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ABSTRACT

Background: Residual host cell proteins (HCPs) co-purifying with recombinant therapeutic proteins are well-
characterised immunogenicity and safety liabilities; however, their role as active enzymes capable of degrading
formulation excipients polysorbates, lipids, and polyethylene glycol (PEG) has been studied exclusively in Chinese
hamster ovary (CHO)-derived biologics. Whether analogous lipolytic HCPs from Escherichia coli manufacturing
strains contribute to excipient and protein instability in finished E. coli-derived products is unknown.Objectives:
This study aims to : (i) optimise fed-batch fermentation and inclusion-body (IB) refolding of recombinant L-
asparaginase (L-ASNase) in E. coli BL21(DE3) to generate drug-substance lots with deliberately varied residual-
HCP profiles; (ii) apply an orthogonal purity analytics platform ELISA, DIA/PRM LC-MS, activity-based protein
profiling (ABPP), cIEF-MS, and SEC-MALS to identify and risk-rank residual E. coli serine hydrolases; and (iii)
determine whether residual-HCP hydrolase burden predicts polysorbate, lipid, and PEG excipient degradation
and protein stability loss in PLGA microsphere, LNP, PEGylated, and polysorbate-stabilised liquid formulations
under accelerated stability conditions. Methods: Four L-ASNase lots (L1-L4) will be produced by varying DO-stat
versus exponential fed-batch feeding and applying two levels of downstream polish (Protocol A: IMAC only;
Protocol B: IMAC+IEX+HIC), yielding lots with >2-fold differences in residual-HCP burden. Each lot will be
characterised by total-HCP ELISA, DIA/PRM LC-MS with a novel in-house E. coli BLR/HMS174 spectral library,
ABPP with fluorophosphonate-rhodamine (FP-Rh) probes, cIEF-MS, and SEC-MALS. Lots will be formulated into
PLGA microspheres, LNPs, PEGylated suspension, and PS20-stabilised liquid. Accelerated stability (25 °C and 40
°C, 12 weeks) will track FFA release by LC-MS/MS, PS20 integrity by RP-HPLC-CAD, aggregation by SEC-MALS,
and enzyme-activity retention by Nessler assay. Expected Outcomes: We expect to demonstrate, for the first time,
that E. coli-derived residual HCP hydrolases accelerate polysorbate and lipid excipient degradation in a burden-
dependent manner analogous to the CHO polysorbate-degrading enzyme (PSDE) phenomenon, thereby linking
upstream bioprocessing decisions directly to final-product shelf life.
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1 Introduction
ECOMBINANT therapeutic proteins derived
from Escherichia coli represent a foundational
pillar of modern biopharmaceutics. More than
one-third of all approved recombinant protein
therapeutics including insulin, filgrastim, and L-
asparaginase are manufactured in E. coli expression
systems, valued for their rapid growth, inexpensive culture
media, scalability to 10,000-litre fermenters, and an
extensively characterised genetics toolkit [1,2]. Despite
these advantages, E. coli-based production faces persistent
challenges: disulfide-bond-dependent and oligomeric
proteins frequently mis-fold into insoluble inclusion bodies
(IBs), and residual host cell proteins (HCPs) that co-purify
with the drug substance represent a safety,
immunogenicity, and product-quality liability that has
received comparatively limited systematic attention relative
to mammalian-cell systems [34].
L-Asparaginase (L-ASNase; EC 3.5.1.1) catalyses hydrolysis
of L-asparagine to L-aspartate and ammonia, and remains a
cornerstone of induction therapy for acute lymphoblastic
leukaemia (ALL), one of the most common paediatric
malignancies [5]. All currently licensed L-ASNase products
are produced in bacterial systems [6], yet all are plagued by
hypersensitivity reactions (incidence 10-33 %), silent
inactivation by anti-drug antibodies, short circulating half-
life (~1.3 days for native E. coli L-ASNase), and
aggregation-prone formulation instability [7,8]. These
limitations have motivated intensive efforts to develop
improved formulations, including PEGylation, PLGA
microsphere encapsulation, and lipid nanoparticles (LNPs)
[9,10]. A critical but underappreciated risk in
nanoformulated Dbiologics is the co-purification of
enzymatically active HCPs that act on formulation
excipients rather than on the drug substance itself. In CHO-
derived monoclonal antibody products, trace host cell
lipases principally LPL, PLBL2, and LPLA2 catalyse
hydrolysis of polysorbate 20/80, generating insoluble free
fatty acid (FFA) particles that compromise product quality
and shelf life [11,12]. This phenomenon, now designated
polysorbate-degrading enzymes (PSDEs), has driven a
surge of CHO HCP characterisation work and host-cell
engineering to eliminate offending lipases [13]. However,
the entire named PSDE inventory is CHO/mammalian-
specific. E. coli encodes multiple lipolytic and esterolytic
enzymes OmpT, EstA, PIdA, TesA, and acyl-CoA
thioesterases [14,15] yet no published study has assessed
whether these survive downstream processing at trace
levels and degrade formulation excipients in finished
products. The analytical infrastructure for E. coli HCP
characterisation also lags significantly behind CHO
platforms. Disela et al. (2023) explicitly noted that 'limited
studies have been conducted on the proteomes of strains
developed and optimised for biotechnological applications,
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including the widely employed host strains of E. coli BLR
and HMS174' [4]. Mass-spectrometry-based profiling using
data-independent acquisition (DIA) with parallel reaction
monitoring (PRM) verification now achieves single-ppm
sensitivity for individual HCP identification [14,16], and the
recent adoption of diaPASEF further improves proteome
depth [17].

