,

30027

30051 36649 42760 48867 54608

/58329
A Wunmh.‘ni‘hmHM b HL il IL‘ m‘ J‘ i

bl o
m/z O e i T mass
500 1000 1500 2000 30000 40000 50000 60000

0
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F(ab’),
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F(ab’), separation on Zenix-300 with volatile buffer

Pepsin digestion: MAb 1mg/mL, MAb:pepsin=40:1, 20mM sodium acetate, pH 4.0, 15 hours digestion,
guenched with 2M Tris.
Column: Zenix-300 4.6x300 mm, flow: 0.2 mL/min, mobile phase: 0.1% TFA, 0.1% formic acid and 20% ACN,

injection: intact MAb 5 ug, 15 ug pepsin digested MAb 321, 15 ul pepsin digestion blank

mAU A. Pepsin digestion blank

1201 B. Pepsin digested MAb 321
C. Intact MAb 321

1001 MADb 321

80 ]

Y

C N
N ﬂ)’z J\[\\}
Undigested MAb

Small fragments and

20 buffer peaks

6...8...10...12...14...16...18 T 22...24...min

28 www.sepax-teeh.com

_ ’ ’ ’ ’ Better Surface Chemistry for Better Separation © Sepax Technoloagies, Inc.




4-12% Bis-Tris gel image on F(ab’),

kD
260
160 —— Undigested MAb321

110 — ’
' F(ab
ad (ab’),

60 '
50 > Fragments

40
30.

20

1 1. Protein marker

2. Intact MAb 321
10 3. Pepsin digested MAb 321 mixture

4-12% Bis-Tris gel: 5 ug of each sample.
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Different TFA concentration effect on Pepsin digested
MADb-F(ab’), separation on Zenix-300 4630

Column: Zenix-300, 4630, mobile phase: as indicated
Flow rate: 0.2 mL/min, injection: 1 5 ug Pepsin digestd MAb 321

mAU.
Mobile phases:
A. 0.02% TFA, 0.1% formic acid, 20% ACN
1207 B.0.05% TFA, 0.1% formic acid, 20% ACN
C.0.1% TFA, 0.1% formic acid, 20% ACN
1007
80 7
F(ab’),
60 1 C
40 7
B
20
A
0
7.5 10 12.5 15 17.5 20 22.5 25 min
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Effect of TFA and Formic acid Concentration on Pepsin
Digested MAb MADb-F(ab’), separation

Column: Zenix-300, 4630, mobile phase: as indicated
Flow rate: 0.2 mL/min, injection: 15 ug Pepsin digestd MAb 321

mAU |
Mobile phases:
160 A. 0.02% TFA, 1% formic acid, 20% ACN ‘
B. 0.05% TFA, 0.1% formic acid, 20% ACN
140 C. 0.1% TFA, 0.1% formic acid, 20% ACN
120 ° F(ab’),
100 C
80
1 B J\ 4_J\\/J
40
20
A M
0

S 7.5 10 12.5 15 17.5 20 22.5 25 min
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F(ab’), - MS TIC

Column: Zenix-300, 4630, mobile phase: 0.02% TFA, 1% formic acid and 20% ACN
Flow rate: 0.2 mL/min, injection: 8 ug Pepsin digestd MAb 321

FAB2 MAB ) TOF MS ES+
100 F(ab )2 19.08- TIC
| 1.79e3
| 17.86 19.72
% 20.74
21.38
16.746.94 8.43 16.51.° 17.59- 2219
O T T T T T T T T T T T e T e Time
8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00

www.sepax-tech.com

_ ’ ’ ’ ’ Better Sur ‘ace Chemistry for Better Separation © Sepax Technoloaies, Inc.



F(ab’),-11.3 minute I—

100351 24?32'35 -
. - 2560
351 FAB2_2MAB 335 (11.335) Cm (330:352) 02 2563 2782
| 42 2319- 2632

2705

2864

%
| 2950
2

551

968
—2976

0 m/z

500 750 1000 1250 1500 1750 2000 2250 2500 2750

221
18712118

100
97342
%o 97229
97114 97561
* 0 7% 102008
O sl 93&73% J ﬁw“ P T mass
80000 90000 100000 110000 120000
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F(ab’),-13.06 minute peak

pepsin MAB UHO80 14-Dec-2011 09:52:29
26.966291
FAB2_2MAB 386 (13.060) Cm (375:396) TOF MS ES+
10021 15
351
%,
429
) ) 4322497 2629
473629 2316.°
4 783 2214 2782
629 2050
2085
+ +

NN N N R R R IR LR RRRE RN m/z

500 780 1000 1250 = 1500 = 1750 = 2000 2250 @ 2500 = 2750
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F(ab’),-13.06 minute peak

FAB2_2MAB 386 (13.060) TOF MS ES+
100 97230

() I el 9%4@4“238 ‘ 9%“nmass

65000 70000 75000 80000 85000 90000 95000 100000

97230 97341 l
100] )
111 Da difference :
Zoom view
%
O T T T T T T T T mass

96250 96500 96750 97000 97250 97500 97750 98000 98250
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Intact Cysteine ADC and Lysine ADC separation under
volatile denaturing mobile phase

Column: Zenix-C SEC-300 (3 um, 300 A, 4.6 x 300 mm), Mobile phase: 0.1% TFA, 0.1% formic acid and 20% ACN
Flow rate: 0.35 mL/min; Detector: UV 214 nm; Column temperature: 25 °C
Injection volume: 2 pg, Sample: Herceptin ADCs 1mg/mL

mAU
450 1

400 1

350

300

250 ]

200

Herceptin

f\

N

150

100 ]

Herceptin lysine ADC

50 1

Herceptin cysteine ADC

0

1 I

Intact mass 148,118 Da

N ~———

4

6

8 10 ZIL2 . . . min

Sep%

S Y & O O 4

36 www.sepax-tech.com

Better Surface Chemistry for Better Separation © Sepax Technoloagies, Inc.



