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Multi-capillary gel electrophoresis to increase throughput for
the purity analysis of biotherapeutic proteins

Theresa Merlino, Robert Yocum, Liming Zhao, Christian
Milbrandt, Neil Hershey, and Colleen Oakes
Janssen, USA

This technical note demonstrates a high throughput purity Key features of the automated CE workflows
analysis utilizing the multi-capillary BioPhase 8800 system

as an alternative to PA 800 Plus for early-phase CE-SDS o Time to answer: the pre-injection conditioning times

testing to accommodate the increasing analytical in the CE-SDS lightning method are 60% shorter

demands. In the biotherapeutic life-cycle, the process compared to the traditional method, reducing the

analytical sciences (PAS) group at Janssen is at the analysis time of a 96-well plate to only 10 hours

beginning of the development process of new ;vhereas the traditional method would run a plate in 12
ours

biotherapeutics and receives test samples from both
e Comparable performance to legendary assay: the

purity assessment of multiple molecule types was

similar between the PA 800 Plus system and the
formulations development group (Figure 1). Per year, BioPhase 8800 system

approximately 40,000 samples come to PAS for various

upstream and downstream API (active pharmaceutical
ingredient) development groups as well as the

e Ideal linearity: An R? of 0.99 was achieved using 5

analyses. The upstream samples come from process concentration points for all 3 compounds analyzed
optimization for cell growth, such as bioreactor « Equivalency: The BioPhase 8800 system was
optimization. The downstream samples come from protein deemed equivalent analytical platform to the PA 800
purification development. The drug product development Plus system to the traditional method

group conducts experiments and sends samples for buffer
formulation, stability, and degradation studies.

=T Process || Formulation /
Development Drug Product
A Development
' Stability /
Upst :
p|%sctlei2m Dh N Purification degradation
optimization development studies

Process Analytical ;eliroﬁgg? ff;??ﬂges tested
Sciences (PAS) - development of
Separations biotherapeutic molecules

Figure 1. Diagram showing the relationship between process development in upstream and downstream API group, formulation and drug
product development group, and the process analytical sciences — separations group
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Introduction

Out of the 40,000 samples, over 11,000 are analyzed

using capillary electrophoresis sodium dodecyl sulfate
(CE-SDS) assay alone. Therefore, quality-driven, high
throughput techniques are critical for developing new

drugs, enabling scientists to make quick and informed
decisions based on accurate data to meet demanding
timelines.

CE-SDS is the most common assay to determine the
purity and fragmentation of biotherapeutic proteins in drug
development, with over 11,000 samples analyzed per
year. In the past, the PA 800 Plus system, a single
capillary platform, has been the instrument of choice.
However, it takes approximately 24 hours to analyse 24
reduced or non-reduced samples. Consequently, smaller
batch analysis and longer overall cycle times on PA 800
Plus system leads to limited instrument availability and
longer turnover time to get data to customers, thus
becoming a bottleneck in the development process.
Therefore, the multi-capillary BioPhase 8800 system was
evaluated as an alternative to the PA 800 Plus system for
early-phase CE-SDS testing to accommodate the
increasing high throughput demands.

Methods

Samples: The process development samples, purified
monoclonal (mAb), bispecific and trispecific antibodies,
and a vaccine product are proprietary samples of
Janssen.

Sample preparation: The purified protein samples were
analyzed under reduced and non-reducing conditions
according to the protocol described elsewhere.'? The
bioprocessing samples were diluted in water to a target
concentration and then combined with SDS buffer, 10
kDa standard, and n-ethylmaleimide (NEM) for Non-
Reduced (NR) conditions or B-mercaptoethanol (BME) for
Reduced (R) conditions and then heat denatured for a
defined time and temperature.

CE-SDS reagents: BioPhase CE-SDS Protein Analysis
Kit (PN C30085) was from SCIEX (Framingham, MA).

6 BHEMK (CE) — EBXAMNAXE
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The B-mercaptoethanol (Part # M3148-25ML) and N-
Ethylmaleimide (34115-M) were from Sigma Aldrich (St.
Louis, MO, USA).

Capillary cartridges: CE-SDS analysis was performed
using a BFS capillary cartridge — 8 x 30 cm (P/N:
5080121) on the BioPhase 8800 system and the pre-
assembled cartridge (P/N A11147) on PA 800 Plus
system, both from SCIEX (Framingham, MA).

Capillary electrophoresis instrument and
consumables: The BioPhase 8800 system (P/N:
5083590F) and a starter kit of 4 sample plates, 4 reagent
plates and 8 outlet plates (P/N: 5080311) were from
SCIEX. CE-SDS analysis was performed using UV
detection with 220 nm filters.

The PA 800 Plus system (P/N: A74603) was equipped
with a PDA detector. Universal vials (P/N: A62251) and
caps (P/N: A62250) were from SCIEX (Framingham, MA).

Software: BioPhase 8800 software, version 1.2 e-license
was used to create methods and sequences for data
acquisition. The data was converted using the data
converting tool and analyzed using Empower™ software.

Evaluation of BioPhase 8800 system for early

development

4 conditions were studied to assess the performance
equivalence between the BioPhase 8800 system and the
PA 800 Plus system for reduced and non-reduced CE-
SDS samples:

e Comparison of purity assessment across multiple
modalities

e Reproducibility and consistency assessment
between the 8 capillaries on the BioPhase 8800
cartridge

e Linear dynamic range across multiple protein
concentrations

e Comparison of purity assessment for various
process development samples



Percentage purity assessment comparison

across multiple modalities

A purified mAb molecule, bispecific, trispecific and a
vaccine product were separated using the PA 800 Plus
system and the BioPhase 8800 systems for the purity
assessment. On the BioPhase 8800 system, 2 separation
methods were tested: the "traditional" and lighting
methods. The significant difference between "traditional”
and lightning CE-SDS methods is the pre-injection
capillary conditioning steps (Table 1).

Table 1: Time frame for the pre-injection capillary
conditioning steps in this study's traditional and lighting
methods

Pre-injection capillary conditioning steps:

Traditional Lightning

Total time: 25 minutes Total time: 10 minutes

Base: 80 PSI, 2 min Base: 80 PSI, 3 min

Base: 20 PSI, 5 min

Acid: 20 PSI, 5 min Acid: 50 PSI, 2 min

Water: 20 PSI, 3 min Water: 50 PSI, 1 min

Gel: 80 PSI, 10 min Gel: 80 PSI, 4 min

Figure 2 shows a remarkable similarity of purity values
across different molecule types. The error bars on the PA
800 Plus represent the standard deviation of n=6 runs
across multiple instruments and analyst preparations. The
error bars on the BioPhase 8000 system (BP) using
traditional method represent the standard deviation of
n=6 within a single sequence run. The error bars on the
BP using lightning method also represents the standard
deviation of n=6 within a single sequence run.

Purity comparison between the two platforms was found
to be well within the benchmark set at Janssen.
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Figure2: Purity percentage comparison assessment between PA 800 Plus and
the BioPhase 8800 system of multiple molecule types under non-reduced (top)
and reduced (bottom) conditions.

Reproducibility and consistency assessment between

the 8 capillaries on the BioPhase 8800 cartridge

A bispecific mAb sample was reduced and separated
using the BioPhase 8800 system. Figure 3 shows the
intra-capillary reproducibility of the 8 CE-SDS separations
obtained in capillaries A through H. Table 2 reveals the
consistency between the capillaries in both total corrected
peak area and purity percentage.
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Figure 3: Overlay of 8 CE-SDS separations of a bispecific mAb
under reducing conditions on the BioPhase 8800 system.

Table 2: Percentage of purity and total corrected peak area
inter-capillary comparison on the BioPhase 8800 system.

Total Corrected

Capillary % Purity Area
A 99.00 70536
B 98.94 67061
C 98.94 65531
D 98.87 65024
E 98.93 65769
F 98.98 69608
G 98.96 70238
H 98.94 67397

Linear dynamic range across multiple proteins at

different concentrations on the BioPhase 8800 system

Three molecules were investigated, ranging from 0.375 to
3 mg/mL, to determine the linear response of the
BioPhase 8800 system. Figure 4 shows the response
between the total corrected peak area as a function of
final protein concentration injected in the instrument. The
R? was > 0.99 for all 3 molecules, satisfying our
requirements for linear response in the desired
concentration range.

Figure 5 shows the consistency in the percentage purity
obtained across the different protein concentrations for all
3 proteins demonstrating the consistency of the detector's
response on the BioPhase 8800 system.
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Figure 4. Linear curve of 3 molecules with different protein
concentrations.
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Figure 5: Consistency of percentage purity obtained for the 3
molecules studied at 5 different target concentrations.

Comparison of purity for various process development

samples

The process development sample type is the most
challenging sample type to determine the equivalency
between PA 800 and the BioPhase 8800 system. Process
development samples vary significantly depending on the
excipients used, different bioreactor conditions, and
purification or formulation conditions.

Figure 6 shows a graph where the left Y-axis is the non-
reduced percentage purity, and the right Y-axis is the
difference in percentage purity of 21 process
development samples. The green line shows the trend of
the difference observed, and the red line across all
graphs represents the passing threshold. The light blue
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Figure 6: Twenty-One (21) Process development sample comparison between PA 800 Plus and the BioPhase 8800 systems. Light blue bars
represent the purity values observed using the BioPhase 8800 and the navy blue represents the values obtained using the PA 800 Plus

system.

bar is the data obtained using the BioPhase 8800 system,
and the navy blue bar is the PA 800 Plus system.

Most samples were observed to be within the passing
threshold margin set between the two systems. However,
samples 8 and 9 were deemed outliers due to the level of
degradation observed.

Based on the data shown in Figure 6 it was determined
that the BioPhase 8800 system performance is equivalent
to the PA 800 Plus system.

Direct comparison between electrophoretic profiles

Figure 7 directly compares the PA 800 Plus and BioPhase
8800 systems. The data is a separation of a traditional
mAb sample under non-reduced conditions. The
electropherogram on the top shows the full view of the
separation and circled is the difference in peak height
between the IgG peaks on both platforms.

The peak height on the BioPhase 8800 system is
considerably higher compared to the PA 800 Plus. The
difference in peak height and area is due to the innovative
stray light control engineered into the BioPhase 8800
system, which increases the sensitivity of the system.

The zoomed-in view shows the overall peak shape for the
smaller peaks to be similar. Even though the total

corrected area counts differ, the relative percentage and
peak shapes are similar between the 2 instruments.

Similarly, Figure 8 shows the separation of the same
molecule under reduced conditions. It is notable that the
peaks are more intense on the BioPhase 8800 system
compared to the PA 800 Plus. Consequently, the ratio
between the heavy and light chains differs between the 2
platforms, but since the overall purities remained similar,
the results were determined to be equivalent.

Based on this extensive study, the BioPhase 8800 system
was deemed a suitable alternative to PA 800 Plus for
early-phase CE-SDS testing.

Conclusions

e The reduction in pre-injection conditioning time in
the "Lightning" method decreases the cycle time by
60% compared to the “Traditional” method

e Comparison of multiple modalities measured similar
purity results for all molecules investigated. The
BioPhase 8800 system also demonstrated great
inter-capillary reproducibility for profile and purity
analysis

e Comparison between PA 800 Plus and BioPhase
8800 systems measured similar purity for 21 process
development samples

e The R?for linearity of the BioPhase 8800 was better
than 0.99% for the tested final protein

EMERK (CE) — BEOXGYNAIE 9



concentrations ranging from 0.375 mg/mL to 3.000

mg/mL
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e The BioPhase8800 system was deemed equivalent

and a suitable alternative to the PA 800 Plus system
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Enhancing purity and heterogeneity assessment: Seamless
method transfer from PA 800 Plus system to BioPhase 8800
system

This work uses the NIST Monoclonal Antibody Reference

Material 8671 (NIST mADb). Critical quality attributes assessed in
this work include heavy chain (HC) and light chain (LC) ratios

Marcia Santos
SCIEX, USA

Analytical teams in drug development face increasing requests

for higher throughput to keep up with growing drug pipelines. under reduced conditions and monomeric purity determination

Adopting higher throughput technologies requires a successful under non-reduced conditions (Figure 1).

transfer of methods for validated assays to new technologies.

Key benefits of the new 214 nm filter on the

BioPhase 8800 system

Biotherapeutic protein purity and fragmentation analysis are

commonly determined using the capillary sodium dodecyl! sulfate
o Enable scale-up of core analytical assays from validated

single capillary systems with easy method transfer

(CE-SDS) assay. This assay is validated and supported on the
PA 800 Plus system using a photodiode array detector (PDA) at

220 nm or 214 nm.

Here, we discuss the development and use of a 214 nm filter to
facilitate seamless method transfer from the single-capillary PA
800 Plus system to the 8-capillary BioPhase 8800 system.
Comparative experiments were designed to evaluate the
performance of the CE-SDS application of the BioPhase 8800
system equipped with the newly developed proprietary 214nm
filter with the PA 800 plus system using a 214 nm band pass

Enhanced sensitivity: Innovative filter design enhances
sensitivity on the BioPhase 8800 system

Superior performance: Achieve lower baseline noise with a
2 Hz data acquisition rate and 8 s for peak width at half height

Excellent purity analysis data consistency: Monomeric
purity calculated from non-reduced NIST is comparable
between the 2 platforms and to the NIST investigation report

filter.
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Figure 1. Comparison of CE-SDS application between BioPhase 8800 system and PA 800 Plus system. Panel A indicates NIST mAb under non-
reducing conditions. Panel B indicates NIST mAb under reducing conditions. The peak assignment was primarily based on the NIST report of

investigation reference material 8671 of 2023."
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Introduction

Historically, the detection wavelength used to analyze or
quantify proteins and peptides falls within the range of 200
and 214 nm due to the strong absorbance signal of a n— =«
* transition.* However, alternative wavelengths, such as
220 and 280 nm, can also be utilized. The specific
wavelength depends mainly on the amino acid sequence
of the protein and the nature of the solvent. For example,
proteins containing many amino acids with aromatic
groups, such as tryptophan, tyrosine and phenylalanine,
have a higher absorbance at 280 nm than proteins lacking
these amino acids.

Therefore, to determine protein concentration via a
spectrophotometer or by separation technologies such as
liquid chromatography and capillary electrophoresis, the
standard wavelength of 214 nm or 220 nm is typically
employed.*

In this study, the objective is to facilitate a seamless
method transfer from the PA 800 Plus system using a
214 nm bandpass filter to the BioPhase 8800 system,
which incorporates a new proprietary filter design.

Methods

Sample: NIST Monoclonal Antibody Reference Material
8671 was purchased from the National Institute of
Standards and Technology (NIST).

Sample preparation: The NIST mAb samples were
prepared under reduced (R) and non-reducing (NR)
conditions according to the protocol described
elsewhere.?® An enough sample was prepared to run on
both instruments to reduce bias due to variation in sample
preparation. The stressed sample was prepared by
exchanging buffer into 25mM Tris HCI pH 8 with a final

5 mg/mL concentration and incubated at 40°C for 5 days.

CE-SDS reagents: BioPhase CE-SDS Protein Analysis Kit
(P/N C30085) was from SCIEX (Framingham, MA). The B-
mercaptoethanol (P/N M3148-25ML) and iodoacetamide
(P/N A3221) were from Sigma Aldrich (St. Louis, MO,
USA). The Tris-HCI pH 8 was prepared from Trizma base
(P/N 93352) and acidified with 0.1M HCI (P/N 2104) to pH

12 EMERK (CE) — ZEELHYNAXE
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8. 0.1M HCI and Trizma base were from Sigma Aldrich (St.
Louis, MO, USA).

Capillary cartridges: CE-SDS analysis was performed
using a BFS capillary cartridge — 8 x 30 cm (P/N:
5080121) on the BioPhase 8800 system and the pre-
assembled cartridge (P/N A11147) on the PA 800 Plus
system, both from SCIEX (Framingham, MA).

Capillary electrophoresis instrument and
consumables: The BioPhase 8800 system (P/N:
5083590F) and a starter kit of 4 sample plates, 4 reagent
plates and 8 outlet plates (P/N: 5080311) were from
SCIEX (Framingham, MA). CE-SDS analysis was
performed using UV detection with the new 214 nm filter.

The PA 800 Plus system (P/N: A74603) had an ultra-violet
single point detector (UV detector) and a 214 nm band
pass filter. Universal vials (P/N: A62251) and caps (P/N:
A62250) were from SCIEX (Framingham, MA). A 200 um
cartridge aperture was used.

Software: The BioPhase 8800 system and the BioPhase
8800 software, version 1.2 e-license, were used to create
methods and sequences for data acquisition and analysis.
The PA 800 Plus system was controlled, and the data was
analyzed using 32 Karat, version 10. For easier
comparison between the PA 800 Plus system and the
BioPhase 8800 system, the data from PA 800 Plus system
was converted to .cdf.

Parameters used to compare the 214 nm filter

between PA 800 Plus and the BioPhase 8800
systems

A few parameters were used to assess the
comparability of the data acquired at 214 nm using
filters on the PA 800 Plus system and the BioPhase
8800 system with the new 214 nm filter:

The baseline noise

Purity of the monomer

The ratio of heavy chain to light chain

Case study: stressed NIST sample comparison

b~



Description of the new 214 nm filter

The filter used on the PA 800 Plus system is a bandpass
filter. Bandpass filters are designed to filter out a specific
range of wavelengths from a light source. In the case of
the PA 800 Plus system, the 214 filter with a range of +/-
10 nm allows only a specific range of wavelength to pass
through the capillary window. The rest of the spectrum
from the Deuterium lamp — the light source — is blocked.®

The filter on the BioPhase 8800 system is a proprietary
assembly designed to allow a higher transmittance of light
compared to the bandpass filter used on the PA 800 Plus
system. Therefore, the new filter design enhances
detection sensitivity at 214 nm on the BioPhase 8800
system.

The baseline noise

In general, the CE-SDS method uses a data rate of 2 Hz,
and the digital filter is set to normal on the PA 800 Plus
system. The root mean square (RMS) noise observed from
the reduced and non-reduced NIST samples on PA 800
Plus was approximately 5. The RMS noise observed on
the BioPhase 8800 system closely matches the noise on
the PA 800 Plus system when using a data rate of 2 Hz
and peak width at half height (PWHH) of 8 s. The RMS
noise observed on the BioPhase 8800 system was 3.5.

Table 1 summarizes the RMS noise found on both
systems.

Table 1. The RMS noise found on the 2 systems.

RMS noise
Non-reduced

System

PA 800
Plus
system
BioPhase
8800
system

Reduced

4.86 5.33

3.51 3.47

Therefore, the data rate used in this work was set at 2 Hz,
and PWHH was set at 8 s.

SCIEX)

Monomeric purity

The monomeric purity was calculated using the equation
below, based on the corrected peak area (CA) of the non-
reduced NIST sample. The monomeric purity on the 2
systems was calculated by each CE platform's respective
software.

CA monomer
X 100%

Monomeric purity (%) = CA monomer + Y, CA fragments

Table 2 shows the CA of the monomer, the summed CA of
the fragments for both systems and the calculated purity
compared to the NIST report published in 2023.3

It is worth noting that the reported peak area for the
monomer on the BioPhase 8800 system is nearly 30%
higher than that on the PA 800 Plus system. This
difference is attributed to the enhanced sensitivity of the
innovative design of the 214 nm filter.

The results for monomeric purity of NIST reported by PA
800 Plus system and BioPhase 8800 system are
comparable.

Table 2. Monomeric purity comparison between PA 800 Plus system
and BioPhase 8800 system.

Non-reduced NIST mAb

System PA 800 Plus BioPhase 8800
system system
CA Of monomer 2721 2577 378507
Summed CA of the 1146.604 849.160
fragments

*The purity of the monomer reported by NIST is 96.63%.

The ratio of the heavy chain and light chain

The ratio of the heavy chain to light chain ratio (HC/LC)
was calculated by dividing the CA of the heavy chain (HC)
by that of the light chain (LC). The CA was determined
using the respective software of the 2 CE platforms. Table
3 displays the HC/LC ratio reported by both instruments.
Due to the higher sensitivity of the BioPhase 8800 system,

the ratio HC/LC is slightly higher than that of the PA 800
Plus system.

EHERIK (CE) — BEALHAYNAIE 13



Table 3. HC/LC ratio reported on the PA 800 Plus system and
BioPhase 8800 system.

Reduced NIST mAb

SCIEX)

(HH), heavy-heavy-light (HHL) and high molecular weight
species (HMW).

SyStem PAS?/(S)?eZIUS Biol:’sf;asfeen?SOO Table 4. Comparison of the relative migration time and corrected
CALC 8190.587 9646.813 peak area percentage for stressed NIST between the PA 800 Plus
CAHC 18183.006 23313.174 system and BioPhase 8800 system.
HC/LC 2.22 2.42
RMT CA%
Figure 2 demonstrates the overlay of the CE-SDS Peak Pélﬁgo Bi%lzggse Pélggo Bi%I;g'(a)se
electropherogram for the stressed NIST sample, showing name system system system system
good similarity between the 2 separations. Notably, the LC 1.21 1.21 4.53 4.35
BioPhase 8-800 system p!’oduced a. higher peak intensity in HC 148 147 161 187
the separation and superior resolution compared to the
HL 1.76 1.77 0.83 0.82
PA 800 Plus system.
HH 1.99 2 5.40 5.63
Table 4 illustrates the relative migration time (RMT) and HHL 213 2.13 7.42 5.44
corrected peak area percentage (CA%) for both PA 800 monomer 2.24 2.23 65.52 71.57
Plus system and the BioPhase 8800 system. The peaks HMW 256 56 14.70 1033
identified were LC, HC, the intact monomer and the
following fragments: heavy-light chain (HL), heavy-heavy
50000
Intazt IgG
40000
= HHL | | HRW k
%.: LC HH | | I|
H L I 1
© 30000 HC HL |
e P
] 10 Kda |
u [
§ 20000 '.
=4 '| 11
[
10000 | Il
.'! .'I‘-. .I
o
w15 70 25

Relative migration time (min)

Figure 2. Overlay of CE-SDS electropherogram for stressed NIST using the PA 800 Plus system and the BioPhase 8800 system under non-

reduced conditions. The red trace represents the PA 800 Plus system, and the green represents the BioPhase 8800 system.
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Conclusions

e The remarkable data consistency between the PA 800 Plus
system and BioPhase 8800 system allows for seamless
method transfer

e The enhanced sensitivity of the BioPhase system allows for
better resolution and higher intensity peaks while maintaining
comparable corrected %peak area. Therefore, similar HC/LC
ratios and monomeric purity were found between the 2
platforms.

e The flexible detector settings on the BioPhase 8800 system
allow the user to fine-tune the separation and achieve a
baseline noise comparable to the PA 800 Plus system. This
work demonstrated that the data rate of 2 Hz and PWHH of 8s
offer low baseline noise comparable to PA 800 plus system.

o Excellent comparability of CA% between the PA 800 system
and BioPhase 8800 system for the stressed NIST sample was
demonstrated
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Unleashing the Power of Speed: Accelerating time to answer
with CE-SDS and Laser-Induced Fluorescence detection in
under 12 Minutes

Marcia Santos
SCIEX, USA

Key features of the ultra fast CE-SDS workflow

This technical note demonstrates a strategy to accelerate

capillary sodium dodecyl sulfate (CE-SDS) separation methods « High throughput and fast time to answer: By enabling 1.8
by using optimized instrument settings to reduce analysis time min/sample or 96 samples in 4.3 hrs (Figure 1)

while maintaining the robustness and resolution of CE-SDS. The o Reduced separation time: Achieve a well resolved
applicability of this approach extends to the analysis of separation in under 12 minutes by applying unique
monoclonal antibodies (mAb) and next-generation instrument settings

Increased sensitivity with LIF detection: Chromeo P503 dye
enables highly sensitive detection

biotherapeutic molecules, making it ideal for high-throughput
screening.

One CE platform for the product's entire lifecycle: The
BioPhase 8800 system can bridge the gap between upstream
bioprocessing and quality control (QC)

Upstream bioprocessing is a fast-paced environment where
thousands of samples are screened yearly, and in

bioprocessing, the demand for sample analysis throughput is o Carryover: No carryover was observed in the region of

high. To meet the throughput requirement and achieve a fast interest of the electropherogram.

time to answer, well-established analytical technologies, such
as conventional CE-SDS or SDS-PAGE, may face challenges due
to their traditionally low throughput nature.’?

In the biopharma industry, CE-SDS is the gold standard

analytical technology for addressing characterization in areas

Time/sample (min)®
BioPhase 8800 Ultra-fast CE-SDS method \l
BioPhase 8800 Lightning CE-SDS method .

BioPhase 8800 Traditional CE-SDS method

pag00 pus Traditional CE-sDs method ||| |

0 10 20 30 40 50

Figure 1: Timeline comparison among the high-resolution CE-SDS method on PA 800 Plus, the methods on the BioPhase 8800 systems traditional, lightning and the
Ultra speed CE-SDS separation for a high-throughput bioprocessing environment. ® Time per sample is total cycle time divided by 8 (BioPhase 8800 - only)
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such as protein purity, fragmentation, stability, glycan site
occupancy, and aggregation.? Although CE-SDS instruments are
automated and a more reliable alternative to SDS-PAGE, they
historically have a low throughput and can become a bottleneck
during bioprocess development.

Traditionally, microchip technology is the technique of choice
when high throughput is needed. However, microchips may
suffer from premature failure due to chip clogging and a lack of
robustness and reproducibility.* Further, cell culture samples
are generally a complex mixture of salts, buffers, amino acids,
and enzymes, all working synergistically to provide an
environment to help cell growth and protein expression.%?>
Clogging can be quite challenging when using chip-based
technology to analyze cell culture samples directly. Therefore,
although utilizing the same analytical platform, chemistry, and
software to characterize and determine critical quality
attributes from the bioprocessing environment to commercial
quality control is highly desirable, as this approach can help
eliminate the technology transfer barrier from the early
development phase to QC but it is also highly challenging.

This work presents an enhanced CE-SDS workflow designed to
empower bioprocessing development scientists to semi-
quantify expressed antibodies and other biotherapeutic
molecules from upstream bioprocessing samples and cell
culture optimization.

This innovative strategy leverages the BioPhase 8800 system's
multi-capillary environment, enabling the screening of 96
samples in half a working day. Utilizing the same reliable and
robust CE platform, chemistry, and software (BioPhase 8800
software or Empower) throughout the biopharma continuum
significantly reduces reagent usage and minimizes plate waste.

Sample: 1gG control standard (P/N391734) was from SCIEX
(Carlsbad-CA).

Reagents: BioPhase CE-SDS Protein Analysis Kit (PN C30085)
was from SCIEX (Framingham, MA). The B-mercaptoethanol (8 -
ME) (P/N M3148-25ML), Dimethylsulfoxide (DMSO) (P/N D8418)
were from Sigma-Aldrich (St. Louis — MO). The Chromeo P503
dye (P/N 15106) was from Active Motif (Carlsbad-CA).

/SCIEX)

Capillary cartridges: CE-SDS analysis was performed using a BFS
capillary cartridge — 8 x 30 cm (P/N: 5080121) from SCIEX
(Framingham, MA).

Capillary electrophoresis instrument and consumables: The
BioPhase 8800 system (P/N: 5083590F) and a starter kit of 4
sample plates, 4 reagent plates and 8 outlet plates (P/N:
5080311) were from SCIEX. CE-SDS analysis was performed
using LIF detection with an excitation wavelength of 488 nm
solid-state laser and emission wavelength of 600 nm/80 nm
bandpass filter FWHM 12.5 mm (P/N 65736) from Edmund
Optics (Barrington, NJ).

Software: BioPhase 8800 software, version 1.2 e-license, was
used to create methods and sequences for data acquisition.

Preparation of Chromeo P503 dye stock solution: 200 pL of
DMSO was mixed with the lyophilized Chromeo P503 dye until
complete dissolution, followed by the addition of 200 pL of
double-distilled and de-ionized water (DDI water), making a 2.5
mg/mL solution. This solution should be in the dark at 2-8°C for
up to 2 weeks.

Preparation of Chromeo P503 dye working solution: dilute the
2.5 mg/mL stock solution to 0.5 mg/mL with DDI water.

Sample preparation for CE-SDS-LIF analysis under reducing
conditions: All samples were diluted in SDS sample buffer pH 9
to a final concentration of 10 pg/mL in a 100 pL volume. Then, it
was heat-denatured and reduced by adding 5 pL of § -ME and
heated at 70°C for 10 minutes.

Labeling procedure: After the samples were reduced and heat
denatured, add 5 pL of (0.5 mg/mL) P503 dye working solution,
mix well and incubate at 70°C for 10 min. The colors will
transition from a deep blue to a purple-reddish color. The
samples were transferred to the sample plate and placed into
the BioPhase 8800 system for analysis.

Results and discussion

This study evaluated various system parameters, including
separation temperature and voltage, capillary conditioning, and
pre-injection conditioning methods, to enhance throughput
without compromising reproducibility and resolution or
introducing carryover. The investigation's outcome enables
analysis of the mAb samples using CE-SDS in 1.5 min per
reduced sample, equivalent to 96 samples within 3 hours,
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significantly advancing high-throughput capability. The high- T [

throughput can be further enhanced by automating sample i 25tCat-15kV(tandard sondition) |
preparation with a liquid handler such as the Biomek i5.° 4

i

i..
Screening separation voltage and temperature conditions 3 e

In capillary electrophoresis (CE), 3 factors can directly and
effectively impact the separation time: capillary length, electric

field (voltage), and separation temperature.” ' ' D il

0
2070 Peak begend

Common strategies to decrease separation time often involve

1. e dye
2 10 KD markai

reducing the capillary length, increasing the separation " I b s
temperature, or elevating the electric field individually or in g o
combination. However, these parameters may negatively " 8
impact peak resolution. Therefore, considering and optimizing ; - i . 5
these parameters is critical to balancing reduced separation ; : -

time and peak resolution. « o ]* L

It is desirable to increase the throughput of CE-SDS to support

bioprocess development samples while retaining optimal o) il .‘ :

analytical performance, such as the resolution between the @ T O 5 7 123 T
light chain and possible clipped or fragmented pieces of 5% T Pk leggersd
antibody, as well as the non-glycosylated (ng-HC) and = : R e
glycosylated heavy chain (HC). Figure 2 shows the impact of the ! ] E EQ:‘_:
temperature and voltage on the separation time compared to o “ Ll

the standard conditions (-15kV at 25°C). While the standard ¥ .
separation condition offers exceptional resolution between the 201 ] 5

ng-HC and HC peaks, the separation time is relatively long, 22 , i .

min. : = 3 _u

However, by adjusting the voltage, as shown in the middle ) HE: "

panel of Figure 2, the separation time can be reduced from 22 . JJ :

min (traditional method) to only 9 minutes at -30kV. Similarly,

Table 1: Resolution between ng-HC and HC under various
separation conditions Figure 2: Overlay of the CE-SDS separations of IgG control standard at 25°C
and 30°C at various voltage conditions.

