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Abstract

Mass-spectrometry-based proteomics is increasingly employed to monitor purifica-

tion processes or to detect critical host cell proteins in the final drug substance. This

approach is inherently unbiased and can be used to identify individual host cell pro-

teins without prior knowledge. In process development for the purification of new

biopharmaceuticals, such as protein subunit vaccines, a broader knowledge of the host

cell proteome could promote amore rational process design. Proteomics can establish

qualitative and quantitative information on the complete host cell proteome before

purification (i.e., protein abundances and physicochemical properties). Such informa-

tion allows for a more rational design of the purification strategy and accelerates

purification process development. In this study, we present an extensive proteomic

characterisation of two E. coli host cell strains widely employed in academia and indus-

try to produce therapeutic proteins, BLR and HMS174. The established database

contains the observed abundance of each identified protein, information relating

to their hydrophobicity, the isoelectric point, molecular weight, and toxicity. These

physicochemical properties were plotted on proteome propertymaps to showcase the

selection of suitable purification strategies. Furthermore, sequence alignment allowed

integration of subunit information and occurrences of post-translationalmodifications

from thewell-studied E. coliK12 strain.
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1 INTRODUCTION

Throughout the history of biopharmaceutical production, the effec-

tive removal and detection of host cell protein (HCP) impurities from

the final drug product have been the subject of intensive research and

development.[1–3] The presence of such impurities can have adverse

effects on patient safety or product stability when present in the

final drug product. For example, significant amounts of HCP impurities

could be linked to strong side effects of the recent ChAdOx1 nCoV-19

vaccine.[4] To minimise impacts on patients and improve product qual-

ity, the effective removal of such impurities is of utmost importance.[3]

At the same time, the pressure to accelerate the process development

of biopharmaceuticals, especially the downstream processing,[5–7] is

high. Vaccines in particular require accelerated development to ensure

timely responses to emerging pandemics, which has only recently

become evident with the COVID-19 outbreak and pandemic.

Impurities can originate from the process or the product itself (e.g.,

the degraded or aggregated form of the product). Process-related

impurities originate from the host cell expression system used to pro-

duce the protein therapeutic. When host cells are disrupted to obtain

the intracellular or periplasmic products, impurities from the host such

asHCPs,DNA, RNA, and endotoxins are released. Therefore, extensive

purification must be performed, where, the HCP content is reduced in

every purification step until the target quality is reached (Figure 1). The

structural and physicochemical properties of HCPsmay closely resem-

ble those of the protein therapeutic produced such that the elimination

of suchHCPs poses a significant challenge and is, therefore, the subject

of extensive analytical development.

The acceptable levels of HCPs in vaccines are defined on a case-

by-case basis by regulatory authorities.[8] For example, Zhu et al.[9]

investigated a malaria vaccine candidate expressed in E. coli. The total

HCP concentration was specified to be 90 ng or <1100 ppm per dose

in this case.[10] Tolerated HCP levels for vaccines are generally higher

compared to those of drugs for chronic diseases (<100 ppm).[8]

Jones et al. identified high-risk, immunogenic, biologically active,

or enzymatically active HCPs, which showed the potential to degrade

either the product molecules or the excipients in the formulation.[2]

Using this knowledge, Chiu et al. furthermore knocked out genes

from CHO cells to prevent the expression of high-risk and difficult-

to-remove HCPs.[11] The types of persistent HCP(s), however, not

only depend on the employed host cell expression system, but also

on the produced protein therapeutics. These may have very different

physicochemical properties and therefore different critical HCPs than

previously purified products.

Monitoring the purification process and measuring residual HCPs

are the focus of intensive analytical development. Anti-HCP enzyme-

linked immunosorbent assays (ELISAs) are the gold standard for

determining overall HCP content to detection levels as low as 1 ng

mL-1.[10,12] However, the ELISA technique can only detect proteins

against which it is developed, and total protein ELISAs do not provide

information on individual proteins present in the drug substance or

product. Therefore, the use of orthogonal methods to support process

development and validation is recommended.[13]

Significant advancements in high-resolution mass spectrometry in

recent decades have enabled large-scale proteomics with greater

accuracy, sensitivity and throughput. Mass-spectrometry-based pro-

teomics has emerged as a powerful alternative to identify and

quantify HCPs to detection limits of up to 5 ppm for known and

unknown components.[14] Consequently, host cell proteomics have

been increasingly employed to monitor purification progress and to

confirm the absence of specific HCPs in the final drug substance or

product.[8,9,13–16]

When a new purification process is designed, suitable chromatog-

raphy resins and buffer conditions have to be identified. Three main

process steps are commonly used in protein purification.[15] The first

is the “capture step”, which serves as the gross purification step.