Possible Different cysteine ADC components under
acidic/denaturing condition

%% ﬁ% W
2| Intact 2, L1 and H1HL
W W W %%
4| L1, H2H1L, H1H1, LH2
W W %ﬁﬁ
6/ L1, H2H2, H3, LH2

MY,

8] L1, H3

Non reduced: Intact 2, L1, H1HL, H2H1L, H1H1, LH2, H2H2, H3
Fully reduced: LO, HO, L1, H1, H2, H3
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Cysteine ADC SEC-LC/MS identification

TIC from DateSEPAX_-5-144 i (sample 1) - SEPAY_MMAF-1mg_ml, +TOF MS (1500 - 4000)

265

Intensity

(e

05 1.0 15 20 25 30 35 40 45 50 55 6.0 65

70

75 80 85 90 95 100 105 110 15 120 125 130 135 140 145

Time, min

Spectrum from DataSEPAX_9-5-144.wiff (sample 1) - SEPAX_MMAF-1mg_ml, +TOF MS (1500 - 4000) from 9.227 to 3.430 min
1741 1875.0811
|

60 2031253
)

Intensity

22158164
2431 2976

20 {
D* L‘I-.JIL\‘\ : . ‘L_

2708.0131 3046.4003
L L

B0 1800 2000 200 200 2600 2800 3000 300 M0 3600 3800
Mass/Charge, Da

Spectrum from DataSEPAX_9-5-144 wiff (sample 1) - SEPAX_MMAF-1mg_ml, +TOF MS (1500 - 4000) from 9.227 to 3.430 min
Recanstruction, Resolution: 2500

s Peak 4
4000
L1
2000
24383

Intensity

20000 25000 30000 35000
Mass, Da

Spectrum from DataSEPAX_9-5-144 wiff (sample 1) - SEPAX_MMAF-1mg_ml, +TOF MS (1500 - 4000) from 7.638 to 7.576 min

Spectrum from DataSEPAX_9-5-144 wiff (sample 1) - SEPAX_MMAF-1mg_ml, +TOF MS (1500 - 4000) from 7.638 to 7.576 min
Reconstruction, Reselution: 2500

20 1907.3872 k
(A 72 P 1000 Pea 3
R 15 2054 6319
3 2060 9433 2
i s iy L2506 g H 3
= 2427.9658 E
26707903
I ke I " " 474555 .

1600 1800 2000 2200 00 2600 2800 3000 00 MO 30 380
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45000 50000 55000 50000 65000
Mass, Da

35000 40000

Spectrum from DataSEPAX_3-5-144 wiff (sample 1) - SEPAX_MMAF-Tmg_ml, +TOF M5 (1500 - 4000) from 6.336 to 7.300 min

1766.2963

Spectrum from DataSEPAX_3-5-144 wiff (sample 1) - SEPAX_MMAF-Tmg_ml, +TOF M5 (1500 - 4000) from 6.336 to 7.300 min

2301.2514 Reconstruction. Resolution: 2500
20 1998.569 21 23731381 k
1947.3540 P e a 2
% 1898.6913 ‘253 2836 »
H 26185558 2712.0454 @
: : 1852 4034 : H 2 LO

28124365
1723.84%4 292[! 2370 3037 335
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MassiCharge, Da

75000 80000 85000 30000 55000

DDj
Mass, Da

Spectrum from DataSEPAX_9-5-144.wiff (sample 1) - SEPAX_MMAF-Tmg_ml, +TOF MS (1500 - 4000) from 6.422 to 6.726 min
2402. 2370 2644.3904
23476542 2787.2275
2242.0841 2946.3620
2197.7950 |3[)33 1420 3929 4250
2062.8064
1812.3502 1983.6625
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Spectrum from DataSEPAX_9-5-144.wiff (sample 1) - SEPAX_MMAF-Tmg_ml, +TOF MS (1500 - 4000) from 6.422 to 6.726 min
Reconstruction, Reselution: 2500
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H1H1

1n7m
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TFA effect on the intact lysine ADC SEC separation

Column: Zenix-C SEC-300 (3 um, 300 A, 4.6 x 300 mm), Mobile phase: 0.1% TFA, 0.1% formic acid and 20% ACN
Flow rate: 0.35 mL/min; Detector: UV 214 nm; Column temperature: 25 °C
Injection volume: 2 pg, Sample: Herceptin ADCs 1mg/mL
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Intact Cysteine ADC and Lysine ADC separation under
volatile native condition

Column: Zenix-C SEC-300 (3 um, 300 A, 2.1 x 300 mm), Mobile phase: See chromatogram
Flow rate: 0.08 mL/min; Detector: UV 280 nm; Column temperature: 25 °C

Injection volume: 1 uL, Sample: ADCs 1Img/mL
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Product Information

Column Part number
Zenix® SEC-300 ( 3 um, 300 A, 7.8 x 300 mm) 213300-7830
Zenix® SEC-300 ( 3 um, 300 A, 4.6 x 300 mm) 213300-4630

Zenix-C® SEC-300 ( 3 um, 300 A, 4.6 x 300 mm) 233300-4630

Zenix-C® SEC-300 ( 3 um, 300 A, 2.1 x 300 mm) 233300-2130
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