Nevertheless, a well-curated E. coli BLR/HMS174 spectral
library comparable to those available for CHO remains
absent from the public domain. On the formulation side,
PLGA microspheres provide sustained release but generate
an acidic internal microclimate (pH 1.5-4) that can acid-
denature encapsulated proteins [18]. LNPs, validated at
commercial scale for mRNA vaccines, face challenges in
protein loading and endosomal escape [19]. PEGylation
extends circulating half-life and reduces immunogenicity,
but introduces analytical complexity and reduces specific
activity [9]. None of these platforms has been studied with
E. coli HCP hydrolases as an independent variable affecting
formulation stability.

The present study is designed to close this loop through an
integrated three-stage experimental The
specific objectives are: (i) to optimise E. coli BL21(DE3) fed-
batch fermentation (DO-stat vs. exponential feeding; 37 °C
vs. 30 °C induction) and mild IB solubilisation/pulsatile-
dilution refolding to maximise active L-ASNase yield and
generate four drug-substance lots (L1-L4) with deliberately
varied residual-HCP profiles ; (ii) to build and validate the
first E. coli BLR/HMS174 HCP spectral library for
DIA/PRM LC-MS and to deploy activity-based protein
profiling (ABPP) using fluorophosphonate-rhodamine (FP-
Rh) probes to detect and risk-rank active serine hydrolases
across lots [16,17,20]; and (iii) to encapsulate each lot into
PLGA microspheres, LNPs, PEGylated suspension, and
PS20-stabilised liquid, and to conduct 12-week accelerated
stability studies (ICH Q1A; 25 °C and 40 °C) tracking FFA
release by LC-MS/MS, PS20 integrity by RP-HPLC-CAD,
aggregation by SEC-MALS, and enzyme-activity retention
by Nessler assay, so as to test the primary hypothesis that
residual active-serine-hydrolase burden predicts excipient
degradation rate across lots and formulation platforms
[3,11,20]. To our knowledge, this is the first study to treat
residual E. coli HCPs as a formulation-stability variable,
extending the CHO PSDE paradigm to a second major
production organism of direct clinical relevance.

programime.