Conditions Resolution ng-HC and HC

25C_20kV 1.49 1.5 is desired, but a minimum resolution of 1.0 is required for
25C_25KkV 1.39 reliable peak integration.”

25C_30kV 1.16 Based on the data collected, 25kV at 30°C or 25°C is optimal to
30C_20kV 1.38 maintain the separation time below 12 minutes for reduced
30C_25kv 1.33 samples while maintaining near baseline resolution between
30C_30kV 0.46 ng-HC and HC.

the separation time can be further reduced when the
temperature is increased to 30°C (bottom panel). The increased
separation speed may compromise peak resolution. Table 1
illustrates the impact of these separation conditions on the

resolution between the ng-HC and HC. Ideally, a resolution of
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Adapting capillary conditioning parameters and methods

In typical CE-SDS separation method, a considerable amount of
time comes from pre-injection capillary conditioning steps,
which take at least 9 minutes. In this work, the strategy was
implemented to remove the pre-injection capillary conditioning
steps (5 minutes in total) except for gel rinse, which was
reduced from 4 to 3 minutes.

However, reducing capillary conditioning steps could induce
migration time inconsistencies and peak shape degradation due
to capillary surface modification over time and carryover.
Therefore, a new capillary treatment approach was tested by

Run # Column | Method Name Rep. #| Error Recovery

1 0 LIFSD0_Tewt cond _30C_2minNa0HE0n60,

o} F 1 LIFSD] Do S0C_25kY V2 1
=} L 2 LIFG00_ Feqrs S0C_25kW 1 2man 1
u} 4 1 LIFE00_Zeus 30C_25kY_12min F
i 5 2 EIFSO0 Fews _30C 35KV i2man ]
i B 1 LIFSO0 Jeves 30C_ 356V _T2mn 3
1] § & LIFSD0_Zeuy 30C 25 1 dman 3
| 1 LIFGO0_Tews_inber inpec cond_30C 1
E 4 1 3 30C_ 356V _12man d
E 2 LIFS00 Jewny S0 256N Tdme 4
B. 1 1 LIFSO0_Teus 30C 25KV 12min ]
B 12 7 LIFGDD_Taut_30C 756V _12man 5
B 13 1 LIPSO feus 30C_25kY 12 min §
E 14 s 0 Jevs S0C 256N _Vémn &
15 0 LIFE00_Teun_inier infee cond_30C 1
= b 1 LIFSDD Zews 300 356N _12mn [
L 17 3 LIFGDD Jeus 30C_ 256N _Tdrmn !
" 18 1 LIFSO0_Teus S0C_2%kY_T2min 8
. 18 I LIFE00_Teus J0C_25kY_12min b
B 20 1 LIRS0, Zeus_30C 75KV, 12min 3
i a 2 LIFSDD Jes 30C_25kW 1 2rman 9
22 0 LIFS00_feus_mier inge cond_30C 1
B 1 LIFGO0_ Teuk_30C_56V_ 12min i
5} 24 2 DIFSDD Feie S0OC_ 25KV _12mn 10
H 25 1 LIFS00 Jeuy F0C 256N Vérmn 1
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29 0 LRG0 _Teut Shuadawn 300 1 L4

Figure 3: Sequence set up for high throughput CE-SDS analysis.

SCI

introducing the shorted capillary conditioning method every 6
injections or at the half-sample plate mark. Figure 3
demonstrates the new sequence setup used in this study.

The sequence was set up with a standard conditioning method,
as described in the application guide®, as the first step, followed
by 6 modified separation methods containing only a gel rinse

step (Figure 4).
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Figure 4: Proposed separation method for ultra-high throughput. The
separation method contains only one gel rinse prior to injection.
Capillary surface cleaning is critical for robust separation.
Therefore, a mid-plate complete capillary conditioning
treatment (Figure. 5) was introduced to minimize surface
contamination and ensure separation consistency.

With this setup, the user can separate 192 samples in 8.5 hrs,

equivalent to 1.8 min/sample.
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Figure 5: mid-plate complete capillary conditioning treatment, dubbed
LIF600_Zeus_inter inject cond_30C in Figure 3.
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Evaluation of the performance of the ultra fast CE- 50
SDS assay 5 oo
£ W |
= P50 c
g seew thid
The first important aspect to consider in assay performance is g 40 i | [
bt mai "LE pre pask
always the inter and intra-capillary reproducibility. The g o i | -
second consideration is carryover. ; e e -
N ix A
Inter and intra-capillary reproducibility a il
! |
Figure 6 shows the overlay of electropherograms from a i h
f \

reduced IgG control standard sample of 48 separations from o
oo 550
Anlafive migraton Sme (min

capillaries A, C, E and G. The reproducibility of each

separation is notable. To substantiate the observation in Figure 6: Overlay of reduced P503 labeled IgG control standard. Conditions:

Figure 6, Table 2 shows the calculated inter-capillary average 12 minutes separation time, 1000V/cm and 20°C cartridge temperature.
. . . o
migration time and %corrected peak area for the 4 peaks However, the high sensitivity of this detection method also

observed for the IgG control standard under reducing poses the risk of interference from carryover. Separations

conditions. towards the end of the sequence are more susceptible to
Figure. 7 illustrates the consistency across 48 injections for carryover due to the accumulation of free dye.
migration time (panel A) and corrected peak area percentage Sample buffer was injected as blank injections in the same
(CPA%), demonstrating the robustness of this assay. capillary after sample injections to investigate the presence of
carryover. Figure 8 shows the sample plate setup for this
Carryover considerations evaluation.

Laser-induced fluorescence detection is an advantageous and

sensitive technique in CE to analyze materials in low

concentrations, such as proteins expressed in cell cultures.”

Table 2: The average migration time and %RSD for intercapillary precision.
Inter capillary n=48
Inter-capillary average (n=48)

pre-LC LC ng-HC HC
Average migration time 7.22 7.52 9.24 9.52
Average corrected peak area 1.40 27.86 6.82 63.92
%
Resolution ngHC/HC N/A N/A N/A 1.32

Inter-capillary %RSD / standard deviation (n=48)

pre-LC LC ng-HC HC
Migration time 1.17/0.084 1.18/0.089 1.21/0.112 1.23/0.117
Corrected peak area % 6.47/0.090 2.14/0.596 5.07/0.346 0.71/0.451
Resolution ngHC/HC N/A N/A N/A 2.98
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Figure 7: Assay reproducibility graph. (A)migration time
consistency. (B) corrected peak area % consistency, n=48
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Figure 8: Sample plate setup to investigate carryover.

Figure 9 presents the 12" (last) injection of IgG control standard
separation on capillaries A, C, E and G, followed by a blank
(sample buffer) injection on the same capillaries. The figure
indicates a minor carryover present, where the free dye of P503
is migrating. The minor carryover occurred in the region before
the 10 kDa marker on the electropherogram. Therefore, it did
not interfere with the migration of the protein of interest, as

SCIEX)

the separation window of interest is after the 10KDa marker,
which exhibits a clean baseline without any visible carryover.
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Figure 9: Carryover assessment using blank runs after sample separation.
Legend: 1. 10 Kda, 2. pre-LC, 3. LC, 4. ng-HC, 5. HC. The rectangle highlights the
Free P503 dye.

With this setup, the user can separate 192 samples in 8.5 hrs,
equivalent to 1.8 min/sample, while maintaining migration time

consistencies.

Conclusions

e Analysis time was reduced to 1.8 min per sample from 6.25
min per sample, equivalent to 96 samples per half working
day with the ultra-fast CE-SDS method

e Increased throughput of the CE-SDS with LIF detection was
successfully demonstrated for the semi-quantitative
assessment of antibody samples

e  The reproducibility of the corrected peak area percentage is
below 6.5% for the pre-LC peak — the smallest species in the
electropherogram

e  The baseline resolution between ng-HC and HC was
comparable to the longer traditional method

e Minor carryover of free P503 peak is restricted to a non-
relevant region of the electropherogram, enabling confident

semi-quantitation of the sample peaks
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Efficient transfer of the high-speed CE-SDS method from the
PA 800 Plus system to the BioPhase 8800 system

Marcia Santos
SCIEX, USA

This technical note introduces a new capillary electrophoresis
sodium dodecyl sulfate (CE-SDS) method on the BioPhase 8800
system, equivalent to the gold standard high-speed (HS)
method on the PA 800 Plus system. The new method enables a
seamless method transfer from the PA 800 Plus system to the
BioPhase 8800 system, offering higher throughput with 8
parallel capillaries(Figure 1).

The introduction of the PA 800 Plus system and the IgG
Heterogeneity and Purity Assay has made the CE-SDS method
an essential analytical tool for characterizing therapeutic
biomolecules. In the fast-paced environment of process
development and support, where thousands of samples are
screened annually, there is a demand for quick, reliable sample
analysis method that can be efficiently transferred throughout
the pipeline. To support this demand for even higher
throughput, the IgG HS method is easily transferrable from the
PA 800 Plus system to the 8-capillary BioPhase 8800 system.
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Key features of the HS CE-SDS method

o Seamless transition from the to the BioPhase 8800 system:

By taking advantage of the flexibility of the hardware settings
on BioPhase software, an equivalent IgG HS CE-SDS method

was developed

¢ Same outstanding performance: Consistency between runs
and cartridges demonstrates the method's reproducibility.
Inter-capillary reproducibility over 96 samples is <5% for light
chain (LC), glycosylated (HC) and non-glycosylated heavy
chains (ng-HC).

o Similar migration time as original PA 800 Plus method:
Migration time of the 10 kDa marker on the BioPhase 8800

system high-speed method is within 1 minute (min) window
compared to the migration time on the PA 800 Plus system.

o The MW estimation for lysozyme and carbonic andrydrase
was better than 16%.
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Figure 1: Separation of USP mAb 002 under reducing and non-reducing conditions on the BioPhase 8000 system (left) and on PA 800 Plus (right) using the HS CE-

SDS method. Separation conditions are in the methods section. Migration time of 10 kDa marker on the BioPhase 8800 system using the HS CE-SDS method is

within 1 min window compared to the migration time on the PA 800 Plus system.
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Introduction

CE-SDS is widely used in biotherapeutic analyses for lot release,
stability testing, formulation-buffer screening, process
development, cell line development and product
characterization. There are 2 versions of the CE-SDS separation
method available on the PA 800 Plus system: the 1gG high-
resolution (1gG HR) and 1gG HS. The IgG HR method was created
for the high resolution between the ng-HC and the HC. Both
methods have been adopted, validated, transferred and used in
analytical development and quality control for numerous
commercial molecules. However, only the 1gG HR separation
method was previously available on the BioPhase 8800 system.
The 1gG HS separation method on the PA 800 Plus system was
created to reduce the total analysis time by 15 minutes,
without compromising the data quality compared to the IgG HR
method. The effective separation length is the fundamental
difference between the IgG HR and HS methods. Effective
length is the distance the molecule travels from introduction to
detection. In the IgG HS method, the effective length is 10 cm.
This distance is much shorter than the traditional IgG HR, where
the effective length is 20 cm with a 30 — 40 min separation
time. Consequently, the separation is considerably quicker.

This study proposes a new CE-SDS-based method for the
BioPhase 8800 system that matches the performance of the I1gG
HS CE-SDS method on the PA 800 Plus system.

Samples: USP mAb 002, Monoclonal IgG1 - United States
Pharmacopeia (USP) Reference Standard (P/N: 1445547-2MG)
was from USP (Rockville, MD). NISTmAb, Humanized IgG1k
Monoclonal Antibody (P/N: 8671) was from NIST (Gaithersburg,
MD). 1gG control standard (P/N: 391734) was from SCIEX
(Framingham, MA).

Reagents: The BioPhase CE-SDS Protein Analysis Kit (P/N:
C30085) was from SCIEX. The B-mercaptoethanol (B -ME) (P/N:
M3148-25ML) and iodoacetamide (IAM) (P/N: 16125) were from
Sigma-Aldrich (St. Louis, MO).

Capillary cartridges: For the BioPhase 8800 system, the CE-SDS
analysis was performed using a BFS capillary cartridge — 8 x 30
cm (P/N: 5080121) from SCIEX. For the PA 800 Plus system, the
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CE-SDS analysis was performed using a BFS pre-assembled
capillary cartridge (P/N: A55625) from SCIEX.

Capillary electrophoresis instrument and consumables: The
BioPhase 8800 system (P/N: 5083590F) and a starter kit of 4
sample plates, 4 reagent plates and 8 outlet plates (P/N:
5080311) were from SCIEX. CE-SDS analysis was performed
using UV detection at 220 nm.

The PA 800 Plus system (P/N: A51963AE) was equipped with a
PDA detector. The detection wavelength was 220 nm.

Instrument methods: On the PA 800 Plus system, the capillary
conditioning method comprises 0.1M NaOH rinse at 20 psi for
10 min, 0.1M HCl rinse at 20 psi for 5 min, ddi H20 rinse at 20
psi for 2 min,SDS-MW gel buffer rinse for 10 min at 70 psi and a
voltage separation at 15 kV for 10 min. The separation method
consists of 0.1M NaOH rinse at 70 psi for 3 min, 0.1M HCl rinse
at 70 psi for 1 min, ddi H20 rinse at 70 psi for 1 min and SDS-
MW gel buffer rinse for 10 min at 70 psi, 2 water dips, an
injection at 5 kV for 20 seconds, and the separation at 15 kV for
20 min

The separation method used on the BioPhase 8800 system is
shown in Figure 2.

Software: BioPhase software, version 1.2 e-license, was used to
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Figure 2: Proposed HS CE-SDS separation method for the BioPhase 8800 system.

create methods and sequences for data acquisition and data
analysis on the BioPhase 8800 system. The 32 Karat (version
10.1) software package was used for data acquisition and
processing.



Sample preparation for CE-SDS analysis under reducing and
non-reducing conditions: The USP mA 2 IgG sample was used
without any previous treatment. 10 L of the USP mAb 2 IgG
sample was mixed with 2 uL of 10 kDa marker, 83 uL of SDS
sample buffer pH 9 and 5 pL of B -ME or 250mM IAM for
reduced and non-reduced conditions, respectively. Then, the
mixture was heat-denatured at 70°C for 10 min before CE

analysis.

Results and discussion

Selecting 10 kDa as the internal mobility marker and defining
a migration time window for 10 kDa

In CE, using an internal mobility marker is crucial. This is due to
the consistent relative position between the marker and the
sample peaks, which guarantees reproducibility for different

runs, capillaries, chemistry lots, instruments and users.

The first step in developing the method was to set a migration
time requirement. Although, any peak could be used as a
marker, the migration time for a mAb molecule peak under
reduced or non-reduced conditions can vary due to differences
in the antibody hydrodynamic size and primary sequence. These
differences can affect the hydrophobicity of the mAb.
Consequently, using a mAb peak as a reference can impact
assay accuracy and reproducibility, as it may change from
molecule to molecule, making the method non-viable as a
platform method.! Figure 3 illustrates the difference between
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Figure 3: Migration time difference of 2 different mAbs under non-reducing
conditions. The top trace is from NISTmAb, and the bottom trace is from the 1gG
control standard under non-reducing conditions using the 1gG standard method
on the BioPhase 8800 system ( -15 kV/25°C).

the migration time of the monomer peak for NISTmAb and
SCIEX's IgG control standard mAbs.

/SCIEX)

Defining a migration time window for the 10 kDa internal
marker is more reliable than using a mAb peak, as this molecule
exhibits a consistent migration pattern regardless of the
antibody sample and the sample preparation conditions
(reducing and non-reducing). Figure 1 shows that the migration
time of the 10 kDa internal marker using the 1gG HS method
was around 6.6 minutes on the PA 800 Plus system under
reducing and non-reducing conditions. Therefore, the 10 kDa
molecule was used as a marker to investigate other instrument
settings in this study. Arbitrarily, a requirement for the migration
time of the 10 kDa on the BioPhase 8800 system was set at 6.6?
+/- 1 min. Migration time of 10 kDa marker on the BioPhase 8800
system using the HS CE-SDS method was within 1 min window
compared to the migration time on the PA 800 Plus system,

demonstrating excellent data consistency between the two systems.

Investigating the separation temperature and electric field
strength

It is well known that 3 main factors can impact the separation
time: capillary length, electric field (voltage), and separation

temperature.?

On the BioPhase 8800 system, the total capillary length is fixed
at 30 cm with 20 cm of effective length. Thus, the electric field
and separation temperature are the only variables that can be
adjusted in a method.

Figure 4 shows the separation of reduced USP mAb 002 under
various voltages and temperature conditions.
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Figure 4: Overlay of the CE-SDS separation traces of USP mAb 002 at various
separation voltages and temperatures.

As expected, the higher the electric field and temperature, the
faster the migration time. However, as the peaks of interest
migrated faster, the baseline fluctuation from the separation
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gel buffer became more significant and could potentially
interfere with peak integration. The background signal from the
separation gel buffer was influenced by temperature and
electric field. Figure 4 shows that the baseline noise was less
significant at lower temperatures, i.e., 18°C, even at higher
electric fields.

Even though the baseline interference was mitigated at 18°C,
the migration time of the 10 kDa marker at the highest electric
field (-30 kV) was 7.69 min, which falls outside the target range
of 6.5 +/- 1 min. Therefore, further method optimization was
carried out as described below.

Optimizing separation ramp time

Another method setting that is often overlooked is the ramp
time. Ramp time is when the instrument’s high voltage power
supply goes from 0 kV to the set separation voltage. The ramp
time setting is crucial because it directly impacts the
reproducibility of the separation. When the voltage is applied,
the electrode generates a sudden heat wave that propagates to
the surrounding areas, affecting the capillary.3* The
temperature gradient may induce dispersion and reduce
separation efficiency. However, theoretical models of the
thermal gradient, as explained by Guiochon et al.,” indicate that
this effect is negligible for capillaries with an inner diameter of
100 um. The inner diameter of the capillary used in this

application was only 50 pum.

Typically, in CE-SDS-based separation, the BioPhase 8800 and
PA 800 Plus systems have a pre-set ramp time of 2 minutes.
Figure 5 shows the influence of the ramp time on the
separation of USP mAb 002 under reducing conditions. In the
lower trace with a ramp time of 2 min, the 10 kDa marker

migrated at 7.6 min. The upper trace shows a separation using a
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Figure 5: Overlay of electropherograms obtained with NISTmAb and USP
mAbO002 under non-reducing conditions using the IgG standard method from
PA 800 Plus system ( -30 kV/18°C).
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ramp time of 0.5 min, where the 10 kDa marker migrated at 6.8
min, which falls within the required migration time window.
Therefore, 0.5 min was selected as the optimal ramp time. The
final optimized HS CE-SDS method comprised an 18°C
separation temperature and a-30 kV separation voltage with
0.5 min ramp time.

Reproducibility of the method

To ensure the decrease in ramp time did not compromise the
method's reproducibility, a discrete precision study was
conducted using 2 cartridges. Figure 6 shows the average
migration time values for the 10 kDa marker obtained from 2
cartridges. The error bar is the standard deviation from 96
separations per cartridge. The RSD for the 10 kDa migration
time with both cartridges was better than 1.6%, demonstrating
excellent assay reproducibility.

10 kDa migration time average
comparision between two cartridges
8.0000
7.0000
6.0000
5.0000
4.0000
3.0000

Migration time (min)

2.0000
1.0000

0.0000

Cartridge 1 Cartridge 2

Figure 6: Average migration time values for the 10 kDa marker
obtained from 2 cartridges with 96 samples per cartridge.

This method was also tested with the intact USP mAb under
non-reducing conditions, and the CPA %RSD was 4.3%,
indicating high assay reproducibility.

Molecular weight estimation

A simple experiment was conducted to estimate the molecular
weight of carbonic anhydrase and lysozyme, aiming to
determine whether the change in separation temperature
adversely affected the estimation. Figure 7 shows an overlay of
the molecular weight size standards (bottom, blue trace),
lysozyme (middle, green trace) and carbonic anhydrase (top,
red trace). The X-axis represents the molecular weight, while

the Y-axis shows absorbance units.Table 1 presents the
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corrected peak area average and the percentage of relative
standard deviation for the LC, HC and ng-HC of the USP mAb

Conclusions

002 reference standard under reducing conditions. The
consistency of these values, with a %RSD of less than 5% for
both cartridges demonstrates the excellent reproducibility of
the method.

Table 1. Average values and reproducibility of USP mAb 002
under reducing conditions

Average values for corrected peak area

cartridge
LC ng-HC HC
#1 7746.29 120.73 19107.87
#2 7105.25 110.04 17447.68
%RSD for corrected peak area
cartridge
LC ng-HC HC
#1 3.80 4.82 3.76
#2 341 4.76 3.26

Using the BioPhase software, the estimated molecular weight
of lysozyme and carbonic anhydrase were determined to be
14.3 and 30.7 kDa, respectively, based on the separation of the
molecular weight size ladder and point-to-point curve fitting.
These values are in excellent agreement with the values listed
in the UniProt database®, with an accuracy value of 12% and
16% for lysozyme and carbonic anhydrase, respectively.

Lysozyme - 16 kDia; estimated 14 kDa
125000
Carbonic anhydrase - 27 kDa: estimated 31 kDa
100200 Legend:
=] 1. 10 kDa
kS 2. 20kDa
& 3. 35 kDa
F5000 4 50 kDa
% 5. 100 kDa
£ B. 150 kDa
= 1 7. 225 kDa
0000
1
25000
2 |4
1 3 5
& 7
u'l I MW size sids
0 &1 100 150 200?50

Medecular weight (kDa)

Figure 7: Overlay of electropherograms obtained with the molecular
weight size standards (stds), lysozyme and carbonic anhydrase.

e  Seamless transfer of the HS CE SDS method from the
PA 800 Plus system to the BioPhase 8800 system with a
higher throughput was accomplished

e Accurate molecular weight estimation with accuracy
better than 16% was achieved

e Excellent assay reproducibility was demonstrated with
%RSD of CPA < 5%

e A successful method transfer was achieved using 18 °C
for separation temperature and 30 kV for separation

voltage with a 0.5 min for ramp time
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1. CE-SDSTTERIEMHEMA O ZGRE (HFRILPEFEM Amg/mL)
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Channel 1 2 3 4 5 6 7 8 9 10

A Blank-NR SST-NR Blank-NR  Blank-NR  Sample-NR  Blank-R SST-R Blank-R Blank-R Sample-R
B Blank-NR SST-NR SST-NR 0.50-NR  Sample-NR  Blank-R SST-R 1.50-R 0.50-R Sample-R
C Blank-NR SST-NR 1.50-NR SST-NR  Sample-NR  Blank-R SST-R 1.25-R 0.25-R Sample-R
D Blank-NR SST-NR 1.25-NR 0.25-NR SST-NR Blank-R SST-R 1.00-R 0.125-R Sample-R
E Blank-NR SST-NR 1.00-NR 0.125-NR  Sample-NR  Blank-R SST-R SST-R 0.0625-R  Sample-R
F Blank-NR SST-NR 0.75-NR 0.0625-NR  Sample-NR  Blank-R SST-R 0.75-R SST-R Sample-R
G Blank-NR SST-NR 0.50-NR  0.03125-NR Sample-NR  Blank-R SST-R 0.50-R 0.03125-R SST-R
H Blank-NR SST-NR Blank-NR  Blank-NR  Blank-NR Blank-R SST-R Blank-R Blank-R Blank-R
FEEE (NR) HRSIE: BERER (1 mg/ml) 95uL, I i v | e w

AN 0.8 mol/ L BIZBERZ 5 uL, JRIBRES; 68-72 CIEE 5min, A4l : )

ZEEIR/E 6000 rpm Bilr 1 min, B 100 uLEEFE EoefLIIMERmE T, ' " . v

STEIH AR ' = '
R/ S A% & 95 WL AR BEE R B RE = e

FARRIALIE, . - .

;I I . i

4. ERBHERRAERIERR

CE-SDSFIARIFMIERA O EH FIFRL, Z5T ANRIESR,
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3. 8HAMHREEL. oS EERMRIIEEHRMIR, Fs5. 10
FEEHHERER K,
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FHEERERE.
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b, EOTRMEIZIPI-PTHERFR ., REFSITEMEILC. ngHC. HC
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+ngHC. lgGZ&LMRER?> 099 (El2) , F7A7E0.5 mg/mL-1.5 mg/mL
BEERTNEM.

F A EEREFRTIASNRE SHTE MR T, RIBEWNEN
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Cosomrain (=3l
2. CE-SDSL& M 4E R Geit
2. BIUERE RS
Recovery% (n=3)
Conc
( mg/mL) LC
LC HC +ngHCHHC g6
0.50 95.76 95.93 95.89 93.80
0.75 103.18 103.11 103.13 101.95
1.00 99.49 99.00 99.14 104.18
1.25 101.99 102.62 102.43 100.48
1.50 98.52 98.30 98.37 98.00
5.4 FHE
5.41HEESMH

NRFIRHE & FATHI 6, BRIEMERAENESTIFE
1056 MBEF . FIREEMERFITAITRS, Injection Rep
1-6RADHGEITT E1-eRHEHeNMBEMNHEEE M, LC.
HC. lgGHIIEF%ATIE) ( MT ) RSDIEH0.15 %- 1.50 %, RIFEEIRE
4EE (CAP % ) BIRSDIE 40.08 %-0.42 %, RAMRFIEEEMR
97, thkPREEAES RTH—BM.

5.42. #HESM

HHEEMERZITINTRS, Channel B-GRTOHIEITT
EMEEMNCREEHMNER, S BEcREEHFLC. HC. Ig6
FIERITFEREIRSD40.32 %-1.53 %, KIFEBmIRE D EEAIRSDA
0.10 %-0.37 %, < BABioPhase 88005 BiE EMEHIKHEREE M
RF,

MKT-33892-A
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F3. FIHRERMERG (n=6MEIE )

Injection  %RSD (LC) %RSD (HC) %RSD (IgG)
Rep MT CAP% MT CAP% MT  CAP%
1 055 037 057 016 150  0.09
2 060 041 066 020 132 015
3 052 042 059 039 151 0.8
4 055 032 032 018 128 0.1
5 076 036 015 018 101 0.7
6 043 038 021 015 098 0.8

R4 EHEEMERGI (n=6XEE )

%RSD (LC) %RSD (HC) %RSD (lgG)
Channel
MT CAP % MT CAP % MT CAP %
B 0.37 0.36 0.39 0.15 1.53 0.10
C 0.50 0.37 0.55 0.24 1.01 0.11
D 0.56 0.33 0.58 0.35 0.98 0.19
E 0.44 0.21 0.54 0.21 0.86 0.15
F 0.48 0.16 0.32 0.35 143 0.22
G 0.62 0.30 0.29 0.20 1.26 0.18
5.5 TBAABEM

WEEBEE —SHRE—SHEMRNSST (HRABEFEAET.
B FiE. B4, EHRMTRNERE, ERNKs. B EHE
BRI B A Z{E1Y < 1 min, F<BABioPhase 88007 34
SREFPIHEEREN R

. &g

AXIRETZBERARNTEZRIETR, HF7EBioPhase
8800 SBEEMERANDMAZ LHIT T CE-SDSTIEARIET
E: FRBEME, #REEEEME. #NEENSEITHE
RSDIEY <2 %, RIEEMIRE D LLRSDIEY <0.5 %o FUEFER
0.5 mg/mL-1.5 mg/mLZ [BIFRAHRIFLNME, R*>099, HEH
R B 7E93.80 %-104.18 %, EEPRLZERIKZE0.0004 mg/mLo
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s, SWEE 5. HE—HSSTERNERESIT 7%;‘5—1@*
ch " MT{RZ ( min ) [1] Nunnally, B et al. A Series of Collaborations Between Various
anne
LC HC lgG Pharmaceutical Companies and Regulatory Authorities
A 0.50 0.64 0.49 Concerning the Analysis of Biomolecules Using Capillary
Electrophoresis. Chroma 64, 359-368 (2006).
B 0.55 0.71 0.34
C 0.65 0.62 0.41 [2] Li, Meng et al. Interlaboratory method validation of capillary
electrophoresis sodium dodecyl sulfate (CE-SDS) methodology
D 0.60 0.78 0.56 . .
for analysis of mAbs. Electrophoresis vol. 42,19 (2021): 1900-1913.
E 0.53 0.73 0.66 . " . N
B] ERA#REZERE. PEARKTEZSL.: =&B(S]. dtR: PEE
F 0.63 0.68 0.65 RN N
R RAE, 2015: 296-297.
G 0.65 0.71 0.58
[4] SCIEX Tech Note: High-throughput multi-capillary SDS gel
H 0-60 063 0.66 electrophoresis of proteins. RUO-MKT-02-13394-A.
[5] SCIEX Tech Note: Lightning capillary electrophoresis sodium
FREW 24N AR ER, ERIELRERRBETENA dodecyl sulfate (CE-SDS) workflow for high-throughput analysis
RTENKET ZRERFMNS, RPBioPhase 8800E&FMLF of biotherapeutics. RUO-MKT-02-14803-A.
fCE-SDSERALE DTS, U ZRTEYHBLLEAAY
HEBENT.
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A comparison between IgG HR CE-SDS on the PA 800 Plus system
and the equivalent assay on the BioPhase 8800 system

Marcia Santos, Zoe Zhang, SCIEX, USA

Introduction

This technical note shows the side-by-side comparison
between the CE-SDS IgG high resolution (HR) separation
method on the PA 800 Plus system and the CE-SDS method on
the BioPhase 8800 system for reduced and non-reduced
monoclonal antibody (mAb] samples. Sample preparation
protocols and electropherograms using UV, laser-induced
fluorescence [LIF]) and native fluorescence [NF) detection are

compared.
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Key learning points

The CE-SDS separation method on the BioPhase 8800
system is equivalent to the IgG HR separation on the PA
800 Plus system. Same reagents and capillary chemistry
enahle equivalent performance and facilitate method
transfer between systems.

Both methods are compatible with all detection types
available on the systems, allowing for an intuitive setup and
flexihility to meet different sensitivity needs.

