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Why Peptide Mapping?

Heavy chain

DILLTQSPAILSVSPGERVSFS
CRASQFVGSSIHWYQQRTN
GSPRLLIKYASESMSGIPSRF
SGSGSGTDFTLSINTVESEDI
ADYYCQQSHSWPFTFGSGT
NLEVKGQPKANPTVTLFPPS
SEELQANKATLVCLISDFYPG
AVTVAWKADGSPVKAGVETT
KPSKQSNNKYAASSYLSLTP
EQWKSHRSYSCQVTHEGST
VEKTVAPTECS




Why Peptide Mapping?

DILLTQSPAILSVSPGERVSFSC
RASQFVGSSIHWYQQRTNGSP

RLLIKYASESMSGIPSRFSGSGS
GTDFTLSINTVESEDIADYYCQQ
SHSWPFTFGSGTNLEVKGQPK

ANPTVTLFPPSSEELQANKATLV
CLISDFYPGAVTVAWKADGSPV
KAGVETTKPSKQSNNKYAASSY
LSLTPEQWKSHRSYSCQVTHE
GSTVEKTVAPTECS
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Upgrade Your Maps with a Complete Peptide Mapping Solution
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Why Upgrade Your Maps?
"
\
What will | gain if |
upgrade my maps?
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Upgrade Your Maps: Our Workflow Solution

Thermo

Scientific™

SMART Digest™ Kits
offers extremely
reproducible and rapid
protein digestion

Thermo Scientific™
Vanquish™ Flex
UHPLC Systems
are engineered for
high resolution,
reproducible
peptide separations

Thermo Scientific™

Acclaim™ VANQUISH™

C18 column

is the perfect column
choice to ensure sharp
peaks during peptide

mapping

Thermo Scientific™

Q Exactive™ Hybrid
Quadrupole-
Orbitrap™ mass
spectrometers are the
gold standard for
accurate mass
measurements

Thermo

Scientific™ BioPharma
Finder™ mass informatics
platform

is the perfect software tool
for peptide identification
and sequence mapping

ThermoFisher
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Upgrade your Maps: Our Workflow Solution

SMART Digest Kits

Achieve reproducible

protein digestion

Q0 EXACTIVE MS . . .
@ - within minutes

- with a simple 3-step
protocol




What is the Problem with Protein Digestion?

* Lengthy multi-step protocols

e Process-induced PTMs

e Reproducibility

e Throughput/speed

* Method development ease




Thermo Scientific™ SMART Digest™ Kits

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

10min

"~ Digestion

Denaturation

o ThermoFisher
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Let’s Immobilize Trypsin...and Make it Heat Stable!

» Save time
« Reagent prep/denaturation,

Low S reduction/alkylation
2 miosed et . Simplif
& e o
Simultaneously o * low aUtOIySIS
denature Using * Increase sensitivity

* Increase robustness
 Stable, reproducible activity

ThermoFisher
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Let’'s Optimize Heat Denaturation!
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Multi-Domain Protein Peptide Mass Mapping
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New Application Note on SMART Digest: No. 1159

thermoscientific "
. . g § 60
SMART Digest compared to classic | §
in-solution digestion of rituximab R

a0

for in-depth peptide mapping
characterization o

Authors: Martin Samonig’, Alexander SMART Dlgost, SMART Digast, SMART Digost, SMART Digest, in-Sokution,
Schwahn?, Ken Cook3, Mike Oliver*, and n=3 n=3 n=3 n=1 n=1t

Remco Swart’

Figure 5. Relative abundance of 85 identified modifications including oxidation, double oxidation, glycation,
glycosylation, NH, loss, isomerization, lysine truncation, methylation, dimethylation, and carbamylation.

"Thermo Fisher Scientific, Germering,
Germany; *Thermo Fisher Scientific, Basel,

Switzerland; Thermo Fisher Scientific, A _
i i Oxidation, n=12
Hemel Hempstead, United Kingdom; a5 ‘0 B Deamidation, n—7
“Thermo Fisher Scientific, Runcorn, United e Therme Scientific™ Vanguish™ Flex UHPLG system M Deariatian
Kingdom were used for separation in combination with the Thermo .
E Scientific™ O Exactive™ HF Hybrid Quadrupole-Crbitrap™ # /‘ W06+ Ouidation
Key words mass spectrometer. — 8
SMART Digest, tryptic digestion, in-solution protein 5 ?/ T
digestion, monoclonal antibody, mAb, Vanquish, reversed Introduction = / = /
phase, mass spectrometry, O Exactive, Orbitrap, Peptide mapping is a common technique in the E 20 z 6 ..'"
biopharmaceutical, biomolecules, peptide mapping biopharmaceutical industry to characterize monoclonal B .."'l = 5 !
antibodies {mAbs) for the determination of product identity =2 15 ! g !
Goal and stability. Many conventional sample preparation % % 4
To compare the results achieved by using the newly methods are time consuming with digestion times of 2 I =
developed Thermo Scientific™ SMART Digest™ kit fo several hours and can introduce modifications such as 10 l.-' 3 & N3EBB-+Deamidation
those obtained from classic in-solution protein digestion deamidation, oxidation, and carbamylation.! In this study, ! 2 M136-+Deamidation
methods, focusing on protein sequence coverage two classic in-sclution digestion approaches 5 /
and identified post-translational modifications (FTMs), were compared to the recently developed SMART | —— - 1 NZO0+ Dearnidation
ncluding deamidation, oxidation, and glycosylation. A Digest kit methed to gquantify the extent of post- - -  a o M33+Deamidation
Therﬂo Scientific™ Acclaim™ \".B.xl\l_OLISH C18 column translatl.onal and chem c::J. .'ncud'ﬁca?loﬁs of a therapeutic o SMART SMART SMART SMART SMART In- in-
with conventional water/acetonitrile-based gradients and recombinant mAb. The critical requirements for each Digest, Digest, Digest, Digest, Digest, Digest, Digest, Solution, Solution,
15 min 30 min 45 min 15 min 30 min 45 min T3 min Urea Heat
n=3 n=3 n=3 n=3 n=3 n=3 n=1 n=1 n=1
Il::elrllE'nNu‘l!:sthleg Figure &. Relative abundance of 12 identified oxidations (A) and 7 deamidations (B) in different runs with varicous digestion methods.
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SMART Digest Kits: Complete Digestion in Minutes