2 Materials and Methods

2.1 Bacterial Strain, Plasmid, and Culture Conditions

Recombinant E. coli BL21(DE3) harbouring the pET-
28a(+) vector encoding codon-optimised Erwinia carotovora
L-asparaginase II (EcASNase2; UniProt P06608) with an N-
terminal 6xHis tag will be used throughout. Starter cultures
will be grown in LB medium (37 °C, 200 rpm, 50 pg/mL

kanamycin) to ODgg 0.6, then transferred to a 3-L stirred-
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tank bioreactor (Sartorius BIOSTAT B) containing 1.5 L of
defined minimal medium [21].

2.2 Fed-Batch Fermentation
Package 1)

Four fermentation conditions will be evaluated in
duplicate 3-L runs to generate lots with differing HCP
profiles (Table 1 and Figure 1). Variables are feeding
strategy (DO-stat vs. exponential feed targeting p = 0.15 h™)
and induction temperature (37 °C vs. 30 °C) with IPTG 0.5
mM at ODgg = 20. Post-induction culture will continue for
4 h (37 °C) or 8 h (30 °C). Off-line samples will be taken
every 2 h for ODsggp, glucose, acetate, and L-ASNase
activity. IB yield (U/g wet cell mass) will serve as the
primary upstream performance metric [22].

Optimisation (Work

Figure 2. Ref ive Fed-Batch F

ion Profiles for L-ASNase Production
3): DO-stad (LLLZ) ws E 4 TN

xponential feed (LAL4) - Induction at 00ees = 20 (arrow)

|IPTG induction
I

0D

0 L 12 18 M
Fermentation Tame (1)

Fig 1. Representative expected fed-batch fermentation profiles
for L-ASNase production in E. coli BL21(DE3).

DO-stat feeding at 37 C (solid lines) is expected to
achieve higher volumetric activity (~98,000 U/L) compared
with exponential feeding at 30 C (dashed lines). Induction
is performed at OD600 = 20 (green dashed vertical line).
Data are illustrative, based on published values [22,23];
actual data will be generated in Work Package 1.

2.3 Inclusion Body Processing and Refolding

Cell paste will be resuspended (1:10 w/v) in lysis buffer
(50 mM Tris-HCI pH 7.5, 200 mM NaCl, 1 mM EDTA) and
homogenised at 800 bar (GEA Niro Soavi Panda). IBs will
be isolated by centrifugation (10,000 x g, 30 min, 4 °C) and
washed three times with wash buffer (50 mM Tris-HCI pH
75, 05 M NaCl, 2 M urea, 2 % Triton X-100). Mild
solubilisation will employ 3 M urea, 50 mM Tris-HCl pH
8.5, 10 mM DTT, 1 mM EDTA (1 h, room temperature) [21].
Pulsatile-dilution refolding (10-step, 10-fold total dilution)
into 50 mM Tris-HCl pH 8.5, 150 mM NaCl, 0.5 mM
GSH/0.05 mM GSSG, 1 M sucrose will be monitored by in-
line backscattering (Mettler Toledo iC-OPC) and off-line
SEC-MALS every 60 min [20].
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2.4 Downstream Purification

Two protocols differing in polish stringency will be
applied to each fermentation condition, yielding four
unique lots (see Figure 2):

Protocol A (IMAC only): HisTrap HP (5 mL); 50 mM
sodium phosphate pH 7.4, 300 mM NaCl, 10 mM imidazole
equilibration; 300 mM imidazole elution; dialysis into PBS
pH7.4.

Protocol B (IMAC + IEX + HIC): IMAC as above,
followed by HiTrap Q HP (anion exchange; 20 mM Bis-Tris
pH 6.5; 0-500 mM NaCl gradient) and HiTrap Phenyl HP
(HIC; 2 M ammonium sulphate — 50 mM sodium
phosphate pH 7.0). Final dialysis into PBS pH 7.4.

