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host cell proteins

B SONAR MS/MS fragmentation spectra
of HCP peptides can be assembled into
spectral libraries, containing peptide
precursor m/z, charge states, and
retention times for improved confidence
in the identifications

B Progenesis Ql for Proteomics software
performs accurate HCP identification,
quantification, and tracking
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INTRODUCTION

Residual host cell proteins (HCPs) are low-level (1-100 ppm) process-related
impurities that might be present in protein biopharmaceuticals even after
extensive purification. HCPs could produce unwanted immunogenic responses
in patients, they can reduce the efficacy or the stability of the drug, or they can
be responsible for drug degradation. For these reasons, the regulatory agencies
required that HCPs are identified and quantified prior to drug approval. The
biopharmaceutical industry relies on ELISA assays for measuring the total
HCP concentration expressed in ppm (or ng HCPs/mg biopharmaceutical).
Mass spectrometry based HCP analysis has emerged in recent years as a
powerful alternative to ELISA because it provides more extensive (proteome-
wide) HCP coverage and is able to measure individual HCP levels.

HCPs are identified using LC-MS either via data-dependent (DDA) or by
data-independent (DIA) acquisition. In comparison with DIA, the DDA
acquisition methods are less reproducible and cannot provide adequate
HCP quantification because most of the instrument time is spent in
MS/MS mode. In this application note, DIA and MSE acronyms are used
interchangeably. In MSE acquisition, an equal amount of instrument time
is spent in both MS and MS/MS modes using an alternate scanning mode
with low and high collision energy switching.

Here we investigated the capabilities of a novel data independent acquisition
mode recently implemented on a Waters Quadrupole/Time-of-Flight (QTof)
Mass Spectrometer, namely SONAR data acquisition. Instead of transmitting
all peptide ions produced by electrospray ionization, in SONAR mode, the
quadrupole scans over the mass range of interest during the time required
for recording a single mass spectrum by the ToF analyzer. Co-eluting
precursor ions with different m/z are separated during the rapid quadrupole
scan and their corresponding fragmentation spectra are acquired using

an identical quadrupole separation. In this way, SONAR offers additional
selectivity, by producing cleaner MS/MS spectra with less interference.

Two applications of this novel technology, in the area of lipid profiling,*

and Proteomics,® have been recently described.


http://www.waters.com/waters/en_US/RapiGest-SF-Surfactant/nav.htm?cid=1000941
http://www.waters.com/waters/partDetail.htm?partNumber=186005298
http://www.waters.com/waters/en_US/UPLC-inlet-to-MS-with-the-best-dispersion/nav.htm?cid=134613317
http://www.waters.com/waters/en_US/Xevo-G2-XS-QTof-Quadrupole-Time-of-Flight-Mass-Spectrometer/nav.htm?cid=134798222
http://www.waters.com/waters/en_US/MassLynx-MS-Software/nav.htm?cid=513662
http://www.waters.com/waters/en_US/Progenesis-QI-for-Proteomics/nav.htm?cid=134790665
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The first step of the HCP identification and
quantification workflow described here and 1. HCP discovery assay 2. HCP monitoring assay
presented in Figure 1is based on the HCP
Discovery Assay performed in SONAR mode ¥ ¥
using extensive (90 min) peptide separations. SONAR acquisition MSF acquisition
Following data processing with Progenesis QI ¥ ¥
for Proteomics 4.0, the HCPs are identified by . o .

. . HCP identification Spectral library search
a proteome-wide database search. In addition,
SONAR MS/MS fragmentation spectra can be A 4 ¥
assembled into spectral libraries, containing Assemble spectral library HCP quantification
peptide precursors, charge states, and retention

times. In the second step of the HCP workflow,
additional HCP samples resulted from the Figure 1. Two-step HCP identification and quantification workflow.
purification of the same biopharmaceutical,
are analyzed by higher-throughput HCP
monitoring assays employing MSE data
acquisition with 30 min peptide separations.
The LC-MSE dataset is then searched against
the spectral library for HCP quantification

and monitoring at every step during
biopharmaceutical purification. The HCP
workflow described in Figure 1 was applied for
identification and monitoring of HCPs from the
NIST monoclonal antibody.

