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ABSTRACT RESULTS

Mass analysis and top-down characterization ofa monoclonal antibody was conducted on a

modified Orbitrap Fusion Lumos mass spectrometer. The mass spectrometer was fitted with a
213 nm wave-length Nd:YAG diode pumped solid state laser to allow for UVPD fragmentation
in the linear trap. Multiple fragmentation modes were investigated and instrument parameters
thatinfluence the kinetics and extent of fragmentation were monitored with a goal to optimize

glycoforms and their mass measurementaccuracies.

Figure 1. LC-MS analysis of Intact mAb. Mass spectrum of the mAb acquired by averaging over the
LC-MS peak. The insetis a zoomin for charge state 52+ showing base line resolution for the major

sequence coverage.

INTRODUCTION

Intact mass analysis is frequently used for the screening oftherapeutic monoclonal antibodies.
More recently, top down analysis of the antibody sub-units has gained interestas a means of
sequence validation and the assignment of glycan modifications or drug attachment site.

In this work, we conductmass analysis of the intact monoclonal antibody (mAb), as well as top
down characterization ofthe enzymatic digests (LC, Fc/2, Fd sub-units) and the reduced
heavy chain product. Wide isolation windows were used to target multiple charge states of the
eluting proteins to allow for a precursor AGC target of 1e6 to be achieved within injection times
suitable for the LC-MS time scale. Critical parameters such as the precursor-reagentreaction

GOF/G1F

1.5 ppm
GOF/GOF
3.5 ppm - GIF/G1F
0.3 ppm
GO/GOF G1FIG2F

3.6 ppm

times for ETD HD and the number of laser pulses for UVPD were investigated for the top-

down fragmentation experiments.

MATERIALS AND METHODS
Sample Preparation and Liquid Chromatography

The SlLulLite antibody standard was purchased from Sigma Aldrich and IdeS protease was
purchased from Promega corporation. The intact mAb was deglycosylated using PNGase F,
denatured using 8M Gu-HCl and reduced with 100mM DTT to produce the heavy chain. The
monoclonal antibody was diluted in Tris HCI 0.1M and digested with the IdeS protease prior to
denaturing and reduction for the sub-unitanalysis. AThermo Scientific™ UltiMate™ 3000
RSLC system operating at400ul/min was used for the RP-LC analysis. AThermo Scientific™
MabPac RP column (2.1 x 100 mm) was used for all the analyses and the column
compartmenttemperature was maintained at80C. The samples were desalted online and the
flow was diverted to waste during this time. 1ug of sample was loaded for the intact mAb mass
analysis and 5ug was loaded for the top-down experiments. A8ug sample was loaded for the
heavy chainisotopic mass analysis. The intact mAb was analyzed using an organic gradientof
30% - 45% Acetonitrile in 0.1% Formic acid over 5 minutes. The IdeS sub-units were
separated using an organic gradient20% - 35% over 29 minutes. A gradientof 20-45% organic
solventin 29 minutes was used for the heavy chain analyses.

Data Processing

BioPharma Finder 1.0 SP1 was used to deconvolute the intact mAb spectrum using the
ReSpectalgorithm (sliding window) and Xtractalgorithm was used for deconvoluting the
isotopically resolved data. The Xtract deconvolution parameters were setas follows- fit factor
80%, remainder threshold 25%, and signal to noise threshold 1.5 or higher. The resulting list of
monoisotopic masses was searched using ProSightLite with a fragment mass tolerance of
10ppm. The sequence maps for the combined fragmentation results were generated in
ProSightLite by combining the matched c/z ions from the ETD experiments, b/y ions from the
CID experiments, and a/x/b/yc/z ions from the UVPD experiments.