Integrated Study Design: From Fermenter to Formulation

Work Package 1

Work Package 2

Work Package 3

TehHCP ELISA -2 gl LOQ

Fed-Batch Fermenter PLGA Microspheres (MOW)

X V3 Eepoomnd Feo

DVPRM LCMS (+1 ppeviproteln) Upid Nanopacicles (NP)

ecluskon Body Isolaton
ABPP (FP.RN probes) PEGylated Suspension
M Schubilisaton Y

CEFMS - SECMALS PS20-Stabilised Uuid

Pudsatle Dilusen Redlding

ety SEEAIAL RPHPLCCAD  FFALCMSIMS Accelttated Subllty

4 Lots (L1-LA} Varied HCP Profile MCP Risk Ranking per Lot HOP-Excipient Correlation

Priay Hypothesss: Resida £ cof HCP hyd fets excpent degradalon rate (FFA rekaase, PS20 bss)

Fig 2. Integrated study design linking Work Package 1 (fed-
batch fermentation and IB refolding), Work Package 2 (orthogonal
purity analytics), and Work Package 3 (nanoformulation
accelerated stability).

The primary hypothesis: residual E. coli HCP hydrolase
burden predicts excipient degradation rate (FFA release,
PS20 hydrolysis).

2.5 Orthogonal Purity Analytics (Work Package 2)

2.5.1 Total-HCP ELISA

Total E. coli HCP content will be quantified using a
validated commercial ELISA kit (Cygnus Technologies
F410) in triplicate; LOQ established at 2 ng/mL. Results
reported as ng HCP per mg drug substance (ppm) [3], (see
Table 2).

2.5.2 DIA/PRM LC-MS

A reference E. coli BL21(DE3) null-cell protein digest will
be used to build a spectral library in Spectronaut
(Biognosys) [4]. Drug-substance samples (50 pg) will be
depleted of L-ASNase by anti-His immunodepletion,
enriched by E. coli HCP antibody resin, trypsin-digested,
and analysed on an Orbitrap Eclipse (Thermo Fisher; 75 min
gradient, 300 nL/min). DIA windows (8 Th) for broad
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discovery; high-risk HCPs (lipases, esterases) verified by
PRM with >3 transitions per peptide [16,17].

2.5.3 Activity-Based Protein Profiling (ABPP)

Active serine hydrolases will be detected using FP-Rh
probes (1 uM, 1 h, 37 °C) [24]. Probe-labelled proteins will
be resolved by SDS — PAGE (12 %), imaged by fluorescence
(Ex/Em 532/580 nm), and identified by in-gel LC-MS/MS.
A parallel FP-biotin pulldown followed by streptavidin
enrichment and LC — MS/MS will provide a comprehensive
active-serine-hydrolase inventory (Figure 3c).

2.5.4 cIEF-MS and SEC-MALS

Charge variants will be resolved by cIEF (Maurice;
ProteinSimple) and confirmed by cIEF-MS (Sciex QTOF
5600+). Molecular weight and aggregation will be
determined by SEC-MALS (Superdex 200 10/300 GL; Wyatt
DAWN HELEOS II + Optilab T-rEX dR[; 100 pg injection)
[20].

2.6 Nanoparticle Formulation (Work Package 3)

2.6.1 PLGA Microspheres

PLGA (50:50, MW 30-60 kDa; Evonik RESOMER RG
504H) microspheres will be prepared by W/0/W double-
emulsion solvent evaporation. Inner aqueous phase: L-
ASNase (5 mg/mL) in PBS + 5 % trehalose + 3 % Mg(OH),.
Organic phase: 5 % PLGA in dichloromethane. Outer
aqueous phase: 0.5 % PVA. Emulsification by probe
sonication (3 x 10 s, 30 %). Microspheres will be collected
by centrifugation (2,000 x g, 10 min), washed, and
lyophilised [18].

2.6.2 Lipid Nanoparticles

LNPs will be prepared by microfluidic mixing
(NanoAssemblr Ignite). Lipid composition: DLin-MC3-
DMA : DSPC : Cholesterol : DMG-PEG2000 (50:10:38.5:1.5
molar). L-ASNase dissolved in pH 4.0 citrate buffer (0.05
mg/mL); flow rate ratio 3:1, total flow rate 12 mL/min;
dialysed into PBS pH 7.4 (MWCO 10 kDa) [19].