EXPERIMENTAL

Sample preparation

A highly purified mAb (NIST mAb candidate reference LRM 8670) produced in a murine suspension cell culture was acquired
from the National Institute of Standards and Technology (NIST) at a concentration of 100 mg/mL. The NIST mAb was denatured
with 0.05% RapiGest surfactant (60 °C, 15 min), reduced with 20 mM DTT (60 °C, 60 min), alkylated with 10 mM |IAM (RT, 30 min

in the dark) and digested with a mixture of Lys-C and porcine trypsin (Promega, Madison, WI, USA) overnight (16 h, 37 °C). After
digestion, the RapiGest surfactant was decomposed by adding 5 pL of formic acid (FA, Sigma-Aldrich, St. Louis, MS, USA) and
the digest was incubated for 30 min at 37 °C and centrifugated (15 min, 4,000 rpm) to separate the insoluble component of
RapiGest by precipitation. For the HCP Discovery assay, performed in SONAR mode, three protein digest standards (MIX-3:

ADH - yeast alcohol dehydrogenase, PHO - rabbit phosphorylase b, and BSA - bovine serum albumin) were spiked post-digestion
in the NIST mAb digest. For the HCP Monitoring assay, performed in MSE mode, four protein digests (MIX-4: ADH, BSA, PHO, and
CLP-B - chaperone e.coli) were spiked post digestion in the NIST mAb at various concentration levels as illustrated in the inset
tables of Figure 6. LC-MS-grade organic solvents (acetonitrile-ACN and methanol-MeOH) were purchased from Thermo Fisher
Scientific (Waltham, MA).
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LC conditions MS conditions
LC system: ACQUITY UPLC I-Class MS system: Xevo G2-XS QTof Mass Spectrometer
Column: 2.1 X 150 mm, packed with lonization mode: ESI(+)

1.7 ym CSH C,, particles
(P/N 186005298)

Capillary voltage: 2.8 kV

Cone voltage: 25V
Column temp.: 60 °C

Source offset: 60V
Flow rate: 200 pL/min

Source temp.: 150 °C
Mobile phases: Solvent A: 0.1% FA in DI water

. o Desolvation temp.: 450 °C
Solvent B: 0.1% FA in acetonitrile P

Gradient tables: Cone gas flow: 50 L/h

A. HCP discovery Desolvation gas flow: 500 L/hr

SONAR MSE
Time Flow rate Solvent A Solvent B (HCP discovery) (HCP monitoring)
min L/min) composition (% composition (%
(min) (1 ) & ) = (%) TOF mass range: 50-2000 50-2000
0 200 100 0
5 200 100 0 Quad mass range: 400-900
92 200 55 45 Quadrupole
94 200 55 45 mass window: 50 Da
95 200 10 90 Scan rates: 0.5 sec 0.3 sec
=l 200 18 2 Low energy CE: 6V 6V
98 200 100 0 )
High energy CE ramp: 15t0 40 V 15to 40V
120 200 100 0
B. HCP itori Data acquisition
' monitoring software: MassLynx 4.1 SCN 949
Time Flow rate Solvent A Solvent B Quantification
. . " o " .
(min) _ (UL/min) composition (%) composition (%) software: Progenesis QI for Proteomics 4.0
0 200 100 0
30 200 55 45
32 200 55 45
34 200 10 90
35 200 10 90
36 200 100 0
45 200 100 0

Table 1. Gradient conditions used for the HCP discovery assays (A) and for
the HCP monitoring assays (B).