NF and LIF detection enable smoother baselines,
facilitating integration and accurate quantitation of low-
abundance analyte peaks. NF has the additional benefit of
no sample labeling compared to LIF.
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Figure 1 CE-SDS separation profiles of reduced infliximab using the BioPhase 8800 system using 3 detection modes: UV
(left), NF [center] and LIF (right). Methods and detector conditions are in the materials section. Legend: LC: light chain;

ng-HC: non-glycosylated heavy chain; HC: heavy chain.
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Materials

The BioPhase CE-SDS Protein Analysis Kit [P/N: C30085 ], the
BioPhase BFS capillary cartridge - 8 x 30 cm (P/N 5080121),
BioPhase sample and reagent plates (4,4,8) (P/N 5080311),
NISTmAb [P/N 5089359] and the pre-assembled bare-fused
silica capillary cartridge (P/N A55625] were from SCIEX
(Marlborough, MA). The B-mercaptoethanol (3-ME] [P/N:
M3148-25ML), lodoacetamide [IAM] (P/N A3221]) and Chromeo
P503 dye (P/N 30693] were ohtained from Sigma-Millipore.
Infliximab was purchased from Myonex (Harsham, PA].

Sample preparation for UV or NF detection:

Take 10 plL of a 10 mg/mL NISTmAb or infliximab and mix with
90 uL of sample buffer, add 2 pL of the 10 kDa Internal
Standard and 5 pL of B-ME for reduced condition or 5 pL of 250
mM of iodoacetamide (IAM] for non-reduced condition. The
mixture was incubated at 70 °C for 10 minutes.

Sample preparation for LIF detection:
Chromeo P503 dye stock solution preparation:

Add 200 ul reagent grade methanol to lyophilized Chromeo
P503 (1 mg]) to make a 5 mg/ml stock solution. Make 10 pL
aliquot and store at -20°C.

Chromea P503 dye working solution preparation:

Take one 5 mg/mL aliquot from the freezer and dilute in water
to make a 1 mg/mL solution and keep in the dark until use.

Preparation of reduced mAb:

Take 10 plL of a 10 mg/mL NISTmAb or infliximab and mix with
90 plL of sample buffer and 5 uL of 3-ME. Incubate at 70°C for
10 minutes. To the reduced sample add 2 plL of Chromeo P503
dye warking solution and incubate for 10 min at 70°C. Take 10
plL of the reduced sample and add 45 pl of ddi water and
incubate in the dark for S minutes to stop the reaction. Finally,
add 45 plL of sample buffer prior to CE separation.

Capillary electrophoresis instruments: The PA 800 Plus system
(P/N ABE528] equipped with a photodiode array detector and
LIF detector was from SCIEX (Marlborough, MA]. The data
acquisition was performed using 32 Karat software v. 10, and
analysis was performed using the BioPhase 8800 system
software V1.5. The BioPhase 8800 system [P/N: 5314860]
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equipped with UV, LIF and NF was from SCIEX (Marlborough,
MA]. The BioPhase 8800 system and the BioPhase 8800
software, version 1.5 e-license, were used to create methods
and sequences for data acquisition and analysis.

Instrument methods: CE-SDS separation for the BioPhase 8800
system and the IgG HR separation method for the PA 800 Plus
system were used, as described in the respective application
guide, which can be downloaded at SCIEX.com/support.

Discussion

Instrument methods and conditions used in UV, NF, and LIF
detection modes

The CE-SDS methodology involves heat denaturing of a
specified concentration of protein in the presence of SDS. After
denaturation, the sample compaonents are separated hy size
into a capillary containing a replaceable SDS-palymer matrix.
The matrix praovides the sieving selectivity for the separation,
with a focus on high-resolution or baseline separation between
the non-glycosylated heavy chain (ng-HC] and the glycosylated
heavy chain [HC].

This separation is routinely performed using the PA 800 Plus
system, a single capillary platform capable of separating 24
samples in approximately 18 hours of uninterrupted operation.

The BioPhase 8800 system, a multi-capillary platform, can
deliver the analysis of a 96-well plate in a similar time frame,
significantly increasing the throughput.

Both systems are equipped with UV absorbance and LIF
detection capabhilities, whereas NF is only available on the
BioPhase 8800 system. The separation methods on the
BioPhase 8800 system and the PA 800 Plus system are very
similar and share the exact same chemistry and sample
preparation protocols.

Table 1 summarizes the key parameters for high-resolution IgG
separations, which also apply to other antibody modalities such
as ADCs, hi-/tri-specifics, nanohodies, and AOCs. The

PA 800 Plus system and BioPhase 8800 system use identical
separation voltage, injection settings, and UV/LIF wavelengths.
NF detection is the only differentiating feature, available
exclusively on the BioPhase 8800 system. Table 2 displays the
sample preparation conditions, which are identical for both
systems.
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Table 1. Critical separation parameters comparison between PA 800 Plus system and BioPhase 8800 system.

Critical separation parameters PA 800 Plus system BioPhase 8800 system
Method name 1gG HR* separation CE-SDS separation
Capillary type Bare fused silica
Capillary dimensions Effective length: 20 cm; total length: 30 cm
Capillary temperature 25°C
Separation voltage 15 kV (cathodic)
Injection voltage 5 kV (cathaodic)
Separation duration 30 min (reduced); 40 m in (non-reduced]
220 nm (PDA or UV filter] 220 nm UV filter

LIF (520 nm excitation and 600 nm

LIF (520 nm excitation and 600 nm emission) emissian]

Detection type and wavelength

. NF (280 nm excitation and 350 nm
Not applicable

emission)
*High-resolution
Table 2. Sample preparation for CE-SDS separation.
Critical sample preparation PA 800 Plus system BioPhase 8800 system
parameters
Sample type Reduced; non-reduced
Internal marker 10 kDa (2 pL per sample preparation - 100 pl)
Sample concentration UV and NF: 1 pg /uL; LIF: approximately 0.01 pg/ul (after final dilution)

B-ME (5 puL/100 mg of protein];

Compatible reducing agents
0.5 M of dithiothreitol (5 uL/100 pg of protein)

Heat denaturation temperature and

duration 70°C / 10 minutes

Separation profile comparability of reduced infliximab and non-  noise of 6.99. The smoother baseline enables more reliable

reduced NISTmAb using UV, NF, and LIF detection modes. integration for the quantitation of low abundant species.

Figure 2 and 3 showcase typical CE-SDS of reduced infliximab Table 3 demaonstrates that the corrected peak area [CPA]

and non-reduced NISTmAb profiles. While the separation percentages for the key analytes—light chain (LC),

profiles show great comparability, upon close inspection, the non-glycosylated heavy chain (ng-HC), and heavy chain [(HC]—
insets show how the baseline changes with each detection are highly consistent between the two platforms when analyzed
mode. From the 3 detection modes on the BioPhase 8800 using UV detection. Comparable agreement is also ohserved for
system, the LIF and NF consistently showed a lower baseline CPA% values obtained using LIF detection. The observed

root mean square (RMS] noise of 0.02, while UV has an RMS differences across detection modalities arise from the
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Figure 2. Top panel: CE-SDS separation profiles of reduced infliximab using the BioPhase 8800 system using 3 detection modes: UV
(left], NF (center] and LIF (right]). Bottom panel: CE-SDS separation profiles of non-reduced NISTmAb using the PA 800 Plus system.
Methods and detector conditions are in the materials section. Legend: LC: light chain; ng-HC: non-glycosylated heavy chain; HC:

heavy chain.

fundamental physicochemical principles governing each
technique.

UV absorbance at 220 nm primarily reflects the strong
absorbance of peptide bonds, which are common to all protein
species. In contrast, LIF signal intensity is influenced by the
fluorescent dye’s quantum yield and the availahility of
accessible primary amines for labeling, which can vary among
protein fragments. NF detection is driven largely by the intrinsic
fluorescence of aromatic amino acids, particularly tryptophan.

Table 3: HC/LC and CPA% for reduced infliximab using the IgG HR
methad [PA 800 Plus system] and the equivalent method on the

BioPhase 8800 system. *Corrected peak area percentage

PABOO Plus BioPhase 8800 system
system
Averagevalues LIF uv LIF NF
(n=6)
CPA* % LC 3287 2211 3025 2235 2139
CPA % ng-HC 0.44 0.50 0.45 058 054
CPA % HC 6642 7671  68.68 7644  77.33
HC/LC 2.02 347 227 342 361
4
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Figure 3. Top panel: CE-SDS separation profiles of non-reduced NISTmAb using the BioPhase 8800 system, using 3 detection
modes, UV (left], NF (center] and LIF (right]. Bottom panel: CE-SDS separation profiles of non-reduced NISTmAb using the PA 800
Plus system. Methods and detector conditions are in the materials section. Legend: LC: light chain; ng-HC: non-glycosylated heavy
chain; HC: heavy chain, HL: heavy-light chain, HH: heavy-heavy chain, HHL: heavy-heavy-light chain.

In summary, regardless of the detection mode used, the Table 4 shows the number of Trp, Lys, and aa, which
species found using the popular UV detection was also found in  theoretically are responsible for the detector’s response.
LIF and NF detection modes.

Signal normalization to correlate detector response Table 4: Number of Trp, Lyz, and aa in infliximab

A strategy to normalize the HC/LC ratio differences is to Infliximab #Trp #Lys # aa
normalize the corrected peak area obtained from each C 3 10 o1
detection mode hy the relevant number of Trp for NF, Lyz for LIF,

and number of amino acids [aa) for UV detection.® HC 9 33 450
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Tahle 5 summarizes the HC/LC ratios before and after
detector-specific normalization. Because the expected molar

HC-to-LC ratio is 1:1, normalized values should ideally approach v absorbance all | ntact Wiz

okl
ane. After normalization, the ratios converge toward this value; LC

however, slight deviations remain—approximately 1.1 for UV

and NF and 1.0-1.2 for LIF—reflecting inherent differences in [ i

detection mechanisms rather than true compasitional { i

variation. 15 a e 30

Migration e [men)

Table 5: HC/LC ratios comparison between UV, NF, and

LIF detection modes before and after normalization HF detection HHL mact NISTmAL
HC/LC Normalized HC/LC ki
HJH

uv 2.3 11 | Hew

i H." 5 :_:I .-: =
NF 3.6 11 LR » Fir— i !

B < = e - B

LIF 34 1.0

Migration time [min)

Figure 4. CE-SDS separation of NISTmAb under non reducing
Purity analysis conditions. Top panel: UV detection; Bottom panel: NF detection

The %Purity values show strong agreement between the two CE \
. Conclusions

platforms. On the PA 800 Plus system, purity measured by UV

detection (n=6]) was 97.57%, while LIF detection (n=6] produced

) . e Overall, both platforms deliver equivalent CE-SDS
a slightly lower value of 95.45. On the BioPhase 8800 system,

performance, enabling interchangeable use for
UV detection (n=6] yielded a comparahle purity of 97.60%, with

LIF (n=3) at 95.70% and NF detection (n=6) at 96.70%. The NIST
reported purity is 97.87%. As expected, the monomer purity

analytical characterization workflows

e All three detection modes—UV, NF, and LIF—produce

decreases slightly due to the higher sensitivity of the LIF and consistent electropherogram patterns across

NF detection schemes. platfarms, confirming cross-platform method

NF detection mode enables better sensitivity and peak equivalency

integration
Strong alignment in HC/LC ratios and CPA%,

Figure 4 compares the UV (bottom]) and NF (top] baselines for across detection modes and CE platforms

the non-reduced NISTmAb separation from 18-35 minutes,

where low-abundance fragments typically appear. The high The monomer purity is also highly
molecular weight ([HMW] species migrating at ~ 33 minutes is comparable, with minor differences arising
clearly resolved with a flat baseline in NF detection, compared from detection sensitivity rather than

to baseline waviness in UV detection, making accurate separation differences. Results that
integration difficult. corroborate NIST’s finding.

e Theincreased sensitivity of NF and baseline stability
without time consuming sample labeling enahles the
detection and reliable integration of low abundance
species
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Using dithiothreitol as reducing agent in CE-SDS analysis with

Native Fluorescence detection

Marcia Santos, Tingting Li, SCIEX, USA

Capillary electrophoresis-sodium dodecyl sulfate (CE-SDS],
performed under both reducing and non-reducing conditions, is
a widely used analytical technique in biopharmaceutical
workflows, including upstream bioprocessing, analytical
development, and quality contral. The reduction of disulfide
bonds facilitates complete denaturation and dissociation of
higher-order structures. 3-Mercaptoethanol (BME] is a
commonly used reducing agent for this purpose, effectively
converting disulfide linkages into free sulfhydryl groups and
disrupting tertiary and quaternary protein structures.

Despite its effectiveness, the use of BME is associated with
significant safety concerns due to its strong odor and toxicity,
necessitating handling in a chemical fume hood. Consequently,
many laboratories restrict or prohibit the use of BME in both
manual and automated sample preparation waorkflows.

Dithiothreitol (DTT), also known as Cleland’s reagent, is
frequently used as an alternative reducing agent. However, DTT
exhibits strong ultraviolet (UV] absorbance at 220 nm (Figure 1,
top trace) which can result in a prominent interfering peak in
CE-SDS electropherograms when UV detection is used. This
interference complicates data interpretation and has limited the
adoption of DTT in CE-SDS warkflows relying on UV detection.

D025 |

nos |

Absarbancn units [uall]

-0.010 |

ks [RFU]

Rielatme Maorestonce

This technical note demonstrates that, despite its UV
absorbance, DTT does not interfere with CE-SDS analysis when
native fluorescence (NF) [Figure 1, bottom trace] detection is
employed. By leveraging NF detection, the use of DTT as a
reducing agent in CE-SDS becomes viable, enabling safer and
more flexible sample preparation without compromising
analytical performance.

Key learning points

Enable safer CE-SDS workflows by replacing BME with
low-odor, automation-friendly DTT.

Eliminate DTT-related interference by pairing DTT reduction
with native fluorescence [NF) detection.

Maintain analytical confidence, as DTT delivers CE-SDS-NF
results comparable to the BME gold standard, with <1% CPA
difference for major species (LC and HC].

Enables easy automation setup: no fume hood required

Simplify method adoption with a robust,
high-throughput-ready CE-SDS solution without
compromising CQA assessment

oTT

UY detection

NF detecticn

15 20 29 30

Migratian tima [min]

Figure 1. CE-SDS overlay of sample buffer pH 9 and DTT using UV (top] and NF [bottom] detection.
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Introduction

DTT functions primarily as a reducing agent that cleaves
disulfide bonds in proteins and peptides, thereby preventing the
formation of both intramolecular and intermolecular disulfide
linkages between cysteine residues.*? By disrupting these
covalent bonds, DTT promotes protein denaturation and
facilitates effective separation under reducing CE-SDS
conditions. When comparing DTT with BME, each reducing agent
presents distinct advantages and limitations. DTT is a stronger
and more effective reducing agent; however, it is considerably
less stable than BME and must be prepared fresh. In contrast,
BME is more chemically stable but is highly volatile and
characterized by a strong, unpleasant odor. DTT’s significantly
reduced odor improves laboratory handling conditions and
overall user safety. Consequently, DTT is often the reducing
agent of choice for use with liquid handling systems in high-
throughput sample preparation workflows.

The reducing action of DTT occurs via thiol-disulfide exchange
reactions. DTT contains two thiol [-SH] groups that donate
electrons to disulfide (S-S] bonds within proteins, converting
them into free thiol groups. This mechanism typically proceeds
through two sequential steps: the formation of a mixed disulfide
intermediate between DTT and the target disulfide bond,
followed by intramolecular cyclization of DTT to form a stahle
six-membered ring and the subsequent release of the reduced
protein.?

The reducing efficiency of DTT is pH-dependent, with optimal
activity observed at pH values above 7. In contrast, BME
maintains effective reducing capability over a broader pH range,

which may influence reducing agent selection depending on
assay conditions.

Materials

The BioPhase CE-SDS Protein Analysis Kit (P/N: C30085), the
BioPhase BFS capillary cartridge - 8 x 30 cm [P/N: 5080121),
BioPhase sample and reagent plates (4,4,8] (P/N: 5080311),
NISTmAb [P/N 50839353]) were from SCIEX [Marlborough, MA].
The BME (P/N: M3148-25 mL], DTT (P/N 20290]) were obtained
from Sigma-Millipore (St Luis, MO].

Preparation of 0.5M DTT solution.: Using an analytical balance,
weigh 77 mg of DTT and mix with 1 mL of distilled and de-
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ionized (ddi) water. This solution must be prepared fresh and
discarded after use.

Preparation of sample blanks. Take 95 ulL of sample buffer pH 9
and mix with 5 pL of 0.5M DTT solution, mix well. Incubate for 10
minutes at 70 °C. Let the sample cool to room temperature
before CE experiment.

Sample preparation for UV ar NF detection: Mix well 10 pL of

NISTmAb with 90 uL of sample buffer pH9 and 5 puL of the
10 kDa internal standard and 5 pL of BME or DTT. Incubate for
10 minutes at 70°C. Let the sample cool to room temperature
befare the CE experiment.

Capillary electrophoresis instrument. The BioPhase 8800
system (P/N: 5314860] equipped with UV, LIF, and NF was from
SCIEX. The BioPhase 8800 system and the BioPhase 8800
software, version 1.5 e-license, were used to create methods
and sequences for data acquisition and analysis.

Instrument methods: This work used the lightning CE-SDS
separation method for the BioPhase 8800 system, which can be
downloaded at SCIEX.com/suppaort.

Discussions
DTT interfering peak using UV detection

Figure 2 compares the CE-SDS-UV electropherogram of
NISTmAb reduced with DTT (top trace] to that of a sample blank
with DTT (bottom trace). The results clearly show that DTT
migrates in a region typically occupied by several minor
product-related impurity species. Notably, the DTT peak
migrates in close proximity to the non-glycosylated heavy-chain
(ng-HC) species, which is an important critical quality attribute
(CQA] due to its classification as a product impurity.®
Consequently, despite the advantages of DTT as a reducing
agent, its co-migration with critical impurity species renders it
unsuitable for reduced CE-SDS analysis when UV detection is
employed.
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Figure 2. CE-SDS-UV (220nm) overlay of NISTmAb reduced with DTT and sample
blank with DTT.

DTT and NF detection

Although DTT is not compatible with reduced CE-SDS analysis
when UV detection is used, a different outcome is observed
when native fluorescence [NF) detection is used. Figure 1
presents an overlay of CE-SDS separations of the sample blank
(containing only DTT) acquired using UV detection [top trace)
and NF detection (bottom trace]. While a prominent DTT peak is
evident in the UV electropheragram, no carresponding signal is
observed under NF detection conditions.

The absence of a detectable DTT signal with NF detection
demonstrates that DTT does not cause detectable interference
and is therefore compatible with reduced CE-SDS analysis using
NF detection.

Comparison: DTT and BME using NF detection

BME has traditionally been the reducing agent of choice for
CE-SDS-hased separations.” Therefore, a direct comparison of
CE-SDS separation profiles of NISTmAb reduced with DTT and
BME is essential to assess the suitability of DTT as an
alternative reducing agent. Figure 3 presents an averlay of
CE-SDS-NF separations of NISTmAb reduced with DTT (top
trace] and BME [bottom trace), demonstrating a high degree of
similarity between the two profiles.

To confirm this observation, table 1 summarizes the corrected
peak area percentages [CPA%] obtained from the separation
profiles in Figure 3.

To simplify the data analysis, the minor species peaks were
grouped as follows: the minor species before the LC were

/SCIEX)

integrated together as group 1, while species migrating
between the heavy chain (HC) and LC were assigned to
Groups 2, 3, and 4.

! 10 kD Ficther
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Figure 3. Overlay of reduced CE-SDS-NF separations of NISTmAb using DTT [top)
and BME [bottom]. The minor peaks inside the rectangles labelled 1, 2, 3 and 4

were grouped for simplification purposes only.

The results shown in Table 1 confirm the similarity in
performance between DTT and BME. The difference between the
CPA% far major species such as LC and HC are 0.84% and 0.28%
respectively, and identical normalized HC/LC to the number of
tryptophan residues [Trp).° This work demonstrates that DTT
can safely and reliably be used for reduced CE-SDS analysis
using NF detection.

Table 1. CPA% of the NISTmAb reduced species found in CE-
SDS-NF from Figure 3 (n=3].

CPA% [BME)

Peak group name CPA% (DTT)

1 0.26 0.28

LC 22.15 22.34

2 0.31 0.35

3 011 011

4 0.16 0.15

ng-HC 0.59 0.50

HC 76.01 75.80

Thioether 041 047
HC/LC

(normalized to 11 11
the # of Trp]
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Conclusions

DTT does not show interference in CE-SDS-NF analysis
BME and DTT exhibit comparable performance in reduced
CE-SDS-NF analysis of NISTmAb, with similar separation
profiles, purity (CPA%), and HC/LC ratios (Table 1)

DTT is associated with reduced odor and lower toxicity
relative to BME, enabling safer and maore convenient
handling

The lower volatility of DTT may facilitate liquid handling and
support high-throughput workflows by reducing the need
for chemical fume hoods

References

1

l. B. Santaring, S. C. B. Qliveira, A. M. Oliveira-Brett; Protein
reducing agents dithiothreitol and tris(2-carboxyethyl]
phosphine anodic oxidation; Electrochemistry
communications 23(2012]114-117.

M. Dadouch, Y. Ladner and C. Perrin; Analysis of Monoclonal

Antibodies by capillary electrophoresis: sample preparation,
separation, and detection; Separations 8[2021]4.

. Liu GY, Kim JK, Tang S, Yan Y, Hopkins M, Laredo B, Yang TC,

Mutino J, Kamen DE, Graham KS, Shameem M, Wang S, Li N.
The non-glycosylated variant in therapeutic monoclonal
antibodies preferentially forms large aggregates under
typical thermal stresses used in forced degradation studies.
Mabs 17-1(2025)2543768.

A. Guo, G. Camblin, M. Han, C. Meert and S. Park; Role of CE in
hiopharmaceutical development and quality control;

Capillary electrophoresis methads for pharmaceutical
analysis, Elsivier, Amsterdam 2008, pp.357-400.

M. Santos and Z. Zhang, The CE-SDS lightning separation
method using the BioPhase 8800 system with UV, LIF and
NF detection; SCIEX technical note.

42 EMERK (CE) — EAXRGYWNAXE

/SCIEX)



SCIEX)

Parallel charge variant analysis of conventional and new
modality therapeutic proteins by multi-capillary isoelectric

focusing

Fang Wang, Sahana Mollah
SCIEX, USA

Introduction

As biologics pipelines continue to grow, resulting in larger
numbers of samples requiring characterization, the necessity
for high throughput charge variant analysis is increasing in the
biopharmaceutical industry. While existing capillary
electrophoresis (CE) techniques offer rapid separation times
with high reproducibility, they have historically have had a
limited throughput capability due to a single capillary format.
Because of this linear sampling approach, an assay like
capillary isoelectric focusing, often used as a stability release
assay, can be quite lengthy for even small sample sets,
potentially requiring selective sampling strategies. The
BioPhase 8800 system (Figure 2) employs a multi-capillary
separation approach, enabling parallel CE analysis for up to
eight samples simultaneously, potentially accelerating and
expanding the analysis.
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Fig. 1. Overlay of a single clEF separation of six biotherapeutic
molecules and two reference standards (NIST mAb and USP IgG).
Separations were performed using the BioPhase 8800 system and an 8-
capillary cartridge. The X-axis represents calibrated isoelectric point (pl)
values identified using the following pl markers which were co-injected with
each of the samples: 10.0, 9.5, 7.0, 5.5, and 4.1, MP indicates the main
charge isoform peak for each sample. Separation conditions: each capillary
in the multi-capillary cartridge had a Neutral coating to minimize electro-
osmotic flow, 50 um I.D., 30 cm Length total (20 cm Length effective);
focusing was performed at 25 kV for 15 min; mobilization was performed at
30 kV for 30 min; applied voltage was normal polarity; capillary temperature
was controlled at 200C

Fig. 2. The BioPhase 8800 system

Monoclonal antibodies (mAbs) and related new therapeutic
modalities are the focus of current biopharmaceutical
development ' in the treatment of numerous diseases including
cancer, autoimmune disorders 2, and even SARS-CoV-2.3
During manufacturing, unpredictable heterogeneity due to co-
and post-translational modifications, aggregation, or
degradation,* caused by improper formulation or storage
conditions,> can lead to decreased clinical efficacy or
immunogenicity. In order to monitor protein stability, a high
resolution, robust bioanalytical method is critical to assess
charge isoform variation

Key features
e Versatile multi-capillary system, supporting parallel charge
variant analysis

e Assay capable of assessing protein therapeutic stability
through charge isoform separation

e  Streamlined workflow including reagents, lab supplies, and
pre-built 8-capillary cartridges

e Intuitive, user-friendly software enables fast batch data
analysis with minimum user intervention

p1
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Capillary isoelectric focusing (clEF) is one of the most effective
techniques for charge heterogeneity characterization of
monoclonal antibodies (mAbs) ¢ and other therapeutic
modalities such as antibody-drug conjugates (ADC).” This
automated technique can effectively identify isoelectric points
of therapeutic biomolecules and their charge variants. clEF is
applicable to release testing and is capable of providing
quantitative information regarding peak area distribution in
addition to pl values for the various charge isoform species.
These data can be used not only in a quality control setting but
also to inform manufacturing processes. 8

In this technical note, a multi-capillary isoelectric focusing
technique was used to analyze a wide range of protein
therapeutics, which includes two IgG reference standards
(NIST and USP), four therapeutic monoclonal antibodies
(trastuzumab, rituximab, infliximab and adalimumab), a
bispecific antibody (emicizumab) and finally an antibody-drug
conjugate (ado-trastuzumab emtansine). Rapid
characterization of forced degradation based stability testing
products is also demonstrated using the BioPhase 8800
system.

Material and methods

Chemicals: The NIST mAb (RM 8671) reference material
8671 was purchased from NIST (Gaithersburg, MD) and the
USP IgG (P/N 1445550) was from Sigma (St. Louis, MO). The
four monoclonal antibody therapeutics of trastuzumab,
rituximab, infliximab and adalimumab, the bispecific antibody
emicizumab and an antibody drug conjugate ado-trastuzumab
emtansine were all from Myonex (Norristown, PA). The
BioPhase clEF kit (P/N C30101) was from SCIEX. The clEF kit
includes: CE grade water, cathodic stabilizer, anodic stabilizer,
clEF anolyte, clEF catholyte, clEF chemical mobilizer, clEF
Urea, clEF gel, clEF neutral capillary conditioning solution, and
clEF formamide. BioPhase sample and reagent plate kits (P/N
5080311) containing 4 sample plate; 4 reagent plates and 8
outlet plates was from SCIEX (Framingham, MA). The carrier
ampholyte mixture was Pharmalyte (P/N 17-0456-01) from
Cytiva (Marlborough, MA) purchased from VWR. pl marker kit
(P/N A58481) was from SCIEX (Framingham, MA).

Forced degradation conditions: NIST mAb, trastuzumab,
rituximab, and infliximab, and ado-trastuzumab emtansine
were separately buffer exchanged into 25 mM TrisHCI, pH 8 to
a final concentration of 5 mg/mL and incubated at 40°C.
Sample aliquots were taken out at day one and day five and
immediately frozen at -80°C.

Sample preparation: Sample preparation reagents were
provided in the BioPhase clEF kit. The cathodic and anodic
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stabilizer solutions were prepared by adding DDI water to the
pre-weighted reagent supplied in the clEF kit. The samples
were diluted to 5 mg/mL with CE grade water. For each
sample, a master mix containing 200 uL urea-clEF gel, 25 uL
cathodic stabilizer, 3 uL anodic stabilizer, 12 uL Pharmalyte,
and 2 uL of pl markers 10.0, 9.5, 7.0, 5.5, and 4.1 according to
their neutral or basic characteristics (shown in Figure 1), were
added and mixed thoroughly at room temperature. 100 yL of
each sample were dispensed in wells A1 through H1 of a
BioPhase sample plate.

Multi-capillary isoelectric focusing: The multi-capillary clEF
separations utilized the BioPhase 8800 system (P/N 5089278,
SCIEX) equipped with UV and LIF detection. The clEF
separation was performed using a 8-capillary neutral coated
cartridge (P/N 5080119). The instrument methods for clEF
conditioning, separation and shutdown are pre-loaded in the
software and were used without modification. The BioPhase
software was used for data processing.

Results and discussion
The versatility of the BioPhase 8800 system

Figure 1 shows the multi-capillary isoelectric focusing of 2
immunoglobulin reference standards and 6 commercial
therapeutic biologics: NIST mAb and USP IgG molecules,
trastuzumab, rituximab, infliximab and adalimumab,
emicizumab, and ado-trastuzumab emtansine. In order to
properly calibrate pl of the separation gradient, at least 3 pl
markers were co-injected based on the estimated pl value of
the sample peaks, e.g., in addition to the 10.0, 5.5, and 4.1
standards, the pl 9.5 marker was co-injected with the neutral
species and the pl 7.0 with the basic species.

The pl values of the investigated protein samples covered the
range of 6.5 to 9.5, with emicizumab being the most acidic
(main peak pl=6.75) and rituximab the most basic (main peak
pl=9.35), and the rest of them in between. Therefore, because
of the basic character of the NIST mAb and rituximab, the pl
7.0 marker was co-injected with these samples instead of the
pl 9.5 marker. In contrast, the opposite was administered for
the rest of the samples since they were more acidic, or else the
pl 7.0 marker would have interfered with the resulting profiles.
Most notably, Figure 2 also highlights both the simplicity and
complexity of the charge variant profiles, such as rituximab
being the simplest while infliximab and ado-trastuzumab
emtansine had the most complex profiles. The complexity of
ado-trastuzumab emtansine profile is likely due to
heterogeneity of the sample consisting of 2-8 conjugated small
drug emtansine conjugation with the antibody. Table 1 lists the
pl and corrected peak area% composition values for all
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Figure 3. Evaluation of long-term storage at 4°C on the charge variant

profile of trastuzumab. Experimental conditions are the same as Figure 1.

investigated molecule basic, main, and acidic components.
The %RSD from triplicate injections were RSD<1.2% and 0.03
pl unit precision. Due to the numerous multi-conjugated forms,
it was challenging to pick out specific peaks. Hence statistical
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Figure 4. Forced degradation study of the trastuzumab. Trace a
shows the typical profile of the unstressed sample. Trace b and ¢
refer to the trastuzumab exposed to pH 8 buffer storage and
40°C for 1, and five days, respectively. Experimental conditions
are the same as Figure 1.

help elucidate the degradation products. Further degradation
and shift to a more acidic pl can be observed after five days of

pH 8 and 40°C treatment (trace c). Comparable behavior was
observed during the forced degradation of the other molecules

analysis for ado-trastuzumab emtansine is not reported. investigated. Figure 5 shows the degradation profiles of NIST
mAb (Panel A), rituximab (Panel B), infliximab (Panel C), and
ado-trastuzumab emtansine (Panel D). Generally, trace a in
each pane represents the unstressed sample. Interestingly, the
degradation happened at different rates. Rituximab (Panel B)
and ado-trastuzumab emtansine (Panel D) samples quickly
degraded, for example, even the main component was not
detectable after one day of stress (traces b). The NIST mAb
(Panel A) and the infliximab (Panel C), on the other hand,
showed slower degradation kinetics. These molecules only
showed significant changes in the charge heterogeneity profile
after five days under forced degradation stress conditions
(traces c).