2.6.3 PEGylated Suspension and PS20-Stabilised Liquid

PEGylation will employ NHS-activated mPEG (5 kDa;
NOF SUNBRIGHT ME-050AS) at 3:1 molar ratio
(PEG:protein) in PBS pH 7.4, 4 °C, 2 h. PS20-stabilised
liquid: L-ASNase (1 mg/mL) in 20 mM histidine pH 6.0,
150 mM NaCl, 0.02 % PS20.

2.7 Accelerated Stability Protocol

Each lot (L1-L4) formulated into all four platforms will be stored
at 25 °C/60 % RH and 40 °C/75 % RH (ICH Q1A) for 12 weeks.
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Samples will be withdrawn at T =0, 2, 4, 8, 12 weeks for (Table 3
and Figure 3):
1. FFA release: LC-MS/MS (Sciex QTOF 5600+;
MRM) for C12:0, C14:0, C18:1, C18:2 FFAs with
deuterated internal standards.

2. Polysorbate integrity: RP-HPLC-CAD (Thermo
Vanquish + Corona Veo; C18 1.7 um column).

3. Protein aggregation: SEC-MALS (HMWS % of
total area).

4. Enzyme activity: Nessler colorimetric assay (L-
asparagine 2.5 mM, PBS pH 7.4, 37 °C, 30 min);
specific activity normalised to T=0.

5. Sub-visible particles: MFI (ProteinSimple); USP

<788> criteria applied.
Figure 4. Predicted Accelerated Stability Profiles Across Formulation Platforms and Lots

B. Enzyme Activity Retention (PLGA) C. HMWS % (LNP, SEC.MALS)

Fig 3. Predicted accelerated stability profiles (40 C/75 % RH)
across lots and formulation platforms. (a) FFA release in PS20-
stabilised liquid. (b) Enzyme activity retention in PLGA
microspheres; dashed red line = 70 % acceptance criterion. (c)
HMWS % in LNP formulation by SEC-MALS; dashed red line = 5
% criterion. Data simulated for illustrative purposes.

HMWS: high-molecular-weight species; FFA: free fatty
acids.

2.8 Statistical Analysis

All measurements will be performed in triplicate (mean +
SD). Differences between lots and formulation conditions
will be assessed by two-way ANOVA with Tukey post-hoc
test (a = 0.05).

The primary hypothesis that ABPP fluorescence signal
(normalised to protein concentration) predicts FFA release
rate will be tested by Pearson correlation (r) and simple
linear regression. A multivariate regression model
including total-HCP ELISA content, ABPP signal, and
formulation platform as covariates will explain variance in
FFA release and HMWS formation. All analyses performed
in R v4.3.0.
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Table 1. Fermentation design matrix for generation of L-ASNase drug-substance lots with varied residual-HCP profiles.

Lot ID Feeding Strategy Induction Temp. (°C) Downstream Protocol Expected HCP Level
L1 DO-stat 37 Protocol A (IMAC only) High (~500-2,000 ppm)
L2 DO-stat 37 Protocol B Low (<100 ppm)

(IMAC+IEX+HIC)
L3 Exponential (u=0.15 h™) 30 Protocol A (IMAC only) Intermediate (~200-800
ppm)
L4 Exponential (n=0.15h™) 30 Protocol B Very Low (<50 ppm)
(IMACHIEX+HIC)

IEX: ion exchange chromatography; HIC: hydrophobic interaction chromatography; IMAC: immobilised metal affinity chromatography;

HCP: host cell protein.

Table 2. Orthogonal analytical platform for drug-substance characterisation.

Method Information Obtained

Instrument Sensitivity

Total-HCP ELISA Total E. coli HCP (ppm)

Cygnus F410 kit LOQ 2 ng/mL

DIA/PRMLC — MS Individual HCP ID & semi-

quant.