Mass Spectrometry

The lon funnel RF value was set at 60% for the intact mAb mass analysis and at 30% for all
other experiments. The ion transfer tube temperature was set at 400C and vaporizer
temperature was set at 200C for the intact mAb analysis. The ion transfer tube and vaporizer
temperatures for all other experiments were setat 300C and 100C respectively. An AGC
target of 2e5 was used for intact mass analysis and AGC target 1e6 was used for top-down
analysis. A 300 m/z wide isolation window centered atm/z 1000 was used for the top-down
analyses. MS data for the intact mAb was acquired ata high mass range with Orbitrap
resolution setting 15K and using 10 microscans. For all other experiments, the instrumentwas
operated in intact protein mode with an IRM pressure setting of 1mtorr and Orbitrap resolution
240K. Data was acquired using 5 microscans for the analysis of the antibody subunits and the
heavy chain. ReagentAGC target was set at 7e5 and reaction times 3ms- 25ms were
monitored for the ETD HD experiments. The instrumentwas equipped witha213 nm UV laser
(Nd:YAG diode pumped solid state laser). The laserenergy was set at 2.5 uJ per pulse and
the number of pulses was varied from 10-30 for the UVPD fragmentation experiments. The

CID collision energy value was previously optimized at25% and the normalized HCD energy
values 7- 15% were monitored. ermo




Figure 2. LC-MS ETD HD analysis of mAb sub-units. Totalion chromatogram, mass spectra and
protein sequence coverage (c/zions) for the Fc/2, lightchain and Fd sub-units analyzed using ETD HD

fragmentation using 5 ms precursor-reagentreaction time.
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Figure 6. ETD HD spectrum at varying precursor-reagentreaction times. Comprehensive

sequence coverage can be obtained by combining fragmentation results atdifferent ETD precursor-

reagentreaction times. A) LC-MS ETD HD spectrum of the Fc/2 sub-unitat reaction time 3ms B)
LC-MS ETD HD spectrum of the Fc sub-unitat reactiontime 15ms.
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Figure 7. Sequence coverage for antibody subunits. A) Sequence coverage obtained forthe

antibody sub-units from differenttop-down fragmentation LC-MS experiments. B) Unique fragments
identified from the UVPD top-down LC-MS experiments contribute towards increasing the sequence

coverage for the antibody sub-units.
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Figure 3. LC-MS UVPD analysis. UVPD fragmentation spectrum for the lightchain at A) 20 UVPD

pulses and B) 25 UVPD pulses. The insets show the protein sequence coverage. Many unique

fragments can be identified from the fragmentation spectra acquired using differentnumber of pulses.
1051.53

1.
100955 z=24
z=25

1097.25 A
3

83067
60| “rvamias Sy rsrasn =4 80844

ATl UMY e awaltnusYE Ea = 14747
500 L vaneerrvenrvrre s 93488 Jal o

27
40
55132
30 1 794.19
664.74
20 =5 | 180 =1 128765
=7

v L . L1 . l LLL

830,67
z=4
99222
= B
90046 1031.11
6 z=5
1157.59
76
452.25 664.74
30 1174.59
71 z=1 =5 727.140 794-12 =12 1270.70
20 501.23 [ = =1
=7
j | I
T R Al T
00 600 700 800 900 1000 1100 1200 1300

Figure 4. UVPD fragmentation using different
number of pulses. 40% sequence coverage for
the lightchain was obtained by combining the
results from fragmentation spectra with number of
pulses 20 and 25.

Figure 5. Freq y of frag tion

largerfragmentions at shorter precursor-
reagentreaction times.
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Figure 8. Sequence maps for monoclonal antibody sub-units. Comprehensive sequence coverage
obtained by combining fragmentation results from ETD HD at reaction times 3ms, 5ms, 15ms; UVPD at
number of pulses 20, 25; and CID 25%. Sequence coverage obtained for the Fc/2, light chain,and Fd
was 76%,80%, and 73% respectively.

