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INTRODUCTION

MS analysis of antibodies at the protein and peptide levels is critical during development and
production of biopharmaceuticals. The compositions of current generation therapeutic proteins
are often complex due to their heterogeneity caused by various modifications which are
relevant for their efficacy. Intact proteins analyzed by ESI-MS are detected in higher charge
states that also provide more complexity in mass spectra. Protein analysis in native or native-
like conditions with zero or minimal organic solvent and neutral or weakly acidic pH decreases
charge state value resulting in mAb detection at higher m/z ranges with more spatial
resolution.

Here we have analyzed the profiles of three monoclonal antibodies under denaturing and
native conditions by direct infusion with offline desalting and with on-line desalting via size
exclusion and reversed phase type columns. The samples were analyzed with three different
workflows (Figure 1): 1) the analysis on the intact level under native and denaturing conditions;
2) the analysis of subunits following IdeS digestion and or reduction; and 3) peptide mapping
following sample preparation applying the Thermo Scientific™ SMART Digest™ Kkit.

The mass spectrometer used for all experiments was a commercially available hybrid
quadrupole-Orbitrap mass spectrometer with modified instrument control software to allow for
improved high mass transmission and mass detection up to 8000 m/z. This modification is
necessary for the analysis of antibody samples on the intact level under native conditions
requiring the detection of masses beyond the standard mass range of up to 6000 m/z.

Figure 1. Workflow overview covered in this poster
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MATERIALS AND METHODS

The three commercially available monoclonal antibodies Trastuzumab, Trastuzumab-
Emtansine, Infliximab and Bevacizumab obtained in manufacturer’s formulation buffer were
used for all experiments.

Sample Preparation:

For native intact mass analysis using SEC-LC/MS, the antibodies were injected without any
further dilution. For direct infusion analysis under denaturing conditions, samples were
desalted via Bio-Rad P6 desalting columns and diluted to achieve 50% ACN/0.1% formic acid
in the solvent. For subunit analysis samples were either reduced in 4M GdHCI/50mM TCEP or
first digested with FabRICATOR® (Genovis) enzyme according to the manufacturer’s protocol
and then reduced. For peptide analysis antibodies were proteolytically digested using the
SMART Digest kit following reduction with 10mM DTT. For disulfide bridge analysis, part of the
sample was analyzed non-reduced.

Chromatography:

For intact mass analysis under native conditions proteins were online desalted using size
exclusion chromatography (SEC) and isocratic elution with 50mM or 100mM ammonium
acetate. For reversed phase chromatography of proteins, subunits and peptides under
denaturing conditions a gradient of solvent A consisting of water 0.1% formic acid and solvent
B consisting of acetonitrile/0.1% formic acid was used.

Mass Spectrometry:

The mass spectrometers used for all experiments were commercially available Thermo
Scientific™ Q Exactive™ Plus and Q Exactive™ HF mass spectrometers with modified
instrument control software to allow for improved high mass transmission and mass detection
up to 8000 m/z.

Data Analysis:

Intact protein, IdeS digest and peptide mapping raw data files were analyzed with Thermo
Scientific™ BioPharma Finder™1.0 SP1 software. Data for the disulfide bridge mapping was
performed with BioPharma Finder 2.0 beta-software. For top-down analysis data ProSight Lite
was used after Xtract spectral deconvolution.
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RESULTS — mAb Subunit Analysis N?%\/

* Reduced mAb /middle down fragmentation
* IdeS digest + middle down fragmentation

RESULTS - Intact mAb Analysis

* Native vs. denatured
» Antibody Drug Conjugate (ADC)

The three antibodies Trastuzumab, Infliximab and Bevacizumab were
analyzed after reduction and after FabRICATOR digest followed by
reduction. Figure 3 shows Trastuzumab as a representative for LC
separation of light and heavy, Full scan acquisition at high (LC) and low
(HC) resolution settings to achieve intact molecular weight followed by
top down analysis to obtain sequence confirmation. Figure 4 shows the
LC chromatograms obtained for the 3 individual antibodies confirming
heterogeneity of the FC region of Infliximab due to a low degree of Lys-
truncation. Very accurate intact masses for the Fc, LC and Fd’ subunits
are obtained and top town analysis thereof provides very good sequence
coverage.

The three antibodies Trastuzumab, Infliximab and Bevacizumab were
analyzed under native and denaturing conditions as single samples as
well as in a mixture (Figure 2A,C). The mixed sample provided the most
complex pattern (also due to Lys-heterogeneity of Infliximab, Figure 2E)
which can be well resolved in both conditions (Figure 2 B,D) s. However,
under native conditions a higher spatial resolution is obtained due to the
detection at higher m/z. The benefit of analyzing samples under native
conditions becomes even more apparent for the antibody drug conjugate
Trastuzumab-Emtansine (Figure 3 A,B) resulting in higher spatial
resolution and improved, baseline resolved peaks even of overlapping
peak patterns.

