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Native peptide mapping — Higher order structure (HOS) monitoring

1. Context
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Importance of monitoring conformational changes ‘

Sensitive to temperature, pH, Oxidative
stress, agitation, light exposure,...

\“‘&.%E,Tr’}"@/? Changes in protein structure - Impact on :
% I > stability, specificity and activity

\  ——
—

“Stability indicating” methods

= Pool of physico/chemical & bioassay methods

Regulatory requirement

May be arisk for the
patient ?




Analytical and structural characterization package for mAbs:

Activity
Hiah d ASSHY Bioassay in vivo and in vitro
igher-oraer OD, HPLC, AAA, Biacore, Specific binding assay
structure ELISA, IFMA, Bradford, Gene reporter assay
(immunogenicity)

Lowry, Bioassay

Circular Dichroism
X-Ray Structure
NMR

Epitope Detection
Specific Binding
FTIR

Structure / Sequence

N- and C-terminus
Amino Acid Analysis

Peptide Mapping and
Sequencing

Monosaccharide Analysis
Qligosaccharide Mapping
Mass Spectrometry
Disulphide linkage
Identity

N-Terminal Sequence
Peptide Mapping
Specific Bioassay

IEF

HPLC

Carbohydrate analysis

ESI-MS (whole molecule)
MALDI-TOF (released carboh.)

Separation of labelled released
carbohydrates (2-AA, 2-AB)
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Size & Aggregation

SE-HPLC (also identity and assay)
SDS PAGE / Bioanalyser

AUC

AF4

LLS

Purity

RP-HPLC

SE-HPLC

Peptide mapping
SDS-PAGE

Field Flow Fractionation
Elisa (HCP)
Immunoblot

DNA assay

LAL test

Virus test

Surface charge

IEF

CZE

IEX-HPLC
iCE280
Chromatofocusing



From characterization lab to QC lab... :

Current situation...

Characterization QC requirements

o Circular dichroism « Affordable equipment cost

e lon mobility o Simple data interpretation — Yes or No
e X-Ray structure « Validated and robust methods
 NMR >< designed for long-term use ( >10

« H/DX years)

« SPR » Generalist operators

e FTIR * High throughput and speed essential

These current HOS monitoring methods are not easily amenable to a QC
environment.

UCB proposal to monitor HOS in QC environment:
Native peptide mapping
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Native peptide mapping — Higher order structure (HOS) monitoring

2. Development stage

|. Feasibility assessment
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Method development — Native peptide mapping

Most accessible peptides
are cleaved first !
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@ Trypsin enzyme — cleaves specifically after K and R residues



Method development — Native peptide mapping @ 9

. T1
First development on IgG4 mADb
MALDI-MS identification
Trypsin autolysis peaks but also...
Al Int. * 1000
2.0
1.3
1.0
s ek | | | | n
0.5 { 1901 947 I AR o
390406 -~ =T |-

0.0 L ‘ | . . | I — Ii—. . .{' I'. . . Ll.L“.‘ . . . 4

1 III:IIIII 1 S:IIIII EIII:IIIII ES:IIIII SIII:IIIII rn.flz

* First peptide is observed at first time point
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Method development — Native peptide mapping

T2
First development on IgG4 mADb
MALDI-MS identification
Trypsin autolysis peaks but also...
&bz, Int.
3004
¥
1901 867
2001 390-408
‘ ¥
1004 1807 .951
299-314
o T T - |..J” T LL . M|”J
1 III:IIIII 1 S:IIIII EIII:IIIZI ES:ZIIZI SD:ZIIZI miz

* Second peptide is observed after several minutes...
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Method development — Native peptide mapping

Repeatability assessment n=3

®12

T1

15t peptide is
detected at the
same time for
all the samples

S X104
s,
5 1.0
2
i} |
=
0.8
oe Y¢ 1901.9 m/z : HC390-406
0.4+
0.2
2211.034
1901.883 2691.189 3337.609
0.0 { o {
S X104
s,
&
&
= 1.0
0.8
0.6
0.4+
i? 2211.069
02 2691.245
1901.896 d 3337.686
0.0 H L \II 1
5 |
s,
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£ 15001 2211.082
1000
500
| 2691.270
| -
1 1901.892 3337.688
] AR L[ u.ﬁl \
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3000 4000 5000

Same peptides
were observed in
next time points
for triplicates




Native peptide mapping — Higher order structure (HOS) monitoring

. Case study | —IgG4 analysis and bioassay relationship
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Are we able to observe conformational changes®
between unstressed and stressed samples ?