Injection volumes: 10 or 250 pL, partial loop injection
using a 250 pL injection loop

Wash solvents: Purge solvent:
100% MeOH

Sample manager wash solvent:
100% MeOH
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RESULTS AND DISCUSSION

The HCP impurities contained in the NIST mAb (100 mg/mL) has been previously characterized.”* The most abundant proteins
identified were the A and C aldolase isoforms present in the range of 100-200 ppm. In addition to these two abundant HCPs, the
one dimensional LC-MS SONAR HCP Discovery Assay described here was able to identify another two murine HCPs, an order

of magnitude below the concentration range mentioned above. These HCPs, present at a concentration level of 10-30 ppm are:
low affinity immunoglobulin gamma Fc region receptor (Uniprot accession number P08101) and beta-2-microglobulin (Uniprot
accession number P01887). The extracted mass chromatograms of three peptide precursors from these two low-abundant HCPs
are displayed in Figure 2. These traces resulted from a 90 min gradient separation of the NIST mAb digest spiked with MIX-3 digest
standards (ADH, PHO, and BSA). The CSH Column, specifically designed to maintain good chromatographic resolution under
column overloading conditions, provides sharp, symmetrical peak shapes (~10 sec peak with at 10% of peak height) for all low-
abundance peptides, despite the high amount of sample loaded on-column (500 pg).
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Figure 2. Extracted mass chromatograms of three low-abundance HCP peptides identified in the NIST mAb using SONAR acquisition:
(A) SQVQASYTFK peptide (precursor 579.79, +2) from low affinity IgG gamma Fc region receptor protein; (B) TPQIQVYSR (546.30, +2)
from beta-2-microglobulin; (C) TVYWDRDM (543.24, +2), also from beta-2-microglobulin.

The 90 minute LC separation was repeated with MSE acquisition, with the same amount of sample loaded (500 ug), and the
combined MS/MS spectra acquired for the three HCP peptides were compared, as shown in panels A-C of Figure 3. The high
energy SONAR fragmentation spectra (shown at the bottom of panels 3A-C) are significantly less complex than the corresponding
MSE spectra (shown at the top of each panel). Unlike MSE, in the SONAR acquisition mode, the quadrupole is isolating precursors
of HCP peptides (regardless of their m/z or ESI-MS response), a critical step for obtaining high-quality fragmentation spectra,

with reduced spectral complexity, less interferences and lower noise levels. The data processing software (Progenesis Ql for
Proteomics 4.0) takes full advantage of the MS/MS spectra of reduced complexity and is able to identify all three peptides with

at least three fragment ions detected above the noise level. The same three HCP peptide identifications were not obtained after
processing the MSE data. Also, the three low-abundance HCP peptide precursors were not selected for MS/MS fragmentation

in a DDA experiment performed on the same sample. The SONAR dataset (three replicate injections) was searched against the
Uniprot database containing 16,644 mouse proteins, and four HCPs were identified. These HCPs were quantified utilizing the “Hi3"
approach,® based on the PHO digest internal standard spiked post-digestion in the NIST mAb digest. The list of HCPs identified in
each of the three replicate SONAR acquisitions is displayed in Table 2. The lowest concentration measured for a NIST mAb HCP
using the SONAR Discovery Assay was 11 ppm for beta-2-microglobulin.
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Figure 3. Comparison of high energy MSt and SONAR fragmentation spectra recorded for three low-abundance HCP
peptides: (A) SQVQASYTFK peptide; (B) TPQIQVYSR peptide; (C) TVYWDRDM peptide. In all three cases, the SONAR
fragmentation spectra are significantly less complex than the corresponding MSF spectra, enabling the Progenesis QI for
Proteomics Software to confidently identify two low-level (10-20 ppm) HCPs from NIST mAb: low affinity IlgG gamma Fc

receptor protein and beta-2-microglobulin.
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Table 2. Host cell proteins (HCPs) identified and quantified in the NIST mAb using SONAR acquisition. Three spiked proteins (ADH, PHO, and BSA) along with four
HCPs (highlighted in red) were identified each time in three replicate LC-MS injections. The data presented in Figures 2 and 3 is centered on the two low-level
(10-20 ppm) HCPs: Low affinity IgG gamma Fc region receptor and beta-2-microglobulin.