BSA, 66 KDa, 15 D|SU|f|de bondS d|gest time
Recommended digestion starting conditions for known proteins*
Protein Digest Time (min) ]
Insulin 4 . 0 min
BSA <5 ] F
- ] i A |
Carbonic anhydrase <5 1 @“wwu_ﬁwwqu’w ——5min

Lysozyme <5 ]

Apo-B 30 WMMWL/L — 10 min
lgG - 45 AMWWAN —— 20 min
IgG in 50 pL plasma 75 MWDW .
Ribonuclease A 150 ] 30 min
Thyroglobulin 240
C-reactive protein 240

. . 15.0 175 20.0 225 25.0 27.5 30.0 325 35.0 37.5 40.0 42.5min
* 200 pL protein solution (100 pg/mL);

IgG in plasma: 17.5 pg/mL

Temperature: 70°C - ’i t T f’ w -
Discover the Savings Calculator: ooy e e O
www.thermofisher.com/upgradeyourmaps AU —————
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SMART Digest Kits: Outstanding Digestion Reproducibility
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To Reduce, or Not to Reduce...and/or Alkylate

| want 100 % seguence coverage -

* | am quantifying my protein via surrogate peptide monitoring -

| am worried | may see scrambled disulphides/ my protein has free
cysteines —

* | want to know where my disulphides are! —

* My mass spectrometer won'’t acquire/is not optimized for higher mass
peptides -

ThermoFisher
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Protein Digestion with SMART Digest Kits: Tips & Tricks

* How much protein to load? 200 pg - 3.5 mg
* How long to digest my sample? Start with the online calculator

 What are the tubes and heater/shaker? PCR tubes: heater/shaker must have a lid

* | bet it won’t be that simple. It really is!

* Will a quick spin will be enough to clean up? Often, yes! Gel loader tips useful;

filter/SPE for complex matrix; divert salts to waste

« My protein is really difficult to denature- | always add detergents.
OGS has proved not to inhibit digest & led to improved

digestion rate
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Impact on Tryptic Digestion when
=4 Detergents and Chaotropes are Essential
< i A Case Study with Ribonuclease A

ek Baeartn, Theernas Fiste Secieritfic. Plrcorn, LK

http://www.separatedbyexperience.com/smartdigest/

Recommended digestion starting
conditions for known proteins*

Protein Digest Time (min)
Insulin 4
BSA <5

Carbonic anhydrase <5

Lysozyme <5
Apo-B 30
lgG 45
IgG in 50 pL plasma 75
Ribonuclease A 150
Thyroglobulin 240
C-reactive protein 240
ThermoFisher
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Upgrade your Maps: Our Workflow Solution

Vanquish UHPLC

LT I..-.[HG-ES.-T K-[T'Sﬁllhli; . . : '
» VANQUISH _ Binary & Quaternary

FLEX UHPLC i :
Biocompatible UHPLC
Options

Acclaim Vanquish C18
Column

BIOPHARMA
FINDER

#PeptideMaps
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Vanquish Systems — Comparison

. s L L
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Thermo Scientific™ Vanquish™ Horizon Thermo Scientific™ Vanquish™ Flex Thermo Scientific™ Vanquish™ Flex
system Binary system Quaternary system
* 1500 bar Binary System ¢ 1000 bar Binary System * 1000 bar Quaternary System
» Ultra low Gradient Delay Volume * Low Gradient Delay Volume * Medium Gradient Delay Volume

sleinest perform&r;gi;%rptaizst separation or Throughput for targeted UHPLC separations UHPLC for resolution or method development

ThermoFisher
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Vanquish Systems — Comparison

Vanquish Platform

* Improved retention time precision * Active and passive pre-heating
* Biocompatible by default * 4 detection options
* Increased sample capacity » Platform-inherent robustness & maintenance features

* Smartinject sample pre-compression
* Improved sample cooling
* Multiple heating modes

Thermo Scientific™ Vanquish™ Horizon Thermo Scientific™ Vanquish™ Flex Thermo Scientific™ Vanquish™ Flex
system Binary system Quaternary system
* 1500 bar Binary System ¢ 1000 bar Binary System * 1000 bar Quaternary System
» Ultra low Gradient Delay Volume * Low Gradient Delay Volume * Medium Gradient Delay Volume

rlguest perform&r;gi;%rptaizst St paraieniol Throughput for targeted UHPLC separations UHPLC for resolution or method development

ThermoFisher
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Acclaim VANQUISH C18 Column, 2.1 x 250 mm

“"‘fﬁ.} A \ 4 - Wnariy Calk

ch Emicag',.

 High resolution peptide separations for increased protein  « High column-to-column reproducibility

identification - 1500 bar Vanquish-compatible
* High loadability for high sensitivity LC/MS - Robust design easy installation using Thermo
» Designed for TFA-free LC-MS, minimizing ion- Scientific™ Viper™ fingertight fittings

suppression effects

o=

Viper™ fingertight fitting

ThermoFisher
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Vanquish UHPLC System: Retention Time Reproducibility

Retention time reproducibility of a peptide separation Retention time
Repeatability
Injection No 1 peak# RT (min) RSD (%)
3 3.315 0.082
9 5.231 0.065
14 6.532 0.017
15 6.937 0.023

19 10.290 0.021
23 12.013 0.012
31 14.011 0.013
39 15.177 0.012
42 15.589 0.010
51 17.511 0.007
55 17.969 0.011
61 18.546 0.010
83 20.798 0.010
85 21.095 0.012

i 87 22.386 0.009

| 96 24.774 0.012

' 103 26.155 0.009
106 26.155 0.009

109 27.529 0.010

U 'JLJWL‘JLLL_.MLJM ,uubu‘u Wl” why JJL M tw‘luu.l Lrim;“_ﬂ_%

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 the SMART™ Digest Kit.