The bulk of the impurities is removed, thereby concentrating the

protein product. The subsequent intermediate purification steps use

various chromatographic resins to further reduce impurities. Finally,

the polishing step removes low-abundance and minor impurities.[15]

Frequently applied chromatographic separation techniques are ion

exchange, hydrophobic interaction, mixed mode, size-exclusion, or

affinity-based chromatography, where packed bed resins are currently

state-of-the-art.[6]

Identifying the most effective technique for the removal of HCPs

is difficult without extensive experimental and predictive data. In par-

ticular, anticipating the presence of critical HCPs that are difficult to

remove or that are retained by the product during processing remains

challenging.[12] Currently, the development of new processes still

requires expert knowledge and high-throughput screening approaches

to identify suitable conditions for the development of effective purifi-

cation steps.[15,17] Advanced process development tools are needed

that use a more rational and systematic approach.[12,18] In previous

work, mechanistic models have been used to describe the bind-

ing behaviour of HCP on several chromatographic columns.[19–21]

Isotherm parameters of HCP were determined from the chromato-

graphic separations. Alternatively, the affinity of process-related impu-

rities (including HCPs) to a library of resins was described.[22,23]

Notably, extensive data are available onmodel organisms commonly

employed in clinical and medical studies, such as E. coli K12, CHO cells

or Pichia pastoris. Conversely, limited studies have been conducted on

the proteomes of strains developed and optimised for biotechnolog-

ical applications, including the widely employed host strains of E. coli

BLR and HMS174. The advantages of comprehensively analysing the

proteome present in the harvest before the capture step is often over-

looked. Knowledge of protein impurities, including their abundance

and characteristics relative to the expressed protein therapeutic, can

facilitate the development of an effective purification strategy.

In this study, we characterise the complete host cell proteome of

two widely employed E. coli strains BLR and HMS174, using state-of-

the-art Orbitrap mass spectrometry. The established proteomic data

were further used to construct a database resource containing infor-

mation regarding observed expression levels, hydrophobicity, isoelec-

tric points (pI), molecular weights (MW), subunit information, possible

post-translationalmodifications (PTMs), and toxicity for every possible

geneproduct. Theproperties of the expressedprotein therapeutics can
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F IGURE 1 Schematic overview of the process development approach guided by large-scale host cell proteomics described in this study. The
clarified harvest sample from the fermentation process was analysed usingmass-spectrometry-based proteomics to identify all detectable HCPs.
Further, a range of physicochemical properties was calculated for every possible gene product. One can guide the selection of themost suitable
purification process by comparing the properties of protein therapeutics with those in the established database resource.

then be evaluated in the context of the complete host cell proteome.

This extensive resource generated by mass spectrometry analysis of

the host cell proteome, therefore, leads to a more rational and accel-

erated purification process development. Furthermore, we exemplify

the use of the database resource for purification process development

of the capture step for two model antigens used in a protein subunit

vaccine producedwith the E. coli strains BLR andHMS174.

2 MATERIALS AND METHODS

2.1 E. coli fermentation and harvest sample

The cultivation was performed as a standard fed-batch process using

semi-syntheticmedia.Working seed for thepre-culturewas first ampli-

fied in a shake flask until it reached an OD650 of about 2.0. Then ca.

20 mL of pre-culture is added in a 20 L fermenter filled with 9 L of

culture medium. In the first part of the fermentation bacterial biomass

was produced in fed-batch mode taking approximately 18 h to reach a

volume of 12 L. Afterwards in the second phase of the fermentation,

isopropyl β-D-1-thiogalactopyranoside (IPTG) was added to induce

the production of the model antigen (same procedure in null plas-

mid strains). After 24 h the fermentation harvest was obtained and

clarified.

The harvest samples were derived from the E. coli strains BLR(DE3)

and HMS174(DE3) (further called BLR and HMS174). For both strains

a fermentation was conducted using an empty plasmid cassette which

did not encode the gene of the antigen. These two samples from null

plasmid cell lines were frozen at −80◦C before the clarification step.