Figure 2. Intact mAb analysis under native and denaturing conditions Figure 3: Intact (A) and (B) top down subunit analysis of reduced Trastuzumab

z60m
5695.5 23428.54904
100 \ 59232 100 5695.5
\ _ +1.1pm
mixture 5739.3
50 54845 6169.9 60 ﬂ
wr s
0 w . AR Ll 5695.5 . _
56954 100 Native, R=35k Xtros o
g 100 6955 ;99231 Trastuzumab “ AR R ot
H o o160 w ‘ | 5739.3 Light Ghain sl
H 50 ” 60 A
2 1 st N
g " . . :
g ° . 57227 High Res H(?gvy Chain :;:rlvnl':gs
% 10 16 nfliximab 20 Full MS s o
s501.4 nflixima SIM scan experiment,
A "
* o0 | o186 MM 0 acquired at R=240k
RED'Y L w0 I 5680 5720 5760
57303 miz
100 59688 Bevacizumab v ] | l
390 2175 ! Frraasesaaespuyepuge sttt nptsssapgs s aque a1 4
w o R [
50
5526.8 l J 64878 » )1
0 L ~ AL o
P P oo 5 ko

mz

w

mz w
: =l
,,,,,, 2012 A . et N
101 ' ‘ -
3291.2 Xtract + ProSight Lite
32947 3306.9
80 100 Denatured, R=30k
o ) N DIQMIQISIPSSLSIASVGDRVTITCRA = £V QILIVIEISIGIGIGILIVIQIP 6 6 S LR LS CAAS
20 D GIENIKDTYIIHWVRQAPIGKGLEWVAR sequence
e 32047 #SQDIVINTAVAWYQQKPGIKAPKLLIYS = LY PTNGYTRYADSVKGRETISADTS continued
° fog 60 3 5 ASELIVISIGVP SRFSGS RISIG T DIFITILLTL KNTAYLQMNS L RIA €D TIAVIYIY CIs RWIG
a1 H I ., 1610161FIYIAMIDIYWIGIQIG TIL VIT VIs]s A S T K G - LLIGIGLPIS VIF LF PP K P
§0 Trastuzumabé ﬂslzw TsIsltlQlP EIDIFIALTLYLYIC QQHY TTIPPTFGQ P SVIFIP LAPSSKSTSGGTAALGCLVK ~|TCVIVIVDVSHEDRE
2 FE H 3320.1 1 GTKVEIKRTVAAPSVIFULIFIPIP SIDEQ L 25 DIVIFIP EIP VITVSWNSGALTSGVHTFIPA “VIHNAKTKPREEQYN
35 : 3 ‘ || 32084 20 32880 e KSGTASVIICILILINNFYPREAKVQWKYV 0 VIR S SGLYS LSSV TVIP S SSLGTQT “LHQDWLNGKEYKCK
< ol 11 L, 03 MJJM e i i YICNVNHKPSNTKVOKKVEPKS DK KYISKAKGQPREPQ
0 o = Py T T = 2 D N ALLIQISIGINLSQLELSLVLTLELQIDLS KID SLTLY[SLL * VY TLPIPSREEMIKINQVS LT CILVKGF
i 10 3069 3260 3280 3300 3320 3340 6SISITLLLTLLLSIKLA DLY ELKIHIKLVLY ALCLELY TIHIQLG 200 VP S D 1 AVIEWLELS ISR ENN Y K T Tlolo v
310 miz . LDISIDLGLSLFLE LUYLs K LLT VDl S RWQQ G NV
« Infliximab ¢ 33012 | 33105 LLls SIPLVIT KISIFNRGE ¢ ¢ FSCSVMMEALHNHLYTQKISILSILS PG
5 3206 n ‘ “‘ 142 LC, 43% residue cleavages HC, 24% residue cleavages
20 v‘,\l"\J 3"3
0~ . . . .
1003 33165 Figure 4. Intact (A) and (B) Top Down Subunit Analysis after FabRICATOR digest and
10 El reduction
i GOF/GOF Deconvolution
Bevacizumab ¢} 100 [ E with Xtract
5 El 33201 \ A 1004 Fouys LG Far
HI 1 Ly 203 @) z % I ]
[ Y bbbt ™ 0, 2 g COFeIr B Trastuzumab
2500 3000 3500 4000 4500 3280 3300/ 3320 k) = 50—
7 miz £ ) K=Lys ]
mj o 40 (GOF/GOF)
2 -2K-HexNAc (GOF/G2F)/(G1FIG1F) o
5 20 g
] /G2F)I(G2F - .
o o (G1FIG2F)/(G2FIG1F) 5100 ] Fc—Lys Lc Fd
148000 148500 149000 149500 3 so] Bevacizumab
Mass < %07
Figure 3. Trastuzumab-Emtansine ADC under native (A) and denaturing conditions (B) s A s © ST o
K - o, .
6044. 9
100 o R=4763 100 100 100 Fd 5 ~ 3
A ¢ 8 8 El i
§ 1 § § ] i M M
g 7 § zoom >E g 50 Infliximab i i
s s 1 s B i i
250 250 - 250 - | 1 i