21 SEIENTIFIC



Upgrade your Maps: Our Workflow Solution
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BioPharma Finder

| Eﬂﬁ?ﬂﬂt A single software platform for
- Top-Down & Bottom-Up

analysis

- Dedicated to biotherapeutics

BIOPHARMA
FINDER

#PeptideMaps




BioPharma Finder: Protein Deconvolution and Peptide Mapping

BioPharma Finder

* Intact protein analysis and peptide mapping in
one package

: . . i BioPharma Finder™1.0 SP1
 Peptide mapping of biotherapeutics and other Mass Informates Plaform fo Protein Characterzaton

recombinant proteins

 Supports all Orbitrap™ & ion-trap-based
instruments

More confidence, more
modifications, less time

ThermoFisher
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Data Analysis With BioPharma Finder — Peptide Mapping

- . 4 =
Thermo BioPharma Finder Help ESSESSE e
a Select an experiment type.
Experiment Types A powerful integrated software solution for in-depth characterization of proteins. Thermo Fisher's BioPharma
Finder™ software automates the analysis of LC-MS data for intact mass analysis and LC-MS/MS data for
Protein Sequence Manager peptide mapping which includes identification and relative quantitation of Disulfide bonds, post-translational
Modifications and Sequence Variants. Using the industry-leading, high-resolution, accurate-mass Thermo
; Scientific™ Orbitrap™ technology with BioPharma Finder software, the most accurate and confident PTM
Peptide Mapping Analysis profiles and identifications can be achieved more quickly than ever before.
Intact Protein Analysis
Peptide Mapping Intact Protein
Analysis Analysis
ThermoFisher
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Data Analysis With BioPharma Finder — Peptide Mapping

¥ Protein Sequence Map
=>1: Rituximab -HC - e Therma

I, SmEsLaces se T e esen raeeereen | 1) Provide protein sequence(s) in the Protein
| g s M e g Sequence Manager, define modifications, 2) Data Analysis in 3 steps:
281
G T T ek protease & all search parameters 5 CoooneT DR

421 WQQGNVFSCS VMHEALHNHY TQKSLSLSPG K . ‘pe .
=21 Rituximab -LC b) Peptlde |dentlflcat|0n

1 QIVLSQSPAI LSASPGEKVT MTCRASSSVS YIHWFQQKPG SSPKPWIYAT SNLASGVPVR FSGSGSGTSY . .

71 SLTISRVEAE DAATYYCQQW TSNPPTFGGG TKLEIKRTVA APSVFIFPPS DEQLKSGTAS WWCLLNNFYP C) QU an t | f| C at| on

141 REAKVOWKVD NALOSGNSQE SVTEQDSKD) TL SKADYEKHKW YACEVTHOGL S5PVTKSFNR i
m |

MS2 Spectra Activation [[la8] -EHigh -
NL: 2.05E6
100 86.0964 147.1128 ;::'ﬂﬂlm;:nah SMART 70grad reduced
E - E00ng._
Ed Thermo BioPharma Finder 1.0 =n === 80 173.0921 4342245 TIC: 1.83+00T
¥ - r 333.1769 Predicted (+2. w=2, r=15000,
= - - — — 60 2621398 - 547 3086 p-slusmd SGaMIns Siiasngs
| | Home [ | Peptide Mapping Analysis [ | Queue [ | Parameters [l WEESSERRPINERE || Mapping 103 ) Experiments|
° K . . «
— ¢ R dividual spect
2 = £ o] eview individual spectra
: [ 1 e W ll L 57
< 86.0970 a : e
S 1004 —115.0972 File: Rituximab SMART 70grad reduced
Annotated chromatogram e i sepeiee i 5 a0l % b i
‘ = 804 bz 262.1397 4342247 F: FTMS + p E81 d Full ms2
T x a1 az0 330 240 250 2e0 x 9 173.0922 ¥s ‘360.20@hcd27.00 [50.33-755.00]
NSTYRVVSVL TVLHQDWLNG EKEYKCEVSNE ALPAPIEKRTI SKAKGQFREF QVYTLFESRD 60— [ 3331765 §Z7 3092 TIC: 4.842+008
BPC: C:\A_Data_KaiD: Tt Tkal\SMARTdigestRituximabEntanerceptish M- 11552 a0 220 250 400 10 20 40 y=-2H20 o Soperimentsl (12, w2, r1S0ED
ELTENQVSLT CLVRGFYPSD I PENNYKTTPF VLDSDGSFFL YSKLTVDESR E 226.1182 | b=-H20 b H20 ys-H20 Ve ective)
. ) -
o0 S AT 2671 RT 3350 s s i se0 20 || 2EBAE5S 158 01as 529.2978 648.3504
AT 16.41 ar o200 1152-184 WQRENVESCS VMHEALHENEY TQRSLSLSEG K hE } I . J | - - /l‘ Ll I .- T |
RT. 9.68 1:321-328 1:260-278 | RT-27.01 RT-
50- Titiain erats T;u%‘?}?z[: T 3671 / 100 200 300 400 500 600
Ll ln 1 1 lH ¥ Aa 1:152-214 >2:Rituximab -LC miz
.\ S FTE Fe A . !
10 15 20 25 30 35 /
RT (min) QIVLSQSPAT LSASPGEEVT MTCRASSSVS YIHWFQQEPG SSPEPWIYI S t
: : eguence coverage repor
| ] et Seavence Coveraye | gl o ScanSpeca 2 specia] L — Ritu
~
i . I 2 3 4 §F & 7T B P 10 10 02 MF 14 15 06 0T 1B 18 20 21 22 X3 34 2F 26 37T I3 20 M OB B2 D M M M 3T N M 4
Identification Peptide Sequence QVQLOQQPGAELVEKEPGASVEMSCKASGYTFTS YNMHWVEQ:?
[ 210 24 =
| 9 I a4 19.0 |
® 1 [ Component 1101 1:A343-R348 = 655.37656m AKGQPR None -0.09 100.0% MS2 [ 20 303 T 54
® 2 [ Component 1105 1:A343-R348 = 655.37656m AKGQPR None 075 100.0% MS2 217 1 Mostification o [ 310 53 i 169
@»3 [  Component 1371 | 1:C325-K330 = 677.35304m CKVSNK None 054 100.0% MS2 262 e [ 0.3
® 4 [] Component 1427 1:F64-K67 = 478.29037m FKGK None -255 999% MS2 282 Fituximab -HC AHZBT+1350642  Unknown Modiics 134
® 5 [ Component 1434 2:P39-KA4 = 571.29658m PGSSPK None -0.53 1000% Ms2 283 52 1 Fitusimab -HC 289 -H289-17.0251 Uninomn Morics [
® 6 [ Component 1463 1:£322-K324 = 438.21145m EYK Nane -0.28 1000% Ms2 284 53 Fitusirmals -HC 290 -NI90.09840 Unknewn Modifica fikaBBHARBEAIBAUEREAEDARANTNARTRIBHUENE BN
@ 7 —E 1222 er9nn w9ns  snpnaiagaucano apnans P 180104 F122 036 S12% MS2 284 54 Fitunmab -HE 262 ~K262-180096 Unienewwn Modifica I YPGNGDT S YNQKFKGKATLTADEKS SSTAYMQLSSLTSEL
® 8 R nonspecific 036 1000% MS2 284~ :; Fituonmab -HC 1 NI0L-AL Glycofarm = 268 ] l.ll [ Hs.n — 258
- Id t f d t t bI r 5 Riturirniab -HC 301 N30L+AL Glycaform s 3 X
] entitriea components table 5 Raimat 00 NaLAIGIE  Gioterm —we | e 56
58 Retuoamab -HC 201 N30Le Giycatarm 169 ] 213 ][
] Rituximnab -HC Glycafarm 38 | 3.4
&0 Ritumimabs -HC Ghyzoform F1]
61 Ritumirnal b -HC Glyeafarm |
62 Ratuoamab -HC Glycatorm
63 Rituomab -HC Glycafarm 161 163 163 B04 163 154 167 10K 16F 130 111 B12 133 104 103 118 137 108 T0P 130 120 123 123 134 134 138 137 138 135 130 131 132 130 134 135 134 137 138130 b
ot Rituximaks -HC YYOCOGDWYFNVWOGAGTTVTVSAASTEKGPSEVFPLAPSSKST!E
5 301 ] 223 [
:: 319 | [ 59 | C
bt . T 330 Il 133 ] [ 23 ]
R HC T3 T 19.0 ] FIE] ]
- “ ] *