Storage and forced degradation studies

Figure 3 compares the charge heterogeneity profiles of
trastuzumab before (trace a) and after long-term (6 months)
While the long-term storage of trastuzumab at 4°C did not
reveal any changes in the charge variant profile (Figure 3), the
forced degradation study of the same molecule kept at 40°C
and in pH 8 storage buffer shows rapid decomposition (Figure
4). After one day of forced degradation, all sample isoforms
shifted towards a more acidic pl (trace b).

In addition, significant degradation of the main isoform was
observed, with peaks appearing in the acidic region possibly
indicating deamidation, C-terminal lys cleavage or other
modifications which causes the molecule to become more
acidic. Orthogonal techniques such as middle down MS may

Table 1. Corrected peak area and corrected peak area composition (%), and pl values (of the highest peak) for the basic, main,
and acidic groups for the molecules investigated in this study (n=3), CA (corrected area).

Molecule Total CA Basic pl Main pl Acidic pl Basic CA% Main CA% Acidic CA%
Trastuzumab 23983 8.87 8.71 8.52 6.00 60.5 33.5
Rituzimab 26178 9.44 9.35 9.26 2.30 77.9 19.8
Infliximab 16841 7.51 7.25 7.16 48.7 38.1 13.2
Adalimumab 23835 8.58 8.40 8.15 23.4 56.9 19.7
Emicizumab 17235 6.88 6.75 6.66 4.80 71.7 23.5
NIST mAb 19269 9.08 9.08 8.98 11.6 69.6 18.8
USP IgG 20981 7.95 7.77 7.70 21.3 50.7 28.0
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Figure 5. Detailed view of the clEF traces before and after force degradation treatment of the NIST mAb (Panel A), the rituximab (Panel B), the

infliximab (Panel C) and the ado-trastuzumab emtansine (Panel D) samples. Samples were stressed at 40°C in pH 8 storage buffer: one day (trace b)
and five days (trace c). Trace a represents the unstressed sample in all panels. MP is the main component of the proteins investigated. Conditions for
the BioPhase 8800 system were the same as in Figure 1.

Conclusions

This technical note highlighted the multiplexing capability
of the BioPhase 8800 system by analyzing six commercial
biologics, including one bi-specific, one ADC, and two
antibody reference standard products in only one hour.

BioPhase 8800 system can deliver high-resolution charge
heterogeneity analysis based on isoelectric focusing
separation in a multi-capillary environment.

The BioPhase 8800 system enables accelerated
characterization and stability monitoring of biologics, such
as shelf-life and forced degradation studies of different
protein therapeutics in one batch. This study revealed a
variable degradation kinetics the multi-capillary system
was able to easily profile.
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High-throughput released N-glycan identification using CE
and a customizable glycan library

Featuring the BioPhase 8800 software and the BioPhase Fast Glycan Labeling and Analysis kit

Fang Wang, Roy Estrada and Greg Manley
SCIEX, USA

This technical note demonstrates the procedures for a high-

throughput N-linked glycan identification using the new BioPhase

Fast Glycan Labeling and Analysis kit with the BioPhase 8800
system. This kit allows customers to achieve large-scale N-
glycan profiling with streamlined sample preparation. The user-
friendly BioPhase 8800 software empowers customers to
customize molecule-specific glycan libraries, which can be
employed in a platform separation method.

The early stages of biotherapeutics development require
thousands of samples to be screened monthly. High-throughput
assays are therefore needed to shorten the development time,
while providing reliable data to comprehensively characterize
and monitor critical attributes, such as protein purity, charge
variant distribution and glycan profiling. Glycosylation plays a
significant role in the stability, safety and efficacy of protein
therapeutics and is often considered a critical quality attribute
(CQA). Therefore, it is necessary to closely monitor the glycan
profile of a biotherapeutic molecule throughout the entire
development process.
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Figure 1. Standard glycan panels containing 9 glycan standards
identified with a customized glycan library using the Fast Glycan
Analysis module in the BioPhase 8800 software.
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The SCIEX solution for glycan analysis on the next-generation multi-
channel BioPhase 8800 system.

In 2017, SCIEX launched a Fast Glycan Labeling and Analysis
kit that can be used on the PA800 Plus system. The kit provides
fast sample preparation with a separation cycle time less than 9
minutes for N-linked glycans. But when such technique (now
using the BioPhase Fast Glycan Labeling and Analysis kit) is
coupled with the parallel capabilities of the 8 capillaries on the
BioPhase 8800 system, it allows glycan analysis to be performed
at rates as fast as 1 minute per sample. Further, the newly
released BioPhase 8800 software allows customers to modify
the N-glycan library based on a specific molecule, which
provides flexibility in data analysis and increases confidence in
the identification.

Key features of the glycan analysis workflow
¢ High-throughput glycan analysis workflow: The workflow
can achieve a 1-minute per sample analysis rate

¢ Flexible data analysis software: The BioPhase 8800
software provides automatic peak identification for common
N-glycans and allows customers to customize their glycan
libraries based on molecule type
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Methods

Materials: The BioPhase Fast Glycan Labeling and Analysis kit
(P/N: C30098) was from SCIEX (Framingham, MA). A test mix
containing 9 glycan standards was provided as a gift from the
SCIEX research and development group. The test mix includes
APTS-labeled GO, GOF, G1, G1F, G2, G2F, Man5, Man6 and
Man7 at concentrations similar to a typical monoclonal antibody-
released glycan mixture (Figure 1).

Instruments: The BioPhase 8800 system (P/N: 5083590F),
BioPhase BFS capillary cartridge - 8 x 30 cm (P/N: 5080121),
and BioPhase sample and reagent plates (4,4,8) (P/N: 5080311)
were from SCIEX. The BioPhase 8800 system was equipped
with a laser-induced fluorescence (LIF) detector. The excitation
and emission wavelengths of the LIF detector were 488 and 520
nm, respectively.

Software: The BioPhase 8800 software, version 1.2 was used to
create the instrument method and sequence and for data
acquisition and processing.

Glycan standard preparation: To make a 9-glycan standard
sample for testing, 10 pL of the glycan standard mixture stock
was mixed with 50 pL of CE-grade water. The sample mixture
was briefly spun down to remove bubbles and collect all liquid at
the bottom of the tube. A 55 pL aliquot of the solution was
transferred into a sample well.
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Figure 2. The reagent profile. A) Inlet reagent profile and B) outlet
reagent profile.
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Bracket standards (BST) preparation: The BST was prepared
following the fast glycan application guide." Specifically, 200 uL
of CE-grade water was added to the BST vial in the kit and
mixed using a vortex mixer. The resulting solution was
dispensed into vials in 80 or 40 pL aliquots. To prepare enough
samples for all 8 capillaries, 760 L of CE-grade water was
added to an 80 L aliquot of the reconstituted BST and then
mixed using a vortex mixer. A 100 yL sample of the diluted BST
solution was transferred to row #1 of each testing column. BST
was injected into the capillary for each analysis before the
sample injection.
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Figure 3. Instrument method settings. A) Conditioning method, B)
separation method and C) shutdown method.

Methods and sequence: Figure 2 shows the inlet reagent
(Figure 2A) and outlet reagent profiles (Figure 2B). Figure 3
shows the conditioning (Figure 3A), separation (Figure 3B) and
shutdown (Figure 3C) methods. A typical sequence starts with
the conditioning method, then the separation method is used to
analyze standards and unknown samples. Finally, the sequence
ends with the shutdown method. The reagent files, method files
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and a sample sequence can be downloaded from the SCIEX
website. !

Instrument setup: Reagents and samples were loaded
following the reagent plate map for the corresponding sequence.
Multiple sequences were performed with 2 different cartridges, 3
different reagent lots and triplicate injections of each condition.
Data were collected and processed following the steps described
below.

Data processing: Data processing was achieved using the
BioPhase 8800 software with the Fast Glycan Analysis module
turned on. Detailed settings can be found in the results and
discussion section.

Results and discussion

This technical note demonstrates a streamlined workflow to
customize a molecule-specific glycan library with mixtures of
glycan standards. In this workflow, glucose unit (GU value), a
calibrated value based on the migration time of the APTS-
labeled glycan peaks relative to the GU ladder, was used for
peak identification. The APTS-labeled glycan standards were
first analyzed using the instrument method shown in Figure 3B.
Data from multiple sequences were collected and used to
demonstrate the robustness of the identification method and the
process of building or modifying glycan species in the GU table
for future analysis. Figure 4 shows a high-level workflow for this
procedure.

4. Finalize
3. Establish the GU
Table with
additional

2. Process
data to
identify
DP2 and

1. Clear all
default
values in
GU table

5. Save the
library as a
new
* glycan file

preliminary
GU Table
DP15 data

Figure 4. Summary of the workflow to build the fast glycan
identification library using standards.

Step 1: Load the data into the processing module and enable
the Fast Glycan Analysis module in the Post Analysis tab. In the
Fast Glycan Analysis pop up window, check the Enable box and
clear the GU table at the bottom, while keeping all contents in
the Glucose Ladder section (Figure 5B). Choose an example
data profile to be analyzed. Click Analyze to process the data. If

SCIEX)

the default parameters are not suitable for the results, proceed to
step 2.

Step 2: Adjust the parameters in the Integration tab to allow
APTS, DP2, DP15 and all major glycan standards to be
integrated. Non-glycan peaks should not be integrated. Adjust
the APTS and DP2 minimum height and DP2/APTS MT ratio to
allow these 3 peaks to be identified (Figure 5). Specifically, if the
height of DP2 in the electropherogram is smaller than the value
shown in the APTS and DP2 minimum height box, lower the
minimum height value. If another labeling artifact present
between the APTS and DP2 peaks is mistakenly identified as
DP2, increase the minimum height value and/or reduce the Tol
value in theDP2 / APTS MT ratio (Figure 5, insert B). Use
parameters such as the positive threshold, minimum cluster
distance, straight baseline and suspend integration to optimize
the peak integration (Figure 5, insert A).

Step 3: In the results table under the electropherogram, keep the
peak number, name and GU value columns active and uncheck
the remaining columns (Figure 5, insert C). Copy the results into
a Microsoft Excel spreadsheet and convert the pasted text to
columns, as shown in Figures 6A and 6B. Add an additional
column called Tolerance. Add a value of 0.05 for tolerance for
each row (Figure 6C). Names of the glycan standards can be
added based on sample information. Table 1 shows the
preliminary GU table corresponding to the electropherogram
shown in Figure 5. After the preliminary GU table is built, the
values are manually pasted into the GU Table module of the
Fast Glycan Analysis module (Figure 7). Click the Analyze button
to process the data. Apply the processing method and analyze
all the loaded data.

Step 4: Check all data and adjust the Integration parameters if
necessary to ensure the standard runs are processed properly.
DP2 and DP15 should be identified and more than 90% of the
selected data files should have all standard peaks identified and
labeled. Using the overlay option, export the GU values of all the
data files. Calculate the tolerance of the GU table by multiplying
the standard deviation (SD) in the summary table by 5 for each
identified glycan species. Update the preliminary GU table with
the new tolerance value and update the GU value with the mean
of the processed data (Table 1). Process all data again and
confirm the robustness of the final processing method.
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Figure 5. Electropherogram of glycan standard mixture with key marker peaks identified. The electropherogram of the glycan standard mixture
was analyzed with the Integration parameters shown in insert A and Fast Glycan Analysis parameters shown in insert B. This method allowed the
integration and identification of the marker peaks for APTS, DP2 and DP15. Inset C shows the results table with No. Name and GU column selected.

A) Paste results B) Text-to-columns conversion C) Add tolerance
A [ A | B G D |

1 |No.,Name,GU EE 4 No. Mame GU Tolerance
2 |1,APTS,0.000 Gh ¢ | 1 APTS 0 0.05

o Textto F H -

3 |2,DP2,2.000 c | 2 DP2 2 0.05
4 |3,,6.707 3 6.707 0.05
5 |4,,6.842 : 1

6_ 5 7.674 Convert Text to Celumns Wizard - Step 2 of 3 1 . 6.842 ot

e 5 7.674 0.05
7 |6,,7.788 This screen lets you set the delimiters your data contains. You can see how ] G 7.788 0.05
8 |7,8.128 Delimiters | 7 8.128 0.05
9 |8,8.752 ' Tab | 8 8.752 0.05

ical U Treat consecutive delimiters as one H - -
10 [9,,9.102 ;ei':m " 9 9.102 0.05
o J

1110,,9.216 = Text qualfier: - ] | 10 9.216 0.05
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Figure 6. The process to convert the results table from an electropherogram into a preliminary GU table.
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Step 5. Use the Save button on the bottom of the page to save
the Fast Glycan Analysis method with the standards to the
glycan library file for future use (Figure 7).

Table 1. GU value and tolerance for the preliminary and final GU
tables in the Fast Glycan Analysis module.

# Name GU Tolerance Final GU ::cio?earlance
3 GO 6.702 0.05 6.7001 0.026
4 Man5  6.828 0.05 6.833 0.031
5 GOF 7.669 0.05 7.6685 0.028
6 G1 7.783 0.05 7.7814 0.028
7 G1' 8.118 0.05 8.1193 0.033
8 G1F 8.738 0.05 8.7421 0.033
9 G1F 9.092 0.05 9.0955 0.027
10 G2 9.197  0.05 9.2028 0.036
11 G2F 10.151  0.05 10.1559 0.033

GU and tolerance are values from the preliminary GU table based on a
single injection. Final GU and tolerance values were calculated based on
a total of 108 data files from 6 injections of the standard mixture using 3
lots of reagents. The Tolerance values specify the window of the GU
value for peak identification.

Conclusions

e The BioPhase Fast Glycan Labeling and Analysis kit provides
all-inclusive sample preparation and high-throughput glycan
analysis workflow

e The analysis time is 1 minute per sample with a cycle time of
8 minutes per injection

e The BioPhase 8800 software provides flexibility to add,
remove and edit the glycan library to include glycans of
interest or recalibrate GU tables

e Improved data processing automation and batch process
capability
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Figure 7. An example of the Fast Glycan Analysis module with an
initial GU table and other settings.
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N-linked glycan analysis of NISTmADb, etanercept and

trastuzumab

Featuring the BioPhase 8800 system and the Fast Glycan Labeling and Analysis kit

Marcia Santos and Fang Wang
SCIEX, USA

Introduction

This technical note demonstrates the high-throughput N-linked
glycan analysis of the NIST monoclonal antibody (NISTmAD),
trastuzumab and etanercept (Figure 1) utilizing the Fast Glycan
Labeling and Analysis kit for the BioPhase 8800 system. It
describes the entire workflow—from sample preparation
(denaturation, digestion, labeling and cleanup) to data analysis—
and shows the accuracy and reliability of the workflow.

In early therapeutics development, the ability to quickly screen
many clones and cell culture expression conditions is critical,
while in later stages, extensive characterization becomes
essential. Since glycosylation plays a significant role in the
stability, safety and efficacy of protein therapeutics, glycan
expression profiling is a critical quality attribute (CQA) that must
be monitored closely. Therefore, a streamlined, accurate and
high-throughput glycan analysis assay is necessary for all
phases of biopharmaceutical development.

The BioPhase 8800 system is a multi-capillary platform that
consists of eight capillaries, enabling users to process five 96-
well plates (or 480 samples) in one working day using the Fast
Glycan Labeling and Analysis kit. The streamlined data analysis
utilizes predefined integration parameters. The automatic glycan
peak assignment is based on glucose units and uses a fully
customizable glycan library, which enables accurate
identification.

Key features of released N-linked glycan
analysis

¢ High-throughput glycan analysis workflow: The workflow
can achieve a 1-minute-per-sample analysis rate.

¢ Intuitive and flexible data analysis software: BioPhase
software provides automatic peak identification for common
N-glycans. It also allows customers to customize their glycan
libraries based on molecule type.

15 {
T
g =t ek
2 2 s|°
g oFy | |
] 1 4 "
; | I L I | 31 r? ' 14 .Il} | I:?ﬁ Repbcate 1
| I il . i
F o -1 '
1L | TR
= A1 .| ) '
1 v 1 | ! UL ‘ '
. - TS ST
{18 , | | [ II I i
1 1 | 10 ‘ ! i
i .-'l i I_ | i Haplicate 9
21 i o3 ) s

Redative migration time imn)

Figure 1. Overlay of nine replicates of etanercept separation. The overlay demonstrates highly resolved and reproducible separation achieved with
the Fast Glycan Labeling and Analysis kit. Peak legend: 1) FA2BG2S2, 2) A2(6)G1S1, 3) FA2(6)G1S1, 4) A2G2S1, 5) A2BG2S1, 6) FA2G2S1/M5,
7)FA2BG2S1, 8)M6, 9) M7[D3])/M7[D1])/FA2(6)G1, 10) FA2(3)G1/A2G2/ FA2B(6)G1, 11) FA2G2
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o All-inclusive sample preparation in one kit: The Fast
Glycan Labeling and Analysis kit provides all the chemicals
and enzymes needed for N-glycan analysis.

Methods

Materials: The Fast Glycan Labeling and Analysis kit (P/N:
C30098) was from SCIEX. The NISTmAb, Humanized IgG1k
Monoclonal Antibody, was from NIST reference material (RM)
8671. The adalimumab and trastuzumab were purchased from
the local pharmacy.

Instrument: The BioPhase 8800 system (P/N: 5083590F), a
BFS capillary cartridge — 8 x 30 cm (P/N: 5080121) and a starter
kit of four sample plates, four reagent plates and eight outlet
plates (P/N: 5080311) were from SCIEX. The BioPhase 8800
system was equipped with a laser-induced fluorescence (LIF)
detector and 520 nm emission filter (P/N: 144940).

Software: BioPhase software 1.2 was used to create the
instrument method and sequence for data acquisition and
processing.

Methods and sequence: Figure 2 shows the A) conditioning
method, B) separation method and C) shutdown method for
glycan analysis. A typical fast glycan analysis sequence starts
with the conditioning method, progresses to the separation
method for analyzing standards and unknown samples and then
ends with the shutdown method.

Instrument setup: Reagents and sample plates were loaded
according to the reagent plate map for the corresponding
sequence. Multiple sequences were performed using two
instruments, two cartridges from different lots and reagent kit
from three different lots.

Superior fast glycan sample preparation

Figure 3 shows the magnetic bead-mediated sample preparation
workflow, which consists of five steps: A) sample denaturation
and digestion, B) glycan capture C) APTS labeling, D) cleanup
and E) elution with water. The detailed steps for sample
preparation can be found in the application guide for the Fast
Glycan Labeling and Analysis kit."

This magnetic bead-mediated sample preparation shows great
benefits. First, the sample is prepared with an open tube, so
better labeling efficiency can be achieved. Second, this method
does not require centrifugation, and is therefore amenable to
automation. In addition, the throughput is much higher: eight
samples can be prepared simultaneously within 70 minutes.
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Figure 2. Instrument method settings. A) Conditioning method, B)
separation method and C) shutdown method.

Figure 3. Magnetic bead-mediated sample preparation for N-linked
glycan labeling and cleanup.

High-resolution glycan separation and
streamlined data analysis

Preloaded separation methods and sequence templates for
glycan analysis are available in the BioPhase software,
facilitating usability.

A bracketing standard with DP2 and DP15 is integrated in the
first sample row as anchors to ensure correct glucose unit
calculation and peak assignment for later data analysis.
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reproducibility. Four major N-linked glycans were detected in
Integration _ Panel A . .
trastuzumab, including FA2, FA2(6)G1, FA2(3)G1 and FA2G2
Event Start Value . (Figure 5). In addition to the four glycans detected in
Width 000 20000 trastuzumab, three more glycans were observed in the NISTmAb
Positive Thresheld 000 2000 electropherogram: FA2B, M7[D1] and A2BG2 (Figure 6). A more
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complex glycan profiling was achieved by employing the Fast
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Exclude DRF and D915 o publications®#, highlighting the accuracy and reliability of the
iadaial automatic software characterization.
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FAIGIS 5021 oostion vl =l To evaluate the reproducibility of this workflow, a statistical
analysis was performed on the nine replicates of N-linked glycan
Figure 4. The embedded fast glycan data analysis parameters in analysis from trastuzumab, NISTmAb and etanercept. The

-dana files. Panel A: integration events, Panel B: GU tables. results are separately presented in Table 1, Table 2 and Table 3.

The tables include migration time (MT), relative migration time
(RMT), corrected peak area (CPA), corrected peak area
percentage (CPA%) and glucose units (GU).

Predefined integration parameters (.dana file) and a glycan
library (.glycan file) are also preloaded for data analysis. All
parameters needed for data integration, glucose unit tables for
glucose ladder and N-linked glycan species (Figure 4) are
embedded in these files.

As all parameters will directly impact the identification, it must be
customized based on different modalities during data analysis.

The integration process is described in a previous technical
note? and is beyond the scope of the discussion here.

Figure 1, Figure 5 and Figure 6 show the overlays of nine
replicates of N-linked glycan analysis from etanercept,
trastuzumab and NISTmADb, demonstrating a high level of
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A 1
OF2  pp3

pld g Peplicawy  PPYS Table 2. Statistical results to demonstrate the reproducibility of

NISTmADb glycan analysis. The percentage of the square root of

- standard deviation (%RSD) for MT, RMT, CPA, CPA% and GU are
= presented.
_E FA2 FA2B M7[D1]/ FA2(3)G1 A2BG2 FA2G2
i %RSD FA2(6)G1
. MT 0.28 0.28 0.27 0.27 0.27 0.27
RMT 0.06 0.05 0.05 0.00 0.05 0.04
Repheat: O

= ; — CPA 3.03 3.89 3.21 3.54 5.06 3.85
bt e CPA% 135 217 149 1.52 2.90 2.04
Figure 6. Overlay of nine replicates of NISTmAb glycan GU 0.05 0.05 0.04 0.04 0.04 0.04

separation using the Fast Glycan Labeling and Analysis kit.
Peak legend: 1. FA2, 2. FA2B, 3. M7[D1]/ FA2(6)G1, 4. FA2(3)GT1,
5. A2BG2, 6. FA2G2.

Table 1. Statistical results to demonstrate the reproducibility of
trastuzumab glycan analysis. The percentage of the square root of
standard deviation (%RSD) for MT, RMT, CPA, CPA% and GU are

presented.

%RSD FA2 FA2(6)G1 FA2(3)G1 FA2G2
MT 0.37 0.37 0.37 0.36
RMT 0.07 0.05 0.04 0.05
CPA 2.92 2.80 2.89 2.99
CPA% 0.70 0.69 0.56 0.73
GU 0.06 0.05 0.04 0.05

Table 3. Statistical results to demonstrate the reproducibility of etanercept glycan analysis. The percentage of the square root of standard
deviation (%RSD) for MT, RMT, CPA, CPA% and GU are presented.

M7[D3)/  FA2(3)G1/

FA2BG2S2 A2(6)G1S1 FA2(6)G1S1 A2G2S1 A2BG2S1 FAZN?SZS” FA2BG2S1 M6 M7/ A2G2/  FA2G2
%RSD FA2(6)G1 FA2B(6)G1
MT 0.38 0.37 0.37 0.36 0.36 0.37 0.36 0.36 0.36 0.35 0.35
RMT 0.08 0.07 0.05 0.06 0.07 0.06 0.06 0.05 0.04 0.03 0.04
CPA 2.51 247 4.86 2.53 2.29 2.16 2.26 2.12 2.29 6.56 2.82
CPA% 0.67 0.70 4.11 0.86 0.79 1.72 1.02 1.23 1.04 7.88 2.64
GU 0.06 0.05 0.04 0.05 0.06 0.05 0.06 0.05 0.04 0.02 0.04
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Conclusions

e  The Fast Glycan Labeling and Analysis kit for the BioPhase
8800 system provides all-inclusive sample preparation and a
high-throughput glycan analysis workflow for mAbs and
complex glycan profiling

e BioPhase software performed reliable glycan peak
identifications with average GU %RSD values lower than
0.06% for all three proteins

e  The customizable library allows for streamlined and reliable
data analysis

e The workflow can achieve a 1-minute-per-sample analysis
rate
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B2, BHIXAECZEL M THEXEAS . BEFRAIES 5113
KA, FIEFRBME, CZEEMH: BHX 1mg/mL;
HBEEMK: 0.05% HPMC, 380mM EACA (REC
%),

1.9mM TETA; BAEAEEME, 30kVHER

TREPESEZENM (E4) o RBE2ATANXLELIRHT

R (E5)

SR, B TIERY

EEZHETERRPCZEDBEEAENEIN M, HBRH
. FIEMGEMIERRIEIERIIRSD/NF3%, TEHAERSD/NTF

0.55% (%&1)

CZE of Mab X Corrected Area Migration Time
Run # Basic Main Acidic Basic Main Acidic
Mab X run #1 12899.79 21950.23 4363.77 8.24 8.99 9.81
Mab X run #2 12382.87 213735 4155.31 8.13 8.87 9.67
Mab X run #3 12572.88 2144131 4333.81 8.18 8.91 9.73
Mab X run #4 12483.24 21438.48 4383.71 8.22 8.97 9.78
Mab X run #5 13410.81 22744.52 4581.26 8.15 8.89 9.7
Mab X run #6 12900.86 21703.76 4418.44 8.23 8.98 9.8
Mab X run #7 12906.9 21945.95 4437.96 8.23 8.98 9.8
Mab X run #8 13118.91 22094.07 4569.69 8.23 8.98 9.8
Mab X run #9 13046.59 21908.14 4501.46 8.24 8.99 9.82
Mean: 12858.09 21844.44 4416.16 8.21 8.95 9.77
Std Dev: 328.39 428.21 130.96 0.04 0.05 0.05
%RSD: 2.55 1.96 2.97 0.51 0.53 0.55
e 3
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Analysis of Charge Heterogeneity in Cysteine Coupled ADC

Samples by Capillary Zone Electrophoresis
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Tang Hongmei, Wang Wentao, Chen Hongxu, Luo Ji, Guo Lihai
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SCIEX, China;
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LA CZEIXFIZE (SCIEX, PN C44790), B&0.1M HCl,
CE Grade Water (SCIEX, PN C48034), CZE Rapid Charge Variant
Separation buffer, ERBNEIESEY; RBHAFEHBRH &
R R
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Fs WiE  EIECAP FiF1MT FiE2MT  EMLE

CAP % % (min) (min) CAP %
Rep-1 8.49 67.68 24.75 25.38 23.83
Rep-2 8.23 66.95 24.84 25.46 24.83
Rep-3 8.06 68.72 24.89 25.50 23.22
Rep-4 8.54 68.27 24.98 25.60 23.19
Rep-5 8.31 69.16 25.00 25.62 21.35
Rep-6 8.41 68.52 25.09 25.71 23.07
RSD % 2.13 1.15 0.49 0.47 4.89
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SCIEX)

Rapid charge variant analysis of NANOBODY® using capillary zone
electrophoresis (CZE)

Dries Dejaegere', Gustavo Rivera'and Stephen Lock?
'Sanofi Large Molecules Research, Belgium, 2SCIEX; United Kingdom.

The rapid CZE assay can achieve the separation of parent intact
This technical note demonstrates the development of a rapid CZE species from deamidated impurities in ess than 12 minutes,
method for charge variant analysis of NANOBODY samples. With  significantly increase the throughput comparing to conventional
a minimum method optimization using SCIEX Rapid Charge clEF and CEX methodology.
Variant Analysis kit, the developed CZE assay has been
evaluated against conventional methods, such as capillary

isoelectric focusing (clEF) and cation exchange chromatography Key features of rapid CZE analysis of NANOBODY
(CEX).

samples

Nanobody molecules are derived from a type of antibody that
contains only heavy chains, rather than an antibody with both
heavy and light chains. A single nanobody domain is
approximately 10% of a standard monoclonal antibody (mAb)
size."2 By connecting individual nanobody domains together, » Effective charge variant separation: The method is capable
multivalent nanobody molecules are produced that can bind to of separating charge variants found in a stressed sample using
. . ) o a separation time of less than 12 minutes (Figure 1)
multiple targets, making this type of molecule a promising drug

modality for complex disease pathology. e Rapid analysis: Analysis times were faster using CZE than
conventional methods. The CZE method achieved separations
in 12 minutes, compared to 26 minutes for clEF and 35 minutes

o Minimum method development: using SCIEX Rapid Charge
Variant Analysis kit, limited method optimization was needed to
develop a rapid CZE assay

Charge variants are important product quality attributes for for CEX
biological molecules, as they can influence the stability and
biological activity of the biotherapeutics. Characterizing the e Seamless data process: Compatible with Chromeleon ™

charge heterogeneity of protein therapeutics is important for
critical quality attribute (CQA) assessment to ensure drug safety,
efficacy and potency.® Differences in charge variants are often

observed due to post-translational modifications, such as
chemical modifications to select amino acid sites like deamidation,
glycosylation, etc.*

chromatography data software (CDS)

Sample preparation: 10 mg/mL NANOBODY samples (45-75
kDa), in formulation buffer (pH 6—7.4), were diluted 10-fold with 3

0.0600
0.0500
0.0400

0.0300

Absorbance

0.0200 4

0.0100

0.0000 . —_— —_— . . +
350 4.00 4.50 5.00 5.50 5.00 6.50 T.00
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Figure 1. CZE separation of intact and deamidated NANOBODY samples. A comparison of an intact NANOBODY sample (black) overlayed with the same
sample that had undergone a forced deamidation stress (blue). The figure highlights how a generic CZE method can separate charge isoforms of a NANOBODY
sample with limited method optimization. The separation time was 12 minutes.
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different types of buffers: 1) Milli-Q water, 2) CZE kit buffer 3)
20:80 (v/v) CZE buffer: Milli-Q water. Then, the prepared samples
were injected onto mass spectrometry or stored in the
autosampler (at 12°C) during a batch analysis for a maximum of 1
day.

CZE separation method: Samples were analyzed using a PA
800 Plus system (SCIEX). A bare fused silica capillary (length
30.2 cm, effective length 20 cm, 50 um ID, SCIEX P/N: 338451)
was conditioned with 0.1M HCI (5 min, 50 psi) and CZE buffer
solution from the kit (5 min, 50 psi). Then, a voltage conditioning
step was applied (30 min, 30 kV, normal polarity, 0.17-min ramp).