Sequence Average Amount on column Concentration
coverage MwW

(%) (kDa)

61.3 36.7 4533 166 26618 266 23.6
31.2 97.1 1000 97 15536 155 0.0
58.7 39.3 2817 m 17713 177 16.8
32,5 39.4 1742 69 10982 110 6.0
30.7 66.3 292 19 3098 31 7.4
11.6 36.7 367 13 2155 22 24.1
16.0 13.8 482 7 1064 1 15.7

In addition, Progenesis QI for Proteomics 4.0 enables the user to add the SONAR MS/MS spectra to a spectral library containing
peptide retention times, precursor m/z and charge states. A list of 24 HCP peptides identified by SONAR acquisition in the
NIST mAb digest is presented in Table 3.

Table 3. HCP peptides identified in the NIST mAb using SONAR acquisition. The MS/MS fragmentation spectra of these peptides were assembled in a spectral
library. Peptides are sorted in the increasing order of their precursors. Two MS/MS spectra were recorded for four highlighted peptides, following fragmentation
of their doubly and triply charged precursors.

No UniProt : Peptide Ret?"tion Precursor  Precursor
crt  accession no Protein 1D sequence tm_1e (m/z) charge
(min)
1 P05063 fructose biphosphate aldolase C TIQDKGILVGIK 27.4 428.9344 5
2 P05064 fructose biphosphate aldolase A ADDGRPFPQVIK 25.6 448.2420 3
3 P05063 fructose biphosphate aldolase C ELSDIALR 27.6 458.7585 2
4 P05064 fructose biphosphate aldolase A PHPYPALTPEQK 19.2 459,9102 3
5 P05064 fructose biphosphate aldolase A AAQEEYIK 14.2 476.2427 2
6 P05064 fructose biphosphate aldolase A GILAADESTGSIAKR 22.5 496.9387 3
7 P05063 fructose biphosphate aldolase C KELSDIALR 211 522.8060 2
8 P01887 beta-2-microglobulin TVYWDRDM 27.4 543.2397 2
9 P01887 beta-2-microglobulin TPQIQVYSR 22.2 546.2958 2
10 P05064 fructose biphosphate aldolase A LQSIGTENTEENRR 14.3 549.6079 3
1 P05064 fructose biphosphate aldolase A ALANSLACQGK 17.5 566.7926 2
12 P08101 low affinity I9G gamma TLHQSKPVTITVQGPK 18.5 578.6685 3
Fcregion receptor
13 P08101 low affinity 19G gamma SQVQASYTFK 20.8 579.7931 2
Fc region receptor
14 P01887 beta-2-microglobulin VEMSDMSFSK 26.6 580.7517 2
15 P05064 fructose biphosphate aldolase A IVAPGK 10.3 584.3766 1
16 P05063 fructose biphosphate aldolase C IVTPGK 10.8 614.3872 1
17 P05063 fructose biphosphate aldolase C DNAGAATEEFIK 27.4 633.3040 2
18 P05064 fructose biphosphate aldolase A IVAPGKGILAADESTGSIAK 30.0 633.3580 3
19 P05064 fructose biphosphate aldolase A RALANSLACQGK 13.2 644.8432 2
20 P05063 fructose biphosphate aldolase C PHSYPALSAEQK 15.5 664.3357 2
21 P05064 fructose biphosphate aldolase A GILAADESTGSIAK 26.6 666.8539 2
22 P05064 fructose biphosphate aldolase A ADDGRPFPQVIK 25.6 671.8593 2
23 P05064 fructose biphosphate aldolase A PHPYPALTPEQK 19.2 689.3617 2
24 P05064 fructose biphosphate aldolase A IGEHTPSALAIMENANVLAR 42.3 703.0359 3
25 P05063 fructose biphosphate aldolase C YEGSGDGGAAAQSLYIANHAY 33.8 705.6520 3
26 P05063 fructose biphosphate aldolase C DGADFAK 12.8 723.3308 1
27 P05064 fructose biphosphate aldolase A GVVPLAGTNGETTTQGLDGLSER 37.7 758.0520 3
28 P08101 low affinity I9G gamma TLHQSKPVTITVQGPK 18.5 867.4991 2