Reference: Zhongqi Zhang. Large-Scale Identification and Quantification of Covalent Modifications in Therapeutic ThermoFisher
25 Proteins. Anal. Chem. 2009, 81, 8354-8364 SCIENTIFIC



BioPharma Finder Software: Protein Sequence Information

¥ Protein Sequence Information

Target Protein Chain

Name Rituximab Chain

Category mab (chimeric) Monoisctopic Mass 4918341

Monoisoctopic Mass 144419.259 Average Mass A49214.03
Average Mass 144508.74

Import Protein Sequence

*  Manual Input Protein Sequence
¥ Varnable Modifications

- Modifications ———-———————

244 instead of Asn

2AB instead of Asn
Acetylation (M-term)
Arg

Asp

Carbamylation (MN-term)
DOoTA

M Terminal

Default Modifications

Save Save As MNew

Modifications Selected for Search

Cancel

Mono. Mass | O
Avg. Mass 4]
Add

DOTA_Mn 8 _
- o I—
DOTA_ZN Default Mods a5 |
=1: HCA - Glu e —
1  QVOLOQPGAE LVKPGASVYKM SOKASGYTFT SYNMHWVKQT PGRGLEWIGA IYPGNGDTSY NQKFKGKATL Lys 28 / H
71 TADKSSSTAY MOQLSSLTSED SAVYYIJARST YYGGDWYFNV WGAGTTVITVS AASTKGPSVF PLAPSSKSTS g
141 GGTAALGOLY KDYFPEPVTVY SWNSGALTSG VHTFPAVLQS SGLYSLSSVVY TWPSSSLGTQ TYIONVNHKP _|[ | [Amide {C-term} € Terminal Lys o ’
211 SNTKVDKKAE PKSODKTHTO PPOPAPELLG GPSVFLFPPK PKDTLMISRT PEVTIOVWVDY SHEDPEVKFN =i ][~ Mono. Mass | © 7
281 WYVDGWVEVHN AKTKPREEQY NSTYRVVSVL TVLHQDWLNG KEYKIOKVSNK ALPAPIEKTI SKAKGQPREP ‘::S:D - ;
351 QWYTLPPSRD ELTKNQVSLT JLWKGFYPSD IAVEWESNGQ PENNYKTTPP WVILDSDGSFFL YSKLTWDKSR GI':’" Avg. Mass | O 7 /
421 WQQGNWFSOS VMHEALHNHY TQKSLSLSPG K Lys Add )
~2:LCA 34 /
1  QIV _SQSPAI LSASPGEKVT |MTCURASSSVYS YIHWFQQKPG SSPKPWIYAT SNLASGVPVR FSGSGSGTSY /)
71 SLTISRVEAE DAATYYOQOQW TSNPPTFGGG TKLEIKRTVA APSVFIFPPS DEQLKSGTAS VVIOLLNNFYP ’
141 VQWKVD NALQSGMNSQE SVTEQDSKDS TYSLSSTLTL SKADYEKHKY YACEVTHQGL SSPVTKSFNR Load Default Mods /)
211 /
~3: HCE )
1 QVOLQOPGAE LVKPGASWVKM SOKASGYTFT SYNMHWVKQT PGRGLEWIGA IYPGNGDTSY NQKFKGKATL Acetylation . . Deamidation (N) /
71 TADKSSSTAY MQLSSLTSED SAVYYIOARST YYGGDWYFNV WGAGTTVTVS AASTKGPSVF PLAPSSKSTS ADP-ribosylation Side Chain Double Oxidation ,’
141 GGTAALGOLY KDYFPEPVTY SWNSGALTSG WHTFPAVLQS SGLYSLSSVV TWPSSSLGTQ TYIONVNHKP _| || amidation Mono. Mass | 0 Glycation K
")"1 A R s A T D T Lala il a WLl ] |"r- AT I S MU T B AT T DA ST I M PR S R AT T T TR Carbam Ylaﬁon Avg. Mass 0 H2O IOBS ’
Carbamidomethylation . Hydroxylation /I
Carboxymethylation Residues Mannasylation (S) ’
Sl SUMBEr G A - = Cysteinylation Oxidation (MW} /
all 22 96 Deamidation (N) Rem o Deamidation {Q) ,I
2 23 3 a6 Deamidation (Q)
Decarboxylation d Defa Mod H
1 148 1 204 Dimethylation pre'deflned Set Of
E] 148 3 204 . .
1 265 1 325 . Max # Modifications 3 | NGly: |CHO 4 glycosylation profiles:
E] 265 3 325 — - '
. 271 . 229 » Modification Editor K h uman
. . . . U
E] 371 3 425 f f d f ’
: 7 : - Specification of custom modifications ; CHO
1
2 133 2 193 )
4 23 4 87 B )
4 133 4 193 )
1 224 2 213 _ )/