Samples were analyzed using the CZE Rapid Charge Variant
Analysis kit (SCIEX P/N: C44790). The method began with a
capillary equilibration step by rinsing with 0.1M HCI (5 min, 50 psi)
and CZE buffer solution (3 min, 40 psi). The sample was then
pressure injected (10 sec, 0.7 psi), followed by a post-injection of
water (10 sec, 0.1 psi). The sample was separated using normal
polarity (16 min, 30 kV, 1-min ramp) at 25°C.

At the end of a batch, a shutdown method was run. This method
included a rinse with 0.1M HCI (5 min, 50 psi) and water (5 min,
50psi), followed by an additional water rinse (10 min, 100 psi).

CE detection: Detection was performed by UV absorbance at
214 nm at a data sampling rate of 4 Hz.

CE data processing: Data were collected using the PA 800 Plus
system and 32 Karat software (SCIEX). The data were exported
and processed in Thermo Scientific™ Chromeleon CDS.

CEX data were obtained using an in-house method developed on
an Agilent 1200 HPLC system using a BioPro IEX SF column.
The clEF profile was obtained by clEF analysis on a PA 800 Plus
system. The same PA 800 Plus system was used following
previously reported methods.* The master mixture was prepared
by mixing the sample with urea (3M), clEF gel, Pharmalytes 3—-10,
cathodic stabilizer (L-arginine) and anodic stabilizer (iminodiacetic
acid).

Results and discussion

This study aimed to achieve a rapid charge variant analysis for
NANOBODY samples. A 12-minute CZE method was developed,
significantly increasing the sample throughput compared to
classical in-house approaches using CEX and clEF, which require
approximately 45 minutes to complete the data acquisition.

The separation as evaluated in the initial tests using 2 different
NANOBODY molecules. The isoelectric point (pl) of sample B was
9.2 and the pl of sample C was 10.0. A series of 5 samples were
then analyzed to test the desired throughput using a 16-minute
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method and 4 Hz sampling rate. Finally, the effect of the sample
buffer was evaluated. Figure 2 compares the same nanobody
molecule (sample B) diluted with 1) CZE buffer solution, 2) Milli-Q
water and 3) 20:80(v/v) CZE buffer: Milli-Q water. Dilution with Milli-
Q water yielded the best peak shape. This result was attributed to
improved field amplified sample stacking compared to the other
sample solvents®.

e el
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M Y

i 1% F17] 1% who 13
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Figure 2. The effect of the sample buffer on the CZE electropherograms.
Samples were diluted in CZE buffer (red), a mixture of CZE buffer and Milli-Q
water (blue) or Milli-Q water (black).

To evaluate the reproducibility of the CZE assay, NANOBODY
sample B was injected in 5 different days. The overlaid
electropherograms demonstrate consistent results across the
days (Figure 3).

Finally, this CZE method was compared against traditional in-
house clEF and CEX approaches. An example of Nanobody
sample C analyzed using the 3 methods is shown in Figure 4.
This comparison (Figure 4) shows that the CZE method can
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Figure 3. 5-day reproducibility study of NANOBODY CZE analysis

separate and detect charge variants (for example, deamidated
species) of a Nanobody sample in less than half the analysis time



of the other 2 conventional techniques with very little up-front
development time.
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Figure 4. Comparison of intact Nanobody (black) and stressed
NANOBODY (blue) samples separated using 3 methods. Samples were
analyzed by CZE (A), a classic CEX method (B) and standard cIEF method (C)

without optimization®.

Conclusions

With limited method development and optimization time a
rapid CZE method for the separation and detection of charge
isoforms present in Nanobody samples was achieved using
the SCIEX CZE Rapid Charge Variant Analysis kit

Different dilution buffers were evaluated to achieve the
optimal peak shape and separation in the electrophoretic
separation. Milli-Q water demonstrates the best peak shape.

Performance of this assay over 5 days illustrates consistent
data quality and separation profile using the rapid 12-minute
CZE method we developed. The throughput is twice that of
current inhouse CEX and clEF methods.

Seamless data processing using Chromeleon CDS facilitates
data integrity.

SCIEX)
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Capillary zone electrophoresis [CZE] separation of charge isoforms of

acidic NANOBODY® samples

Dries Dejaegere' and Stephen Lock?

'Sanofi Large Molecules Research, Belgium, 2SCIEX; United Kingdom.

NANOBODY™ molecules, due to their small size and simple structure,
are currently of interest as potential candidates for cancer drugs and
in the treatment of autoimmune diseases.’ Multivalent NANOBODY#?
molecules are generated by linking individual NANOBODY building
hlocks together, resulting in structures that are smaller than a
classical monaoclonal antibody [mAb].

Multivalent NANOBODY™ molecules can exhihit a wide range of
isoelectric point (pl] values due to the diversity of building blocks used
in the formatting. Like mAb molecules, NANOBODY" molecules can be
prone to chemical modification during their manufacturing process or
storage, such as, deamidation or pyroglutamate formations resulting
in acidic charge variants, whereas succinimides form basic isoforms.
The assessment of these critical quality attributes [CQAs] is important,
as these chemical modifications can impact the overall charge of the
protein, ultimately reducing its stability and potency.”

In classical CZE separation, the protein pl should always be higher than
the pH of the CZE buffer so that the target proteins carry a charge and
can move along the capillary towards the detector window when an
electric field is applied. Normally, the pH of CZE buffer is at 5.7, which
is designed to separate more basic protein molecules [ahave pl 7] in
the classical separation. In this technical note, reversing the polarity
of the applied field and using CZE to analyze acidic targets under the

same classical buffer conditions was tested. The application of this
approach to different NANOBOOY" molecules which have been treated
under various conditions to generate chemical modifications was
studied. Additionally, the work also compares this approach with
alternative separation modes, for example anion exchange separation
[AEX) as shown in Figure 1.

Key features of CZE separation of acidic NANOBODY®

molecules using a conventional buffer system

e Detection of PTMs on acidic proteins after thermal or chemical
stress using the same CZE buffer used for classic separation

e  Full examination of CZE separation mechanism of NANOBODY”
molecules highlighted that the method could analyse acidic
proteins whose pl was below 5.2 by simply reversing the polarity
of separation using a classical CZE buffer without any
maodification.

e  CZE provides faster and better resolving power than a platform
AEX method for a NANOBODY" with pl < 5.2
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Figure 1. A comparison of the analysis of a NANOBODY" malecule with pl 4.4 by both CZF and AEX. In each technique, the separation trace of the untreated
NANOBODY” is overlayed with a corresponding sample treated under thermal and forced deamination stressed conditions.
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Introduction

CZE is a widely adopted technigue for separating and detecting charge
variants in biopharmaceuticals. CZE was originally developed in 2011
by He et al." and subseguently subjected to industry ring trials in
2015.° CZE is a robust method suitable for implementation in a GMP
environment. CZE has been traditionally applied mainly to neutral or
basic targets®®as the isoelectric point of the targets had to be above
the pH of the CZE buffer which was traditionally set at 5.7. With the
advent of mare diverse protein structures the application of CZE to
more acidic proteins are required. In this technical note the use of CZE
buffers with pH 5.7 in the analysis of acidic NANOBODY" molecules was
investigated.

Sample preparation: NANOBODY” molecules [45-75 kDa), originally at
10 mg/mL in formulation buffer containing amino acids (pH 4.4 -7.0),
were diluted 10-fold with Milli-Q water before injection. Samples were
stored in the autosampler during a batch analysis at 12°C for a
maximum of 1 day.

CZF separation method: Samples were separated using a PA 800 Plus
system [SCIEX). Before samples were tested, a bare fused silica
capillary (length 30.2 cm, effective length 20 cm, 50 um 1D, SCIEX P/N:
338451) was conditioned with 0.1M HCI [5 min, 50 psi] and vaoltage
conditioned (30 min, 30kV] after a CZE buffer rinse (S min, 50 psi)
using a commercially available buffer from the CZE Rapid Charge
Variant Analysis kit (SCIEX, P/N: C44730)

Samples were then analyzed using a method that initially applies
capillary equilibration by rinsing with 0.1M HCI [2 min, 40 psi] and the
commercial CZE separation buffer (2 min, 40 psi). The sample was
pressure injected [10 sec, 0.7 psi), followed by a post injection of water
[10 sec, 0.1 psi). The sample was separated using reverse polarity (16
min, 30 kV, 1-min ramp] at 25°C.

At the end of a batch, a shutdown method was run that applied a rinse
with 0.1M HCI (5 min, 50 psi] and water [5 min, 50 psi). An additional
water rinse [10 min, 100 psi] was then performed.

CE detection: NANOBODY™ molecule peaks were detected by UV
adsorption at 214 nm using a 200 pum x 100 pm aperture and a data
sampling rate of 4 Hz.

SCIEX)

CE data processing: Data were collected using the PA 800 Plus
system in 32 Karat software [SCIEX] and transferred in AlA format and
processed in Thermo Scientific™ Chromeleon CDS (7.2.10).

Results and discussion

This investigation explored the use of a commercial CZE buffer, which
was initially designed to analyze basic mAbs, for the analysis of more
acidic NANOBODY" molecules. In classical CZE separation the buffer's
pH needs to be different from the pl of the target protein for it to have
charge and mave under an applied electric field. When the proteins
have a lower pl than the buffer pH and a normal or positive voltage is
applied to the capillary, the proteins will move in the reverse direction
away from the detector window and will not be detected. For acidic
proteins, a reverse polarity or negative field needs to be applied, which
pushes the negatively charged proteins towards the detector window.

In Figure 2 the effect of the pl of the protein on the CZE separation on
a series of different NANOBODY™ molecules under the same conditions
and using a commercial CZE buffer was studied. [t was found that
when the pl was above 5.35 no peaks were observed. This was
expected as the pl of the NANOBODY™ malecule was close to the pH of
the separation buffer, preventing proteins from moving towards the
detection window. As the pl of the proteins drops, separation
improves and migration of the protein speeds up, producing good
separation of thermally and forced deaminated stressed samples.
When the pl of the NANOBODY" molecule was 5.35, only peaks
associated with a thermally stressed sample were detected. This was
because the protein’s pl was 0.4 pH units below that of the buffer.

When the same proteins were analyzed by an in-house AEX methaod, as
shown in Figure 3, separations of the NANOBODY™ molecules at pl 5.35
and 5.4 were obtained. However, no separation of the NANOBODY"
molecule at pl 7 was ohserved as the protein did not interact with the
AEX stationary phase and eluted very early in the dead volume of the
column (< 1 minute).

Direct comparison between the CZE and AEX separation of an acidic
NANOBODY™ molecule with a pl of less than 5.0, as highlighted in
Figure 1, shows that CZE provides both faster separation [except for
the pl 5.2 NANOBODY" molecule) and better resolution than AEX.
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Conclusions References

Compared to AEX for NANOBODY™ molecules with pl <5.2, CZE was
found to be faster and more resolutive than the corresponding in-
house AEX method.

Analysis of acidic NANOBODY™ molecules (pl helow 5.2] is
optimally perfoarmed under reverse polarity conditions utilizing the
commercial CZE buffer from SCIEX .

To achieve optimal separation when pl is close to the pH of the
buffer (pH range 5.2- 6.2] it is recommended to adjust the pH of
the CZE buffer ta maintain a minimum differential of 0.5 units
from the expected pl of the protein.

For proteins higher in pl [> 6.2], it is recommended to use the
classical separation (applicable for basic proteins] as previously
described”.
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Analysis of co-formulated monoclonal antibodies by

capillary zone electrophoresis

Marcia Santos

SCIEX, USA

While co-formulated drugs have been around for some time,
the remarkable success of biologics has propelled co-
formulated antibodies into the spotlight, especially following
the COVID-19 pandemic.! This technical note demonstrates a
simple and reliable 7-minute (min] capillary zane
electropharesis (CZE] separation method for assessing the
charge heterogeneity of co-formulated monaclonal antibodies
(mAb), which could serve as a potential assay for lot release.

The effective comhination of antibodies is a pawerful strategy
employed in various drugs, leveraging the synergistic
properties of each component. Examples of co-formulated
therapies include polyvalent vaccines, such as the poliovirus
vaccine, and combinations of fast- and intermediate-acting

insulin.®
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Figure 1: Comparison of the CZE results for co-formulated
USPOO1 and USP0OO2 mAbs (top trace] with those for
NISTmAb and USP002 mAb samples [bottom trace].
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Chromatography-hased technologies, including size exclusion,
ion exchange, and reversed-phase liquid chromatography, are
invaluable for analyzing these complex mixtures.® However, the
characterization landscape is anly complete with orthogonal
techniques to charge heterogeneity such as capillary
isoelectric focusing (clEF] and CZE. CZE and clEF are charge
heterogeneity-based separation methads, sensitive enough to
detect degradation and post-translational modifications.
(PTMs)#

This technical note presents a straightforward and robust
methaod for quickly assessing the charge heterogeneity of co-
formulated antibodies using CZE (Figure 1].

Key features of co-formulated monaoclonal

antibodies by CZE

o Fast separation method: A less than 7-min separation was
achieved for charge heterogeneity of co-formulated
antibodies.

e Straightforward workflow:

e Simple sample preparation - Antibody samples are
diluted in water and injected without the need for buffer
exchange

e Commercially pre-assembled cartridge: Consistent
capillary length ensures reproducibility and comparahility
of data.

e Quantitative assay: good linearity of the calibration curve,
with an R? of 0.993



Introduction

In a clinical setting, co-formulated antibodies provide several
benefits, such as enhanced therapeutic efficacy through
cooperative effects between multiple antibodies, improved
patient convenience with fewer required treatments, reduced
risk of dosing errars, and potentially better patient compliance
than administering individual antibodies separately. From a
regulatory perspective, co-formulated antibodies are classified
as new drugs. Therefore, factars such as stability, protein
interactions, protein concentrations, excipient types, and pH
must be rigorously investigated.?

Therefore, a variety of analytical technologies are necessary to
characterize these complex mixtures, including size exclusion
chromatography (SEC), ion exchange chromatography (IEC),
and dynamic light scattering [DLS).> Jihong et al® reported
that charge-based separations like clEF and IEC are
particularly useful due to their sensitivity to modifications such
as pratein interactions, pH, stahility, etc.

However, clEF sample preparation can be complex and
challenging due to the numerous reagents required for
preparation and separation, making it less desirable in a quality
control setting. He et al.“reported a simple yet robust CZE
methaod for separating manaclonal antibodies, requiring
minimal sample preparation. Moritz et al.” published a
landmark paper discussing an intercompany collaborative
effort using CZE to analyze mAbs in detail. This study
successfully demonstrated that the CZE for charge
heterogeneity profiling of mAbs is precise, accurate, robust,
linear, and sensitive across sites and users with no prior
training on the application. Therefore, the straightforward
implementation of this assay makes it ideal for a regulated
GMP enviranment.

In this work, mAb reference standards from NIST and USP were
used as surrogate molecules to emulate co-formulated

antibody mixtures. The feasibility and quantitation of this assay
were conducted using the CZE rapid charge variant analysis kit.

Samples: NISTmAb, Humanized IgG1k Monaclonal Antibody
(P/N: 8671]) was from NIST (Gaithersburg, MD]. USP mAb 001,
Manaclonal IgG1 [(P/N 1445539] and USP mAb 002, Manoclonal

SCIEX)

IgG1 (P/N 1445547]) were from USP, Frederick, MD. Before CZE
analysis, these samples were diluted to 1mg/mL in water.

Reagents: The CZE Rapid Charge Variant Analysis kit (P/N:
C44790) and clEF Charge Heterogeneity analysis kit
(P/NC30101] were from SCIEX [Framingham, MA].

Capillaries and capillary cartridges: The pre-assembled bare
fused silica capillary cartridge (P/N A55625) for CZE
experiments and the neutral capillary used in clEF experiments
(P/N 477441) were from SCIEX.

Capillary electrophoresis instrument: PA 800 plus system

equipped with a UV detectar was from SCIEX. Data acquisition
for CZE and clEF experiments was carried out at 214 nm and
280 nm, respectively.

Instrument methods: The CZE and clEF methods used in this
study were as described in the respective application guides.®®

Software: 32 Karat software, Version 10, was the acquisition
software and data analysis was performed with the BioPhase
software, version 1.2.

Results and discussion

CZE vs. clEF

CZE is the simplest mode of capillary electropharesis [CE]
separation, where sample maolecules are separated based on
their size-to-charge ratio. Essentially, molecules with smaller
hydrodynamic volumes and higher charges move faster under
the applied electric field. 1

In contrast, clEF is a sophisticated, high-resaolution separation
mechanism where the protein molecules are separated based
on their isoelectric point (pl)'°. clEF sample mixture is a
complex combination of:

1. amphalytes - species that promote the separation based
on pl

2. cathaodic and anodic stahilizers - compounds that
maintain the pH gradient stable inside the capillary
pl markers - to aid in the pl assignment

4. the protein of interest

The CZE application for the separation of mAbs to elucidate
their charge heterogeneity was developed by He et al,, using a
bare fused silica capillary. The buffer system consists of e-
aminocaproic acid (EACA] and triethylenetetramine (TETA].
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TETA, a polyamine, interacts with the negatively charged silica
surface, thereby enhancing the resolution of basic variants.’

Figure 2 compares the CZE and clEF separations of NISTmADb.
Besides the inherent high-resolution capahility of clEF, the
overall profiles of CZE and clEF are comparable. Although CZE
cannot determine pl information, it is equally sensitive to
charge heterogeneity changes resulting from sample stahility,
PTMs, protein-to-protein interactions, to name a few.®
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Figure 2: Comparison between clEF (top trace) and CZE [bottom
trace]separations of NISTmAb.

Feasibility of CZE to characterize co-formulated antibodies

Figure 1 shows 2 electropherograms (e-grams]). The top e-
gram displays the CZE separation of USPO01 and USP0OZ2,
each at a concentration of 1pg/uL. Similarly, the bottom e-
gram shows the profile separation of NISTmAb and USPO0e2.
These mixtures were specifically chosen because the pl of the
mAbs (main peak] differ by approximately 1 pH unit. Therefaore,
Figure 3 demonstrates excellent separation between the 2
antibodies, indicating the suitability of CZE for assessing the
charge heterogeneity of these co-formulated samples.

It is important to note that if the physicochemical properties of
the antibodies are similar, such as having closely aligned pl
values, the prafiles will inevitably overlap. In such cases, the
use of this assay is not recommended.

80 EHE MK (CE) — ERXBMNAXE

/SCIEX)

Linearity of the method

In antibody co-formulation, challenges include antibady
interactions with excipients, stahility in formulation buffer and
pH, and concentration disparities between the antibodies.
Figure 3 shows a stacked view of the NISTmAb and USP0Q2
mAb to demonstrate the linearity of this assay when applied to
the concentration disparity. In this experiment, the
concentration of NISTmAb was kept constant at 1.0 pg/ulL.
Meanwhile, the cancentration of USP002 increased from O to
1.0 pg/pl by increments of 0.2 pg/ul.
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Figure 3: CZE electropherograms of co-formulated NISTmAb and USP002
mAb. The concentration of NISTmAb was kept constant at 10 pg/ulL and the
USP0O02 mAb varied from 0 to 10 pg/pl at 0.2 ng/pl increments.

Typically, in capillary electropharesis, to eliminate any
variations from the sample injection, a calibration curve is done
using an internal ar external standard. The internal standard
refers to a compound spiked into the sample at a known
cancentration. In this work, the internal standard (IS] is the
peak migrating at approximately 2.7 min in the NISTmAb
separation in Figure 3. This peak is attributed to L-histidine in
the formulation buffer,*> at a concentration of 25 mM. Figure 4
shows the calibration curve with the amount ratio on the Y-axis
and the area ratio on the X-axis. The amount ratio is calculated
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by dividing the amount of the compound of interest at various o Simple sample preparation: requires anly

concentrations and the amount of the IS in pg/ulL. Likewise, the sample dilution in water
X-axis is calculated by dividing the corrected peak areas [CPA] o Fast separation: co-formulated antibodies

of the compound of interest at various concentration levels by can be separated by charge heterogeneity in

the carrected peak area of the IS.

Internal standard callbration curve

less than 7 minutes
o Ease of use: A commercial kit comhines
chemistry and pre-assembled cartridge.
Quantitative assay: The assay demonstrated good

- linearity and provided accurate quantitation results.
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Rapid charge heterogeneity analysis of new therapeutic

protein modalities

Zoltan Szabo and Andras Guttman
SCIEX, Brea and Redwood City, CA 92130, USA

Introduction

This technical note reports on the use of the SCIEX CZE
Rapid Charge Variant Analysis Kit (P/N C44790) for rapid
high resolution charge variant analysis of two bispecific
antibodies. Comprehensive charge heterogeneity study of
these test articles required < 10 minute total CZE analysis
time with excellent migration time (0.2 %RSD) and corrected
peak area distribution (<3.5% RSD) reproducibility. The
method was also applied to forced degradation based stability
testing, especially focusing on deamidation, i.e., generating
acidic charge variant shifts.

Charge heterogeneity analysis of new therapeutic protein
modalities, such as multispecific antibodies, fusion proteins
and nanobodies, is of high importance during product
development, production, stability and release testing."
Therefore, rapid and reproducible high throughput process

analytical technology methods are of high value to biopharma.

Analysis of charge variants is also important during forced
degradation studies for quality assessment.? Charge
heterogeneity of these new generation biotherapeutics arises
from deamidation, methionine oxidation, C-terminal lysine
variants, N-terminal pyroglutamate formation and
glycosylation, just to list the most frequent ones.?*

Traditionally used methods for protein charge variant analysis
are ion exchange chromatography [5] and various forms of
isoelectric focusing [6, 7]. However, both chromatographic
and isoelectrophoretic methods are relatively slow, requiring
up to 1 hour of analysis time. To alleviate this issue, capillary
zone electrophoresis (CZE) was introduced a decade ago for
charge heterogeneity analysis of protein therapeutics [8]. In
CZE, the differential electromigration of the sample
components is based on their hydrodynamic volume to
charge ratio, i.e., can be readily optimized for high resolution
separation of charge variants. CZE also represents aversatile
separation platform to analyze product related attributes with
efficient sample preparation, also supporting high throughput
screening processes. With the use of high concentration
zwitterionic buffer components such as epsilon amino caproic
acid and specific capillary coating additives like
triethylenetetramine [9], the electroosmotic flow can be
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Figure 1. CZE charge heterogeneity analysis and reproducibility
study of the bispecific mAb-1 test article. Peaks 1 and 2: fast migrating
charge variants, Peak 3: main component, Peaks 4-6: slow migrating
charge variants. The inset depicts the enlarged part of the
electropherogram with the peaks numbered. Conditions: 30 cm total
capillary length (20 cm effective, 50 um ID), applied electric field

strength: 1000 V/cm, Separation temperature: 25°C. Pressure injection at
5 psi for 10 sec.

minimized during capillary electrophoresis. In this way, bare
fused silica capillary columns can be readily employed to
obtain rapid analysis of the charge variants of therapeutic
proteins.

Rapid charge variant analysis of two bispecific antibodies was
demonstrated revealing highly reproducible separations in less
than 10 minutes with excellent migration time and corrected
peak area distribution reproducibility. The method was readily
applied for forced deamidation monitoring.

Key features

e Rapid analysis times (<10 minutes) of the native forms of new
modality protein therapeutics

e Excellent migration time (0.2 %RSD) and corrected peak
area (1.55 %RSD) reproducibility

e Easy sample preparation protocol for low concentration
samples

e High throughput analysis option for stability testing

p1
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Experimental

Chemicals

TRIS base and hydrochloric acid (37%) were purchased from
Sigma Aldrich (St. Louis, MO, USA). The bispecific
monoclonal antibody test articles of mAb-1 and mAb-2 were
from Genentech (South San Francisco, CA) and Amgen
(Thousand Oaks, CA), respectively. To perform the charge
heterogeneity separation of new modalities, the CZE Rapid
Charge Variant Analysis Kit (SCIEX, Brea, CA, part#C44790)
was used consisting of CZE Rapid Charge Variant
Separation Buffer, Acid Wash/Regenerating Solution, CE
Grade Water and Protein Test Mix.

Sample preparation

Test article mAb-1 (30 mg/mL) was diluted with water to 1
mg/mL concentration and analyzed by CZE. Test article
mADb-2 had significantly lower concentration of (0.2 mg/mL)
thus to avoid matrix related disturbances, it was buffer
exchanged prior to CZE analysis by washing the therapeutic
protein three times with 100 pL of water through a 10 kDa
cut-off centrifugation filter (Millipore, Billerica, MA) at 14 000
x g. The purified protein was recovered in the same volume
as the volume dispensed onto the filter in the formulation
buffer.

In order to perform forced deamidation mAb-1 sample, Tris-
HCI buffer was prepared at 1 M concentration by carefully
adding concentrated hydrochloric acid solution to TRIS to
adjust the pH at 8.7. The solution of test article mAb-1 was
diluted with water and 1 M Tris-HCI buffer (pH 8.7) to obtain
a 1 mg/mL protein solution in 100 mM Tris-HCI buffer. The
diluted sample solution of the therapeutic protein was
incubated in a heating block at 45 °C and samples were
taken for CZE separation after 1, 2 and 3 days of incubation
times and buffer exchanged on 10 kDa cut-off filters prior to
analysis.

Capillary zone electrophoresis

All separations were carried out in a PA 800 Plus
Pharmaceutical Analysis System (SCIEX) using the EZ-CE
Pre-Assembled Capillary Cartridge (SCIEX, part# A55625)
with 30 cm total capillary length (20 cm effective length, 50
pum ID). The separation voltage was 30 kV at 25°C. Injection:
5 psi for 10 sec for mAb-1 and 20 sec for mAb-2. All data
was acquired and processed by the 32Karat ver10.1
software package (SCIEX).

SCIEX)

Results and discussion

The charge heterogeneity of two bispecific antibody test articles
was assessed by CZE with special attention to migration time
and corrected peak area reproducibility. Forced degradation of
the samples were also accomplished.

The CZE charge variant analysis of test article mAb-1 was
accomplished in less than 8 minutes, featuring the separation of
6 peaks as shown in Figure 1. The inset depicts the enlarged
part of the electropherogram with the peaks numbered. Peaks 1
and 2 were faster migrating possible basic species, Peak 3 the
main component and Peaks 4-6 were slower migrating, possible
acidic species. To verify the acidic and/or basic feature of these
components, capillary isoelectric focusing analysis is required,
which was outside of the scope of this exercise. The 6 conse-
cutive runs of the test article mAb-1 resulted in the average
migration time and corrected peak area % reproducibility of 0.2
%RSD (Table 1) and 1.55 %RSD (Table 2), respectively.

Next the therapeutic bispecific antibody test article mAb-2 was
analyzed the same way but, in this instance, sample injection
without appropriate preparation did not result in evaluable
electropherogram (Figure 2, trace A). Removal of the sample
formulation matrix, on the other hand, lead to the separation of
5 components as shown in Figure 2, Trace B in less than 6
minutes. Peak 1 was a faster migrating possibly basic
ingredient, Peak 2 was the main component and Peaks 3- 5
were slower migrating possibly acidic species. The migration
time and corrected peak area % reproducibility were evaluated
similarly to those discussed above and were found as 0.28
%RSD and 1.58 %RSD, respectively.
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Figure 2. Effect of sample preparation on the charge heterogeneity.

Analysis of the mAb-2 test article without (A) and with (B) formulation
matrix removal. Separation conditions were the same as in Figure 1,
except the injection parameters: 5 psi/20 sec.
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Monitoring deamidation of therapeutic proteins provides crucial
information about the efficacy of the product. To show the
applicability of the rapid capillary zone electrophoresis to
address this significant issue, a forced degradation study was
performed at pH 8.7 to promote accelerated deamidation using
the mAb-1 test article sample. In the time course study, samples
were taken at 0 (control), 1-day, 2-day and 3-day time points
and analyzed by the CZE method described above. Figure 3
depicts the resulting quantitative data of the separated species.
Please note that with increasing incubation time, the shoulder
Peak 4 slowly merged into Peak 5, thus, during quantitative
evaluation these were considered as a single value (Figure 3,
column 4+5). As one can observe, the areas of fast migrating
Peak 1 and the main component (Peak 3) decreased, while
Peaks 4+5 and 6 increased over the time course of the study.
As a first approximation we consider this effect was caused by
temperature induced deamidation under high pH conditions,
resulting in the increase of the slower migrating, probably acidic
components. While this treatment caused deamidation of both
Peaks 1 and 3, Peak 2 did not change during this process.

SCIEX)
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Figure 3. Quantitative CZE analysis of the forced deamidation.
Charge variant products of mAb-1 test article in 100 mM Tris buffer (pH
8.7) after 1 (red bar), 2 (gray bar) and 3 (yellow bar) days of treatment in
comparison to the untreated (blue bar) sample. Charge variant peaks 1
and 2: slower migrating components, peak 3: main component, Peaks

4+5 and 6: slower migrating components. The inset depicts the enlarged
part of the changes in peaks 1 and 2.

Table 1. Migration time reproducibility of the separated charge variants of test article mAb-1 in Figure 1.

Migration time (min)
Peaks|Injection#1 Injection#2 Injection#3 Injection#4 Injection#5 Injection#6 |Average STDEV % RSD
1 6.60 6.58 6.58 6.57 6.57 6.55 6.58 0.01 0.22
2 6.73 6.71 6.71 6.70 6.70 6.68 6.71 0.02 0.26
3 6.91 6.89 6.90 6.89 6.88 6.87 6.89 0.01 0.18
4 7.31 7.29 7.30 7.29 7.29 7.27 7.29 0.01 0.19
5 7.37 7.35 7.37 7.35 7.35 7.33 7.35 0.01 0.17
6 7.68 7.66 7.67 7.66 7.65 7.63 7.66 0.02 0.20

Table 2 Corrected peak area reproducibility values of the separated charge variants of test article mAb-1 in Figure 1.

Average: 0.20 %

Time corrected % peak area

Peaks| Injection#1 Injection#2 Injection#3 Injection#4 Injection#5 Injection#6 | Average STDEV % RSD
1 2.94 2.94 2.97 3.02 2.96 2.99 2.97 0.03 0.94
2 1.21 1.23 1.22 1.25 1.28 1.29 1.25 0.03 2.35
3 77.74 77.79 77.84 77.90 77.75 77.92 77.82 0.07 0.09
4 3.54 3.37 3.39 3.39 3.65 3.31 3.44 0.12 3.35
5 10.21 10.37 10.30 10.28 10.09 10.32 10.26 0.09 0.88
6 4.36 4.29 4.27 4.16 4.26 4.17 4.25 0.07 1.66

Average: 1.55%
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Conclusions

Rapid charge variant analysis of two new modality protein
test articles was demonstrated.

