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Why Peptide Mapping?

* Essential step In biotherapeutic characterization
* Used from discovery to QC
* Routine... but slow and painstaking
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What Are The Pain Points?

l
* Time and effort
labour intensive, little standardization, slow digestion

* Digestion variability

different protocols and operators = different results
* Lack of reproducibility — and a lack of data confidence
* Difficult — Requires skill from digestion to data handling
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We Have Called Our Solution: Upgrade Your Maps!

e Full workflow solution
e Robust and reliable

 Fast and reproducible

® st :
FLEX UHPLC  Easy and convenient

 Gives you:

» Sequence verification
BIOPHARMA

FobdE  Modifications analysis
e Sequence variants

» Relative abundance quantification
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The Objective Of Upgrade Your Maps

.
What's The

Goal of

Upgrade Your
Maps?
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Upgrade Your Maps

: Our Workflow Solution

Biopharma
Finder

Thermo Thermo Thermo Thermo Thermo

Scientific™ Scientific™ Scientific™ Scientific™ Scientific™

SMART Digest™ Vanquish™ Flex  Acclaim™ 120 Q Exactive™ BioPharma

kits offer UHPLC C18 column Hybrid Finder™ software

extremely is engineered is the perfect Quadrupole- is the perfect

reproducible for high column choice Orbitrap™ mass  software tool for

and rapid resolution, to ensure sharp  spectrometers peptide

protein reproducible peaks during are the gold identification and

digestion peptide peptide standard for sequence
separations mapping accurate mass mapping

measurement
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Wide Range of Bioanalytical Characterization Methods

Protein A SEC aggregation IEC pH-gradient charge ADC DAR
capture of IgG screening variant analysis determination

| 1 - )

Digestion and

Intact MAb RP

Separation peptl_de
mapping
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SMART Digest Kits

From this...
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Cluantitate
Frotein -3 Denature = Heduce - Alk'_.flate == Digest with Trypsin

Concentration

« Simple, three step protocol

e Quicker than in-solution
digestion

Reduces operator variability
Increases reproducibility

R 1 SRS Higher throughput

Ability to automate

To this...!

Add Incubate Optionally
!/ Protein and Shake | Centrifuge/Filter

10min
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SMART Digest Kits: What Is The Benefit?

What it is?
Highly stable, immobilized trypsin digestion

What is the benefit?

* Proteins are heat-denatured for digestion

- No additional denaturing agents

- No reduction / alkylation required

- No handling of mutagenic substances

- Minimized trypsin autolysis

- Enzyme can be use in excess
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SMART Digest Kits: 1gG digestion in 45 min

Thermal denaturation of IgG Native IgG Digest Profile
monitoring VVSVLTVLHQDWLNGK

250000

200000

150000

Heat flow (in pW)
&
[

‘S
()]
—
<
X
©
O]
o
~
(O]
)]
c
o
o
n
()
@

T t . OC . - H
emperature (in °C) Digest Time (minutes)

DSC thermogram of IgG (6 mg/ml; mouse IgG2b)
in a 10 mM phosphate buffer pH 8.1; 0.5°C/min

10 ThermoFisher
SCIENTIFIC



SMART Digest Kits: Outstanding Digestion Reproducibility

Monoclonal antibody SMART digestion by three different analysts

|™ MAb Digest 1
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Rituximab Peptides for Disulfide Mapping
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Acclaim 120 C18 Column

» High resolution - better protein
v identification

e 250mm in length

e High loadability - high sensitivity LC/MS

ﬁ * High column-to-column reproducibility
e 1500 bar Vanquish UHPLC compatible

 Viper™ fittings: robust & easy to install

l Viper™ finger tight fitting

ThermoFisher
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Acclaim 120 C18 Column: High Peak Capacity

L

BSA digest

30min gradient

Acclaim 120 C18 2.2um 2.1 x 250mm
Peak capacity - 380
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Vanquish Flex UHPLC System

Developed for biopharma
Fully biocompatible flow path
Powerful detectors — all workflows

Sample pre-compression for
maximum peak retention time
reproducibility and column lifetime

« Ceramic valve technology

e Column thermostatting technology
with two temperature control modes

e Supports latest column technology

ThermoFisher
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Vanquish Flex UHPLC System: Retention Time Reproducibility

Retention time reproducibility of a peptide separation Remontatilty

peak #

RT
(min)