Data Analysis With BioPharma Finder: Chromatographic Peak Shading

ﬁ

RT 2265 RT 2234
1188207 Z10-08
T

2310
2330337
’1
| L 5 SIEE

=]
2184.213 RT 4626

278206

RT: T 43
P A

RT. 56.63
215118 RT.BT 87  RT 7243

BAC: C:'Xealiburdana'S8PF_Gelden_DataHerceptiniHercaptin_RTversusCol
100
95
o RT-2
= 2320
T 21
20 7252258
!
i/
753 AT 1.38 S |
26085 RT- 18.95 =1
70 26676 [
o RT. 18491 |
&0 RT7.91 1:61-103
11524 |
2
g | \
) Bif *
R mem | ATz
| 2141 33T 1
3 60 et
= T f T
35
a0 RT:31.90
- 15261
25
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0 1,15
15
10 ]
241441 T
o [ i i,
an T
k13

N ikl |
45 L)

Lt

296-3113 2151479

* Protein sequence manager

stores sequence information
for quick use

« Maximum throughput through simple
method editor, allowing batch analyses

* Interactive results display allows you to
review data how you want

» Sequence/fragment coverage maps
» Chromatographic shading — never miss a thing
» Compare real and predicted spectra

» Powerful modification and results summary

27
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Data Analysis With BioPharma Finder: Coverage Mapping

Fragment Coverage Map

Average Structural Resolution = 1.2 residues

1 2 3 4 5 6 T 8 o 10 11 12 13 14 15 16 17
N—vIwteatetrd v v s—atat s X

123 456 7891011121314 15 16 17
NVWGAGTTVIVSAAS T K

bH457.2)
b3 ¥14(1250.7)
B2 | +15(1436.7)
Protein Coverage Map | y12(1122.6)
[ +11(1065.6)
[ v10(964.5)
Sequence Coverage Map )
Created on 02/25/16 by hSamonig BEUCES)
Data Folder = C:Users' S amonig' Docume nit< Projekte' Peptidel pping' FasPeph s,
Mnimum MS Signal= 640000 v6(3564.3)
Data File = SAM 20150220 QEHF_Vang Rituximab_dug_GS5_100ms raw
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* Protein sequence manager

stores sequence information
for quick use

Maximum throughput through simple
method editor, allowing batch analyses

Interactive results display allows you to
review data how you want

Sequence/fragment coverage maps

Chromatographic shading — never miss a thing

Compare real and predicted spectra

Powerful modification and results summary
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Data Analysis With BioPharma Finder: Spectral Confidence

- - In * Protein sequence manager

1 nem stores sequence information

60;: E;perin;el;talz7.42;e7001,Qtéxactive) for qUiCk use
O ] esanas « Maximum throughput through simple
I N T .\ method editor, allowing batch analyses
$ .o o S « Interactive results display allows you to

oAl onal 4 iz sors review data how you want

ZOE /48(1614 ‘ 864.5302 14367340 e Sequence/fragment coverage maps

07|II \ |I|| ‘ ‘ | |

S T gk T dho Chromatographic shading — never miss a thing

m/z

Compare real and predicted spectra
Theoretically predicted fragment ion and their relative intensities

are calculated for all peptide candidates and compared to the
measured MS/MS spectrum

Powerful modification and results summary
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SCIENTIFIC



Data Analysis With BioPharma Finder: Modification Quantification

Thermo BioPharma Finder
Home Peptide Mapping Analysiz Pacameters Queue Mapping
o mizati |
== pz_:ramete_roptlmlzatlon _
I creomotogrom | with real time reproceSSIng ; quantificatlon Companson g
Results e
Modification Deita [ppm) | Confidence Score | M/Z ““‘:_:é";’“ OV cond_1 S R I ""9‘::;‘;‘“
= monta.. v =~ (= - |
1 HGLDNYR Izomerization -1.26 100.0% 437.712 260E-05 13 224E-05 24 4A43E-05 23
* 2 HGLDNYR Deamidation -4.10 100.0% 438.206 1L91E-05 5 81BE-04 21 2BTE=O5 5
* 3 HGLDNYR H20 loss -1.28 100.0% 428.707 20TE-D5 4 TO4E-Da 9 3.86E-04 9
s 4 HGLONYR Dearnidation -1.02 1000% 438.204 133605 2 5.44E-04 16 208E-05 15
- 5 FESMFNTQATNR GasPhase ~T58+215 118 94.2% 725.819 1.88E-06 5 L16E-D6 25 1E63E-06 23
® & [  FESNFNTQATNR Desrnidation 272 1000% 715.323 211E-06 a L19E-06 3 269E-06 12
- 7 FESMFNTQATNR H2O loss -1.43 99.9% 705.824 45TE-05 6 1.89E-05 6 493E-05 2
« 8 GYSLGNWY nonspecific H2O loss 032 99.9% 439214 0.00€00 [ Q.00E+00 [ 393605 s
- 9 NTDGSTDYGILQINSR Deamnidation -2.66 100.0% 877.916 250E-06 5 159E-06 4 3ADE-D5 [
10 FESMENTQATNRNTDGSTDY GasPhase ~T58+218 -1.08 100.0% 1063.156 A0TE<04 3 1298-06 16 ABOE-04 14
& 11 IVSDGNGMMNAWWVAWR Lys -2.06 601971 5.99E-05 4 212E-07 a8 431E-05 3
* 12 =] IVSDGNGMNAWYAWR Lys -1.65 902.453 SS1E-04 4 318E-06 4 OO0E -00 o
= 13 E IVSDGNGMMNAWWAWR Cradation -1.80 845403 122E-06 5 5.55E-05 14 141E-06 5
* 14 [ KIVSDGMNGMNAWWVAWR Glycation -0.97 656.322 10SE D6 5 29TE-D5 173 0.00E - 00 o
" = 15 KIVSDGNGMNAWWVAWR Glycation =0.60 656.321 537E-04 30 7.72E-05 83 137E-06 14
Leve | S Condition MS Area Defta (ppmi Type| AT tminy Wz el ) P ——— I
1 Rawfile 1 Lysozym LA cond_i 411E-04 -0.60 1000% Full 19.81 £56.321 3 1964.9426 1965.68 19649414
2 Raw File 2 Lysoxym_ LA A cond_ 1 BASE-D4 -0.23 100.0% MS2 19.80 656320 3 19649419 1965.47 19649414
3 Rawfile 3 Lysomym LA cond i 352804 048 1000% Ms2 1950 £56.321 3 19649424 196581 19649414
4 Raw File 4 Lysozym_LP_ cond_2 2.78E-04 ~0.54 100:0%  Full 19.77 656322 3 19649425 1965.74 19649414
S RawFile 5 Lysomym LP_ cond 2 1156-06 n1a 1000% Ms2 1976 £56.322 3 19649412 196604 19649414
» 6 RawFile 6 Lysozym_LP_ cond_2 L14E+06 021 100.0% MS2 19.76 656322 3 1964.9410 1966.00 1964.0414
7 Rowfile 7 Lysozym LW cond 3 1168406 240 1000% Full 1962 £56.323 3 19649452 1986.02 19649414
B Raw File B Lysozym LW cond_3 149E-D6 -1.28 100.0% MS2 19.87 656323 3 19649430 1966.02 19649414
o RawFile 8 Lysozym LW cond 3 145606 087 1000% Ms2 1988 656,323 3 1964 5434 1986.02 19649414
& 16 KIVEDCNGMRAWVAWR ZasPhase ~S118+2L -157 1000 15433 TAIE-04 E: IOEE-D £ A T3E-03 1
® 17 ]  KIVSDGNGMNAWVAWR  Desmidation -158 100.0% 502.299 5.008-05 3 7.86E-05 12 7.03E-05 5
= 18 E KIVSDGNGMMNAWWAWR NH3 loss =177 100.0% 596.206 G93E-04 2 210E-06 1 5.26E-04 a
® 19 []  IVSOONGMMAWVAWR  GasPhase ~D116+21 184 99.4% 849393 4026406 6 1.79E+06 7 417606 1
* 20 | - IVSIDGNGMMNAWWVAWR H20 loss =117 100.0% 829.400 3.7SE-DE 4 831E-05 4 B5.24E-05 7
« = IVSDENGMMAWVAWR Beamidation 344 1000% 838898 242807 4 839E-06 5 5.286-07 s
& 22 [ IVSDGNGMNAWYAWR Cearmidation -2.57 100.0% 838.898 4A4TE-05 7 LS4E-05 10 S.60E-05 2
® 23 [ IVSDGNGMNAWVAWR N3 loss 27 1000% 829.893 512606 5 2.14E-06 2 331E-06 5

