Small HCPs in a 12 kDa Protein Drug Analyzed by GeLC-MS/MS
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Introduction

The content of low molecular weight host cell
proteins (HCPs) in purified protein drugs Is often
difficult to evaluate, due to their low iImmunogenicity
and poor ability to be visualized in gel-based total
protein stains. The proteome of commonly used
expression organisms, such as E. coli and Chinese
Hamster cells, contains 30-40% proteins with a
molecular weight below 20kDa, and these are easily
missed in both in gel separations, Western blots
and ELISA quantitation of the total HCP-content. To
provide unbiased analysis of small as well as larger
HCPs, we Introduce the use of a mass
spectrometry-based orthogonal method, well known
from proteomics, called GeLC-MS/MS.

Here, we analyze an in process protein drug, a 12
kDa protein produced in E. coli, as well as the
corresponding null cell lysate, using 1D-PAGE and
nano-flow LC-MS/MS (GeLC-MS/MS) to achieve
high coverage of small HCPs.

Figure 1: GeLC-MS/MS of null cell lysate
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Figure 2. GeLC-MS/MS of the In process sample
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1D-PAGE

Proteins were separated by 1D-PAGE and stained
for isolation and visualization of the high
concentration protein drug in separate gel fractions.
Most proteins, 78% in the null cell lysate and 82%
In the In process sample were only identified in a
single gel fraction (light green and blue bars, fig. 1
and 2, respectively). Further, the fractionation leads
to a high number of protein identifications in the
fractions without the protein drug (fig 2).

Protein separation by 1D-PAGE prior to LC-MS/MS
leads to identification of a high percentage of small
HCPs: 46% of the HCPs identified in the null cell
lysate and 37% in the in process sample were
smaller than 20kDa (fig. 3, table 1 and 2). Further,
the HCPs that were identified covered the entire pl
range and 99% of the molecular weight range of the
total E. coli proteome (fig. 3). Examples of small
HCPs is given in table 3 and 4.

The sensitivity of the method was estimated by
parallel analysis of the purified protein drug with two
spiked-in standards, these standards were both
identified at 50ppm.

Figure 3: Molecular weight and pl of the HCPs

identified by GeLC-MS/MS and the E.coli proteome
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Table 1: Distribution of high and low molecular
weight HCPs in the null cell lysate
Protein size | HCPs identified
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Table 2: Distribution of high and low molecular
weight HCPs in the in process sample

HMW (=20kDa)

LMW (<20kDa)

Nano Flow LC-MS/MS

The proteins contained in the gel fractions were
digested enzymatically into peptides using trypsin.
Separation of the complex peptide mixture was
achieved by nanolitre flow HPLC using a CSH
(charged surface hybrid, Waters) column. This
material has a high loading capacity and excellent
peak shape in formic acid mobile phases. This
enables highly sensitivity and accurate MS detection
of low level HCPs using a qTOF mass spectrometer
(Bruker Corp. fig. 4 and 5).

GeLC-MS/MS advantages

 1D-PAGE requires very little sample preparation
and has a wide mass and pl range, leading to
unbiased sample analysis

 Protein digest combined with nano flow LC-
MS/MS  provides sensitive and  accurate
measurement of multiple peptides from each
protein as well as sensitive and accurate
measurement of peptide fragment masses

Figure 4. MS/MS spectrum of the a peptide from
Ferric Uptake Regulator (in process sample)
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HCP ldentification Criteria

HCPs are identified by comparing the mass data to
the theoretical masses of the host cell proteome.
Peptides are assigned a score according to how
well they match and these are summarized to a
protein score. Since small proteins have fewer
peptides they also have lower proteins scores even
at the same molar level as larger proteins.

We have used conservative inclusion criteria that
accounts for this: 1% false discovery rate, a
minimum score of 25 for all peptides, and a two
peptide minimum for proteins larger than 20kDa.
These criteria allows highly confident HCP
identification with a low false positive rate.

Table 3: Top 30 small proteins
In the null cell lysate

 HCP no  Accession no _ Protein Name _ Mass___pl__ Score
29 trl C6EC i 15759 &4 3350

tr| C6ECE6 Ribosomal protein L9 5759 6.17

tr| CBEL60 PTS system, glucose subfamily, [IA subuni 18240 4.73 2336 .