Orbitrap Eclipse + Spectronaut ~1 ppm/ protein

ABPP(FP — Rh) Active serine hydrolases

Gel fluorescence + LC-MS/MS fmol active enzyme

cIEF — MS Charge variant profile

Maurice + Sciex QTOF 5600+ ~0.01 pI units

SEC — MALS Mw, aggregation (HMWS %)

Wyatt DAWN + Optilab dRI 0.5 % HMWS

RP — HPLC — CAD PS20/PS80 integrity Thermo Vanquish + Veo CAD 0.001 % PS20
LC — MS/MS(FFA) Free fatty acid species Sciex QTOF 5600+ MRM <1 ng/mL FFA
DIA: data-independent acquisition; PRM: parallel reaction monitoring; ABPP: activity-based protein profiling; FP-Rh:

fluorophosphonate-rhodamine; c/EF: capillary isoelectric focusing; MALS: multi-angle light scattering; CAD: charged aerosol detection;

FFA: free fatty acid.
3 Expected Results

3.1 Fermentation and Refolding

DO-stat feeding at 37 °C is expected to yield the highest
volumetric L-ASNase activity (~90,000-100,000 U/L) with
the highest IB-associated yield, but also the highest co-
precipitated HCP burden, reflecting higher volumetric
biomass density [22]. The 30 °C induction condition is
expected to produce a qualitatively different HCP profile,
as temperature-sensitive chaperones and stress-response
proteins are differentially expressed. @SEC-MALS
monitoring of refolding kinetics will enable identification of
a distinct 'refolding window' (2-4 h post-initiation) beyond
which off-pathway aggregation dominates a finding with
direct PAT implications [23].

15 =

3.2 HCP Analytics

These profiles are illustrated schematically in Figure 4.
Protocol A lots are expected to contain 500 — 2,000 ppm
total HCP by ELISA, while Protocol B lots are expected to
achieve <100 ppm, consistent with multi-step
chromatography removal ratios documented in the
literature [3]. DIA — MS profiling against the novel E. coli
BLR/HMS174 spectral library is expected to identify 50-150
individual HCPs at 22 unique peptides per protein (Figure
3B). Of these, 3-5 annotated lipases/esterases (including
EstA homologues and thioesterase I) are hypothesised to be
detectable in Protocol A lots. ABPP with FP-Rh probes is
expected to detect 2-6 fluorescent bands in high-HCP lots,
with the identity of ABPP-active bands (confirmed by in-gel
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LC-MS/MS) expected to correlate with DIA-MS
quantitation, providing orthogonal validation (Figure 3C)
[24].

Figure 3. Expected HCP Profiles Across Drug-Substance Lots and Analytics Platform

‘.‘x{?"" HCP (ELISA, ppi)
2000 130

B. Individual HCP3 by DIAMS

C. ABPP Detection Scheme

0

D

w0

50

=

Fig 4. Expected HCP profiles and the orthogonal analytics
platform.

(A) Total HCP by ELISA (ppm): Protocol A lots (L1, L3)
contain substantially higher total HCP than Protocol B lots
(L2, L4); red dashed line = 100 ppm target. (B) Individual
HCP count by DIA—MS; red bars = annotated
lipases/esterases. (C) ABPP detection scheme using FP-Rh
probes, SDS-PAGE fluorescence imaging, and in-gel LC —
MS/MS identification [24].

3.3 Formulation Stability

We hypothesise a positive, statistically significant
correlation between ABPP-defined active-serine-hydrolase
burden and FFA release rate across the four lots in PS20-
stabilised liquid and LNP platforms (Figure 4A, 4C).
Protocol A lots (high HCP) are projected to show 2-5-fold
higher FFA release at 40 °C/12 weeks relative to Protocol B
lots, analogous to fold-differences observed in CHO-
product HCP-spiking experiments [11]. For PLGA
microspheres, the primary stability challenge is expected to
be the acidic internal microclimate causing HMWS

formation (Figure 4B); an exploratory endpoint of polymer
molecular weight reduction by GPC will assess whether
residual HCP esterases contribute to polymer degradation
[18]. In PEGylated L-ASNase, HCP —mediated PEG
hydrolysis will be assessed by intact mass shift over time;
this arm is expected to serve as an internal negative control
for HCP lipase activity.