RSD
(%)

3
9
14
15
19
23
31
39
42
51
55
61
83
85
87
96

3.315
5.231
6.532
6.937
10.290
12.013
14.011
15.177
15.589
17.511
17.969
18.546
20.798
21.095
22.386
24.774
26.155
26.155
27.529

0.082
0.065
0.017
0.023
0.021
0.012
0.013
0.012
0.010
0.007
0.011
0.010
0.010
0.012
0.009
0.012
0.009
0.009
0.010

; = A /
; v Ve = A

Overlay of 13 consecutive chromatographic runs of a peptide sample separated on an analytical
Acclaim™ 120 C18 column and prepared from a mAb digested with SMART™ Digest Kit.
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Vanquish Flex: Rituximab Analysis With Reducing Gradient

Standard Method

14.64 _ _
30 min gradient

0.4 mL min

10.59
2 h l 600 bar
__AMM A 1 W\ n A
10.78
14.52
270 7.99
T Ve N
5.20
1.86
4.45 6.02
3.35
1.13
Acclaim 120 C18 column, 2.1 x 250
mm, 2 - 45% ACN + 0.1% FA, 60 °C
| | | |
10 15 20 25 Time [min]
ThermoFisher
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Vanquish Flex: Rituximab Analysis With Reducing Gradient

14.64

Standard Method 30 min gradient

20.23 0.4 mL min

10.59
2.73 h l 600 bar
__AMM o U il A n
10.78
14.52 20 min gradient
2.70 7.99 0.4 mL min-
600 bar
6.97 943
520 13 min gradient
1.86 0.6 mL min
850 bar
4.45 6.02 | |
3.35 8 min gradient
1.13 1.0 mL min<
1150 bar
3.12
5 min gradient Acclaim 120 C18 column, 2.1 x 250
1.1 mL min‘t

mm, 2 - 45% ACN + 0.1% FA. 60 °C
1300 bar ’ ’

T T T T
10 15 20 25 Time [min]
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Vanquish Flex: Rituximab Analysis With Reducing Gradient

Standard Method

14.64
Sequence

30 min gradient
Coverage

0.4 mL min

20.23

10.59
2.73 h l 600 bar 100%
. JLLA JL A I,L.JA l A | l J .‘l A
10.78
14.52 20 min gradient
2.70 7.99 0.4 mL min-
600 bar
6.9/ 943
5.20 13 min gradient
1.86 0.6 mL min-t
850 bar
445 . o, | |
3.35 8 min gradient
1.13 1.0 mL min-t

1150 bar

5 min gradient
1.1 mL min-
1300 bar

Acclaim 120 C18 column, 2.1 x 250
mm, 2 - 45% ACN + 0.1% FA, 60 °C

10 15 20 25 Time [min]
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Q Exactive Plus Mass Spectrometer

95% of the 1067 identified

components are in +/- 3 ppm
300 -

|deal for intact proteins and
peptides

i Very high accuracy

High Accuracy High dynamic range

Gold standard Orbitrap™
detector

Frequency {e.nunts:l

ST e e e e e e e e e = = -

s 4 3 2 1 o0 1 2 3 4 s Optlonal Intact prOte|n mode.
error (ppm)
1.E+08 + _ -
Components are identified over 4.5
LE+07 orders of magnitude in intensity. @M@
=
T 1E+06 -
3
Ty
= 1.E+05 -
T 18404 1 High Dynamic range
c
9 1.E+03 -
E
(0.02% TFA in buffer A and B)
1.E+02 T T T T Y
1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07
Intensity (Log,g) - 10 pL injected
20 ThermoFisher

SCIENTLFIC



Sample Analysis By Mass Spectrometry

8.42
100 419.76
Q Exactive Plus 90 - 1073
E 714.02
= N 10.77
()] 4
8_ : 14.51
. 5705 2.70 559.94  §0367
Full MS scan §50 e 6;.5?38
m/z 200-2000 &40 7 2.22 360.20 _>: 15.10
Ca0o 44828 280.66 899.45
3 158
i 20 5
10 - W 1344 27 B2
E 27 926.51
ddTopN Method: 0|
Full MS with 0 2 4 6 8 10 12 14 16 18
Time (min)