The third samplewas obtained from the E. coli strain BLRproducing the

model antigen recombinantly. In the clarification, the E. coli cells in all

sampleswere disrupted by homogenisationwith a French pressure cell

(SimAmincoSpectronic Instruments), to obtain the intracellular, soluble

products. In the further clarification, the samples were centrifuged for

45 min at 15,000 × g and filtered with a 0.2 μm PES filter. All harvest

material for the analysis of the host cell proteomewasprovidedbyGSK

(Rixensart, Belgium).

2.2 Sample preparation for host cell proteomic
analysis

The E. coli host cell proteome samples from BLR and HMS174

were prepared in accordance with recently published protocols by den

 18607314, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/biot.202300068 by T

u D
elft, W

iley O
nline L

ibrary on [22/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



4 of 13 DISELA ET AL.

Ridder et al.[24] Adetaileddescription is provided in the supplementary

information of this manuscript.

2.3 Shotgun host cell proteomics

The shotgun proteomics experiments are described in the supple-

mentary information in detail. Briefly, HCPs were identified using a

nano-liquid-chromatography separation system consisting of an EASY-

nLC 1200, equippedwith an Acclaim PepMap RSLC RPC18 separation

column and a QE plus Orbitrap mass spectrometer (Thermo Scientific,

Germany). The Orbitrap was operated in data-dependent acquisition

(DDA) mode. The mass spectrometry proteomics raw data for the

null plasmid cell lines of E. coli strains BLR and HMS174, have been

deposited in the ProteomeXchange consortium database with the

dataset identifier PXD035590.

2.4 Processing of mass spectrometric raw data

Mass spectrometric raw data were analysed using PEAKS Studio X

(Bioinformatics Solutions Inc., Canada) as described in more detail in

the supplementary information. Themass spectrometric rawdatawere

further analysed using strain specific proteome sequence databases

obtained from NCBI (E. coli BLR: BioProject PRJNA379778 and E. coli

HMS174 BioProject PRJEB6353) and the GPM crap contaminant

proteins sequences (https://www.thegpm.org/crap/). Relative protein

abundances (or content) were estimated using the protein abundance

index (PAI) and the exponentially modified PAI (emPAI) according

to Ishihama et al.[25] Label free quantification of protein abundance

changes between the null plasmid E. coli strain and the corresponding

antigenproducing strainwasperformedusing thePEAKSQmodule.[26]

2.5 Construction of host cell proteome property
databases, for E. coli BLR and HMS174

The twodatabases accessible in the supplementary datawerebasedon

the mass spectrometry measurement of the clarified harvest samples

originating from null plasmid cell lines from the E. coli strains BLR and

HMS174. Each protein has a protein group, protein ID and accession

assigned. The average mass, area and coverage is determined via the

MS measurement and proteins are ranked according to their spectral

count. PAI is defined as the number of sequenced peptides (fragmen-

tation spectra assigned with significant score and as the top match to

an individual identified protein) divided by the number of its calcu-

lated, observable peptides.[27] This value was used as the abundance

measure in the comparison between proteomes. Furthermore, the PAI

was converted to the emPAI, equal to 10PAI minus one as described

by Ishihama et al.[25] With help of the emPAI, the protein content

was calculated inmolar percent andweight percent[25] Each individual

protein was assigned its calculated physicochemical properties. Calcu-

lated pI, calculated charge and grand average of hydropathy (GRAVY)

as a measure of hydrophobicity were chosen as properties that define

the most useful separation mechanism. For this purpose an in-house

Matlab program was written that sorted the proteins according to

their accession and assigned the physicochemical parameter predicted

based on the amino acid sequence. The isoelectric point was predicted

using the Matlab function “isoelectric” and the ‘‘Isoelectric Point Cal-

culator 2.0″ software[28], that predicts the pI based on 21 different

models. The average pI of the different calculation methods was used

in the plotted graphs thereafter. The charge of the proteins was cal-

culated in Matlab with the function “isoelectric” based on the amino

acid sequence of the protein. The hydrophobicity was extracted in

form of the GRAVY based on the amino acid sequence of the HCP

(http://www.gravy-calculator.de/). A GRAVY value below 0 describes a

hydrophilic protein, while scores above 0 are describing hydrophobic

proteins. The sum of GRAVY values of the amino acids in the protein

sequence divided by the number of amino acids is used as the GRAVY

value of the protein. The toxicity is predicted using the ToxinPred2

tool[29]. Selected machine learning technique was hybrid (RF+ BLAST

+ MERCI) with a threshold value of 0.6. Protein subunit information

and knowledge about possible occurrence of PTMs for E. coli BLR and

HMS174 were inferred from the E. coli K12 strain, which proteome

sequence was obtained from Uniprot reference proteome sequence

database (UP000000625_83333). The alignment of sequences was

performed for this purpose using the Diamond sequence aligner [30]

where the quality of the match was assessed by considering sequence

identity and e-values.