4 Discussion

The present study addresses a substantive and previously
uncharacterised knowledge gap at the intersection of E. coli
bioprocessing, biopharmaceutical analytics , and nanofor-
mulation.The significance rests on three interrelated
arguments (see Table 3).

First, the field of HCP-driven formulation instability has
reached a level of mechanistic sophistication in CHO
systems including genome-edited PLBL2/LPL knockout cell
lines and species-specific PSDE ELISA kits [13] that now
creates an obligation to ask whether the same phenomenon
occurs in E. coli systems. Given that E. coli encodes a well-
characterised lipolytic enzyme repertoire [14], the null
hypothesis is not supported by current data but remains
untested. Either outcome positive or negative advances the
science: confirmation extends the PSDE paradigm to a
second major production organism; refutation provides
equally important reassurance that E. coli and mammalian
HCP risk landscapes are fundamentally different. Second,
the analytical innovation a validated E. coli BLR/HMS174
spectral library for DIA-MS combined with ABPP as a
routine HCP-hydrolase detection tool fills the
methodological gap explicitly identified by Disela et al.
(2023) [4]. The spectral library will be made publicly
available (ProteomeXchange repository) to accelerate HCP
characterisation for the broader E. coli biopharmaceutics
community. If ABPP fluorescence signal is confirmed as a
quantitative predictor of excipient degradation rate, this
would provide a simple, high-throughput activity assay
with direct regulatory-submission utility [24].

Table 3. Accelerated stability study design and primary endpoints with acceptance criteria.

Formulation Condition Time Points (wk) Primary Endpoint Acceptance Criterion
PS20 Liquid 25°C /40 °C 0,2,4,8,12 FFA release (ng/mg) <50 ng/mg at 25 °C/12wk
LNP 25°C /40°C 0,2,4,8,12 FFA + HMWS (%) HMWS <5 %; FFA <100 ng/mg
PLGA MS 25°C /40°C 0,2,4,38,12 Activity retention (%) >70 % activity at 25 °C/12 wk
PEGylated 25°C /40 °C 0,2,4,8,12 Intact mass shift; HMWS No >5 Da mass loss; HMWS <3 %

PS20: polysorbate 20; LNP: lipid nanoparticle; PLGA MS: PLGA microspheres; HMWS: high-molecular-weight species; wk: week.
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Third, L-ASNase is a strategically important model protein.
Its aggregation, immunogenicity, and silent inactivation
problems are well-documented clinical liabilities [7,8], and
it is already a target for PEGylation and nanoencapsulation
[9,10]. An integrated study linking upstream process to
downstream analytics and final-product shelf life in this
clinically relevant context is directly actionable for
developers seeking improved L-ASNase biobetter products.
The study has limitations. Protein-loaded LNP
reproducibility remains a technical challenge [19].

The PLGA acidic-microclimate effect is a well-documented
confounder that may mask HCP-driven instability and will
require careful deconvolution [18]. If ABPP-active serine
hydrolases are not detectable in any lot, the study will pivot
to the analytics-gap deliverable a standalone publication of
the E. coli BLR/HMS174 spectral library which is
independently publishable and valuable [4].

5 Conclusions

This study presents an integrated, end-to-end bioprocessing
investigation designed to close a critical knowledge gap in
E.coli biopharmaceutical manufacturing,.

By linking optimised fed-batch fermentation and inclusion-
body refolding to state-of-the-art orthogonal purity
analytics and accelerated nanoformulation stability studies,
we aim to determine, for the first time, whether residual E.
coli HCP hydrolases contribute to formulation excipient and
protein instability in a manner analogous to the CHO PSDE
phenomenon. Using clinically relevant L-asparaginase as a
model, the study is designed to yield both a mechanistic
finding of broad importance and actionable process-design
rules directly applicable to the manufacture of improved L-
asparaginase biobetter products and other E. coli-derived
therapeutic proteins formulated with lipid, polysorbate, or
PEG excipients.
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