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PURPOSE:

. Reduction in the complexity of chromatograms and
spectra of complex Biomolecules.

« Generation and post-processing of molecular mass
chromatograms.

METHOD:

. Savitzky-Golay smoothing in the chromatographic
dimension.

« Deconvolution of m/z spectra over multiple RT ranges.

« Post-processing of molecular mass chromatograms.

RESULTS:
o Dramatic simplification of LC-MS Data.
o Simplified relative and absolute quantification.

INTRODUCTION

The analysis of complex mixtures of high molecular weight
biotherapeutic molecules presents many challenges in mass
spectrometry. The total signal is commonly split over several
charge states and charge states for different species often
overlap making interpretation difficult. Samples may contain
multiple variants of the same component with similar UPLC
retention times (RT). These challenges can lead to
difficulties in identification and quantification.

In this paper we present a novel approach to transform the
observed m/z spectra into chromatograms of molecular
mass spectra’, allowing direct review and post processing of
deconvoluted chromatographic data. This process simplifies
interpretation and quantification.

METHODS

Data were acquired using a Xevo™ G2-XS Q-ToF instrument
(Waters Corporation).

ACQUITY™ UPLC ™ (Waters Corporation) H-Class PLUS
Bio conditions:

Column: ACQUITY UPLC Protein BEH C, 300A,
1.7um, 2.1 mm x 50 mm
Mobile Phase: A. Water + 0.1 % FA
B. Acetonitrile + 0.1 % Formic Acid
Column temp: 80°C
Flow rate: 0.2 mL/min

A dilution series of Ado-Trastuzumab Emtansine (T-DM1) in
serum matrix was prepared. Streptavidin-coated beads
(Dynabeads M-280 Streptavidin, Thermo Fisher Scientific)
were incubated with biotinylated human HER2 for two hours.
After washing, serum samples (5 uL in buffer) were added
and the mixture was incubated overnight at 4 °C. Post
capture, beads were washed and elution of T-DM1 was
performed by adding 100 pL of 10% acetonitrile in water with
1% formic acid.

RESULTS

Trastuzumab emtansine is an antibody-drug conjugate (ADC)

consisting of the humanized monoclonal antibody
trastuzumab covalently linked to the cytotoxic agent DM1.

Figure 1 shows the Total lon Chromatogram (TIC) for 100
Mg/mL (5 L injection) showing significant background
contamination even after purification. The inset spectrum
shows the raw m/z data for the ADC at the RT indicated
lllustrating the complexity of the spectrum.
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Figure 1. m/z chromatogram and spectrum of 100 ug/mL (5 uL injec-
tion) of Trastuzumab emtansine.

CONVERSION TO MOLECULAR
MASS

LC- Mass Spectrometry (LC-MS) data comprises a three-
dimensional array of retention time, mass to charge ratio and
intensity (RT, m/z, ). Figure 2 shows a plot of this array for
the data in figure 1.
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Figure 2. Three-dimensional (RT, m/z, | ) array before processing. RT
range = 4 to 7 min, m/z range = 2500-3500.
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In a pre-processing step, a Savitzky-Golay smooth is
applied to the data in the RT dimension (Figure 3). This
enhances the signal-to-noise of individual m/z spectra
while maintaining chromatographic peak shape and width.
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Figure 3. Three-dimensional (RT, m/z, | ) after processing with Savitzky

-Golay smooth in the chromatographic dimension.

Each pre-processed m/z spectrum is then transformed from
the m/z to molecular mass (M) domain using a Maximum
Entropy deconvolution algorithm?. This results in the
generation of a new data file comprising a three-dimensional
array of RT, mass, and intensity (RT, M, |) (Figure 4). Signal
previously split over several charge states now appears as a
single peak improving S/N for quantification and decreasing
spectral complexity.
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Figure 4. Three-dimensional (RT, M, I ) after Maximum Entropy decon-

volution of smoothed data.

A simple user interface (Figure 5) was developed to read in
chromatographic data and generate a transformed data file
(RT, M, I). Maximum Entropy parameters used were, output
range 140kDa to 160kDa, m/z input range 2500-3500 and
retention time range of 4 to 7 min. This process results in
dramatic simplification of the chromatogram (Figure 6).

