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Introduction

Recombinant monoclonal antibodies have gained
significant importance in diagnostic and therapeutic

Methods

Sample Preparation:

Humira® (adalimumab, Figure 2) [1]: The intact antibody
(144 kDa) was dissolved in 0.1 % FA to 1 pg/uL; 5 pg

Humira were loaded onto the column.

applications over the past years. In order to verify the
correctness of the overall molecule to provide a
reproducible, safe and effective biological drug
compound, the correct protein sequence as well as the
presence and relative abundance of different glycoforms
have to be confirmed.

Here we present an approach to analyze an intact
monoclonal antibody in non-reduced and reduced
condition by LC-MS using the Thermo Scientific Dual
Pressure Linear lon Trap Orbitrap Hybrid mass
spectrometer. The intact antibody respectively the
separated light and heavy chains were analyzed in Full
MS experiments as well as with top-down experiments
using in-source CID (SID), CID, HCD and ETD
fragmentation techniques making use of the ultrahigh
resolution of the mass spectrometer. For data evaluation
Thermo Scientific ProSightPC 2.0 and Thermo Scientific
Protein Deconvolution 1.0 software packages were
used.
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FIGURE 1: General structure of mAbs and their
biological and physico-chemical characteristics.
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FIGURE 3: Schematics of the Orbitrap Elite hybrid mass spectrometer equipped with an ETD source.
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Instrument:

A Thermo Scientific Surveyor MS Pump Plus was coupled to an Orbitrap EliteTM ETD mass spectrometer (Figure 3)
(2].

Samples were purified on a Thermo Scientific BioBasic-C4 column(150 x 1 mm, 5 um particles, solvent A: 0.1 % FA, 2
% ACN in H20, solvent B: 0.1 % FA in ACN. The LC gradient was 7 min 20—40 % B, 3 min 40—-80 % B at a flow rate of

100 pL/min.
Data analysis was done using Protein DeconvolutionTM 1.0 and ProSightPCTM 2.0.

Results

The analysis of large proteins of the size of intact antibodies (~150 kDa) using the Orbitrap detector has been
significantly improved over the past years. Large molecules like mAbs show only very short transient life-times due to
their relatively big cross section. Thus the method of choice for intact antibodies is to use the shortest transient
duration (48 ms) available on the Orbitrap Elite hybrid mass spectrometer (Figure 4).
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FIGURE 4: (A) Full MS spectrum of intact Humira. The insert shows a zoom into the three most abundant charge states
z=52,53,54. (B) Spectrum after deconvolution.
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FIGURE 5. (A) Full MS spectrum of intact light chain of Humira. (B) Zoom into +18 charge state of intact light chain.
(C) Simulation of isotope pattern of +18 charge state. (D) Isotope pattern of intact light chain after deconvolution. (E)
Monoisotopic mass (M) of the measured light chain of Humira obtained after deconvolution with Xtract.

Improving Intact Antibody Characterization by Orbitrap Mass Spectrometry



100

80

70

80

40

Relative Abundance

1180.9857

20 R=133304

1181.6860
R=117204

1182.5933
R=118404

1182.2444
R=121404

1183.5918
R=122204

1183.9644
R=120204

1185.2190
R=117700

1185.4508
R=122004

1185.8925
=109804

1186.2635
R=127904

=]

_ _ 2_43 11852190
FIGURE 6: Humira heavy chain 100— R=117700 11852621
acquired in SIM scan mode (z=43). : 11851287 R=117704
60 pscans were averaged. o gpl R=120804
Deconvoluted mass: Mr £ ;{1_8151-22[2]2
50,891.04317 Da. The inserts on the E 603 —
right demonstrate isotopic resolution é ] ;{1:8152388;
of that charge state detected at m/z g 4p]
1185 and masses obtained after % ]
deconvolution using Xtract. & 20-]
o L T T T T LI T
- 1185.2 11854
8 miz
Q
=]
< . .
o Monoisotopic mass (M) of the
50891.04317 =) intact heavy chain after
100 . .
= deconvolution with Xtract
80 o
=
60
% 20
z
E 0
50922.07492 Isotope pattern and average
o mass of the intact heavy chain
5 after deconvolution with Xtract
60

.J|||H
L L AL

50910 50920

miz

.ng.’“!

1]
1
50840

Thermo Scientific Poster presented at Mass Spec 2012 5



100
a0
30
70
&0
50
an
30
0

Relative Abundance

1004

90

80

70

100+

Relative Abundance
o
T

Relative Abundance
3
o
g b e oo b bo v brve b b

CID

551.31708
z=1
782.33112
=7

452.24893 683.26221
z=1 7=2

400 600

7+
Yo1

lz=6

‘ Cio5+/Cr 055"

R=101019

971.26849
=7

R=112194

1321

7=7

1217 55788

1076 95667

7=24

miz

R=94282

R=102177

R=108759

z=7

R=108093

R=108541

139524207

7=18
86304

1507 50037

z=8

R=111081

158427380
z=8

1629.42053
z=8

175670886
z=7

R=105350

R=104772

R=110104

R=108646

| R=109703

R=105375
nR=99113

2000

=86808

T T T T T T

T ] T T [ T T I T T ] I
17025 1703.0 1703.5 1704.0

ETD

1 oy |u..1ﬂ.||llll.m.{ll

500 1000

T | T
17045

1500

T

T

| T T 1

1705.0

m/z

miz

2000

2500

ol .JutJhJ ..LiL

\ m.»ﬂww'w.i'wwwk

]
1706.0 1708.5 1707.0

T

I
3000

FIGURE 7: (A) CID spectrum and (C) ETD spectrum of intact Humira antibody. (B) Zoom in into the ETD fragment
ion spectrum of intact Humira showing the need for highest resolution possible.
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FIGURE 8: Summarized sequence coverage of the Humira heavy chain using fragmentation techniques SID, CID, HCD,

and ETD. Optimized conditions: trapping under high pressure settings. N: Putative glycosylation site.

Conclusion

References

The analysis of intact and reduced antibodies on the
Orbitrap Elite mass spectrometer provides the accurate
molecular weight as well as valuable information about
the presence and abundance of glycoforms.

Analysis of the reduced antibody provides isotopically
resolved mass spectra for both light and heavy chain.

The combination of multiple fragmentation techniques
in top-down analysis (SID, CID, HCD and ETD)
generates comprehensive sequence coverage and
enables fast localization of modifications with minimum
sample preparation.

For measurements of intact light and heavy chain as
well as for the detection of fragment ion spectra from
top-down experiments ultra-high resolution as provided
by the Orbitrap Elite mass spectrometer is
essential.
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