\ \T'S GETTING |
HOT! |
\ L MELTING |

E
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Unstressed vs stressed samples

®15

T1

By this method, we are able to distinguish differences between unstressed and

... to distinguish conformational changes.

stressed samples.

870.563
558152 No stress
3000
o001 2211148
10007 1045 589 1901.972
: i 1808.073 l 2092.340
il | =l £092340
1104 <: 1901.922 . .
i, o Oxidative stressed sample
157
1.07
0.5] 570535 * 1807.999 2911 0o * * *
68131 T 1045.556 1550666 h ey 2544.007 2691.269 3100.324
n ek ' . ' ' A ' ' '
wint 1901.936
1.0 - Temperature stressed sample
0.3
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Which mAb regions have been impacted by &~
the stress according to native peptide map ?

Unstressed sample Oxidative Temperature Acid
stressed sample stressed sample stressed sample

- —

Trypsin accessibility

Circular dichroism results confirmation:

ty

S 3000- 'E' 50-
g — Unstressed material = — Unstressed material
E 2000- — Temperature stress I.I=-J — Temperature stress
5 10004 —— Oxidation stress s 0 — Oxidation stress
2 — pH3 stress § — pH3 stress
g 0- g
S '% -50-
w
& -1000- &
c c
2 -2000 ; ; - 8100l — . . .
200 220 240 260 Cor UV 260 280 300 320 Near UV

Wavelength (nm) Secondary structure Wavelength (nm) Tertiary structure



s the biological activity impacted by the K-
stress ?

Unstressed sample Oxidative Temperature Acid
stressed sample stressed sample stressed sample

:> Complementary determining regions (CDR)
Try to correlate structure (native pepmap) and function (CBA)

~J 4
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Do we observe differences between each &
stress conditions ? T

Peptide Unstressed | Ox stress | Temp stress | Acid stress
HC 1-19
HC 39-61
HC 44-61

CDR

HC 44-65
HC 77-87
HC 122-133-LC 217-219

HC 246-252

HC 286-298
HC 299-314
HC 299-317
HC 342-357
HC 358-367

HC 368-389

HC 390-406 ‘Cell-based ‘assay results

Conc. (wgiml )

HC 414-436
LC 1-18
LC 36-50
LC 51-66

CDR

ANANAANENANANANANANANANANANANANANAN AN

LC 52-66

FA
hEd

v - Presence of peptide
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Case study | — 1gG4 analysis and bioassay relationship — Conclusions

This new method allows to:

 Detect HOS changes by comparing the samples to an unstressed
sample

» Results confirmed by well-established orthogonal technique (CD)

* Investigate structure — activity relationship

Do we observe differences between each X

Which mADb regions have been impacted by S? stress conditions ? ™
the StreSS accordlng tO natW’e pep“de map ? Peptide Unstressed | Ox stress | Temp stress | Acid stress

HC 28-51

CDR

HC 77-87
HG 122.133.LC 217219

gﬁa

Unstressed sample

xidative Temperature Acid
stressed sample stressed sample stressed sample

HC 299317
e oz
3] ~JET

Trypsinaccessibility

v

v

v

) | v

ke - v

" N | v

| [ v

& N v

[ \. 1 J’