2.6 Codes and functions used for visualisation of
host cell proteome properties

In-house Matlab scripts were used to plot the physicochemical prop-

erties of the identified proteins into property maps using scatter plots.

The database including all proteins identified in the sample was used

as input and the abundance was plotted over the mass, pI and GRAVY

of the identified proteins. In the next step, the pI was plotted over the

GRAVY and the charge at pH 7.0 over the GRAVY values. This analy-

siswas conducted for all identified proteins, the 20 top abundantHCPs

and the antigen properties.

3 RESULTS AND DISCUSSION

3.1 A comprehensive host cell proteome
database for E. coli BLR and HMS174

Characterising the host cell proteome (i.e., protein abundances

and predicted properties) is expected to streamline the develop-

ment of purification processes significantly. Hence, we performed

a proteomic characterisation of the widely employed E. coli BLR

and HMS174 strains and predicted the physicochemical properties
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for all possible gene products. For example, differences in pI and

hydrophobicity (GRAVY) affect the selection of the most common

chromatographic methods, which are ion-exchange chromatogra-

phy (IEX) and hydrophobic interaction chromatography (HIC). The

proteome database was further expanded with parameters such as

protein coverage, area, and protein content indices (protein abundance

index PAI and the exponentially modified protein abundance index

emPAI). The most abundant proteins in the database for the BLR and

HMS174 strains are presented in Table 1 and Table 2, respectively. The

complete database for both strains is available in the supplementary

material. From the 4295 proteins of the complete proteome of E. coli

BLR, 1993 HCPs were detected in the null plasmid strain, and 2006

were identified when additionally expressing the model antigen. In

E. coli HMS174, 4216 proteins are found in the theoretical proteome,

of which 1886 were detected in the null plasmid strain. Most of the

abundant proteins have functions in biosynthesis or are ribosomal

proteins. The most abundant protein in both strains, appeared to be

the ATP synthase F1 subunit epsilon. This protein generates ATP from

ADP in the presence of a proton gradient across the membranes.

However, this protein is relatively small and has only one theoretically

observable peptide (in the considered mass range 800–2400 Da)

according to the original definition of PAI.[31] Therefore, the observed

peptides divided by the number of theoretically observable peptides

provides disproportionally high PAI values. Furthermore, we linked

all protein sequences to homologous counterparts of the well inves-

tigated model organism E. coli K12 using sequence alignment. This

enabled inferring information about possible complex formation and

occurrence of PTMs. The latter could alter the protein size and net

charge. For E. coli BLR, 224 PTMs are listed in the database, while 221

PTMs are listed for E. coliHMS174.

3.2 HCP differences between E. coli strains, null
plasmid, and antigen expressing strains

Furthermore, we compared the proteome and expression pattern

between the BLR and HMS174 (null plasmid) strains. Out of all the

identified proteins, approximately 80% (1590 proteins) were detected

in both strains. A correlation graph using the abundance values

(expressed by the PAI metric) provided for a linear regression with

an R2 of 0.69 (Figure 2A). This overlap shows that the bulk amount

of HCPs is comparable even between different E. coli strains. Further-

more, we compared the identified proteins and abundances between

the BLR null plasmid and the corresponding antigen-expressing strain.

Here, approximately 90% (1779) of the identified proteins were iden-

tical in both samples. After plotting the abundances of the observed

proteins, an R2 value of 0.81 was obtained (Figure 2B). Differences in

theabundances, however,mayalsobepartly due to slight differences in

the sample preparation procedure (e.g., the antigen-containing harvest

was exposed to one freeze/thaw cycle before the clarification step).

Nevertheless, the expression of the antigen is expected to have some

impact on the observed host cell proteome. The differences may be

minor and the findings from the null strain can be applied to determine

a purification strategy for the antigen-producing strain.

