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Future analytical trends for the analysis of biotherapeutic proteins
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Biopharma Focus: What We Are Seeing

Industry Challenges

Regulatory landscape is changing
Speed, flexibility, quality and cost control: getting it right the first time and every time
Driving towards continuous production — more production analysis

Simple robust workflows required
Proving bioequivalence and monitoring batch-to-batch variation
Increasing biotherapeutic complexity is forcing new methodologies




A Complex Problem: Drug Safety and Quality

Safety

Is the product safe to use?
(e.g. Immunogenic effects?)

Potency
Does the drug have the expected effect?
(e.g. CDR complementation)

Knowledge
How do changes effect the therapeutic?

(e.g. Oxidation)

How do changes in process effect the product?
(e.g. Glucose concentration on glycoforms)

ThermoFisher
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A Complex Problem: Drug Safety and Quality

* Lan we reduce the analytical complexity? Sub-unit

Analysis
[an we get this data from fewer methods?

Intact

Analysis

Can these new methods be simple and Glycan

: “‘ robust enough for (€ or even Process Analysis  .._.§...
T i %
4 monitoring? Aggregate
. 's Screening
: Multi Attribute Methods Released it = ™y
| Glycan  * e
e Analysis % o7 EEESSES
One Injection? T W
Peptide
Mapping
ThermoFisher



Peptide Mapping: A Complete Multi-Attribute Method

Acclaim Vanquish
Vanquish UHPLC

e

P
Processing a

Chromeleon
BioPharma Finder

o £ ﬁ(wk.,gﬁé X SMART
n I brt Method Evaluation and w'gal e, - Really easy to use
National Institute for Bioprocessing Advancements dk ?;‘%* ° nghly reprOdUC|b|e
Research and Training gg ° Rapld dlgeSthnS
A P : : B .
£ & P Digestion S Separation
aa(%;;ﬂ“g SMART Digest Kits « Class leading, biocompatible
% 8. ¥ - Longer column lifetimes
%E « Unrivalled reproducibility
Detection
Separation Exactive or Q Exactive Series Detection

» Walk-up simplicity
* Minimal instrument contact
* Rock-steady results

Processing

» Easy to use and learn

* Enterprise & LIMS ready

» Compatible with other vendors
Instrumentation
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Thermo Scientific SMART Digest Kits and Automation

.~ Digest plate

@ A (Incubation Lane)
@ B (Tip Lane)
&c

@ D (Resin Lane)
@ E (Wash Lane)
@ F (Waste Lane)
&

&

Incubate Optionally
and Shake Centrifuge/Filter

"~ Cleanup

ThermoFisher
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5 different Rituximab Digests by 5 different Seminar Attendees

'2150 60 7.0 8.0 9.0 10.011.012.013.014.015.016.016.9 13

12 18
10

11 17 20

14

2.54 2.41 1.89 3.39 3.53 2.16 4.41 2.10 2.10 3.65
- 1.96 3.51 3.72 2.26 2.91 1.97 3.28 2.62 3.16 1.20
ThermoFisher
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Advantages of MAM

Required CQA Characterizations CEX rCE-SDS nrCE-SDS HILIC ID ELISA | HCP ELISA

CDR Tryptophan Degradation No No No No No
C-terminal Amidation No No No No No
C-terminal Lysine No No No No No

Cysteine Adducts No No No No No

Deamidation No No No No

Disulfide Isoforms No No No

Disulfide Reduction No No No
Fragmentation (Peptide Bond) No No No
Fucosylation No No No

Galactosylation No No No

No
No

Glycation No
HCP

High Mannose

Hydroxylysine

Identity

Methionine Oxidation
Mutations & Misincorporations
Non-concensus Glycosylation
Non-glycosylated Heavy Chain
N-terminal pyroGlutamate
O-linked Glycans

Residual Protein A

Signal Peptide

Thioether

Trisulfide

Unusual Glycosylation

8 ThermoFisher
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Building Targeted List of Critical Quality Attributes

Modification G chosylation

#G2F)  EEQYNSTY]
AlGalF
AlGalF.

de Sequence

.1 C\Users\Themmo\Desktop\ASMS vws

Name RT = Charge PrecursorMass Isotope 1 Isotope 2 Isotope 3 Isotope 4 | Isomerization

omerization

Isomerization

1203.47083 . 1203.97253 1203.47107 . 1204.47400 1204.97534’