Highly reproducible separations were obtained for both
bispecific antibodies in less than 8 minutes with excellent
migration time (0.2% RSD) and corrected peak area
distribution (<3.5% RSD) reproducibility.

The importance of sample preparation by removing the
formulation matrix was apparently important for the lower
concentration mAb-2 test article.

Charge variant changes were systematically monitored after
forced deamidation of the mAb-1 test article in a 3-day time
course revealing significant decrease in the quantity of the
main components towards the slower migrating, probably
acidic species.

The CZE technique reported here can be readily applied for
high throughput charge heterogeneity analysis of new
therapeutic modalities.
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Application of Capillary Zone Electrophoresis (CZE) and High
resolution mass spectrometry (HRMS)in the components
separation and structures confirmation of Antibody-

oligonucleotide conjugates (AOC)

SREREE', MR, FEHOE, T4, BREAFE, FWIOE
Zhang Xiaoxia', Liu Dongke’, Guo Linjie?, Luo Ji*, Chen Hongxu', Guo Lihai'

L SCIEX, H[EH; * XS
! SCIEX, China;? Shanghai University

Keywords: AOC, CZE, PA 800 Plus, HRMS, X500B QTOF system, EQERABARHAETNEZRERME KD FHYDTNE
HBER, BOHFRILHRMS)thE — AT/ NI R NFIEE,
A ARENMEAY TG AYERRAENRER S FIE
EHNA. AXEENAEMEBRBANS PR ARZEAOC
HMAN N BREBFHINFHN A,

INGRZBYTURRRE, ESERISKAYHRIL, Kook ALK BT T CZEMHRMS B A AR B A 55 R FEAOCZE M 2 B>
INDFRIMAEAMENE R RE . AMZRTREFE B, 4ENTURZSEDEWHIATNR B, oA —REHE
MRS, BRIE EWA/NZRAY NS WIS BRI BERERMNACEY, BITCZENESBE 73N B BB BT
&8I 25 ( Antibody-oligonucleotide conjugates, AOC ) F fi#t BRACHE, HNERTER LEETAREENERER =4
BB HEZERBXRERFEAENAR, $NENARGER B, BIEHRMS—RBEH S T2, H—THINTCZEDBIE
MRE, SIVEEBRNESFERERBREES, FRTERERS B3 BB BIZERAXIE D BHHE T 14, 23N I
WAL/ MR R M, TR, B AN IRNMNTRERE BZHR., B, BAEATENSAD LHERBIET B,
FEEFAOCHARMEH YW L, 20215118, AOCKIKAvidity
Biosciences”A S A9/ MEZER B A B EL A0 C1001 A1 EA I PR 150 %4 52 FY '

BHBEGL, REESIRERACCHY NG RIXL

AOCTHIE HRBERB NI RANLY, HIENRRIOE
HMFREMMEEUELER. —HE, SMHSQFHEY I,XAEMUUUfng
G WRN. FNE, MEBOLE. BEM, EETHR I

wit. MEEHEBERN; S—HE, REACKNASNER
EIERETNMEB A BELL B BB, R IS
BREFHELN.

Components Separation, Structure confirmation
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2. MHEFAE

2. 15 A I am

B AXKEANER A —MBENEBEEZERINAOCH
¥, WREH40 mg/mLo. IgGHIIEIR > FEH147244 Da, BILEHR
(oligodeoxynucleotide, ODN)FIIEi% 4> F & 46581Da, SlIgGiEERT
FEISODNIFTIEN, WODNAYS - IR B R SHS-Ce MR Y,
R HS-Co1E 1 HIODN(5 FE6777Da)o

|gG$ﬂ00NE’J:‘§$§7‘i‘W}5ulfe SMCCBEX AR, BEOIRIE
2, BNBERIRD AFL, E—DIgcliERE-NH,SSMCCR I TE

ﬁk%%@ilﬂi%ﬁzﬁhﬁi(malem|de-act|vated 1gG), 2EB5EEAE
HS-C6HIODNR Y, FEIREMBE =Y.
A
:llfo{-,SMCC Crosslinker
& i

ollgoﬂ'JS ity 3 AEHS-C6 L

maleimide-activated 1gG

Yw -

El2. 1gGFIODNBELT R EE

Hig R :

CZEFi%: WEAOCHE M KIgGHrAE M7 7 FIBAKHIEZ L mg/ml,
ODNFRA M ARBAKFHEE.1mg/ml, AN, BLAKENZH
X?j-/ﬂ\\g\o

LC-MSFi&: HAOCH @FIgGHRfE M4 350 mM NH,HCO, &
WHIEE200 ng/uL, EALIEN, AOCHEMBEAF2 uL, 1gGHRAE it
1 dLo

it
CZEABEE M. &50mM Na,B,0;, 25mM B -ERiFEF110mM
SDSHYZEMR, pHZH9.0,
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EHIFE: BEH200 mMIIEDY, 100 mM B -FRHIFE (20%2
BARE) , 100 mM SDS fE&E K. 2 BIMCKE LAE& 2.5 mL.
25mL. 1mL, JIZKEEZERIomL, BEEHYS.

ARG A, 2% 8E/7K(&0.1%FER),
IK(E0.1%FFR).

BHH, 98%Z FE/

2.2 WBRFZE

ERERRFE:

SR FSCIEX PA 800 PlusZA¥I AT & S, ILEC R E SN
8, SFKEE, XEHER. 2Hz, BO%KE: 100 x 200 pm;
REIAREMEE, 50 umMTE, 50/ 60.2 cm (BRKE/BKE);
BEREEAF. 0.5 psi, 5 siEM, 1 psi, 5sHBE MK, HEHEE: 10 kv,
40min; EMEFEE. 25°C, HREEBEE: 15°C,

EMEETERE: 0.1 mol/LEEINERTES0 psilk 1Mk
3min, BAXBFKAES0 psik I THHE2 min, REBCZENESE
R AESO psilE 1 T3 min

BiEst:

X MExion LC™R %G, @i+ Waters BEH200 SEC,
150 x 4.6 mm, 1.7 um, JERIERF: 35%MBHEZEE R, ik
0.22 ml/min, #HEFH. 40°C,

RS

X FISCIEX X500B QTOFZ& %8, TOFMSHHH, FRiESEILEKL.

®1. RESH

2% |

Curtain gas (psi): 35

Collision Gas(psi): 7
lonSpray Voltage(V): 5000
Temperature(C): 450
Declustering Potential(V): 275

lon Source Gas1(psi): 45

lon Source Gas2(psi): 45
TOF start mass (m/z): 600
TOF stop mass (m/z): 5000

Accumulation time (s): 1
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3. &R 518

3.1 CZELA AT

HECZEZH T BN B HBIgs, AOCKBEEODNS Fo trfE
AR D BERIES,

FECZEH, HRMNNBETHFEBHEATHRILANER
HERMEEPREET, BTHERPHIgE. ODNIIRAOCERH
T, EERH TEREBANS FIERRERE, TREETEH
BIEHNS TERE, HBIgch FERA, THRBEHELE
A, BEE/N, BteREHE, BEEOODNETHFERN, B
RS, AtERtEAR, SREHIE, WFAoCkE, HAHF
E51g6ALLTAAK, MBEHEEODNMBEME A, RAikiE
BEESETIg6, BIBEKAONDEIEM S, BREMEE, T
HEMIE, TRAEIRFA, 1g6 <I1gG-(n)ODN <ODN. 7EAKSLHE
F, 1gGHRfE TR T 8] 7E6.25 min, ODNARAE S AYITEFE AT a1 7E
20.95 min, 5 ERIERESHIEIRF—.

AOCHE R ZIEFEIA . IE1EREAS 8] 51gGiRERM—3, A
TR IgGRIE, 1§2,3,47 T #%R(8]6.97-8.52 min, 7EIgGFIODNZ [8],
RIBFTAERES, #NHIgc LBET AEEE0DND FHIE,
B2 BB AODND FHESR D, EMBHNOND FHRERS.
E7IT %0 (8] 5ODNARE M — B, EM AEEODNAIE . 1ESHN
6T A (A LLIETRE &, B2 K IMNRILIEE 5 0DNARAE R —
], N AHS-CoEIHIIODN R E 8K,

0.074

0.06

0.054

AU

oDNIRIER:
0.03 o T

0021 ECTRHER MJ L
1
] 5
001 |AOCHERE J\JAZA,E&\ L S i

wanm

4 6 8 10 12 14 16 18 20 22
tes

BE3. CZEX M TZ AR, AOCH M, IgGHRAE MM KX ODNARAE Ay E K B,
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3.2 LC-MSER ST

AT RIECZERHERTMIE2. 3. 4R B NIgGBEK T ARKE
ODNEJIE, FHIAMBEAAIEE, KRMNEBXTHRMSH %, BT
HRMSZ A& 7 IgGIRA&E FIAOCHE M, MSHERILE4, FESCIEX
OSER M ST 1gGHR A MTOF MSEIE M TSR, FilgclaD T
£ 4147244.2Da, TEAOCHEFATOF MSEIEA fRATRLE Rrhthie
B> FEA147246.3Da—FKIE, TR HRIgcIE, 51gGHR
At ZH20aTERATAOCH R R RMERSHMBER
ERFEER. TAOCESRELEPERL NI LLES gcH FE
%£6994.6Da, 13987.8Dal{ %.20847.4Daflf, £E HI1geEE1N
ODN(IgG-10DN), 2“MODN(IgG-20DN)F13/~ODN(IgG-30DN)HIIE
14 NE96994.6Da A 1gG_EiEHE T SMCC linker & HS-C61& 1 HIODN S T
FENDTFE,

HRMSHYZE RIGIE 7 CZEFRIE2, IE3FIEAFELZIgGBREE TR
BEHESZERE, mAFIAIE23,49 5] 41gG-10DN, 1gG-20DNF]
IgG-30DNo

T BIgCHIEKPIEEER > FENN221.8Daly FIGMHIE, K
IgGIE £ T —Minker, SER2HMIACCEEKE B S, BEHM
B2 L AW FFBD 1gGN221Dafy 7 F 2o

W — K F 4R 53E E £ E SCIEX Biologics ExplorerdX 147
TENSTENY, 1TEIgG, 1gG-10DN, IgG-20DNKIgG-30DN
I fy e TET AR DL B 5 (Volume) , i8IS IEE AT E & 1& A9 L5151 4
32.90%, 44.54%, 20.52%%2.03%;

CZESHRMSEAME RITE N AN LLBILL R INFER2, MFR2T]
EY, CZEMHRMSEFIE AITERARREA S BB EEE—E,

!-u- nenLwomes ) BADSEE a
8 b b 23, A s - B o i 7 = S o L 0 -
| i o e

E. ™ |B. TOF MSE]

El4. 1gGHRAE BFAOCHE BATHRMSEE . A BB FHRE(TICE, K& HIgs
FRAEMM, 4BAIA0CHRAM). B. TOF MSE(IEE AIgGirEmA, L4&XH
AOCHERRM) o C.IgGHRERMMETRE R, D. AOCH RNBERER,
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......

[E5. SCIEX Biologics Explorer/ #TAOCE 7> F &=

2. AOCHAY T E A5 LB

128G (IgG-10DN) (IgG-20DN) (IgG-30DN)

% % % %
CZE* 39.22 41.33 16.99 2.46
HRMS 32.90 44,54 20.52 2.03

*E: CZEZ T o BN EH BODN X ODN S E IZkABEMIE, F N
HRMSE M T X4 MEEZEAIODN, Eit, 7ESHRMSITERIE D XFEL AT
CZE’%E % FRODNAILL

90 EMEMIK (CE) — BAXHGYNAIE
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4, %58

FI FAPA800 Plus, RFACZEAEBM D E TAOCHYHIIEE
IgG, A EODNIBELEEMIAOCIU K BODNE R B
F, LMAOCHY EHBRERZ BN E,

FAXs00BE MR, H—FRIET CZENBEFEI3Mg6-
ODNBEX#H X B IE 7 7 =Z1gG-10DN, 1gG-20DNHIgG-
30DN.

CZEFMLC-MSTFTRITEM S AN LBIS E—2, WAmFT
SRBEITAOCHMIITAD D BIMEMHIAN T DAERAIE, B
FEAERUENER,

SE M

Lin Shen, et al. Chemical Biology Approaches toward Precise
Structure Control of IgG-Based Antibody-Oligonucleotide
Conjugates. Chembiochem.2023 May 2;24(9)
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i= 18 ZBioPhase™ 8800 & Lt Xf Hu i B EX 2 W Y 4k FE FN BB 157 5= /&R

54T

Purity and charge heterogeneity analysis of antibody-drug

conjugate by high throughput BioPhase™ 8800 system

B, E3F, HKibr, T4%, B

Tang Hongmei, Wang Wentao, Chen Hongxu, Luo Ji, Guo Lihai

SCIEX, H/E:
SCIEX, China;

X818 . BioPhase™8800K %k, + IGEMERN-EME BARE
k, EMESTHRERK, MEBHKAY

ey 5

1. A

Inf

WA IBEEZY ( Antibody-drug conjugate, ADC ) RIS EZE T
B FAYSREMERE—R, MAERTENENFRMEER
BUND FAYBET S EAR, NEEBEE T ELARTT IR
Thigix, REVATERNMER. EEkR, ERBERAFEAREMN
FEAHAEENATE, T EZRATFRNFENRTENA,
G BERAYMAEMRSTENRAIESEN) FRHERE, ADC
HYBENEFRMEFHITRESN, TP KA+ ZIREHER
- EME BBk (CE-SDS ) MEAEEHRE (clEF) FADC
HYWHERRBIFAO>FRNFRERNBTRREETERS
o EEDFATHEFAIHMNA, DETFZINIRED W
EHBEAERZHVEYVIZERAN AL —, SBRELMMN
A E BRI ITX—Hk. BioPhase™ 8800% 1818 EME
HXRGCFHURAT/NBESBERE, KABETHEFL
FRARIRTE], BEBBHBINEE R LA

RS FBioPhase™ 8800 % @il E M B B ik R 5t /3 B XFADCES
VG ERBEFRERTT BRSO, FETENRE T
TIEMEER,

2, ERISH
2.1 SRt HFIHE G 2

RUO-MKT-02-15882-ZH-A

CE-SDSZERIXF: FTBioPhase™ 8800 R St AICE-SDSEE 7
HIRFIE ( SCIEX, C30085) , BEERE K. HRENE. 10
kDaPIAR. RPN . B . CESRK, MEZEE ( Sigma-
Aldrich, M7154 ) . BAZEERZ ( Sigma-Aldrich, 1-1149 )

ClEFEZIRIXF: AT BioPhase™ 8800 R FHEMEFTHERE
(cleF ) ®KFE ( SCIEX, C30101) , B&CIEFARR. PARE. FAtR
. FARBER. BIRRER. LEEBH. PHEME L
. FEEEE. FREFICERK,

MR ERBIEMADCAY, BidHHEE SR A
(LC-MS) TEDITER HAYIUABELLL ( Drug AntibodyRatio,
DAR) 47.9, #&KRE10.0 mg/mLo

2.2 HigFT b B R AIH &

CE-SDSHMmALE: A X1.5 mL BUE, 234km
N85 ULHEREZEMN (pH 6.5) . 10 uL ADCHER ( BIRE/NTF
50mM ), RESAEFHZBOEREIAS uL 2-5E 28 (15
JRi%, CE-SDS-R) #1250 mMEYEAZ BifZia & ( IERJRFE, CE-SDS
-NR) , Z/IREE, BET70 CKAL min, RAEEIERRE, WEE
INEBRSE, WE100 LB ToeflEREF, EMERILBEMA
—EA R, EATFENAR.

clEFIXFIFI & . B EFAFMIES EBioPhase™ 8800 R 5
CceFERRERFEHREBE) .

CEFER#MMRBERHE: BUZRRIFEHFREEMINER
W, TEENAAAFBOERAETIORROES . SMERTE
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MRAFIEIEL BN T . 200 pL 3.75 M FRE-cIEFAZ. 12 pL 3-10F M EE
R, 20.0 pL BAARARER. 2 uLPARFRE FIFIE2 uLAIpl marker
(pl 10.0,9.5,7.0) o FE10 uLFF & 5240 ULt B IUR BRNER
5, RREZECAFREE—FIAHBES (MELFR) , &
Fo.

2.3 WBRFZ*
BioPhase™ 8800 % 1 18 & 4 & B 5k R Bt CE-SDS K clEF SRS ¥
SEMEILFR:

,.
=

T IY
TIIi .
sescese

[El1. BioPhase™ 8800 % Gt i {TADCZ 4 43 4 A9 ¥ SR IE AL
FICE-SDS-RIH; (b)) clEFSLE;

(a) CE-SDS-NR

CE-SDSH LI &4F: X FBioPhase™ 8800 % BIEEMEH

5%6%*)?7%2}‘5 UVIS T BE, REKK220 nm, REME. 4 Hz;
EMEKRE: 50 um x 30 cm BioPhase 8800 AR AXEMEFE

( SCIEX, 5080121) ; EMEEE: 25°C; HAERE: 25C;
B, 5kv, 20s; DEEMF: -15kv, 30 min, 7ECE-SDSE

W, XAREMENSBETEY, WTE2; EMEFLMAEN
77351928 ( BioPhase™ 8800 CE-SDSE A TR FIE W BAE )
CIEFA RS &4 X FBioPhase™ 88005 1818 E & Bk

RS, UIRNIRE, REFKK280 nm, REHE: 4Hz; ERE
&: 50 umx30cm BioPhase™ 8800 A EEMERE (P

5080119 ) ; EMEEE. 20°C; HREERE. 10 C; 1&#%7—:
. 25 psi, 99s; BEZM. 25kv, 15 min; EREEM: 30 kv,

30 mine CIEFSRIEHREMESELTT R, DBEAEFXN XS B
{BioPhase™ 8800 EMEFHBEXFIEZWRBE) o

RUO-MKT-02-15882-ZH-A
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| Capiary Carindge. 25 0 °C, Wat mmn-esmm 0, Wad

E] '“w Cagelary Lengin. 300 o= Deteciod Type: LA, 200 nm. Wiar
Capaiary Ty Bare Fusod 58 Peak Wan e

| Cument Lm 300 & | Enaibbed Daka Rai 4 Hy

Rinse Durgtion: 2 0 miny et Basic Wash
m 500 pad et Warsle

& Duration, 20 mn et Ackd Wash
m _Soops St sl

|- Duraticn: 1.0 min Il Vader Fomae
=/ Hapa Cniel: Viasin
A |- Dummton 4.0 me migt CE-SDS Ol Buf
) B0 pu Ot Ve
e Duration: 0.0 mén ket \ader Dip 1
Cmet. Viater Dip
_w Duration: 00 min ket Viatler Dop 2
Cuet: Wiader Dip
7| ﬁsﬂ\:ﬂm e, Samgs Ol CE.505 Gel Byt
Duraten 60 mn e Viaer Dpd
Outel Viater Dip
Durabon: 300 frn.
— 15.00%, 200 pai, B et CES05 Gel Bul
R Tirm: 2.0 i Outiel. CE.S0S Gel Bu®
' Autcieen 01 mes

Duration: 00 min

[El2. Biophase™ 8800 4t CE-SDSIRIE M3t 7 B 73 7%

4, R 518
4.1 BioPhase™ 8800 4t 3T ADCZ4 1 ) 45 & 43 #hr

T EM AR BIEADCEY), EEFIRPEEFERERRET
FIF AR SR —mE, Mo FAYERITEETFSERAER
EHEAGEMBYHTER, #—SRERKEREEL—E
K, TEHFTADCEAYIRICE-SDSAE A TRY, HERE TR = IRERN
SDSEWH T AEEATEZ BMEKIER, SEADCHYERT
REMAENELR, BREEEIREENDFAYNERE (LC)
MESE (HC) o o, AAEFTZHFLIRES, TESTFES
MEREAHENER, SBADCHYPHFEEEASREE/ NP FH
MNERS (HL) MEESE (HH) , MTEEK T ADCEYIAIDAR
B, WF¥HMIARBEAADCEHYIRIL, WRFHEE R
TEF SN FHYRIIRIBEE, EILAIDARE NS, ALWH
K FAMADCHE it LC-MS T A UM AIDARIE A 7.9, 1 ARIZADCES
YR EELENSRZRBRATEEE., WE3 LR, 7EADCH
YIRICE-SDS-NR AT B R MR E4NE, 1~4SUED FIXTRZLC.
HC. HLAIHH, FEXEFE FEET IS FHY. ME3 T
7N, CE-SDS-RATIEE FFHMER R/ MIE, BT 5CE-SDS-NRIEE]
HHLL, TTHESSIEARBE/ND FAYLC, 6S5IE BB/
FAMAILC, TSIEABE N FAMAIHC,

p2

92 EMEMIK (CE) — BEAXHBYMNAIE



-
bt o
o i |
i
. wam CE-SDS-NR
i - w'emdacin f M ris'c
i T
_— [N
. LR -1 T
CE-SIS-R
:
it ) 113 ] F T T

T

3. Biophase™ 8800 R 4t L #fTADCEAM A FE AT AV B 7k iEEl, CE-SDS-
NR()#ICE-SDS-R(T)

4.2 BioPhase™ 8800 R G XMADCEEMSEE T E S MER

A7 BT IEBIoPhase™ 8800 R St XTADCEA ML E ST E
M, fRIXE—HRA8EE (A~H ) BEIRESHFNIR,
FRTHRHHRREESMERN—BUM, MR ERIEELSMH
HeEMNEE M., WE4afTR, KRERKBPERGEIBIE A
EERTYE RIFH—FM, LCMHCHTEEA BRRSDIER/NT
0.8%, FERFIEMIRE S LARSDEWRYI/NTF0.5% ( MFk1) -
WME4bFTR, EREESHDITERNEE HHRE, LCFIHCH
#0418 AIRSDE< 0.5%, F HCAPAIRSDIE<0.4% ( FR2)
SR LERIERA: BioPhase™ 8800 R St fTADCAMMN M ENTEER
M,

1. BioPhase™ 8800 R St {TADCZYICE-SDS-REL E D B B KR &8
i AT EE ST R (n=8)

SCIEX)

2. BioPhase™ 8800 % Lt # {TADCZ ¥ CE-SDS-REf B4 7 A AT 18 % 46 5T
SRR (n=6)

LC HC
BERS

MT CAP MT CAP

A 15.80 25.35 19.73 72.04
B 15.69 25.39 19.61 71.95

C 15.72 25.40 19.61 71.94

D 15.73 25.32 19.63 72.06

E 15.73 25.32 19.66 72.07

F 15.68 25.19 19.56 72.19

G 15.78 25.28 19.73 72.07
H 15.99 25.62 20.06 71.75
RSD% 0.63 0.49 0.80 0.18

. MT, IE#AE; CAP, RIEEERES L, THE.

RUO-MKT-02-15882-ZH-A

. LC HC
BITRS
MT CAP MT CAP
Rep-1 15.80 25.35 19.73 72.04
Rep- 2 15.82 25.14 19.75 72.26
Rep- 3 15.84 25.22 19.79 72.21
Rep- 4 15.89 25.18 19.86 72.23
Rep-5 15.93 25.12 19.92 72.26
Rep-6 15.98 25.26 19.98 72.10
RSD% 0.44 0.34 0.50 0.13
e {u) Chanel A~H e L]
A 1 !
el
=
[
i £
LA o i) i
" ! i | ! k,
il s} Chamel A - e
| E 1_ |
Hip?
i Hip
Do ol T — )
i = Hepd I
| RepS A
Hep b

[El4. BioPhase™ 8800 %t L # TADCZ ¥ HICE-SDS-REL & 43 #r A 8Nl i
B R E—BEESEAFHNEXSME, (a) 8iBiHA-H; (b)ABEES
6%t

4.3 BioPhase™ 8800 R MADCE YIS S IR TR BT

TR N FAYRBEL, ADCAYMB/KMEIGIN, FE
BTN HEERE, M ADCHY BT TR MILE, KCRA
CIEFFTAXSADCAYINE B S MEB R F MR T T BT, S
ZERAESFR. BEF A= pl markerfiE S B FIFETE pEEE
STEMARE (R=0.99) , BEEAN BT RAEMNTRAEH im0
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PUERB R AN MpE. BEEETMES . ZADCAYM B R

SCIEX)

4. BioPhase™ 8800 St i fTADCZA W clEF D AT A AL 18 1% SE6 £ D AT 5L HE 4%

REMERR, plEENGRE, NF1.04-7.8720, THEFE, K (=)
BEfTRS Peak 10 Peak 12
- e " Pl ket Rep-1 7.47 7.39
‘ Rep-2 7.47 7.39
i . : s Rep-3 7.48 7.41
i’._ TErLs R Rep-4 7.47 7.39
LT Rep-5 7.43 7.35
I_ '.1“ Rep-6 7.46 7.38
Il L
" e ek RSD% 0.23 0.27
[El5. BioPhase™ 8800 R ZEADCHA Y CIEF T R EE 3K B ( IR A1pl marker HY
BBV pIfE 51T RS AT I8] M M A2 ) R s s
-t ] e =
B l i whi, Il
4.4 BioPhase™ SS00R I ITADCE M ANRAREMANMES ¢ | | | | =
HER R | v 3 |
¥
AR 10REL2 B, ERERT AEFERRE—HRE =~ e _! 1 M
BioPhase™8800F & /\iB il E LW 4 R —B M, MRAER—BIE Jom | s
hESHBNES N, WEeafiR, BRHRESEE B cIEFD TS s — ?
RERWE BFH—M, E10FE1269p{ERSDII/NTF0.5% ( 4 —
bp Chamel
F3FTR ) o MEGbAT, BEEetHELAMMES M, #10 i v
1269 pHERSDII/NTF0.3% ( MFAFR ) o KRERIEMR. e ) A
BioPhase™ 8800 R St HTADCHMINE L AMEHRRUATHE | | nos | | il
B, i Hip3 | l i
B (__
3. BioPhase™ 8800 R Gt it {TADCZ #cIEF /47 B B2 X A 0 1 18 [E) SR ¢ Ripd | _' - :
1% (n=8) | Hepe
BERS Peak 10 Peak 12 E —
A 7.47 7.39 '
B 7.47 7.39 [El6. BioPhase™ 8800% £t L i#4TADCZI¥IcIEFS 8 M A B 57 7 U M 3 AT A 8
MREERE—BEESAHNBRXENE, (a) 8BEA-H; (b) AR
C 7.49 7.41 o
D 7.46 7.39
E 7.54 7.46
ft‘
F 7.55 7.47 5. &k
G 7.47 7.39 AXfEBIFBioPhase™ 8800% 1818 F 41 & H Ik 4T R G XTADC
H 747 739 HYNAEUR BT RAMRTT O, FERBOT.
RSD% 0.49 0.48

RUO-MKT-02-15882-ZH-A
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1) RNEBEE:
a) CE-SDSZLEN: FHF MR HETEXEZI5 min;

b) clEFEHESMEFFREIH. TSRS FTRENS
297 min;

2) ESHLF:

c) CE-SDSZEEN#r. E—H RMs N EIEiE ) & B4 \EE
SeE RIS RT BJRSDIY/ N TF0.8%, RAEIEEFRE 2 EERSD
¥V F0.5%.

d) cEFEBSMEBFFERMES . B—HREs N FEEEE IR
BNEIE % SieE T B HIpI{ERSDY/ N F0.5%-

6. &E& ik

[1]. SCIEX Tech Note: 18 FREE M CE-SDSH B 77 X IR B G E
HFrEIASMEE ( RUO-MKT-02-15180-ZH-A )

SCIEX)
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SCIEX)

TR IEEEIRIN-EME R BIKER TR E 5
Purity analysis of bispecific antibody by capillary

electrophoresis sodium hexadecyl sulfate (CE-SHS)

EXE, T4k, BRALF, B
Wang Wentao, Luo Ji, Chen Hongxu, Guo Lihai

SCIEX, H[H
SCIEX, China

Key words: +XtrE B ®-EMERKBIXE, W, HE
DA

1nf

1. 8y

+ T E R IN-EME BRIk ( CE-SDS ) M2015FE S AF
EZG#LSK, WEREMFHEAS ZATRATHEAT RN
WESH, KEEEFIRP T ENTRENADTIAREER
EHRR, A RBBITIRELGEARRNENEIE, HP, SDSERE
CE-SDSH T EAMEATUN, TEEMHEMEA: 1) Fink
RIAMEN R ERNEREN RS, ATEANTY, H5Fa#
TENES (1558 %51.4g5DS ) XAER-SDSESY, Fik T
EAASREMSBE, RIEIFABSFEXNNNEAREET —BNER
tbs 2) RMBIDBERE TR, BTRIEEQ-SDSEGYESD
BERTNREN, BEEEAHMENES, BTAEEARA
B MERMFEEESR, SDSHAESHEEAHEIUEY
NS, BICE-SDSHAMEHSHMARENERTHEEREA
HYND. Alt, BERBERITS, XCE-SDSHT AR
MBS BRRENRHITEYNML. EER, EFXHIR
1, EABENRPANEKGEESNEATER, D+X&EE
LN ( Sodium Hexadecyl Sulfate, SHS ) , BEBEZEZUIEME MRS
EANGE S, NBRHEEANS B, Jeff BeckmanF N K
W, WFHRAKERRETERGESMRY, FREE—EtLH
SHSHY 7> B BB B AR LL TN & B SDSHY 7 B B AR B B R
NBERS 75, EREBREIRES TefF. ASUKEERRINSHSH
N BBRRE N REITHEME R K E M AR A CE-SHS
Fiiko

RUO-MKT02-15821-ZH-A
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ARXETFSCIEXARRENE B BEAR ( HE0.2%SDS, &
EAMALL, TE) AERENE ( A&1%sSDS) , BidsMn—ELt
BIFISHSEL B 1S BISHS 7 BB R iR FISHSHE B ik, TRAER
FRETRMHRELRRERN T FEEEN AL kDaHEEH
B E. o, ASCRFEMRT T D BERE TR RE MR
HRIRIISHSXT > BAERMTIG, FEXH TR HTT T 18R,

2. B il 7
2.1 %8

SCIEX PA 800 PlusAY N ARG, L& ZREEYIEN S
(PDA, #1220nm ), 32 Karat™#&{410.3 ( SCIEX ) 5 BOHL; 4
R KA.