s s 2 . 5 = o
5 ] B 5 ]
2,3 P WL L L 2,1 Time (min) e 3 e
5500 6000 6500 5900 6000 6100 6200 5950 6000 6050 B \
miz miz miz
{6 P SWIFILIFIP AIKIP K DITILIMITTS R TIP EVIT] o1 QMlrIQlsIe s SILSIA S VDRV T 11T ¢ RIA N EV QUVIEISIGIGIGILIVIQIP 6 6 S LR LS CAIA'S
20823 WWIVID v STH € B1P EWVIK F NWIYLVID G V EIV H N SQOIVINTAVAWYQQKPGKAIPKLLIVS GENIKDTYIIHWVRIQIAPIGKIG L EWV AR
400 mmu 2100 T R=3696 AKTKPREEQYNSTYRVIVSVLTVLHQ ASIFIOVISIGV P SR £ 5 G5 R SIG T D FATILLI IYPTNGYTRYADSVKGRFTISADTS
B s A g & r DWLNGKEYKCKVSNKALPAPIEKTI s1s1L1QlP EDLFIALTIYLY < QQH Y T T P P TIFIG @ KNTAYLIQMN S L RIALE D TIAIVIVIYIC]S RIWIG
s 1 2 2 L SKAKGQPREPQVYTLPPSREEMTKN GTIKVEIKRTVAAPSIVIFUIIFPLP SDEQL 161D GIFIYVIAIMIBIYIWIGIQ 6 TIL VITIV S S A S T KiG
s A1 K 5 1 QVISIL T ¢ LVIKIG FIVIFls DI NAWVIEWLELsINGGle KSGTALSVIVICLLILINN F Y PREAKYV QWK Y PSVAPLAPSSKISITSGGTAALGCLVK
: 50 - : 50 : 50 - 1P EIN N YIKLTLTIPLP VILIDISIDIGLSIFLFLLLYLS K LIT DN A LlQlsleINIsIQLELsvITIEQIDLS K IDLSLTLY LS (L DIYIFIP ELP VIT VISWNSGALTSGVHTFIPA
2 - 2 2 B VIDIK S RWQQ G N VLFLS ClS VIMIM ELA L HINIHLY (SISLTILLTILISIKIAIDLY ELKIHIKLVLYIALCLELY TIHIQIG v L Qlsls GLLLYLs LisIsIvIvITLVIPLS sls LG TiQLT
s 1 3 ! QK S LS LS PG LLIsISPWVLTIKISLFINIR 6 € YU €NV N K KlpLs NLTLKLY DL KV E P K S © DIK
4 o o
N 0 o Fc, 39% residue cleavages LC, 49% THTAPR AR el LS
s o residue cleavages .
2500 300:)"/z 3500 2900 3000 . 3100 3200 2960 295’?‘/1 3000 deY 38% residue CleaVageS




RESULTS - Peptide Mapping

» Sequence coverage
* Modifications
* Disulfide bridge mapping

Figure 8 highlights results from a disulfide bond study on Trastuzumab comparing a reduced vs. non-
reduced sample. Differences in the base peak chromatograms are obvious by visual inspection and
using BioPharma Finder software they are identified as either free Cys-containing peptides (reduced
sample) or as part of disulfide linked peptides (non-reduced sample) and provided as shaded peaks in
the chromatogram. Also, a number of scrambled, unexpected disulfide bonds are identified and
represented by one example showing a peak unique to the reduced sample, the iosotope profile
detected with superb mass accuracy and identification of scrambled peptide supported by MS/MS.

The three antibodies Trastuzumab, Infliximab and Bevacizumab were
analyzed after performing a SMART digest resulting in peptide mixtures.
Obtained Base Peak Chromatograms are very similar but show distinct
differences. All antibodies can be identified with 100% sequence

Figure 8. (A) Disulfide mapping analysis results confirming the eight expected disulfide
bonds (table) and (B) an example of an unexpected scrambled disulfide bond
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For Infliximab unusually low Lys-truncation was observed and confirmed at all molecular levels: in
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