Figure 8 shows the reconstructed molecular mass
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= Figure 8 Molecular mass Chromatographic profiles for a specific gyco-
form with varying drug-antibody conjugation.
Figures 9 and 10 show quantification results from a
e serial dilution of the sample for two individual Glycoforms of
220 220 320 200 820 DARS3 over a concentration range 0.5 pg/mL to 100 pyg/mL

Figure 6 Molecular mass, Total lon Chromatogram after processing. processed directly from the molecular mass chromatogram.

Each data point comprises a molecular mass spectrum. The chromato-
gram may reviewed and processed as normal.

Figure 7 shows molecular mass spectrum summed over
the chromatographic peak in Figure 6. The spectrum is
easily interpretable, clearly showing the glycoform and drug
antibody conjugation information.
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Figure 9. Linear quantification results for DAR 3 GOF/G1F series di-

Figure 7 Molecular mass spectrum from data summed over chromato- lution 0.5ug/mL to 100ug/mL (5uL injection).

graphic peak in Figure 6.

AR 4 GOFIG1F

x|
=]

Hame Type Std. Conc RT Area IS Areal Response | Primar... Conc SeDev

AMOS0719_Blank_20_WM2 Blank 522 114034 114.034|  dd 43

AND50719_ExtBlank _05_21 _M2 Standard 0500 527 23761 237611| dbX 46| 8263

AMNOSOT19_ExtBlank _1_22 W2 Standard 1.000 541 210373 210373 bbi 45| 3563

ANOS0719_ExtBlank_2_23_WM2 Standard 2000 527 N7431 17.431| db)X 43| 1164

ANDSO7T19_ExtBlank_S_24 M2 Standard S.000 53 324 829 324 829 el 49 -3.0

AND50719_FxtBlank_10_25_1_M2 |Standard 10000] 522 2530881 2530 881 104 a2

ANOS0719_ExtBlank_25_26_M2 Standard 25.000 520 9074 568 074 568 269 77

Do~ |@ || &[] R]=

Slw|om|~o|e|s|olm]]w

bb

bl
AMNOS0719_FxdtBlank_50_27_M2 Standard 50.000 522 174014586 17401488 bd 479 -4.1
AMOS0719_ExtBlank_100_28_M2 | Standard 100.000 520| 36142059| 36142.059| bb 952 -4.8
bb

=
=1

py

ANOS0719_ExtBlank_200_29_M2 | Analyte 520] 39308898 39308.898

Calibration: 23 Sep 2020 09:02:45
P

= |[@ [ 2 | | [A] chromatogram

=8 EoR

Residual

Response

Compound name: DAR 4 GOFIGTF
Correlation coeflicient r= 0.997362, "2 = 0.994732 152052
Calibration curve: 396.35 *x +-1598.09

Response type: External Std, Area

Curve type: Linear, Origin: Bxclude, Wiighting: 142, Axis trans” None

AND50713_ExtBlank_100_28_M2 Smooth(SG,2x2) TOF MSES+
. DAR & GOFIG1F _ 28271e+005

98
36142.06
282998

s00f
600
400

200

io DAR 4 GOF/G1F

0= - A - T Cone %7

30000
20000

10000+
493

EE -+ — e
L b bl e Conc -1 T T T T T T T T T T min
-0 10 20 30 40 S50 60 FO 80 90 100 2.00 3.00 4.00 5.00 6.00

Figure 10 Linear quantification results for DAR 4 GOF/G1F series dilu-
tion 0.5ug/mL to 100ug/miL(5 uL injection).

DISCUSSION

This analysis of an antibody drug conjugate demonstrates the
complexity of the data generated, even after purification.

Transposition from an m/z chromatogram to a molecular

m

ass chromatogram dramatically simplifies the data,

separating overlapping charge envelopes and revealing
details of chromatographic elution profiles, allowing
quantification using standard software workflows.

The deconvolution process described, combines information
from the entire charge state envelope for each species

m

aximising statistical precision as well as improving signal-to-

noise. This general approach is also applicable to many other
types of data where multiple overlapping charge states
increase complexity including data from other mass
analysers, such as scanning quadrupole mass filters.

2.

CONCLUSION

Generation of molecular mass chromatograms
simplifies interpretation and quantification.

Novel approach preserves chromatographic fidelity
while maximising statistical precision for
deconvolution

Further work planned to expand method to other
applications and quadrupole mass filter data.
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