2.2 iH RFEH

lgG Purity/Heterogeneity Assaay Kit ( SCIEX, PN: A10663) , £
PO B ERRE MRS H0.2%SDS. 2- iEZEE ( Sigma-Aldrich, PN
M7154 ) , Centricon YM-30#8JE%E ( Millipore, PN 4208 ) , 7k
LW ( Sigma-Aldrich, PN CDS000697 ) o Low pH Sample buffer (pH
6.5) ( SCIEX,C57805) , HAE&H1%SDS,

2.3 SHSH B 4E IR E B HISHS # i B /B Y BL B

1) EESDSIRELLGIAE (0.2%) , RESHSIREAI DB
BB MEBCE . BL10 mL IgG Purity/Heterogeneity Assaay KitF A9
mib D EER:, D 5IIAN0.02g. 0.04g. 0.06g SHSELEBEIEHE

p1



AEISHSIREMN D BERE MR, D 51250.2%SHS. 0.4%SHS.
0.6%SHSH BEERZE MR, BTSHSHIEESET K, BMMESDS
1, TEMMEFHEBRE,

2) BIESHSRELLBIARZE (0.2% ) , KRESDSIRE IS &%k
BRZEMRECE . BU10 mL 0.2% SHSEEAR, HPELEEH0.2%SDSH
0.2%SHS, Z>BIAMA0.03g. 0.08g. 0.18g SDSELE B EIEHEAESDS
REND BRRERR, RE=TPEEFSDSHRE—R0.5%.
1%. 2%, SDSHYRMRMYF, THEIMABDTIRIAME,

3) SHSHEREEMKRECE : BL10 mL{KpHAEFZE & (pH 6.5), A
N0.02g SHS, BLEBRI AL HEAARI0.2% SHSHEME R

2.4 # g R i kb2

ARSI AN IR RIRE 10 mg/mL, Fraiheg4inE
F50 mmol/Lo EEFANLE mLELE, HP— P EOEIASS pL
AR RERR (40 mM BEBREHIRIAR, pH 6.5, 1%SDS) ,
B—NELENMASS pLEH10.2% SHSHEERZE MK (40 mM BEERZE
MR, pH6.5, 1%SDS+0.2%SHS ) o SABE BIACKANALO LI
PR, SUL2- B2, RS, ZOREFBE LI mine BT
70°C7KAINF10 min, BB EAAE=REN 0] EANSLE,

2.5 1517 h%

PA 800 PlusEME B KL, #N=F. ZREFEIIRNZE
220nm; REMEK. 4 Hz; HRERE.: 25 C; %éﬁﬂ%/mg:
25°C; BO%E%: 25 (200 um x 100 um ) ; EAE. BriARE
ME, MWE50um, 20/30.2cm B/ EK,

SCIEX)

3. &R 54t

3.1 CE-SHS J5 i % X ML 4L B I 4T

ALBRAMDIAERT, EHNHIHTREECBIENESR,
MEEHD FEMNEZEL kDaZh ( PHNCAHCIFIHC2 ) , LC-MS
PERME AR R, BTFAFEEZFR/)N, XATAKURFES
ERA B ERREMRFIERENR, HCOFIHC2Z BT AKRA
BOE, WE2B (T) Fir. 93 HITEREARE MR FIRE S48 H &
N0.2 %SHS/E, MIMHMAEZFEEHCIAHOQAEDEE FXEREN
BE, RWERTINEL . BT BERRE PR SR T
TUHFNEL, BAREIRETEANTE, XEFHMTEDS
BN EREF TN MTEE,

3.2 SHS X A FL1F [E CE-SHS 45 /& 4} T B9 B4 iy

AT B PHRETES BRKRE N P27 *iu“u%qﬂlﬁtlﬂm\
PNSHSHIMA K BHMPBEAEBEKR, AXBTRITE—E
KEGHIT T HIN. NERAFTR, TEREFBERZE K 40.29%SHS
BRATENERAT, NERXABRAN0.2%SHSHERZEHR ( E3A

L) AEXEEAUHEREMNR (E3AT ) , TRMNBEELNSD
BURER—, PBEEDHH0.53F0.55; % IIAHEERCE-SHS

MENFERE 3, MEH5496.07%F196.08%, 1P
102, HEETE, ERFHERENE A BECAI0.2 %SHSEE RLE AR
NEWNERT, D EERREN R T ARNN0.20%SHSER 7 M1 7 25k
B (EBAT ) RAEFEHFMNDBERR, MFR1FLRIFIZ, LR
LRI, 0 ERRE NP ARINEMFISHSEINF BT
ZMAERFEERN TREXEEND B,

ALBEANEMSERFEN T AIES £Ig6 Purity/ ATRUBENDBER, KGR B EEARZE H& FHISHS
Heterogeneity Assaay KitXFIZ I8, ABA AR myEce.  REHTTES, HHREN0.2%. 0.4%. 0.6%. MEBAR,
SDSAE !, EARBIT. HEET, MBEDBRRE MR DESHSLEHIZEHTE, 2RI

MEEHESBEHIRS, 2504 053, 0.86. 0.93, MTRIFWNK
BSERL. 4. 5FTTR. XTI REE AT SHSHIBK MHERSDSES®, SHS
[El1. CE-SDSIRER A7 B 5 7%
Time 3 : Inlet . Clutlet
(rin) vent Walue Duration o] B Summary
1 Ringe - Fressue 700psi 1 300min | BLET BO:B1 forward, In / Out vial inc 8 505 Gelringe to fil the capillary vith SDS gel
2 Wit 0.00 min Bl:A1 BO:A1 In/ Out vialinc 8 ddH20, use for dipping to clean capillary tip
3 Wit 0.00 rmin Bl.A4 BO:A4 In/ Out vialinc 8 ddH20, use for dipping to clean capillary tip
4 Inject - Voltage BOKY 20.0 zec Slal BO:C1 Overide, reverse polarity Sample injection
5 Wait fitmn TEEESTBOEL i/ Gl Vialinc 8 ddH20, e for dipping to avoid sample cary over
3 60" Separate - Votage  + 150Ky 30 00 mn ¢ EIET BOET"" 100 Min ramp, reverse polarity, bath, in ¢ Gut il ine 8§ SDS Gel for separation
7 RO0  :Autozero
]

RUO-MKT02-15821-ZH-A
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ﬁ.
LT ITITITITTa et

Bacorm amse rem

[ e ey e,
e mpeer B3R

e e T e

g 1 g K R g

LC

ot e g e o 3

23193.4 Da

= Ew

- - B g et S e b £ 1
deghirt 1R S =¥

LR e
o TEY S I i o e g e

HC1 | 50391.0 Da

s L -

HC2 51353.0 Da

962.0 Da
=
e L
e ln

0.00

SCIEX)

LC HC1 HC2 roe
0.01
MW
| 0.00
HC1+HC2
[-0.01
LC

[-0.02

HMW
! -0.03

14 16 18 20 22 24
Minutes

AU

E2. DR RALC-MSEREN FEMTEETUER (A) RIFFECE-SHSEE A HEKE (B) o E2A ( £) AR EEHZESE (Lc) ; E2A (T) ABRE
BIRHIRE&ESE (HC1. HC2) ; E2B ( £) FIE2B ( T ) FEANS BARENENHERENREBFEES, HHNEFRIPEILI3;

B C
0.02 HC1 HC2 E
Le LC ey e 002
E 0.02 Lc HCL HC2 0.02
0017 E Fo.01
0.01] 0.01 1 MW
E 1 MW ] / : 0.00
0.00 $ 1 1 HMW Le
0.00 . 1 0.00 HC1 HC2 F-0.01
-0.019 -0.02
LC HC2 oor] Lc hel He2 oot
HC 6
1 HMW
E o - fonl -0.03
E b 2
002 < 0027 002 < e 2
HCY F-0.04
2 HMW 14 MW
0.03 T ‘ 0.03 0.03 0,05
HC1+HC2 7
E E HMW
Lc HC2 | e -0.06
0.04 HC1 -0.04 1 L
o Le : | neisncz
3 LC
E -0.07
0,059 0.05 0.05
-0.08
b HM
3 HMW 5 g 8 HMW
. | 0.06 0.06 Lo |
0.06 N T f i -0.09
T T T T T T T T L T T T T T T T T T T T T T T
16 18 20 22 15 16 17 18 19 20 21 14 16 18 20 22
Minutes Minutes Minutes

AU

E3. RE D EERE TR QRN VAR R TREESNBERNLR. EPRINRSHKRES, TRKLK XYM BERZ RN R
ZMBEFAEEZR, MR,

RUO-MKT02-15821-ZH-A
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K1, THFISHSAR NS I AYIE R CE-SHSEE FE B HC1-HC2(8) 7 B E £ 1R

Gt R
- EHAAR WA HCLHC2
/S pEEmR ol
% EE
0.2%SDS+0.2%SHS 1%SDS+0.2%SHS 96.07 0.53
2 0.2%SDS+0.2%SHS 1%SDS 96.08 0.55
3 0.2%SDS 1%SDS+0.2%SHS 95.41 0
4 0.2%SDS+0.4%SHS 1%SDS+0.2%SHS 96.09 0.86
5 0.2%SDS+0.6%SHS 1%SDS+0.2%SHS 96.25 0.93
6 0.5%SDS+0.2%SHS 1%SDS+0.2%SHS 96.59 0.35
7 1%SDS+0.2%SHS 19%SDS+0.2%SHS 95.4 0.1
8 2%SDS+0.2%SHS 1%SDS+0.2%SHS 92.65 0

S5ZAMNRKHEASERHEE. BED BRRERE T AISHS
IREHZ, SHSESDSESFEERES, SHALERZANER
MK, MRS THAEEENS B, BEXLRISEREN, X
5 BRI R MR P SHSIRE 40.4%700.6%FRS, FEE R 8K,
FSHSEERTHABRERRE, P"EERENED S LIES,
FRIAAR SR T 0.2%E AHSHSMIBRARMRE , Bboh, ARSOGRTE
0.2%SHS BB B MRk FOEL AL HIRS T SDSHORE, 9 381%.
2%. 4%, W7 9 BERE R FSDSHIREIHZBIMAN AL E

SCIEX)

BN BEEMN, WEBCH®, AEFT, FEEHE0.2%SHST B EEk
MR PSDSIRERMB RS, TR P& ELER &R B F 5%
g, DEERE, 9%08: 053, 0.35. 0.1. 0, TIPSR,
6. THI8FT R, XTRERE AME N BRKE N RHPHSDSIES,
—FESDSEENBERE N RFHSHSTE S, BETHEERS
T (EFESDSHISHS ) BEEVMER, NISEFEERHND
BERRK B—7E, PERRENRTPESHNSDSEERENE
WREFH—PEE, BEEERLAS, NTTSBELIERR,

SZRENMEREARTUAEL: ADEERE R T AN R
SHSE A BTN IZWMAR RN TRAEEN DB, Ak, &K
SR B ECEY0.2% SHSEERRG MR 1E A XHZ B AE E 24T H9 5 1 %
B, BFEEEEFTZHaIEME,

3.3CE-SHSRMAEAITEEMEER

AT EFAERRIZ T AMRRE N, RNCRA0.2%SHS 7 & &
BXF00.29%SHSHE S MR I IZ BAIE FAR T T E DT T &
EMER, WE4IRRR, EARTT ES4STHNTER, &
WML ESE (HCL. HC2 ) MIEREREIRSDII/NF0.34%, RIEIE
ERE AN TF0.61%, RAEEAFRBRZENDBERSDI/NTF
1.62%. ZERIERA: MALEHICE-SHSHAEBRIFNES M, B4
FAZBAE A 4

2. WA RCE-SHSEE D ATEE R A 8], RIEEERE S LR D BEHIESIT R

e MT/min CAP/% Resolution (USP)
=5
LC HC1 HC2 HMW LC HC1 HC2 HMW LC-HC1 HC1-HC2 HC2-HMW

Repl 16.34 19.61 19.81 20.43 32.93 25.15 38.08 3.84 12.05 0.60 1.50
Rep2 16.30 19.56 19.76 20.38 32.96 24.85 38.34 3.85 12.06 0.59 1.50
Rep3 16.26 19.51 19.72 20.32 32.96 25.06 38.18 3.81 12.02 0.60 1.48
Rep4 16.22 19.46 19.66 20.27 32.55 25.15 38.37 3.92 12.04 0.58 1.47
RSD/% 0.32 0.33 0.32 0.34 0.61 0.56 0.36 1.02 0.14 1.62 1.01

3% MTATREAE, CAPARIEEERAN L

RUO-MKT02-15821-ZH-A p4
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0.027

-0.02

-0.04]

71 Rep3 { \

4 Rep4

L e
L
| L

E——

T T T T T T T T T T T T T
15 16 17 18 19 20 21
Minutes

4. SR CE-SHSEE BE AT BB Sk ]

100 EHERIK (CE) — EBEAXBYMNAIE

[0.02

0.00

-0.02

[-0.04

-0.06

SCIEX)

4, %58

ARICBISTE R ML B BRI R R AN R MR P A M
T, FFRT WA EITEICE-SHSTT R, FFTH TR
DEBN—EREHTTEE, ZNERTEAHTEGRE.

L NEEREPRPSHSHMABRHE T AT EMRENEAR

BHAE,

2. BHHEEMY, BENMELEENIHNERSDIY/NT

0.34%, WIEEmMREDEY/NTF0.61%, ARIEERRZEA
5B ERSDI/NF1.62%,

3. BARANEZREYH ROAEREMTRET —FIH A,
WX, SEEARAEES. BEARARES;

R P

1. BECKMAN, Jeff, et al. Purity determination by capillary
electrophoresis sodium hexadecyl sulfate (CE-SHS): a novel
application for therapeutic protein characterization. Analytical
chemistry, 2018, 90.4: 2542-2547.

2. Bk, XL, BRLFE. B RSN CE-SDSH B AR S g4k
EH a8 NAE, RUO-MKT-02-15180-ZH-A.



SCIEX)

CE-SDSTTiEX SRR MBI S E 7 4
Purity analysis of polypeptide by CE-SDS method

N, EXF, BRAbF, XKGE
Liu Dongke, Wang Wentao, Chen Hongxu, Liu Bingjie

SCIEX, H[EF
SCIEX, China

K47 cesps; SHTY; SIEREK; BEE

ik

1. 80

ZRAYBEHI-100NRERAN, DTENTNIFU
HMPEKRENHZ 6. FAUARBGYTENEZARNDY, &
A ERGMRR (NERF. EME ) . MEERET. O
MERRF. FRBERBEEFTHRE T 2ERY, BETHEN
RE=. AXKER. MRNERE—RIEEHY,

TR E BB IN-EMERREIK ( CE-SDS ) M2015ESAH
EZG8 LR, #SZRTAMATEEATSNGE., BESK
HYRRARE, BERARRAFEHC (CDE) FlIEMN (HLFEH
ZRAMAZMRBAEBSEN (£47) ) . PERRENZS
(CITS ) X f9 (EEVAIT B ZRRAMEAIE) (1/C1TS 490-
2025 ) #B3RIA T KBS ARRENS T AEEITZIKAMNE
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2. UBRFHE
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0.1MEAR . pH 6.8 SDSTETZEMA (100 mM Tris-HCl, &7H1%SDS,
SCIEX C44807 ) o PB-EZEE ( Sigma, PN M7154 ) . BAZ B %
( Sigma-Aldrich PN 11149 )

SIEREK. REETMRBEESWIRYE, MHRERE, B
KEREBEEZELLS mg/mL, SR ERRENFERL UL, 75!
AfApH 6.8F9SDSHE R M HR60 UL P -FiE LB/ 250 mMILZ B
B&s uL, RITRES, 710°CHE1005. A E=IEF2000 rpm B
2 min, BRAEBFNESREBEERRPETERI . HRE
FIEEHIT S M— AR, tEhTAaR,

3.5 R5Hg

3.1 BEAZEHCE-SDS L

TEFEMCE-SDS-UVTTiA L, ZMMAYHIEZIRGE (£
I ) WMAK Tt BRULIRIC/EAECE-SDS-LIF LM, Hirlth
SRS ERBRIEERN T RELZMEMpH 6.8 AISDSH
RETRT MR, FHE200 nmEK TN, TEZREFKEMIE
BINE Rz, 1EMIRFHHIERE (A5 B R RinaE ) o —
THREaPIEMINELED, BESERENTIL ( KERE

)

3.2 AIEBERAESTER
SERERBEEIITRERAN, 7 TEL4.1kDa, &—XF
HHN B, H1IRERTIEXRFECE-SDSHAEN TR, BEZH
X1 B AREHITEERY, UNRE SR EEMMER (X
B14RAIE ) BFEHB S (4BEARBENFH ) TIESEPE
TR, ZiEFR99.37 %FEIKESL00 %, BEIELLLFS, H0.63%
FHEZE9.00%, %77 RGBS AERFH LB Sa F Tk,
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JECE-SDS THILLEN R, S R= AN B B irlg 7512
2, FEEEGTREEHBRE—ANEE, SEH100%, EE
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Subunit analysis of NISTmAb by capillary electrophoresis-
sodium dodecyl sulfate [CE-SDS] and capillary isoelectric

focusing (clEF)

Marcia Santos
SCIEX, USA

This technical note demonstrates a simple and effective
workflow for characterizing the critical quality attributes of a
protein therapeutic using CE-SDS and clEF with UV detection.
In this study, NISTmAb as a surrogate molecule emplays intact
and subunit strategies using the BioPhase 8800 system
(Figure 1).

CE-SDS and clEF with ultraviolet (UV] or laser-induced
fluorescence detection (LIF] are well-known hiochemical
assays applied from discovery and screening through cell
culture optimization, pre-clinical and clinical trials, to
commercial release, as represented by the BioPhase 8800 and
PA 800 plus systems.

In this workflow, we illustrate the importance of orthogonal
assays and demonstrate how CE-SDS of subunits can assistin
peak assignments of clEF for subunit NISTmAb.

This experimental approach utilizes the Genovis Smart
Enzymes FabULOUS and FabRICATOR for targeted digestion at
and below the hinge region.

Figure 1: Subunit characterization approach of NIST using CE-SDS and clEF.

This procedure can be applied to other complex biotherapeutic
proteins, particularly those requiring custom modifications for
their clinical purpose.

Key features of the intact and sub-unit analysis

using CE-SDS

o Easy method development: Fast and efficient experimental
canditions screening (CE-SDS and clEF] reduces method

development time fram maonths to weeks

o Simple workflow: Easy-to-follow warkflow enables sample

digestion and preparation for CE analysis aon the same day

o Comprehensive analysis: The flexibility of clEF chemistry allows

the separation under both native and denatured conditions

o Seamless method adoption: Workflow can be applied to both the
BioPhase 8800 system and the PA 800 plus system

o Streamline development: rapid subunit analysis of common PTMs
better enhances the ability to interpret and attribute charge

heterogeneity shifts

*3MCATOR CE-508 [redazod arsd no
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wduced] 5 iz

.
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[ntroduction Methods

Protein therapeutics, including monoclonal antibodies (mAbs]
and next-generation Ab malecules, are pivotal in enhancing
health and quality of life for many. However, the analytical
characterization of these molecules requires cutting-edge tools
that provide reliable and robust methods to understand critical
quality attributes. These attributes include common, but
notewarthy, post-translational madifications such as oxidation,
deamidation, glutamic acid cyclization, glycosylation, and C-
terminal lysine clipping.? Expression systems, such as cell line
type or cell culture conditions, can induce these modificatians,
consequently impacting product safety, quality and efficacy.

Liguid chromatography (LC] comhbined with high-resolution mass
spectrometry [HRMS] of intact or digested molecules are widely
employed in the industry. However, despite the resolving power of
these technologies, fully characterizing these malecules'
complex heterogeneity still requires orthogonal strategies.
Technigues such as clEF and CE-SDS are instrumental in
understanding structural changes due to post-translational
modifications (PTMs] ar fragmentation resulting from stahility
issues or production processes.?

In thNISTmAb was used as the test compound for this study. It
was analyzed by CE-SDS under non-reduced and reduced
conditions before and after digestion with the Smart Enzymes
from Genovis—FabRICATOR and FabULOUS. clEF experiments
were conducted to demanstrate this warkflow with intact
NISTmAB at near-native conditions [without urea) and NISTmAb
subunits (figure 1).

The multi-capillary capahilities of the BioPhase 8800 system
were instrumental in enabling the screening of reducing agents,
CE-SDS sample buffer compaosition and pH, clEF master mix
caonditions like amphalyte compasition, urea concentration,
focusing time for both intact and subunit analysis, significantly
reducing overall development time.

In this wark, the digested samples were split between CE-SDS
and clEF assays. Utilizing 2 BioPhase 8800 systems, the
characterization praocess, following optimization, was completed
within 2 weeks, encompassing the repeatability of sample
preparation (results not shown).
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Samples: NISTmAb, Humanized IgG1k Monoclonal Antibody
(P/N: 8671]) was from NIST [Gaithersburg, MD].

Reagents: The BioPhase CE-SDS Protein Analysis Kit (P/N:
C30085] and clEF Charge Heterogeneity analysis kit
(P/NC30101] were from SCIEX. The Dithiothreitol (DTT] (P/N
D5545 ], B-mercaptoethanal (g -ME] (P/N: M3148-25ML] and
iodoacetamide [IAM] [P/N: 16125] were from Sigma-Aldrich (St.
Louis, M0]. The amphalyte mixtures 3-10 and [narrow range]
were from Cytiva (Marlborough, MAJ.

Capillary cartridges: For the BioPhase 8800 system, the CE-
SDS analysis was performed using a BFS capillary cartridge - 8
x 30 cm (P/N: 5080121] from SCIEX. The clEF experiments
were performed using a neutral coated capillary cartridge -
8x30 cm (P/N 5080119] also from SCIEX.

Capillary electrophoresis instrument and consumables: The
BioPhase 8800 system [P/N: 5083590F) and a plate starter kit
(P/N: 5080311]) were from SCIEX. CE-SDS analysis was

performed using UV detection at 220 nm, and clEF at 280 nm.

Instrument methods:

The CE-SDS capillary conditioning, separation and shutdown
methods were used as described in the CE-SDS application
guide®. The clEF capillary conditioning and shutdown methods
were used as described in the clEF applications guide “, except
for the separation method, which used 1hz and 8s for data rate
and peak width at half height. All other parameters remain the
same as described in the clEF application guide®.

Software: BioPhase software, version 1.2 e-license, was used
to create methods and sequences for data acquisition and data
analysis an the BioPhase 8800 system.

Sample preparation for CE-SDS analysis under reducing and
non-reducing conditions: 2 plL of 10 kDa marker 83 pL of SDS
sample buffer pH 9 were added to 10 pL of the NISTmAbB
(10mg/mL] sample. Then 5 pL of B -ME or 250mM IAM for
reduced and non-reduced conditions were mixed well. The
mixtures were heat-denatured at 70°C for 10 minutes [min)
before CE-SDS analysis.

Sample preparation for clEF analysis: Ina 5 mL
microcentrifuge tube, 200pL of clEF gel (no urea added) was
mixed with 25 pL of cathodic stabilizer, 12 pL of Ampholyte



mixture 3-10, 3p od cathodic stahilizer and 2 pL of pl markers
10and 4.1.

NISTmADb digestion for subunit analysis using FabRICATOR:

Ina 0.5 mL microcentrifuge tube, 10 pl of 10 mg/mL NISTmAD
was mixed with 10 ulL of Fabricator (10 U/ulL) and 2 ul of 220
mM aof DTT. The mixture was incubated at 37 °C for 2 hours.

NISTmADb digestion for subunit analysis using FabULOUS:

10 pl of 10 mg/mL NISTmAb was mixed with 10 ul of
FaBULOUS (10 U/uL) and 2 uL of 220 mM of DTT. The mixture
was incubated at 37 °C for 2 hours.

Results and discussion

The digested samples were prepared and divided for the CE-
SDS reduced and non-reduced conditions as well as clEF
analysis. These samples were analyzed using 2 BioPhase 8800
systems to ensure sample preparation consistency and
repeatahility.

CE-S0S OF NISTmAB digested with FabRICATOR

Figure 2 shows an overlay of the electropherograms obtained
from NISTmAb under reduced and non-reduced conditions and
digested with FabRICATOR. The electropherogram [e-gram) on
the tap shows the CE-SDS separation of NISTmAb under non-
reducing conditions. As expected, the separation shows a
majar peak correspaonding to the monomer of NISTmAb at
approximately 2.2 minutes in relative migration time (RMT]. The
green trace shows a separation of NIST after digestion with
FabRICATOR under non-reducing conditions. The separation
indicates a complete digestion, as no monomer signal is
detected. The 2 significant peaks correspond to the
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Relatiee migration time [min)

Figure 2: Overlay of electropherograms obtained of NISTmAb under
different conditions.
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crystallizable fragment [Fc), and antigen-binding fragment
(F(ab")2) at around 1.31 min and 1.83 min, respectively. The
double peak observed for Fc is likely a result of the presence of
different glycan species.® The brown trace represents the
NISTmAB that has been treated with FabRICATOR and
subsequently reduced. As anticipated, the F(ah')2 fragment
breaks into LC and Fd. The peak at 1.22 min is confidently
assigned to the LC (light chain] because it overlays nicely with
the LC of NISTmAB under reducing conditions (blue trace at the
bottom]. Therefare, the peak at 1.25 min is assigned to the Fd
fragment by exclusian.

CE-S0S OF NISTmAB digested with FabULOUS

Figure 3 presents an overlay of the electropherograms of
NISTmAb under reducing conditions treated with FabULOUS.
The digestion site for FabULOUS is above the hinge region, and
cleavage occurs under reducing conditions, producing Fc, LC,
and Fd fragments (excluding the hinge region]. Notably, the
Fct and Fd* fragments generated hy FabULOUS exhibit slight
size differences compared to those produced by FabRICATOR.
Due to FabULOUS cleaving abave the hinge region, the Fd*
fragment is a few amino acids [aa) shorter, while the Fc’
fragment is a few aa longer, compared to the Fc and Fd
subunit FabRICATOR produces.

0.20
% Fd
= 01 et
§ i I . FablILOUS
E g e
& Fd
§ .10 LG
Fe FOSRICATOR
reduced
005
Le HE
-HC
0 ng\

1.00 125 1.50 175 2.00 235 2 50
Relative migration time (min}

Figure 3. Overlay of e-gram obtained from NISTmAb under different
conditions.

Peak assignment was conducted by comparing the e-gram of
the sample digested with FabULOUS (green trace] to those of
NISTmAb digested with FabRICATOR under reducing conditions
(blue trace) and the reduced NISTmAb (brown trace]. As
expected, the e-gram of NISTmAb digested with FabULOUS and
FabRICATOR display very similar profiles, as both reactions
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yield comparable fragments. However, the et fragment from
FabULQOUS digestion migrates slightly later than the Fc from
FabRICATOR due to its longer length. Conversely, the sharter
Fd* fragment migrates faster than the Fd from FabRICATOR.
The final peak corresponds to the LC, assigned based an the
comparison with reduced NISTmAb.

Cl/EF NISTmAB digested with FabRICATOR and FabULOUS

Manaclonal antibodies (mAbs]) generally exhibit post-
translational madifications [PTMs] such as deamidation,
isamerization, oxidation, glycosylation, and C-terminal lysine
clipping, etc.! These modifications alter the overall charge of
the antibody. However, enzymatic digestion can significantly
simplify the charge heterogeneity profile, enhancing mAb
characterization.

clEF is a high-resalution separation technique based on a
protein's isoelectric point (pl]. Interpreting clEF separations
can be challenging, as it is typically performed on intact
molecules, resulting in an electropherogram that usually
displays 1 main peak corresponding to the primary antibody
variant. Acidic variants arise from madifications such as
succinimide formation, C-terminal amidation, asialylation, and
oxidation. Basic variants result from modifications like
deamidation, sialylation, C-terminal lysine clipping, and
glycation.

As discussed in the introduction, subunit analysis is essential
for gaining insights into the structural changes that may occur
in different domains of the antibady, which in turn induce
changes in the charge heterogeneity of these malecules.

Fd
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é 0.050
= 10 Kda FasiiL S
recuaedd
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Relatrve migrabon time {min)

Figure 4: Comparison between CE-SDS runs of NISTmAb digested
with FabULOUS and FabRICATOR under non-reduced conditions.
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In this warkflow, we illustrate the importance of orthoganal
assays and demonstrate how CE-SDS of subunits can assistin
the peak assignment of clEF for subunit NISTmAb.

Figure 4 shows the e-gram of CE-SDS separation of NISTmAb
after digestion with FabULOUS under reducing conditions and
FabRICATOR under non-reducing conditions. These conditions
were selected based on the aptimal warking conditions for the
enzymes. Since the same samples were used for both CE-SDS
and clEF analysis, the species obhserved in CE-SDS e-gram
should also appear in the clEF separation, which was
performed without urea.

Figure 5 shows 4 major subunit species in the e-grams: F(ah)2,
Fc, Fd and LC. Fc and F[ah)2 are produced from the
FabRICATOR digest, while Fc, Fd, and LC are generated from
the FabULOUS digest. As the Fc subunit is expected to be
present after digestion using both enzymes, the prominent
peak observed in both clEF separations at a pl of
approximately 9.5 can be attributed to the Fc subunit. The
second most prominent peak in the red trace at around pl 7.5
can be attributed to the other subunit F(ab'] 2, from the
FabRICATOR digest.

NISTmAb
0.05
— 004 pl 0
=2
1 M4
2 003
g Urdigesian
g Fo Fiab'}2
2 oo .
FapRICATOR
0.0 E
LC and Fa
I_l_l
0 FaoULOUS
10 ] [ 4

Ispelectnc pomnt (pH)

Figure 5: Qverlay of clEF runs of undigested NISTmADb, and digested with
FabRICATOR [non-reduced) and FabULOUS (reduced). The focusing time for
the undigested sample was 30 minutes and 25 minutes for the FabRICATOR
and FabULOUS digested samples.

For the clEF separation of the NISTmAb sample treated with
FabULOUS, the peak detected at approximately pH 9.5 is
attributed to the Fc region. This assignment is based on
camparing the FabRICATOR and FabULOUS digests, as this
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peak is consistently observed in the e-gram of both digests.
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Conclusions

A straightforward workflow for subunit analysis using
CE-SDS and clEF was developed for peak assignment.
The BioPhase 8800 facilitated rapid screening of
conditions to aid in the development of CE methaods.
Batch sample preparation for both clEF and CE-SDS
analysis ensures sample preparation consistency.
Subunit analysis with CE-SDS gives insight into the
structural changes that may occur to different
domains of the antibody.

Subunit information from CE-SDS can assist in
attributing PTMs to changes in the charge
heterogeneity of these molecules.
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1. FJ

AMEEEARANZFRFENELSR, SMEZEEH
50% ~60%, FEBHERAERSBEE, EVNGFEFERENE
EINRE, WRAMBRRN “RERHH” . EEVEHTE, A
MEBEEMIAUEALYEZEEFHHOTHER, MEXRTIN
EARRNAMEE, ERAMNGRFRE. Wi, BTER
EEEEMHIFIRER, IEACHOFMMAEFEEM.