* Protein sequence manager
stores sequence information
for quick use

« Maximum throughput through simple
method editor, allowing batch analyses

* Interactive results display allows you to
review data how you want

» Sequence/fragment coverage maps
» Chromatographic shading — never miss a thing
» Compare real and predicted spectra

Powerful modification and results summary
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Upgrade your Maps: Our Workflow Solution
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Application examples

Transfer your Maps:
Sensitive LC-MS to Routine LC-UV

Speed up your Maps:
UHPLC peptide mapping




Transfer your Maps: Sensitive LC-MS to Routine LC-UV

Peptides

SMART : :
Digest \é/
s 5117
2wl fso ISRTPEVTCVVVDVSHEDNKALPAPIEKTISKAKGQ

followed g
Intact Ab by optional reduction Bottom up M e I MO EWESH G QPENNYRTTPPVLDSDGSFFL Y SKLTVDKS

RWQQGNVFSCSVMHEALHNHYTOKSLSLSPGK

» Peptide Map
« PTMs
e Impurities

EVOLVESGGGLVQPGGSLRLSCAASGFNIKDTYIHW
VROAPGKGLEWVARIYPTNGYTRYADSVKGRFTISA
DTSKNTAYLOVINSGTQTYICNVNHKPSNTKVDKKVE
PPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTL

Fof$ 88080308, 8.5 8

Sequence/PTMs unknown or .

Peptide identification by MS :
need to be confirmed . Fast analysis

and MS/MS

Method Transfer to LC-UV

(- Sequence and PTMs known.
- No further information required
- Stability studies, QA/QC

| - Batch release

Peptide identification by High degree of

unknown and reference : ,
sample chromatoaram confidence on retention
p g time determination is

comparison (retention time ,
: required!
comparison) 9
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|

Thermo Scientific™ Vanquish™
UHPLC coupled to a Thermo
Scientific™ Q Exactive™ HF MS

Speed up your Maps: Short and Long UHPLC Methods for Peptide Mapping

R AT T

T I —
14.64 30 min gradient s e e
0.4 mL min- = =
2.73 663 10.59 13.22 600 bar ﬁ
| I s lh l i 100% Sequence
. A * " = coverage obtained for
i V\ Rituximab Light and
10.78 20 min gradient ; Heavy Chain
8.42 0.4 mL min-t
600 bar Gradient Time
30 min 20 min 13 min 8 min 5 min
. . Modification Abundance o
6.97 9.43 13 min gradient Light Chain Q1+NH3 loss 91.95% 91.17% 89.69% 90.93% 26.57% 28.80%
5.47 0.6 mL min-t Heavy Chain ~Q1+NH3 loss 99.62% 99.67% 99.61% 99.68% 99.69% 0.04%
1.86 5.2 9.82 850 bar Heavy Chain N33+Deamidation 0.52% 0.51% 0.58% - 0.51% 0.03%
Heavy Chain M34+Oxidation 1.64% 1.54% 1.73% 1.42% 1.45% 0.13%
Heavy Chain N301+A1GOF 4.32% 4.42% 3.83% 3.52% 3.38% 0.46%
Heavy Chain N301+A1G1F 1.87% 1.91% 1.72% 3.32% 1.46% 0.73%
1.12 8 min gradient Heavy Chain N301+A2G0 1.09% 1.02% 1.02% - 0.98% 0.05%
555 1.0 mL min-t Heavy Chain N301+A2GOF 37.88% 37.11% 38.59% 40.48% 43.12% 2.41%
5.83 1150 bar Heavy Chain N301+A2G1F 42.06% 41.89% 43.42% 43.20% 43.35% 0.75%
Heavy Chain N301+A2G2F 10.23% 10.17% 9.81% 10.36% 10.05% 0.21%
Heavy Chain N301+A2S1GOF 0.83% 0.86% - - 0.02%
Heavy Chain N301+A2S1G1F 2.14% - - -
107 3.82 5 min gradient Heavy Chain N301+A3Sg1G0 1.30% - - ; } -
1.1 mL min*t Heavy Chain N301+M5 1.61% 1.59% 1.66% 1.87% 1.86% 0.14%
4.02 1300 bar Heavy Chain N301+Unglycos. 0.54% 0.90% 0.76% 0.83% 0.97% 0.16%
Heavy Chain G450+Lys 3.57% 3.56% 3.92% 3.40% 3.15% 0.28%
f [T I I I I median 0.19%
5 10 15 20 25 Time [min]
34 More Details in Application Note 21465:1135: High-Throughput Peptide Mapping with the Vanquish UHPLC System and the Q Exactive HF Mass Spectrometer -IS-I.I.CEIrE“Nu'IFIIthEg