3.3 Visualizing the host cell proteome using
global property maps

The properties of the host cell proteomeswere further visualised using

proteome property maps. The use of global property maps can be an

effective tool for designing an optimal purification strategy.[19] For

example, differences in the properties between the most abundant

HCPs (or critical HCPs) and the antigen allow identification of themost

promising resins for the first purification step. In the following sub-

sequent sections various property maps (abundance vs. pI/GRAVY; pI

vs. GRAVY; and net charge vs. GRAVY) are discussed. The data of two

model antigens are shown and possible purification strategies for the

capture step are discussed based on differences between the antigens

and themost abundant proteins.

3.4 Abundances versus molecular weight (MW),
pI, and hydrophobicity (GRAVY)

The (null plasmid) BLR and HMS174 strains were compared based on

properties such as MW (mass), pI, and GRAVY. Utilizing this approach

enabled the search for conditions inwhich themajority of theHCPsdif-

fer from the expressed protein therapeutics (in this case, antigens). The

properties of ‘‘antigen 1″ expressed in BLR and ‘‘antigen 2″ expressed
in HMS174 are shown in the graph in relation to the properties of the

HCPs (Figure3) todefine apurification strategy. Both strains showsim-

ilar distributions of abundances compared to their protein properties,

which is unsurprising, as a large number of proteins are identified in

both strains with relatively similar abundances.

The MWs of the HCPs vary between 2 and 250 kDa, with the

majority of proteins having a MW < 50 kDa (Figure 3A and 3D). The

high-abundance proteins are in the lower MW range. Antigen 1 has a

MW of 59 kDa, while antigen 2 (28 kDa) is comparatively small. Sepa-

rating the antigens from the HCPs with a separation mechanism based

on the size of the molecules, for example, size exclusion chromatog-

raphy (SEC), seems to be suitable for later purification steps.[15] The

discrepancy between mass of abundant HCP to the antigens might be

a poor separation property for the capture step.

The pI spectrum of the identified HCPs ranges from pH 3.4–12.2,

where the majority of the proteins are acidic (Figure 3B and 3E). A val-

ley with fewer proteins is visible between a pI of 7 and 8. This valley

can be explained by the intracellular pH for E. coli (approx. pH = 7.5)

that would decrease the stability of proteins with a similar pI. Antigen

1 is located at the lower end of the pI spectrum with a pI of 4.4, while

antigen 2 is close to the valley with fewer identified proteins with a pI

of 8.4. Both antigens have pIs that are significantly different from the

HCPs.One could consider a separation based on charge, such as IEX, as

a promising capture step.
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F IGURE 2 Scatterplots of the HCPs identified in the investigated E. coli strains. (A) presents a comparison of null plasmid E. coli strains BLR
andHMS174. The correlation of 1590 proteins that were common to both strains resulted in an R2 value of 0.6899. In (B), the null plasmid BLRwas
compared to the corresponding antigen-expressing strain; 1779 proteins were common to both samples, resulting in an R2 value of 0.8078.

F IGURE 3 Abundances of the detected HCPs from null plasmid fermentations of the E. coli strains BLR (A–C) andHMS174 (D–F) are
compared: (A andD) themass of the proteins according tomass spectrometric measurements, (B and E) the average predicted isoelectric points
(pI), and (C and F) hydrophobicity (GRAVY). Positive and negative GRAVY values describe hydrophobic and hydrophilic proteins, respectively. The
model antigens 1 and 2 are indicated in red and purple. The abundances are expressed by the PAI parameter.

The estimated GRAVY values of the proteins range from −1.526 to

+1.369.Most of the identified proteins have a slightly negativeGRAVY

value and are, hence, slightly hydrophilic (Figure 3C and 3F). Antigen

1 has a GRAVY of −0.749, which is relatively different from the val-

ues obtained for most HCPs. For antigen 1, a separation based on

hydrophobicity (e.g., using HIC) therefore appears highly promising as

a capture step.