Fc/2 LC

Glp slv FILTF P PIKIPIKIDITILIM 1TSTRITIPTEIVIT Qlsla L TIQIP RIsIVIsIGIsIPIGIQISIVITITISICITIGIT

IVIVIvIp vIsTH]E]D1PTEIVIK] FINIWI YIVIDIGIV]EIVIHIN 1s1s1D 11616 Y N F v s W|Y1Q Q HIP G KIATPTKLLIMI 1
TAIKITIKIPIRIETEIQIYINLS T YIRIVIVIS V LITV LH Q 1v1p AITIKIRIP1sT6]VIPIDIRIF1S16]SIKISTGINLTIALS L
[DIWLLIN GIKLE v K clk VISINIKIALLIPLATP 11ETKLTLE 1r111s16LL1QIATEIDIE AlDIY1Y ¢ © slylalGlplylTIPle
1s1K1A1K161QIPIRLElP Q v Y TLLIPIPLSIRID ELLLTIKIN vIvlFleleleltlk L T viL GlQLPIKIATAIPLSIVITLLLFIP
lQvls L T ¢ Llv k GLF YIPlsIp 1 A v[EWLELsINLGlQ TplslslelelilQlaln klALT L viclLLils[plFlylrlGlaly
P elnINLylk TlTIPLPlvLLIDLsDLGLSLFLFLLLY s KLLLT 17lv[AWlKlAlplsIsTpLvik|AlGLVIEITLTLT PlsiKlQlsIN
Lvip kls|riwlelQlGIN VIFls cls vim HLE[ALLIHINIHLY INKLylalalsslylilslilriplElQlw Kls HIRLS ¥ s © @
IrQk s L s LlsIPle V[TIHLE 6 ST V[EIK T v{AlP T E (s

Fd EV QL VIE]s GIGIGILIVIQIP GlGls L R LTS ¢ VIA S

GIF T LININTYIDIM HIw v R1QIGI 11GIKIGILTEIWIV] STk
1116IT1AlGIDIRIY1Y1AlGLSTVIKIGIRLF1T] 1TSTRLEINI ALK
1ols1t1¥IL1QIMINIs1L RIVIGIDIATAIVIYIYICLA RIG AlG
TRIWIALPILIGIATFIDT 1TWIG QlG TM V TLV SISTA s Tlk
161 sVIFlp LlAlpislslkls Tlsle G TlAALGC LV
IkIpLYLF PLELPLVLT VISIWINLS G A LLT[S|GLV HLTLFIP
lalviLiQlslslalLLylsiLLslsvivLTLVIPLS slslLle T Q
T v LclN VINIHIKLPLSINLT K LVIDIK KLVLELP K S clD
KTHTCLPLP clP AlP E L LIG

Figure 9. LC-MS high resolution heavy chain mass spectrum. Isotopic resolution ofthe
deglycosylated heavy chain on LC-MS time scale at Orbitrap resolution setting 240K. A) Total ion
chromatogram of reduced monoclonal antibody showing peaks corresponding to the lightand heavy
chains B) Heavy chain charge state envelope C) Zoomin of charge state 52+ showing isotopic
resolution. The deconvoluted monoisotopic mass is within 2ppm mass measurementaccuracy with the
predicted deglycosylated heavy chain sequence with 2 deamidations .
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Figure 10. Top-down characterization of deglycosylated heavy chain. A) Sequence coverage (23%)
obtained for the deglycosylated heavy chain by combining ETD HD fragmentation results at reaction times
5ms and 10ms with CID fragmentation results at collision energy 25%, B) Sequence coverage (24%)
obtained from UVPD experiments with number of pulses 10, 15, 25, C) Combined sequence coverage 40%
was obtained by combining the results from the ETD HD and CID experiments with that obtained from the

UVPD fragmentation results.
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CONCLUSIONS

LC-MS analysis was performed on the intact monoclonal antibody, the IdeS sub-units and the reduced
heavy chain product.

ETD HD, UVPD and CID top-down fragmentation modes were applied to obtain comprehensive LC-
MS based sequence coverage 76%, 80% and 73% for the Fc/2, lightchain and Fd sub-units
respectively.

Isotopically resolved LC-MS spectrum for the deglycosylated heavy chain was obtained atan Orbitrap
resolution setting 240K.

ETD HD, CID and UVPD top-down fragmentation results were combined to achieve 40% sequence
coverage for the deglycosylated heavy chain from 6 LC/MS runs.
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