Table 4: Top 30 small HCPs

oo _ovienane - the In process sample
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3 tr|C6EJQ1 Ferric uptake regulator, Fur family 17012 5.68 3455
6 tr| C6EGIO Peptide deformylase 19430 5.23 2765
14 tr|C6EC51  Methionine-R-sulfoxide reductase 15783 5.58 1881
20 tr|C6EE34  50S ribosomal protein L10 17757 9.04 1367
tr|C6EG32 22 tr|C6EGC3  Ribosomal protein S7 17593 103 1082
tr| C6EG67 31 tr|C6ECU9  Glutaredoxin 13042 4.75 906
tr| C6ECES 40 tr|C6EGF4  Ribosomal protein L29 7269 9.98 625
tr|C 46 tr|C6EGG3  30S ribosomal protein S5 17534 10.23 591
tr| C 63 tr| C6EE36 50S ribosomal protein L11 14923 9.64 399
tr|C 65 tr| C6EIX0 DNA protection during starvation protein 18684 5.72 390
tr|( 70 tr|C6EE23 Regulator of sigma D 18288 5.65 371
tri( 71 tr| C6EIZ8 Molybdopterin synthase sulfur carrier subunit 8734 4.38 370
trC 73 tr| C6EBF4 Ferritin 19468 4.77 332
tr|( 75 tr|C6EKH8  Iron-sulfur cluster assembly scaffold protein IscU 14011 4.82 301
tr|CBEA12 80 tr|C6EE73  50S ribosomal protein L31 8094 946 271
tr| C6ECY3 81 tr|C6ECE9  30S ribosomal protein S6 15163 5.25 262
tr|CEEJY6 83 tr|C6EG68  ATP synthase F1, delta subunit 19434 494 254
tr| C6ECO7 88 tr|C6EF45  Uncharacterized protein GN=ECBD_4172 10323 5.18 232
tr| C6EG68 90 tr|C6EJQO0  Flavodoxin 19896 4.21 224
tr | CBEGF4 91 tr|C6EGG2  Ribosomal protein L18 12762 10.41 222
95 tr|C6EGNO  DNA-binding protein 15587 5.43 202
96 tr|CBEGG1  50S ribosomal protein L6 18949 9.71 201
97 tr|C6EK87  UspA domain protein 15925 6.03 200
102 tr|C6EHCO  Acyl carrier protein 8634 3.98 190
103 tr| CGEAC8  Iron-sulfur cluster assembly accessory protein 12264 4.11 189
105 tr|CBEGF1  50S ribosomal protein L22 12219 10.23 185
14 tr|C6EGGY9  Ribosomal protein S11 13950 11.33 158
112 tr| C6EL60 PTS system, glucose subfamily, [IA subunit 18240 4.73 153
113 tr|C6EGK5  Acetyl-CoA carboxylase, biotin carboxyl carrier protein 16733  4.66 152
115 tr| C6EKO4 Thioredoxin 15887 5 147
Conclusion

The HCPs that were identified covered 99% of the
entire E. coli proteome in terms of molecular weight
and pl. This shows that the developed GelLC-
MS/MS method has no inherent limitations with
respect to pl or molecular weight for HCP
identification. The obtained protein identity enables
an in-depth analysis of each individual HCP and a
more detailed risk assessment.
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HCPs Characteristics and
Individual Risk Assessment

Ildentification of the protein names and database
accession numbers enables an in-depth analysis of
each individual HCP present in the drug sample.
Important features for a drug risk assessment
include:

 Immunological properties and presence of human
B- and T-cell epitopes

« Homology to human proteins with important
biological function

« Homology to the drug protein

 Enzymatic activity to modify or cleave the drug
product constituents

« Hormone or hormone-like activity

Known information can be found at
nttp://www.uniprot.org/ including:

« Molecular function, biological process, ligand
binding and cellular component

e Post translational modifications and processing
e EXpression, interaction and structure

e Protein family and domains

e Seqguence variations

e Publications

Prediction of protein features can be investigated at
nttp://www.cbs.dtu.dk/services, including (fig. 6):

e Immunological features
e Post translational modifications
 Protein structure and function

Figure 6: Examples of services available
for prediction of protein features

Immunological features

ArrayPitope
Residue-level epitope mapping of antigens based on peptide microarray data

BepiPred »
Linear B-cell epitopes

DiscoTope » Post-translational modifications of proteins
Discontinuous B-ce| .
HLArestrictor DictyOGive . . . . . S :

Patient-specific HL/ O-(alpha)-GlcNAc glycosylation sites (trained on Dictyostelium discoideum proteins)

LYRA NetAcgt _ - -
Lymphocyte recept{N-terminal acetylati Protein function and structure

MHCcluster NetCGlyc»  |archaeaFun
MHC class 1 clustri| ©-mannosylation S] Enzyme/non-enzyme and enzyme class (Archaea)

NetCorona

MuPeXl -new - - . |Cofactory »

Prediction of neo-e Coronavirus 3C-likefj e sification of Rossmann folds and prediction of FAD, NAD and NADP specificity
NetChop » NetGlycate |cpHmodels

Proteasomal cleavd Glycation of & amindpoein “structure from sequence: distance constraints

NetCTL » NetNGlyc » |distanceP

Integrated class | af N-linked glycosylati{p qiein distance constraints

NetCTLpan » NetOGlye »  |keaturep

Pan-specific inlegrao'Ga]NAc (mucin Yy £ nctional differences of protein variants

NetMHC » NetPhorest InterMap3D
Binding of peptides Linear motif atlas fo Co-evolving amino acids in proteins

NetMHCcons »  |NetPhos » NetDiseaseSNP
Binding of peptides| Seneric phosphorylp e icts whether a single non-synonymous SNP causes a disease or is invariant
NetMHCII » NetPhosBac NetSurfP »

Generic phosphoryllpyotein secondary structure and relative solvent accessibility
NetPhosK NetTurnP

Kinase specific pho
NetPhosYeast
Serine and threonin

Binding of peptides
NetMHClIpan »
Pan-specific bindin

NetMHCpan »
Pan-specific binding

B-turns and B-turn types in proteins
ProtFun
Protein functional category and enzyme class (Eukarya)

NetMHCstab NetPicoRNA RedHom

Stability of peptide:|~osttranslational clgg g, ction of sequence similarity in a data set

NetTepi NetworKIN SigniSite

T-cell epitopes restf !N Vivo kinase-substl o ification of residue-level genotype-phenotype correlations in protein multiple sequence alignments

Arginine and lysine

Identifying sequenc] Transmembrane helices in proteins

PickPocket » YinOYang » VarDom
Binding of peptides O-(beta)-GIeNAC g5 omains in the malaria antigen family PFEMP1

VDJsolver » wKinMut-2
Analysis of human immunoglobulin VDJ|Prediction and annotation of the consequences of mutations in the human kinome
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