Speed up your Maps: Fast UHPLC Peptide Mapping

A 1.07

M 4.20 4.37

Average w,,, of 60
peaks:
1.41s

2.89 a1t 3.47
N 3.32 4.02

2.99 3.68 4.29
2.86

3.0 3.5 4.0 4.5 Time [min]
B FullMS e 6 Full MS scans
I 5 x Top5 MS2 scans
>=31 scans over a chromatographic peak
5 x MS2 of 2.4 s width (W1/2 =0.9 S)
63.900
63.342 65.694 : . . . .
| | | A) Total ion chromatogram of a five minute gradient separation of
—1 —1 T — r — r T r Denosumab.
62.4 63.6 64.8 66.0 Time [s] B) Data point distribution for a Full MS / ddMS? Top5 method during a

<— 5 A4S > representative chromatographic peak.

35 More Details in Application Note 21465:1135: High-Throughput Peptide Mapping with the Vanquish UHPLC System and the Q Exactive HF Mass Spectrometer TI'IETI'I’ID FiShEI"



Peptide Mapping Workflow: Time Saving

60 min 20 min 10 min

36 ThermoFisher
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Selected Application Notes on Peptide Mapping

LC-UV-MS Peptide Mapping Development

for Easy Transfer to LC-UV QA/QC

Mhariin Samenig, Famen Swart
Thamro Fishar Solentfic, SaTmenng, Gemmany

S TIII——

Key Words
Manoclonal A

. Bi]
Charnctarization,

Goal

Prova the suitabil
wificient and raliaf
LE-AEME satip.

Key Words

High-Throughput Peptide Mapping
with the Vanquish UHPLC System and
the Q Exactive HF Mass Spectrometer

Mancclonsl Atibodics, Acdaim C18 ASLC Column, O Exsctive HF Mazs
Spectramatar, Biocompatible UHPLS, Bictherapenics Chamcterization,
Hiopharma

Goal

Fiaprt on tha banofts of a fast analytical platicrm employing highly afficiont
chramtography in combinatian with fast and high-resciution quadrupcla
Tharme Scentific™

Fiaest i

Orbitrap™ masms spectromatry technology s o ool for
nd o jan of sequance " .

o 2, A
and post-iranslaticnal or arffical modification of recombinant monoclonal

Introduction
Monoclomal amtibodies, or mAbs, (Figures 1 and 7) are
the major element in the fastes: growing sacice of
biopharsacrasicals wiikin the pharsa industry. By 2015,
cight of she top tzn drugs will be therapeutic prosins.
Their massfacurs is accomplissed in hacsrrial ar
eukaryetic sxpression systEms, requirep, exensive
purification of the targss product. Daricg drug
develpment and production, the qualisy of
bintherapeutics needs 1o be closely monitored.

Varius amalytical metheds have been used to stady
quality atzrifmirs such as stracural ey, aEErERAti

or=ation cantent and
i ethods hased an hi
mangraphy and mas spec
the = pwerful prossin characierizai
Proteins can he emrymatically digsted o chtain peptides
eniahling, their amalysss by meass of pepiidc Sapping
experimenzs.

A Aoetoniiie mike  Wonodonal antbody
DT Dithiotosicl Pk Post

& Formc acd TR Trifluonsacetc acd
AR

Here, we repart & fist and sr=sitive approach thas
eoembines enrymatic digsstion, fast chromatograpic
separation, high-rsclution = spectrmetry, and rapid
data processing, to bandle the large sme: of smples in
diverse hinpharma workficws. In this sudy we bave
anafpeed swo commarcially available dnp produss:
ritarimab {trade names MahThera and Ritaxan®) asd
demosumab (trade names Prolia® and XGEVA®).

Experimental

The twrs drup prodecs rnximab and descsumah wers
desatamed for 3 =i i 7 M urea and 50 mM Tris HC a2
P 5.0, The samples were reduced with 5 mM DT for
30 min 2t 37 °C, alkylaticn was performed with

10 mM 1AA for 30 mim at mom temperature, and the
reaction was gaenchad by addition of 10 mM DT,
Therme Scientific™ Pieres™ Trypsin Proteass (M5 Girade]
was added amd digestion allowsd to procesd avemight at
37 *C Difgests were sinpped by sddition of TEA o

approw=aizly pH 10

SMART Digest compared to classic
in-solution digestion of rituximab

for in-depth peptide mapping

characterization

Authors: Martin Samonig’, Alexander
Schwahn?, Ken Cook®, Mike Olivert, and
Remco Swart'

"Thermo Fisher Scientific, Germering,
hermo Fisher Scientific, Basel,
Switzerland; "Thermo Fisher Scientific,
Hemel Hempstead, United Kingdom;
“Thermo Fisher Scientific, Runcom, United
Kingdom

min

adients and

IS
SCIENTIFIC

6541 ON

Selecting Buffers to Remove Uncertainty
in Tryptic Digestion

Ecantiic, Funcarm, LK

Key Words

Goal
To demonatrats h
uncertanty assocy
profocols, resutin

SMART Digest Kit
Facilitating perfect digestion

The modem biopharmaceutical and protein research
laboratory is tasked with providing high quality analytical
reaults, often in high-throughput, regulated environments.
One of the key areas which affects these requirements is
sample preparation. Cument technologies employed are
subject to high levels of imeproducibility, poor sensitivity,
and protracted methodologies that often require 24 hours
to achieve full digestion.

The Thermo Scientific™ SMART Digest™ kits remove
these issues by providing a digestion solution which is:

* Fast
« Simple
# Highly reproducible

Following are some frequently asked questions relating
to how the technology works and how it can be
implementad.