dd MS2 scans

/
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ddTopN Method with N=5:
2.70 8.42 MS/MS data-dependent analysis of 5 most
100 160.04 41976 abundant peptide ions (red) based on
90 5 207 precursors obtained in a full scan (black)
8807 .10 77
870 270 8.41 559.94 G037 9 9
£ 60 E 269.06 419.76 | 10.75 100 3 7.98 7.99
27 7.99 90 3
250 7| 625.98 E
2 7 272 450 580 3
8403 222 1269.06360.20 %50 T .0 3
ey E 448.28 . 280. Zoom é 50 %
20 5 gso é 7.98 7
10 o S 40 5
0 30 5
0 2 4 6 8 10 12 14 16 18 20 = 7.99
Time (min) 10 3 7.99| 7-19 1
0 - T T T T T T T
7.985 7.990
Time (min)
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BioPharm Finder: Protein Deconvolution And Peptide Mapping

BioPharma Finder

* Intact protein analysis and peptide
mapping in one package

BioPharma Finder™ 1.0

Mass Informatics Platform for Protein Charactenization

» Peptide mapping of biotherapeutics
and other recombinant proteins

» Supports all Orbitrap™ & ion-trap-
based instruments

More confidence, more
modifications, less time
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Data Analysis With BioPharma Finder: Peptide Mapping

| Experiment - fy};;;______

Protein Sequence Manager
Peptide Mapping Analysis
Intact Protein Analysis

Protein Sequence Map

>1: Rituximab -HC
1 QVQLQQPGAE LVKPGASVKM SCKASGYTFT SYNMHWVKQT PGRGLEWIGA IYPGNGDTSY NQKFKGKATL
71 TADKSSSTAY MQLSSLTSED SAVYYCARST YYGGDWYFNV WGAGTTVTVS AASTKGPSVF PLAPSSKSTS
141 GGTAALGCLY KDYFPEPVTV SWNSGALTSG VHTFPAVLQS SGLYSLSSVV TVPSSSLGTQ TYICNVNHKP
211 SNTKVDKKAE PKSCDKTHTC PPCPAPELLG GPSVFLFPPK PKDTLMISRT PEVTCVAVDV SHEDPEVKFN
281 WYVDGVEVHN AKTKPREEQY NSTYRVVSVL TVLHQDWLNG KEYKCKVSNK ALPAPIEKTI SKAKGQPREP
351 QUYTLPPSRD ELTKNQVSLT CLVKGFYPSD IAVEWESNGQ PENNYKTTPP VLDSDGSFFL YSKLTVDKSR
421 WQQGNVFSCS VMHEALHNHY TQI GK

>2: Rituximab -LC

QIVLSQSPAI LSASPGEKVT MTCRASSSVS YIHWFQQKPG SSPKPWIYAT SNLASGVPVR FSGSGSGTSY
71 SLTISRVEAE DAATYYCQQW TSNPPTFGGG TKLEIKRTVA APSVFIFPPS DEQLKSGTAS WCLLNNFYP

14‘1 REAKVOWKVD NALQSGNSQE SVTEQDSKDS TYSLSSTLTL SKADYEKHKY YACEVTHOGL SSPVTKSFNR
) mn

* Protein sequence manager stores
sequence information for quick use
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Data Analysis With BioPharma Finder: Peptide Mapping

[ Experiment Typss

» Protein sequence manager stores
Protein Sequence Manager seqguence information for quick use

Peptide Mapping Analysis

* Maximum throughput through
Intact Protein Analyss simple method editor, allowing batch
T analyses

>1: Rituximab -HC
1 QVQLQQPGAE LVKPGASYKM SCKASGYTFT SYNMHWVKQT PGRGLEWIGA IYPGNGDTSY NQKFKGKATL
71 TADKSSSTAY MQLSSLTSED SAVYYCARST YYGGDWYFNV WGAGTTVTVS AASTKGPSVF PLAPSSKSTS
141 GGTAALGCLY KDYFPEPVTV SWNSGALTSG VHTFPAVLQS SGLYSLSSVV TVPSSSLGTQ TYICNVNHKP
211 SNTKVDKKAE PKSCDKTHTC PPCPAPELLG GPSVFLFPPK PKDTLMISRT PEVICYVVDY SHEDPEVKFN
261 WYVDGVEVHN AKTKPREEQY NSTYRVVSVL TVLHQDWLNG KEYKCKVSNK ALPAPIEKTI SKAKGQPREP
351 QUYTLPPSRD ELTKNQVSLT CLVKGFYPSD IAVEWESNGQ PENNYKTTPP VLDSDGSFFL YSKLTVDKSR
421 WQQGNVFSCS VMHEALHNHY TQKSLSLSPG K

tuximab -LC

1 QIVLSQSPAI LSASPGEKVT MTCRASSSVS YIHWFQQKPG SSPKPWIYAT SNLASGVPVR FSGSGSGTSY
71 SLTISRVEAE DAATYYCQQW TSNPPTFGGG TKLEIKRTVA APSVFIFPPS DEQLKSGTAS WCLLNNFYP