Fc region receptor
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As illustrated in Figure 4AB, the library stored MS/MS spectra from two HCP peptides are matched very well against newly acquired
MS/MS spectra, indicating the clear utility of the spectral library for low-level HCP identifications. The library searching criteria
include precursor and fragment mass tolerance, retention time tolerance and number of matched fragment ions. An example of the
library search parameters used for matching these two spectra is displayed in Figure 4C.
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Figure 4. Comparison of the acquired fragmentation spectra against the SONAR library spectra for two HCP peptides from beta-2-microglobulin:
(A) TPQIQVYSR peptide and (B) TVYWDRDM peptide. The library search parameters from Progenesis QI for Proteomics 4.0 are highlighted in panel C.
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In another experiment, simulating an HCP monitoring assay, three protein digests (ADH, BSA, and PHO) were spiked at four
different concentration levels in four NIST mAb digests, while one protein digest (CLP-B) was spiked at a constant concentration in
all four samples. The LC-MS data was acquired in MSE mode using a 30 min gradient and searched in Progenesis QI for Proteomics
4.0 against a spectral library of 113 SONAR fragmentation spectra of MIX-4 peptides (ADH, BSA, CLB-B, and PHO). Each of the
four spiked proteins can be easily tracked down to the lowest spiked levels (~20 ppm) across all five samples (20 LC-MSE runs) as
exemplified by panels I-1V from Figure 5. Four samples, identified by letters A-D in this figure, contained different levels of MIX-4
proteins spiked in the NIST mAb digest, while the sample labeled “Blk" corresponded to the non-spiked NIST mAb digest. In
addition, individual peptides from each protein were tracked, as shown in Figure 6. Protein measurements (displayed in the inset
tables of panels I-1V in Figure 6) were obtained from multiple peptides measurements of each spiked protein (11 ADH peptides,

15 BSA peptides, 14 PHO peptides) against the internal standard (CLP-B digest, 5 peptides) spiked at the same concentration level
in all A-D samples (93 ppm). The inset tables shown in Figure 6 indicate that very good correlation was achieved when comparing
the known MIX-4 protein concentrations against the measured ones. The relative standard deviations (RSDs, n=4) were under
10% for all measured protein ratios. The HCP Monitoring assay is clearly able to find all the spiked proteins in the NIST mAb digest.
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Figure 5. Protein level results of the HCP monitoring assay. Three protein standards (ADH, BSA, and PHO) were spiked at four different
concentration levels in four NIST mAb digests, while one protein digest (CLP-B) was spiked at the same concentration in all four samples
labeled A-D.
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Figure 6. Peptide level results of the HCP monitoring assay. Three protein standards (ADH, BSA, and PHO)
were spiked at four different concentration levels in four NIST mAb digests, while one protein digest (CLP-B)
was spiked at the same concentration in all four samples labeled A-D (see inset tables for the spiked protein
concentrations). Panels I-1V display the Progenesis QI for Proteomics plots observed for each spiked protein
across four replicate injections of each sample (A-D). The Blk sample is the non-spiked NIST mAb digest.
Protein measurements were obtained from multiple peptides (11 ADH peptides, 15 BSA peptides, 14 PHO
peptides, and five CLP-B peptides) and excellent correlation was obtained between the spiked and measured
fold changes with RSDs under 10% for all measurements.
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CONCLUSIONS References

B SONAR acquisition significantly reduced spectral complexity, enabling 1.

identification of low-abundant host cell proteins

® Using SONAR acquisition, three spiked reference proteins, as well
as four HCPs from NIST mAb were identified and quantified with
an LLOQ of the assay of 10 ppm

® The MSE(DIA) results show that HCPs can be confidently identified,
quantified, and monitored in biopharmaceutical samples using the
1D LC-MS HCP workflow with Progenesis QI for Proteomics software
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