S | v

HC 390-108 . Ceﬂ-basedga'ssay results N : o

£ o = Linstreaaet malerial E * — Unslrassed material HC d14-436 (o i Wy

I — Temperature stess B ] — Tamperaturs sirass. LC1-18 4 v

E Owidafion siress § 0 B L — 7 <

— pH3 shess F — pH3 stress LG 36-50

o i LG 51-66 v

0 z LC 52-56 v
= —

220 240 o )
Wavelength jnm) Secondary structure Wavelength {nm) Tertiary structure « : Presence of peplide

Circular dichroism results confirmation:

CDR
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Native peptide mapping — Higher order structure (HOS) monitoring

3. QC applicability

|. Case study Il —1gG1 analysis and bioassay relationship
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Method development — Native peptide mapping

From development stage to QC applicability
From qualitative results to quantitative results

Follow each peptide thanks to the
peptide list determined by MALDI-MS
-> SIR acquisition

SIR: Single lon Recording

 Less expensive than MALDI-MS platform
 More user-friendly interface

 Need less MS expertise to use it

UPLC QDa mass detector M -
: : . anaged by CDS - GMP compliance
Peptides Peptides g y P
separation guantitation .
« QC friendly system »
| Example Specificity +++
ME One single ion / one single peptide Sensitivity +++

Thanks to SIR acquisition

Lot
womto®
400
LENTS
2 ore®,
1.0m10
A A e .
§00 B00 700 KD MO0 1000 1100 1300 1300 1400 1500 1600 1700 1800 MO0 2000 100 200 300 3400 IS00 JMOO 2700 JOD IO 3000 3100 K00 JI00 3400 0D M09 OO IK0O OO 4100 4200 4300 4400 4500 SKDD 4700 4800 MO0 SG08
w
e, B et O S £ B4 TAET Ak BN & AT
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Method development — Native peptide mapping data vs

Cell-based assay
Quantitative data of IgG1 stressed sample

CDR 1 CDR 3
25000000 60000000
20000000 50000000
40000000

< 15000000 .
o j_; 30000000

< 10000000

20000000
—C— —e
5000000 10000000
—eo—Ref Std 0 o - o 5 e -— —e
0 5 10 15 0 5 10 15
® pH3 Incubation time (min) Incubation time (min)
—0—T150°C CDR 2
18000000
16000000
14000000
12000000
© 10000000
& 8000000
6000000
4000000
2000000
0
0 5 10 15
Incubation time (min)
Samples %RP CBA
50°C 80.5%
F’+"1
ch H3 69.2%
A4 P
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Method development — Native peptide mapping data vs

ELISA binding
Quantitative data of IgG1 stressed sample

K-light chain region

5000000
4500000 —e

4000000

3500000

3000000

© 2500000

—®— Ref Std = 2000000

1500000

_._p|-|3 1000000 —— —e
500000
o 0 —C— —— —e
—T50°C 0 2 4 6 8 10 12 14 1€

Incubation time (min)

Samples %RP ELISA
50°C Not comp
pH3 Not comp

K-light chain region is impacted by stresses

) Revelation
Hypothesis Drug Ab
=> « Miss-binding » of the revelation Ab during the ELISA testing targeting k-

LC
=>» Explain the non-comparability between samples and ref std
f A




Native peptide mapping — Higher order structure (HOS) monitoring

4. Conclusions and perspective
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To summarize... N

Native peptide mapping:
e Isa QC-friendly method able to monitor HOS change for several (4) mAbs.

« May allow correlation of protein conformational changes with biological activity

For the future...

 Generate more data to support the use of native peptide mapping to
monitor HOS changes and structure-activity relationships

» Evaluate the utility of native peptide mapping as a stability indicating
method
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Special thanks to all our colleagues on this journey:

- Characterization team — ASB
- PCMD1 team - ASB

- Bioassay Dev.Team- ASB

And especially:

Michael Knight Oliver Durrant

Julie Braun Elizabeth Rodriguez
Eglantine Girot Will Burkitt

Erica Bortolotto Jennifer Halley

Sandrine Van Leugenhaeghe
Maria-Teresa Chiusano

Gaél Debauve Annick Gervais

John O’Hara







Questions?
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