3.5 pI versus hydrophobicity (GRAVY)

We furthermore plotted the predicted pI against the hydrophobicity

(GRAVY) of the identified host cell proteome, as shown in Figures 4A

and 4C. Additionally, we generated a plot for the 20 most abundant

HCPs and model antigens (Figures 4B and 4D, also listed in Table 1

and Table 2). In this example case, it was chosen to focus on the most
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F IGURE 4 Comparison of HCPs from the null plasmid fermentations of the E. coli strains BLR (A and B) andHMS174 (C andD). The predicted
hydrophobicity (GRAVY) is plotted against the predicted isoelectric point (pI). Displayed are (A) the properties of the complete, identified host cell
proteome of BLR; (B) the properties of themost abundant HCPs and antigen 1 in BLR; (C) the properties of the complete, identified host cell
proteome of HMS174; and (D) the properties of themost abundant HCPs and antigen 2 in HMS174.

abundant HCPs in the sample to design a capture step targeting the

removal of themainHCP impurities. Antigen 1 has a low pI andGRAVY

value compared to the most abundant HCPs. IEX together with HIC,

or their combination in mixed mode chromatography, appear highly

suitable for purifying this antigen.

Antigen 2 is located in close proximity to the centre of the pI spec-

trum of the HCPs. However, apart from the glutamate/aspartate ABC

transporter periplasmic binding protein, themost abundantHCPs have

a significantly different pI. IEX appears to be a suitable purification

method. The GRAVY value of antigen 2, on the other hand, is not

significantly different from the values of themost abundant HCPs.

3.6 Net charge versus hydrophobicity (GRAVY)

The net charge of a protein depends on the pI and the pH value of the

environment (solvent or buffer). Therefore, knowing the net charge of

the HCPs at different pH values helps in selecting the most suitable

conditions when using IEX. Plots at a pH of 7.0 were generated so that

typically no buffer exchange (or pH adjustment) is required before the

capture step, thus reducing time and costs, for example, for titration.

We calculated the net charge of the HCPs at pH 7.0 and we plotted

them against the predicted GRAVY values, which is shown in Figure 5.

Net charges for a range of different pH conditions are furthermore

included in the database resource of the supplementary information

material.

In the case of BLR, 11 of the 20most abundant proteins have a neg-

ative net charge at pH 7.0. Antigen 1 has a predicted net charge of

−46.78, which is low compared to that of the other HCPs. Consider-

ing a bind-and-elute mode, anion-exchange chromatography at pH 7.0

seems highly suitable for the capture step. The other abundant HCPs

with a positive net charge would be repelled by the ligands and would

not bind to the resin under the identified conditions. The 11 negatively

charged HCPs would bind to the resin at pH 7.0 but could be eluted
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F IGURE 5 Comparison of HCPs from the null plasmid fermentations of the E. coli strains BLR (A and B) andHMS174 (C andD). The predicted
hydrophobicity (GRAVY) is plotted against the predicted net charge at pH 7.0. Displayed are (A) the properties of the complete, identified host cell
proteome of BLR; (B) the properties of themost abundant HCPs and antigen 1 in BLR; (C) the properties of the complete, identified host cell
proteome of HMS174; and (D) the properties of themost abundant HCPs and antigen 2 in HMS174.

earlier using (low) salt-washing steps. A flow-through mode, on the

otherhand, seems suboptimal for this antigenat the specifiedpH.How-

ever, this approach might be suitable at pH values lower than the anti-

gen pI. The majority of the abundant proteins in HMS174 – 15 out of

20 proteins – are negatively charged at pH 7.0. Antigen 2, on the other

hand, has a slightly positive charge. In the case of a bind-and-elute

mode, a cation-exchange step, combinedwith a salt elution step (at low

ionic strength) to elute the antigen, could be suitable. Another option

would be the use of an anion exchange resin in flow-throughmode.

4 CONCLUSION

The avoidance and removal of HCP impurities when purifying protein

targets is particularly challenging. Characterising protein abundances

and physicochemical properties enables a more rational, system-

atic, and accelerated development of the purification process. In this

study, we performed a comprehensive characterisation of the com-

plete host cell proteome for the widely employed E. coli strains BLR

and HMS174. Furthermore, we constructed an extensive proteome

property resource by integrating physicochemical properties such as

hydrophobicity (GRAVY), calculated pI, and the predicted net charge

at different pH values. Additionally, we determined PAI and emPAI

parameters to estimate protein abundances and relative protein con-

tent.We then linked proteinswith homologues of thewell-investigated

E. coli K12 strain shedding light on possible PTMs and complex for-

mation. Furthermore, the protein abundances of null plasmid and

antigen-expressing strains were compared, which demonstrated high

similarity for themost abundant proteins.

We demonstrated the use of the established proteome resource

database by creating global proteome property maps to support the

design of new purification processes (or in particular to select themost
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promising capture step). This avoids extensive trial-and-error studies

and sole expert-knowledge-dependent choices.
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