T

hermoFisher
SCIENTIFIC
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On-Demand Webinar Series on Peptide Mapping

| TAKE THE SMART ROUTE TO PROTEIN DIGESTION - How to
increase reproducibility whilst reducing preparation time.
[l PEPTIDE SEPARATIONS WITH PINPOINT PRECISION - How Learn how to increase confidence
) ) ) i I ) in biopharma peptide mapping. = e
to achieve ultimate retention time reproducibility & high .
resolution separation of peptides. series on-demand now
Wednesday, October 12, 2016, 03:00 PM BST srEieNCes
[l DON'TMISS A THING ON YOUR PEPTIDE MAPPING

Watch on-demand . o
JOURNEY - How to get full coverage peptide maps using thermoscientific

high resolution accurate mass spectrometry.
Wednesday, Ociober 26, 2016, 03:00 PM BST

bit.ly/UYPepMaps

ThermoFisher
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Questions?
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Let’s Optimize the Digestion Buffer!

-~ Enzyme |~ Solubility
Denaturation | —Diffusion —_

Trypsin truncation site

0

A Effect of buffering ion B Effect of salt concentration E Effect of detergents
1400000 1400000 1400000
1200000 1200000 1200000 Y J
1000000 1000000 1000000 N-t sequence
= 800000 2 oo 2 800000 Insulin amino acid sequence, C-t
E
600000 0000 600000 peptide was monitored
400000 400000 400000
200000 200000 200000
0 0

= s = =2 = =] =3 = = = = E ¥ g ¥ F g g g F g g &=
= g8 Z § 2 = = % b = g = 5 &8 5 5 88 £ 8 & <
g = ?E;- = % E g— = g—- = =] % s = £ ; S £ = 2 2 8 8 Selecting Buffers to Remove Uncertainty
5 g = g F J= 3 2 3 = = 5 g g g EEECS in Tryptic Digestion
Valoria Barattin, Phillip Humphnpes, Thermo Fisher Scleraific. Runcorn, UK
C Effect pf pH D Effect of chaotropes F Effect of co-solvents
1400000 1400000
1200000 1200000
1000000 1000000
= 800000 = 800000
E E
600000 500000 1 ‘I 1
400000 400000
200000 “I: I I 1 1 1
200000
H 1‘1‘ 1"1""‘1‘ 1‘1‘r—r-w
0 e | — 1] e
£ = = £ gg EFFFFFFETEETFETFEEETETETEETEFTEESR
= = & = 23 sogbioohihoorRobhbgoibgeiiny
E ; E 5 e fgsccB8zz-5rtr=fcsz=8zz2800
5 4 = E23 383 2 < E2EF
3 £ - g FEEE2RR233F REEEIOLTRER
2555
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Let’s Optimize the Digestion Buffer!

Chemical Name EINECS No. Kit Component Weight %
" Enzyme )| Solubility [ e IO f

w Glycerol 56-81-5 200-289-5 2 < 20%

Tris Base 77-86-1 201-064-4 2 < 10%

Tris-HCI 1185-53-1 214-684-5 2 < 10%

Caloium Chloride  10043-52-4 233-140-8 2 < 10%

Sodium Azide 26628-22-8 247-852-1 2 <0.1%

C Effect pf pH D Effect of chaotropes

1400000 1400000
1200000 1200000
1000000 1000000
g 800000 ‘:é 800000
600000 600000
400000 400000
200000 200000

\

. e S S S ST e

mmmmmm

= T £ EE 2 @ o o@D @

s E = = —

=
&
=
mw
E
i

Smart Buffe
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Vanquish Flex UHPLC System: Retention Time Reproducibility

Outstanding retention time reproducibility for confident peptide annotation

Experimental Conditions

Retention Time RSD distribution GColumn: Acclaim RSLC 120, G18, 2.2 ym Analytical
50 1 (n _ 5) {21 x 250 mm, P/N 074812)
- Mobile Phase: A: 0.05% TFA In water (P/N TFA 85183)
B: 0.04% TFA In 82 acetonitrile/water (wv),
m<0.02% {P/N acetonitrile TS-51101)
40 - Gradient: 0—30 min: 4%-55% B, 30—31 min: 55%—100% B,
®0,02-0,05% 31-35 min: 100% B, 35—-36 min: 100%—4% B,
3656 min: 4% B
-0 10
- 0’05 0’1 % Flow Rate: 0.3 mL/min
0>0,1% Temperature: 50°C still air
307 Injection Valume: 2L
Datection: 214 nm
Data collection rate: 10 Hz
Responsa time: 0.4 s
20 Flow Cell: 10 mm LightPipe
10 1 w
MM IR UL LJL%AJQLA |
0 1 N ) min
5 10 15 20 25 30
a4 ThermoFisher



Transfer your Maps: Sensitive LC-MS to Routine LC-UV

A=
|

Total lon Current (TIC) of a
SMART digested

Rituximab sample,
measured by Q Exactive MS

Vanquish Flex: UV detection
SMART digested
Rituximab sample.

Peak assignment with
Biopharma Finder of the
tryptic peptides from
Rituximab.

n’l ] | |I |I l-|| ) i I J| | I|I ‘L M \ Uv@214 nm
N Iullt-,_ - _‘f"‘_"'—"\--—nf'fllt“ﬂh/ N "’“‘\] I_,—'.“_wll.d_z-q_)l"ul I —'\u/'ll\__”."‘\-' I‘“’Hx_,l L H Ll l,_,-_/'\\\_/ ~ S N
T T T T T T
5.0 10.0 15.0 20.0 250 30.0 min
2-337-413
>414-418 .
SR 2279202
2375396
2444450 o1 g
7 365.374
1:126-141
2:360-364 19-24 1143188, 00 g
1:207-210 1:108-125
49-E0+
1:126-141"
T T T T T T T T T T
4 5] ] m 12 14 16 13 20 22 x4 26 28 an
Time

St

BioPharma Finder™ 1.0

Mass Infarmatics Platform for Protein Characterization
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Why Peptide Mapping?

What Are The Peptide Mapping Pain Points?

Effort and Time consuming

* labour intensive, multi-step sample preparation,
with little standardization

* overnight digestion causes delay of results

e Variability in digestion q%’%mﬁ ©
N
different protocols and operators produce different results &%%% qs-m%fb
Fes
* Lack of reproducibility — leading to a lack of data confidence ég e
e Difficult — from digestion to data interpretation multiple skills are required. 2
46 ThermoFisher
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