802.64960. 80298419 80264978  803.31842 803.65265-
1317.52625: 1318.02808: 1317.52661: 1318.52954 & 1319.03088
878.68658 879.02118 878.68683 879.35547  879.68970
1398.55273: 1399.05457: 1399.55591 1398.55298: 1400.05737
93270422 93303876 93337305 93270441 933.70734
147957898 1480.08093: 1480.58240 1479.57935: 1481.08374
986.72180: 987.05640: 987.39069 986.72205. 987.72491

Oxidation

Ba
l: [+ | EEQYN[Hex5HexNAC2]STYR
{

[¥] | EEQYN[dHex1Hex3HexNAC4]STYR

DTLMISR
TLMISR

¥ EEQYN[dHex 1Hex4HexNAc4]STYR

[¥]  EEQYN[dHex1Hex5HexNAC4]STYR

*] |EEQYNSTYR 8.028

2
3
2
3
2
3
2
3 i
2 59525958 59525964 59576105 59626239  596.76367
3 39717551, 397.17551  397.84402 39750980 398.17816

| DTLM[Oxid]ISR 10.071 1 85142908 85142914 85243195 85343176 8544328
! 2 42621820, 42621820 42671957 42721948 427.720
YTLMISR 12.425 1 83543420 83543420 83643701 837.43689  838.47
i 2] 41822070, 41822073 41872214 41922205 4197
VYVDGVEVHNAK 25125 2 83940460, 83940460 839.90607. B840.40747 840
sde 3 55993878 55993884 56027313 56060742  5F
VD[Arg_Xle]GVEVHNAK 25227 2 83940662 83940460 839.90607 84040747 /
puyr— ‘ 3| 55094080 559.93884 56027313  560.60742
. crvpsoiav) \AVEWESNGQPENNYK 36220 2 127256934 | 127307080 127357214| 127256934 Master P
B P e e s b [ oo
Deamidation @ GFYPSDIAVE WESEUREN esmc) | 37210 2 127306128 127356274 127406421 1273.061 Q922R8 HOSt Ce" Protein
1 GFYPSDIAVEWE 3 24904327, 24937762 84971191, 84904 = Q922Rs8
\ GFYPSDIAVEWES 4 637.03430: 637.28503.  637.53571 637.0

o ThermoFisher
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CQA Profiling

CQA Overview

Sequence Details
Neme~ HM SVictory |
Instrument: QEHF_TheGhost - Created On: 09/Movi16 14:49:34
Imporied Data: False - Updated On: 20/Dec/16 17:07:26
First Injection: MISTmAb_Control1_DDM 1
ing Method: SuperMAM -
MS Acquisition Time fmin| 70.51 -
Method Length [min]: 115.00 ~
Total Time [hrs] 63.25
Dafa Vault: ChromeleonLocal - Created By Thermo
No. of Injections: 33 ~ Updated By Thermo
PENNKY Deam FHNWY IsoD B:::: Ng::"’;"' B::': WaQ Deam YCAR Deam V[E:;f‘n" SGTAS Deam £g, % D=amidstonisomanzation
HC N33 HC D283 HC N283 HC N78 HC N317 HC N436 HC N85 LC N151 LC N136 © 35
% % % % % ; e
|11 Control_Digest1_Repl 1.58 0.11 0.04 0.03 0.05 0.23 0.00 0.21 83 g =
|12 Control_Digesti_Rep2 1.59 0.11 0.04 0.02 0.05 0.24 0.00 0.20 7.8 E 2
|12 Control_Digesti_Rep3 1.58 o1 0.03 0.03 0.05 0.24 0.00 0.32 8.5 * 15
|15 Control_Digest2_Rep1 1.54 0.11 0.04 0.04 0.05 023 0.00 0.40 7.9 g w0
|18 Control_Digest3_Rep1 1.48 0.10 0.04 0.04 0.04 0.40 0.00 0.38 8.4 ; E
|24 Stressed_Digest2_Repi 10.89 22.24 6.868 0.04 11.78 6.80 0.12 1.94 3.6 OG > . G‘ L ;
|25 Stressed_Digest2_Rep2 11.03 22.14 8.55 0.04 11.98 6.88 0.12 1.68 a1.1 ryacton
WS Stressed_Digest2_Rep2 11.25 2.4 6.21 0.04 11.45 684 012 1.65 07T 4