14‘1 REAKVOWKVD NALQSGNSQE SVTEQDSKDS TYSLSSTLTL SKADYEKHKY YACEVTHOGL SSPVTKSFNR
) mn

Peptide Mapping Analysis Definition Protein Sequence
Nerme Erpermet ireepin

Load Raw Data File
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Data Analysis With BioPharma Finder: Peptide Mapping

4 * Protein sequence manager stores
El sequence information for quick use
iE' st e L
3 = * Maximum throughput through
:M 1 L o (——— simple method editor, allowing batch
35 | Abalpy e analyses
. =m=d * INnteractive results display allows you

to review data how you want

25 ThermoFisher
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Data Analysis With BioPharma Finder: Peptide Mapping

4+ Protein sequence manager stores

R0 s B B

o

Fragment Coverage Map

Average Structural Resolution =
residues

LA

sequence information for quick use

* Maximum throughput through
simple method editor, allowing batch
analyses

=m=ll * INteractive results display allows you
B (o review data how you want

» Sequence/fragment coverage maps

ThermoFisher
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Data Analysis With BioPharma Finder: Peptide Mapping

g a—— 4 * Protein sequence manager stores
sequence information for quick use

o

* Maximum throughput through
simple method editor, allowing batch

analyses

EWE W it S == o Interactive results dISpIay allows you
B — BN (O review data how you want

» Sequence/fragment coverage maps

86054
100 7128
1730801 4342045

« Compare real and predicted spectra
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Data Analysis With BioPharma Finder: Peptide Mapping

Thermo BioPharma Finder e bl

gy _ _ == « Protein sequence manager stores

SR

-l scquence information for quick use

* Maximum throughput through
simple method editor, allowing batch

analyses

=4 * INteractive results display allows you
a0 review data how you want

R0 s B B

i e e ST - « Sequence/fragment coverage maps

1005 LAMI-RME - 5537656m

« Compare real and predicted spectra

— « Powerful modification and results
summary

301 N301+A1GO
301 N301+A1GOF
301 W301+A1GIF Glycotorm

i s ) s o s i

ThermoFisher
SCIENTIFIC



Data Analysis With BioPharma Finder: Peptide Mapping

Thermo BioPharma Finder SrmioR il
e Wl Y § - —— Bl

[R—— e
BT 2 i P v B AT T

e Protein sequence manager stores

ol I - B sequence information for quick use
= “’ | e . I ; T u...;.
E |l LTzl "J--,.__;;;_‘"___ﬂ_ - e Maximum throughput through
asats 1 ] e . simple method editor, allowing batch
= | gl AT analyses
EX _ : -
El =4 * Interactive results display allows you

to review data how you want

» Sequence/fragment coverage maps

« Compare real and predicted spectra

 Powerful modification and results

summary
: « Chromatographic shading — never
miAl me miss a thing
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Sequence Coverage Obtained For 5 Minute Gradi
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Peptide Mapping: Method Transfer From LC-MS to LC-UV

Sequence/PTMs
unknown or
needs
confirming

Peptide
identification by F?St_
MS and MS/MS analysls

i Method Transfer to LC-UV

\ 4
( \ ( \ ( )
Sequence and PTMs |dentification by .
known, no further unknown and High degree of
information required reference sample conf!denge M)
- : retention time is
Stability studies, chromatogram required!
QA/QC, batch release) comparison
\ J \ ) \ )
ThermoFisher
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Peptide Mapping Workflow: Time Saving

« Complete analysis can be done in less than 90 minutes
« MS analysis is rapid, stand-alone LC-UV even quicker

* Inexperienced analyst can obtain reproducible results from LC-UV

ThermoFisher
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Thank You — Any Questions?

e
(
S5y
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