Custom MS

DTLM Oxid DIQM Oxid DMIF Oxid FNWY Oxid
HC M252 LC M4 HC M100  HC W279 8
. Report Template
. Control_Digesti_Rep1 1.4 z
|12 Control_Digest1_Rep2 1.4 0.3 1.0 0.01 b
|12 Control_Digesti_Rep32 1.5 0.3 1.1 0.01 :
15 Control_Digest2_Repi 1.3 0.2 0.7 0.01 8
|18  Control_Digest3_Rept 1.2 0.2 0.7 0.01 z
|24 Stressed_Digestz_Rep1 2.9 02 11 0.02 £
|25  Stressed_Digestz_Rep2 2.9 02 1.2 0.02
ME Stressed_Digest?_Rep3 3.0 0.2 1.2 0.02

Lysine Modifications

Injection Name SLSSPGK [ re——
Lysine Trunc. é 20
- :g ._’—'——-.——-..____.__’__.

. Control_Digesti_Repl 28.4 <
|12 Control_Digest1_Rep2 282 0.5 0.1 5
|13 Control_Digesti_Rep3 27.2 0.8 0.1 E 19
|18 Control_Digest3_Rep1 226 [\ X 0.2 -3
|24  Stressed_Digest2_Repl 25.8 0.2 0.1 ol = o & o o - < )
|25 Stressed_Digest2_Rep2 25.9 0.3 0.1 A
B Stressed_Digest2 Rep3 25.5 0.3 01 4

% _Seguence Ovenview /A Glycan Profile A Sheet A Master CQA Table A Integration /

0 ThermoFisher
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MADb 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-S07 @
_ ; OH-
SOy @ oH-
S0y T TN
Na* OH-
1s0; Na* @ OH:
i
-S0; Na* OH- S

~——
~—

pH Gradient

lon Exchange Charge

Isoelectric Focusing on a Cation Exchange
Column

mMADb 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 mAb is neutral

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

Column length has little effect on the
resolution

This is a concentration technique

11



Trastuzumab pH Gradient with Proprietary Volatile eluents

’ ] _ MAbPac SCX-10 column, 2 X 50 mm [
P Monitored pH ]

- CX-1 Buffer Kit [
9.50-_ -150
9.25- I

] f125

- / i
9.00- . i

- Programed Gradient 100
8.751

_'75
8.50

] IV Signal 150
8.25

] 25
8.00] [/\/\/u [

- - : )

] Retention T min|

N et'entllon IIm|e ' L L L T — T T T ' I T L . |_-20

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 22.0 24.0
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Direct MS analysis of Trastuzumab by lon Exchange / Native Intact MS

z=26 / 56956 5701.8 \
10 GOF/G1F
100 5701.8 } U . (GOF1)4§00557 e /
1007 g 1b 3 i o] i (G1F)2 or (GOF/G2F)
90j o 80; z=27 z=25 % 2 5714.4 ] LEE0T
- 80j g E 5490.6 5929 8 & A ’ 80‘_
B 70 g 3 T sk sl 4 0
£ 60 50 \ e % @
[0} 50—_ ﬁ E % 50 —
E 40: §40§ . =24 S 04 G1F/G2F
@ 30 2 1 52046 6176.8 . GO/GOF e
20__ 20; z=23 20 - [ GZF/GZF
10 E 64i8.0 10 -] 148705.94
0 R T b el 4 . " . 11
2 14 O 5500 5600 6000 6400 iy Adad By L Py ::z;
m/z s
Theoretical Av. Experimental Av.
Glycoform Mass Mass D Mass (ppm)
(GOF)2 [48056.2 [48055.7 3.4
GOF/GIF [48218.3 148217 6 a.l El?gt:ir::imger'" 2.0
GOF/G2F or (GIF)2 148380.5 148380.7 15
GIF/G2ZF [48542.6 148543.2 -3.9
ThermoFisher
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Conclusions

s Peptide Mapping

 Automation of protein digestion for precision and reproducibility in a /
robust peptide mapping
workflow to introduce a MAM /;

 \olatile pH gradient elution of proteins for CVA has several advantages; A -
global applicability, high loading capacity, easy method transfer, native Ko 7RG Y

MS compatibility, simple sample preparation £ b 8
A s Aggregate Screenin
 Simple parent ion MY at high resolution, allowing on-line positive 7-”\ ggred J

identifications at intact and peptide level /
* [ne Injection, reliable and robust: :
Intact Analysis

several critical quality attributes

¥

=

 New workflows for the future enabling characterization of several

attributes in one injection provides ease of use and time saving _
Glycan Analysis