B AREEBNAMBEEATERE TMRER, AT
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TAMBEANE. IREREARAEFEAAMBEST
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HAHCR =Bt 177 1k
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2. {LEEF0RH

2.1 LRNBRFERE

K FSCIEXAE]PA 800 PlusAAM R TER G, B FARNEFRED
WRAZRERS (PDA) RMNEE, LMEK220 nm; FBEIDH
A% (Uv) BNEE, BL&280 nmiEYH . EMKRITRINNE
REMETNE. DBEIE. FWITEBESEIgGHEFXFIER
B,

2.2 LI R Haq

DFRNEFEDF: 1g6 R FRNERESFTRFNE
(SCIEX, A10663) ; ZEH AN : clEFEESDHAANE
( SCIEX, A80976) . EfthiXFESBIXFIE R PHHEE KW
FAHFTECH
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2), WE¥HLO mg/mL, HREFRHA10.0 mM PBSAR, ERE
BaA k4628,

2.2 HaaHERTHEE

HREIE: B400 pLE T10 KBEERHTBRREEZERY
440 pL, ECAHIIARELAH10.0 mg/mLESER, HERIEERE
{F50 mMo

CE-SDSAFARMERAKATHMILE: RUBREH
10.0mg/mBEAAMBEZL R RFERLO uL, A5 pLAIHE

p1
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Eli. SAANMBEREEHRCE-SDSH FA/NEFES LR 1,2,4,59%
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B—MERIELe SR, BRI -3, FIEMNTRHAERSDEIN
RREEERE D LAIRSDEHNTE0.1%IMA ., LRERKP: CE-
SDSHZAEEMRY, TERNATEAANAEARRNSFX
INEREDHT.

Rl BEAMEAEAHREE 6 CE-SDSHTEE HER

& EE“&L??H‘]'IEI FIFRIEIFHR
(min) (%)
Run-1 20.76 91.54
Run-2 20.79 91.44
Run-3 20.79 91.48
Run-4 20.77 91.49
Run-5 20.80 91.35
Run-6 20.79 91.42
RSD% 0.07 0.07

A F FAIERRBICE-SDS T AN AN AN EAANMBEAEARE
f (HSA-Lot 1. HSA-Lot2 ) #1T 7 HFR/NEFED, HERA
E2Ff7R, HSA-Lot 1HIHSA-Lot 2 F I A9IF #% A 8] 4 51 2920.72 min.
20.74 min; FUERZIFEERE DL 51989.62%. 91.72%. LK
LRI CE-SDSHETHMN ATFEHAMBAEAMFERAH
KRBT

El2. REHHREE A ME A EAERCE-SDSH FR/NERES IR,
1,2,4,5 A% RIE; 3AFIE,

p2
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SCIEX)

3.2 CIEFZH S5 R BAAMBEEEARQETHHCHIEFMTEE R
AXRACEFAANEBEAANMNEAZEAMERBETTEESS R MpHEE E

o MEMT:. BAAMEAZAHRRMERERD, TRH WS PREE . X s a

BFIE, 2SEHFIE, plfEH6.08 ([El2A) HSA-Lot 1F95H &30

Bl 45.47~6.160. CIEF/AETEASBHAXNNERHTHR, o ! 5467615 6.15 6.08 °-98 546

BESTAEINATEAANEAEAMERNESR S /MR 2 5.47~6.16  6.16 6.08 5.98 5.47

— BT 3 5.46~6.15  6.15 6.07 5.97 5.46

4 547~6.16  6.16 6.08 5.97 5.47

e . c 5 547616  6.16 6.08 5.97 5.47

' RSD 0.09% 0.07% 0.09% 0.10%

#iE: 2SENEIE, 1SEARMFNE, T4SEDRMERDE

nnnnnnnnnnnn

Lot 1 Lot 2

00125

E3. EAANMBEAEEHRAEFFE SN TER, oot
EAACIEFTIEE; EBAMRIEMARE; ECHpl marker5SEFHEZ soors
BRIk M, HP, 1SENRMERE, 3F4SIE LR M FEE :

00125
00100
0.0100

0,075 0.0075

0.0075.

AU

2
€ 00050 0.0050 T

0.0050: 0.0050

0.0025 0.0025

0.0025: 0.0025

0,0000 00000

0.0000]

AXMCIEFESE SAFNEE MRS T %S, RS TR : TR
s, BEMERNTRAR, A MEREL s ) B - R
B E TSRS ERSDIE M R pHE MRS 0. 1% b, stz B4 FPHABBAMFARAMBAFERRNMER. 156 MR

. N Wik, 3M4SiE BT EREE
B CEFAEEHRNY, THANATEAANSBARANS

00000

BRI,

B, AXBITRAGEFSE, NRRIANEAANELE T &g
BRm#ET T FRADHT. HSA-Lot 1M9F 8B REEE 45.47~6.165 ASCETFSCIEX BFIREM1g6H T A/NE SRS R FIE R
BEAANMBEEREFRAMEHERD, TRRETE, 25EXR c|EFéﬂfﬁﬁJ Ji%, TUERANELAAMBAEAHRTF AN
FIE, plE46.08; HSA-Lot 209 B mSEE 45.46~6.17; SHSA- SRS E S EERE, KU BFEAANSEGERERNH
Lot 11BN, 2S5 E R FEIE, p{EHN6.07. ,A—i)‘(wiﬁ;fﬁo
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SCIEX)

VER RO

Isoelectric point analysis of insulin products by capillary

isoelectric focusing electrophoresis

XER, Bk, BRELF, XIKE
Liu Dongke, Luo Ji, Chen Hongxu, Liu Bingjie

SCIEX, H[EF
SCIEX, China

Key words: Capillary isoelectric focusing electrophoresis,

Glargine insulin, Aspartate insulin, protamine human insulin

518

REFXTBREUNEARAREINOARE R, ARRBEF
IRTGRHBEGRERDE, BATRRBENEIEAYZ—
2022fF4F, BRARLBEERARFFEHRLOANT (REH
KT mEYENABLFRREINZARIESEN) *, P RHIE
H: EXASHRARESER, ERERARITEER. TEOH
=BT, NHERNEMET. BAMRMEYFEERTME, &
HEEMRAR D PHEIFBENRS RE>~ ROFE S ITH
Fo

EMELX (CE) MHAHUEES. 2BEASH. €8
AR BIRSFER, TEZEATEYHANRELE. H
i, EFSFER#ETOBNERESTERAEEK (cEF) TTE

ZrZNBTRERNSRERNN, R (PEAL) =HEN

31290M0%, AFERNMMNEIE, AXEITAEFTTAN=ME
HRBEX-G: BEREE. XEREE. BEARL R, #
TTERRANNT, FRERTIENEEN, IFBZTENAT
MR & T M HUR — B 4.

2. EEHH

2.1. [RFERF*%
SR FISCIEX PA 800 PlusZA¥I iR 5:, FHADITLEFHEK

MKT-37086-A

SMEMES (Uv) , BC&280 nmiEH . ZEMRITENNE R EM
BERUBE. DBEAKR. FHAKIESESCIEX clEFIR T E R B,

2.2. A RER
FZHADH: SCIEX clEFFBR SR FIE ( PN. A80976 )
HMRFIES RIXF SR AR KWL FH TR S,
AXFERAT=MAENRESEHF. HBEREER.
£ BEARSZNE=SATRMRNEEARS X,
3mg/mL, HARLTHBETEEFR,

RERS
R A

2.3. HambE

PSR, SCIEXIEFIZLLHITNLE B master mix,
master mixo] B RREH BFIRER/NML, ZHUTILHRE
LA R Mmaster mixE2: 200 UL 6.25 M FRE-cIEFEZ. 12.0 L 3-10
PR, 20.0 uLFRARAREF. 2.0 uLFEIRAREFIFI2.0 uLEA
plirfEf, ET15mLBEOESR, RITES. Bl240 pL master mix
S50 EBHEMREE, RORES, K0 uLEREBENEE
F, KRB OBRESEBRE, BPCREAEHASRBTHAEERS
FEY, RANRITEYR, REBFERIEEBNLEE.

HZREWHE

3.1. FRIBEGFmFE AT

AICH ACIEFTTAXN = MRS TR~ mAFBE Q# T T 947,
HEREENEBURENLNTE, piEA7.10 (E1A) o IF
BRERF2EEFMEMNE, NEAIpHEDHA5.66H5.62 (

p1
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A 1 1 B
008 o Foos
004 o Foos 3
3 2
= E4
002 o Fom
000 o Foo
| |
B n s e L e L AR LA - T T
23 30 3 3z 33 345 350
Minutess

=1,

1B) . BEARDZNAINEEREENE, NNApHESHIH
6.04, 6.00, 5.78 (E1C) o

HERCIEFFZENEEM, AXMNIIZRBEAE, EEN
nest, ERRMNE TEHEMEER—ZM (E2) , E1RIEITHE
e FpMERIRSDE/NTF0.2 % (R1) , KEERIFACIEFTEXS
TR EFE ST RIMERENEE M,

R1. IERE RELEH AEFD T A B MpHETT R RIE

E ) E/min pHE
2%
Peak 1 Peak 2 Peak 1 Peak 2
Run 1 35.14 35.23 5.66 5.62
Run 2 35.16 35.28 5.65 5.61
Run 3 35.2 353 5.66 5.62
Run 4 35.25 35.32 5.64 5.63
Run 5 35.28 35.38 5.65 5.61
Run 6 35.26 35.33 5.65 5.61
FHE 35.21 35.31 5.65 5.62
RSD 0.16 % 0.15% 0.13% 0.15%
MKT-37086-A

114 EMEEK (CE) — FEALBYMANXE

Minutes

=MRB RS BNAEFDITEE o EIA-ICHRRABRBREER. NEREEZNEEAREE;

q Fo.o8
[0 08 C
1
N ]
o2
F B Foos
2 2
Fa.ae
B Fooz
2
] 3 L
[Fo.00
B | ]
|
T T T i 7 T T T T T r
355 380 385 a8 a7 a3
Mirmtes

LAEMRE FNTIE, 2F030 3R AT 1 A

3.2. BBFXETm#L—BIT

ERBREFMOEFEREP, #HR-BUDTETHY S
REBFFERE, AXUEEBRBE A, RAEFTENHE=
MUORERERHEFT T . = MMRBERARE ZHERAEFD T
EE-EMRE (E3) , FEREREMFEENITENEMpIHE
HIRSDII/NT19% (F2) , ERWERRMZITEESRBREL™ R
BIHUR— BT

B2, AR S R HIFLELe S AEF AT EINE o B EREGR KIS
KB

p2
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SCIEX)

4, 25

FHOENRDREARN—MXBRERM, EEEST
BHEEXRAE S ASTEERE. dEFfREN (REZHR)
INTHRTEATHEASTNEIOE, EXT ZNBTEYH &
FIEE 29T BETSCIEXR IR ERIPA 800 PlusAAMI DT R G R
REMCEFFESDPTIXFE, cEFAET LA RS RHK™
MEB SETRON, FURTIZETRNBREETR. #HR—
ST, BRBHEFCUNRSREA-REFHRTRER
o

RPN

1. REFREFREVRUAAERRSTINHEAESEN, EBR
HREBEERASIFEFL, 2022548

E3. AN REIANBEA RS RAEFAMTIEENENE . BAMRX
HEBAE,

F2ARMABEEARE RAEFUEERL 2R

FEFE B [E/min plE
2]
Peak1l Peak2 Peak3 Peakl Peak2 Peak3

Lotl 36.93 37.07 37.84 6.05 6 5.76

Lot2 36.96 37.1 37.85 6.04 5.98 5.78

Lot3 36.97 37.1 37.86 6.06 5.99 5.72
FiE 3695  37.09  37.85 6.05 5.99 5.75

RSD 0.06 0.05 0.03 0.16 0.17 0.53
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SCIEX)

= REUECE-SDS-LIF/7 A A FT7 RNAR G EBLLE 53 17
Highly sensitive CE-SDS-LIF purity analysis of T7 RNA

polymerase
W, BN, ELF, B, B

Xiaoxia Zhang, Hongmei Tang, Hongxu Chen, Ji Luo, Lihai Guo

SCIEX, H1H;
SCIEX, China;

Keywords: CE-SDS-LIF, mRNA vaccine, T7 RNA polymerase, Purity

e

1, AU

MRNAE BT ESE=HE—RIIEEMNSS5: mRNATT RNA
BEHe. THEMRES. Rnaselnhibitor. JIIBEEINR2 o-FEE
B8, Poly(A)BR&FEFIDNAaseE7HIAE . BRI IMBEARIMNE R
AR, NTEWAL™ ZmRNARENGESEY. i, B
E-—MoREs ERNREES L ERNE, ATENR
ERG, NTit—SHRES~E, S4ENMRNA.

AT, RNABRSREFEAMNBNRETTIHLERME, BER
F0.1-0.5 mg/mlEh, BERERS, FHAESCE-SDS-UVEHR
HERNTENRBERE, AXUTT RNAREGEEAG], ERT
UVAILIFF ARS8 B FRNA BRZE RN, uviG =S R A Rsa el
Bl—ANEE, TERNERRE, UFRNBRTREESHENR
WE, B EMLNEIT? RNA BEEET L RIE. R,
PSO3EEMTIC ELRIEE L, THIREERME, AL, FEEEH
TFESH AR

1nf

2, KFBFE
2.1 iR R

it

pH 9.0HF MEE MR ( SCIEX IgG purity kit, A10663) ; SEZEER
(Sigma, PN97622) ; BAZ WAL ( Sigma, PN 11149) ; 0.1 mol/L
SEM (SCIEX) . 0.1 mol/LEEER ( SCIEX ) ; Gel bufferEEhcZE i

RUO-MKT-02-15437-ZH-A
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#& ( SCIEX, PN A30341) ; P503%#} ( Sigma, 30693 ) ; XBTF
7K ( Millipore ) o

5. mRNAT7RNARR &G, BEEEMVRME, RE50U/uL,

2.2 Ham i b EE

CE-SDS-UVHE M THmEI&: MEBFMSL0 yL, IAS8S5 pL
MHRERNEE, BIA-FEZES L, RIERES; 70CHB
10min; AEE=R/E6000 rpmB/1 min o B0 pLEEFE E PCRHE
mEF.

CE-SDS-LIFZ T A&, BUEAMM10 uL, IIA10 pLAY
HRENER, BMA2-FEZE2 uL, AL pLAIPS03LR, &
FEES, 70CHEE 10 min; AHNEEER, MATT lLWEBTK,
TRHER S IEE90 pLEE S EPCRIERE .

2.3 WNBHRTZERE

SR FASCIEX PA 800 PlusZ5#) T £ 48, ILECUVAILIFAMSS, uv
SR (214 nm), B O, 2; LUFKRNES (kK K488 nm, &
SR K600 nm ) ; REMK. 4Hz; EME. BRAREME,
50umMIfE, 20/302cm (BRYRBKE) ; EHEEERE: 25 C;
MRERE: 25 C; #MEEM. BEHMN, -10kv, 40s; DBEXK
. -15kV, 40 mino

EMEHEDEAMBIERE: 0.1 mol/LEELHAERAETO psi
EATH%3 min, FAE 0.1 mol/LELER AR AETO psilE 1 Mt
1min, BAEXBEFKTET psiESI TH%L min, &ERHSDSER
B MIETAET0 psiE /1 T L0 mino

p1



3. TRMAR

3.1 CE-SDS-UV5 CE-SDS-LIFEL %

EbER 7 AFAE M7k ( CE-SDS-UVANICE-SDS-LIF ) 3T7 RNAER
EAERNER, WEL, EHEBMENEEMGT, CE-SDS-UVA
FARBER MBI — g, TEAE100%, LENHGEREHFTTE
i, TCE-SDS-LIFF7 A RE/FMIt e MBI RE A2 s, TTHEEBLEE
HERH97.53%, FIEEIZEEMRNAE B G AIT R FANJLFEERE
BEEREBBRERS, VRNRREUE T X HRE RSN,
Lk, HEE{EACE-SDS-LIFF A TRE 4 E 4o

o0y - ran
MM-: k35
nm0s :
| F30
00041 :
i 5
02 | =]
3 0 | B
00007 CEADS-UY :
M rrind™, b1s
ooz 7 e ot || | PO |
i 5 I-‘[I
A |
| CE-30%-LIF :
P, e . —1s
14 18 18 20 22 24 brac 28
T
El1. 77 RNABR A4 F K, 4@ KERCE-SDS-UVER, i {Ex

NZEMYH; BEEKERZCE-SDS-LIFER, MM XA MY

3.2 CE-SDS-LIFF/ A ELE 1

JT7 RNAR GBS ELE3E EE W1¥, CE-SDS-LIFFERMTE?2
R FIEMITENEES MHRSDIE 0.07%, RIEEBIRESELN
RSD{E 50.62%;

ZERFE, ZIENEEMY, ERTmRNAEHE A RITEF
BERESHILEE .

RUO-MKT-02-15437-ZH-A

SCIEX)

3.3 CE-SDS-LIF J5i X B4 M58 B R 42 0 R &6

BT7 RNAR ST R3 R A B E B ILBCE-SDS-LIFAY
HROELELERS, AENREELERNES, NE3TE
HT7 RNARGEMNTERAEEERSRERTRTNLEXR
(R>0.999) , &MSEEE, BEINMHER (0.023-50U/uL) , 1&
HFRLOD30.023U/uL, S/NA8.0. ERFM, 1ZAXLMSERE,
SN REES, TATESMEBNGERN,

LT
250+
I
2004 |
150+ ¥
T Rl
& { i
w
1t
| | CL-505 LI -2epl
= || |
| | CE-505UF repl
1 S R ST T ey 1
| CE 505 LIF 1epl
a4 | el
" 12 14 16 @ 0 2 4 % N
nnas
El2. mRNAT7 RNAR SEEEE MR (n=3)
: A ® ; B
) y=77053x- 7304.5 - y=13109x+ 15201 e
o Rt = 09992 “ #t=09922 o
3000000 7 = -
- =55 »
g T =3 ._.-"'(
= om0 -, o
£ =
E 1500000 o ] 4 )’
2 om A B -
- ] L
500000 | as | o
o F
0 n 0 30 40 0 as 1 15 2 P 3 s 4
oo MU/l LoglO(rT)

E3. T7 RNAR BB M EIE . EANREMREERRNEEXER, B
B2 X\ A ARER X £ log10AY 45 R

p2

EMERK (CE) — FERXAGYNAXE 117



4, #ig

FEMRNAE A SRR EER NS TE, BRXEEHRKE
BRARRERS, ASCRACE-SDS-LIFARIBECPS034 R, XT7
RNABR GBS E TN, FARERTIZAENES N, &M
&N REUE

ZAFEENT, TRMREEEMHRSDENREERRES M
RSDIEZ> 71 40.07%710.62%; % MESEE(0.023-50 U/uL), BE31EK
B%; WNREES, LODH0.023 U/pL. P503LRHRICH 8, R
FTRLATEAERIAE, THERBNBEESMHEE, TE
HFE TR AT EZFIRNA BSR4 A8

118 EHERIK (CE) — BEALHYNAIE
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SCIEX)

CE-SDS-LIFAEXT BBInzZg ¥Ry 4 5347 ( 5-TAMRA#RIC )

Purity Analysis of Monoclonal Antibodies (5-TAMRA Labeling) by

CE-SDS-LIF
FCE, B, KEEE, BLF

Wang Wentao, Gao Tie, Zhang Xiaoxia, Chen Hongxu

SCIEX, HH
SCIEX, China

Keywords »  Monoclonal antibodies; 5-TAMRA; CE-SDS-LIF;

Inf

[}

T+ TIRERER - B RGBSR ( CE-SDS ) M201555
NFEBHEDR, WEREDHGAT T ZHT AT R &
MR, SRAEMRERS . EFENACE-SDSHIF,
WIBEAKRGHE IR TP LIN ZIREEIARNEF (1
MK H214 nmzk220 nm ) W ZNATEAANGEN . A
THEAAMREERRNAN, BENEAH#TREINE, B
MFRAFSTARNE (LF) TUERRSRUREE, K
EHREMNTEE, §FTRY, RIEKSENEINAEEL,
ARSCHERN BT FE RO - AR R E D -3 I8 bR R
( 5-TAMRA ) ST R TTEIAEHITIFCHNERE, FEEUFRUEX
FRCE BRI T T S E .

M

SDS MW Ll 5 it B AL MR LIF

FoR LT

U 2047220 mm

2, UEE R
2.1. X%
SCIEX PA 800 Plus, ER&LIFEMIEE (A K K488 nm, &5

1560 nm ), 32 Karat™#$10.1 ( SCIEX ) ; B ( Biofuge,
Thermo ) ; TR, pHit ( ES660, Beckman Coulter®) ;

2.2. i HRFEH

SDS-MW Gel Buffer ( SCIEX, PN A30341) , WHRKAERRK
( SCIEX, PN726022 ) , #F ( SCIEX, PN A62251 ) , WA E
( SCIEX, PN A62250 ) , 0.2 mLIEHRE IR ( SCIEX, PN 144709 )
HiX FAFEMSER %1,

o .
= SN K2

Bl mianE

PIRA 220 nm
CE-SDS-UV ik
| S22
]
1
hr

. l

488 pm; 720 SMVSE0 nm i L Bl
CE-SDS-LIF# i

El1. 254 E D ATRICE-SDS ik

RUO-MKT-02-11342-ZH-A

p1
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SCIEX)

3. HmiE & (~2.5/M0)

________________ | N
il AT -SEEfIpL T

R B L e [ LTIV 2 i SRR S EERERECRIG

LR R TR I HE - 110 L 3 1raca . LR L ARG P TIY P
RS “‘:':i"l_'*ﬁ::trﬁ |:.:.t. X 'EIT..I‘J\;1l'Illr L:-::‘;}Iq-" nin hmwﬁ;ﬂ:{i & E‘ﬁ?ﬂhﬁ?&!lﬁ-ﬂ"- - n:';'l-“:';;-:;: :I:u:l-
— J__f' ™, - -
2. B4 FCE-SDS-LIFAE E D 4TS AT L IE R AR S
3.1 iHEEH d. 1Bid0.2 pmid FEERITIE;
(F: TIRELNHRHEAZRUTSE, EXRRTRERE, ) e. SEMR4IE B4, 2-8 CT1R1T;
3.1.1. FRiC BB (0.1 MERERSHH, pHS.3) 3.1.2.3 7£250 mLH X ERIEEEEAF, 1538.25 mLAY

0.2 MBEER — SU4MiR % 536.75 mLAY0.2 MEEER S — AR

a. TREW4.2 ghkFR S $WER 5 5500 mLA S
&o EALmLEL FADDIZKERZE150 mL,

b. AMA250 mL Z&7K ( DDI) KIF BRI MIFER R
TERH; 3.1.2.4 WiEpHA6.7 +/- 0.16

c MUBEHE, WAEHFE500 mL, HikpHEN 3.1.25 fFA0.22 pmiTiERE TR, FHBISHEEN,

3+£0.2;

83+0 28 CTRIE, REHAA.
d. $EM02 um/BRILIERRLLIE STEPHENE, REREBHpHE, W EpHEBHIEESE
e 28 CTRY, REMIE; B, EEFHEEREEAS.

i MRpHBHSEE, BABETpHE, BEFRESR;
3.1.3. 4% SDSi&

3.1.2.0.1 MBEEREE i, pH 6.7 a. #60 mL DDIZK FIAZEI250 mLEEHR i ;
3.1.2.1 ##0.2 MBEEE — S b. MBI,
a. FREX2.76 ghiEE — SEINEH50 mL DDIZKAY100 mL c. #HB4gSDS, BINEFKHEAMA;
AR d BEEZELEME;

b. M EAME; N
e e. FADDIZKERZE100 mL;

c. FADDUKEHZE100 mL; £ 022 imIEEEITRE, TSN, TERE,
d. F0.2 pmid JESEITIE; REEI3MN A,

e. EBAHIEEH, 2-8 CTRTF; 3.1.4. TAMRAKRIZ RIS &%

3.1.2.2 0.2 MBSBR S — 4 a. EREETS-TAMRARI/MRF, HIAN3.6 mLZ R
(DMSO) ;

b. IRIEAE;
c. B0 LD KEFEMP, FEET;

a. #REX2.84 gfEI N &% 50 mL DDIZKAY100 mLAEH +;
b. MEEE R,

c. FADDIEAZE100mL;

RUO-MKT-02-11342-ZH-A p2
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d. FHRE;

. RIFFE-15~-35 CSEE M2 R+
R E B, RELE;
AR AR, SRIHIEHIRLEL;

®

-

a. BRL—f50 pL 5-TAMARA FRiCERHE &K
b. JMA366 UL DMSO;

c. BEBZEMER, EFREMBRK;

3.1.6. IMZFiZ¥EEE (DTT) (FBHEHE)
a. $51.5mgDTTIIAZILs mLHER LEH;
b. FADDIZKEZE1mL;
c. IRIERHE;
d. ZBMER, EFFRER.

3.1.7. 150 mM N-ZEE I REER ( NEM, A7E4% SDSIETE )
a. FREN0.185 g NEM;
b. ATZI1.2 mL 4% SDSIARF;

c. ERfEE, REHHLE.

3.2. i dl&

1 mg/mL NISTHEE SR FI& . BU50 pL 10 mg/mL BINISTARAE &,
FON450 mL DDIZK, XFHMBERESR, FRIEFREREAHN
1.0mg/mL, BRZEHRETRE D H500 pLo

=EMMEE: BODUKBBETZE MR, HREARSHERE
miEE, WEIH.

3.3, HmEREEH
HEHENRTPEE RN, WMTrs. HEER, FTEERFETHR
Ehab3E,

3.3.1. NAP-5H 1 ( ~30434h ) :
a. BL2/MNAP-54F, RIS RNISTIUERZ=a# % ( B

BEAENERE) ;
b. 2/ NAP-SHMERLR F, HFEFK—NEHRAT
W SR SRR s

RUO-MKT-02-11342-ZH-A

SCIEX)

c. BNAP-SITRITRZEFRZIT 5

d. EFNAP-SHEFHRIE;

e. MNAP-5HEHITFIERANA2 mL pH 8 3 FRER R ELE ik 5

f. ILERIEIINAP-SHE, EFHEBIR;

g EEFRe-fH5K,
7E: FAEFTANAP-SIEEAHEIMRE, BERELRRE, 2
B,

3.3.2. NISTHRATIZ B# MR (10559 ) -
a. FEENAP-5EE, 7 BIANISTIRAEMZE B#E M;

b. 4> @2 NAP-54 & AN 500 pL NISTHUARE AN
500 MLE BFE;

c. IARBEEBRERA, EFENRK;
d. ZENAP-5#F TIE—MHTHV N (15 mLBLOE ) ;

e. MAL.0mLpH 83MRESEE ik, ZENGHA &AL
S8 —MERIF;

f. FREFENNE, FERSIIENER,

3.4. #mTH

a. BUHB BRI IA sl = A #E M &500 pL, 2 BIINA
15ULAY4% SDS, {FERZHISDSIREILF0.1%.

b. HiREIFTES CTANH 105 5;
BERR: BKAMHES0£3°C, FEMAHERTIZ
B ZE D305 TR ERE M,
3.5. Ham#ric
3.5.1. #mHRio
a. K190 L MR B EHIE BRI mLSEBID

B,
b. HNA10 uL 5-TAMRATC LA TR ;
c. RHEIRIE;
d. HE¥T3K;

e. WTEAMM, EELRad;
f BRESRAME=BAE30C+-3C, BE3025;
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[E3. 5-TAMRAFRIC R N JR3E

3.5.2. B ( RT3 CRIFIEHUITISE )
3.5.2.1. NAP-5#F F1& ( ~305%# ) :

a. B2/ NNAP-51E, AR FRAM=AMR ( BEA
ZHMERE);

b. BE/NAP-SAEM AR, HENR—MERBT
WS

c. BNAP-SHBU TSRS ;
d. EFNAP-SHEFBRIFE;

e. FEEFPNAP-5HEAITRERAIA2 mL pH 6.7HIBEER ER 220
R

f. EZENRBIENAP-S5IE, EFERR;
g EReME 5K,
3.5.2.2. NISTHUEFIZ A @R BRI R Z MR ER (~10
S5 )
a. FRFE2NAP-51E5 AU ANISTIUAFZ B &

b. 4372 NAP-54F & 1A 190 PLAINISTHUAA A S 0
TEMMS;

c. IEFERIBIINAP-5HE, EFMKERE;
d. SIAN400 pL pH 6. 7THIREERERE iR, ERFIEBA;
e. EHINAP-SIE THELS MLBER L E;

f. JOAT700 pL pH 6. 7TRERRERE iR, B— AR E
—|;
g fFHRE, HABEE;

3.6. HamH&
3.6.1. BB # Ml &

RUO-MKT-02-11342-ZH-A
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FREFROFEDR.

a. 250 pLE MR B FIVERFIZ B &2 IR
1.5mL Eppendorf& /i,

b. fHA30 WL 4% SDS/150 mM NEMA R F B E IRz
c. TET70+2 CHEHIFEES + 19784,

d. AEHE=RFFF120 pLERFIZE BEFEZEPA 800 Plus
*¥DH#EEPO

e. ERIFHIHE S T #HFTIEL RCE-SDS-LIF2Ho

3.6.2. EEHME &
&R /SDSEEMHM _RBERDE.
a. ®B150 \WARCE BRI BRER;
b. JIA50 HLAY4% SDSIAHK ;
c. ANAN10 YLEYL M DTTIRHK;
d. IRIEREIR & H e
e. 770 CTIFE209$;
f. AHEEEIFHTEZEPA 00 PlustEmif+;

g BRI HIRES T TR SR CE-SDS-LIFAM T

4. [EE. FBEMSTHE

4.1 NFEH

a. LIFATIRSFIBOLER R % . 12 8PA 800 PlusTI &R 5t
#EIPTE T P S B TR

b. LIFASTESRE . $RBPA 800 PlusTIR G4 e &
S BHEITIR(E;

c. BIEIE. I1gG-LIFME, #£MEPA 800 PlusTIRGEE
15 R A B TR

d. BIEIgG-LIF{XE%: RHBPA 800 PlusR Zi4EiNERe R Ay
SEHITIRME;
e. BHRZMRITE. HRIGHEMRRENTIEEN
EF, THRsTHERE
4.2. PA 800 PlusHCE-SDS-LIF5} B 75 i%
EMERRVBLUEMHEE, FAEEHN0 kY, RRERND
300 uA, EH EREAH40°C, HRFRFEEH20C,
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[]
Be. XHJ73%
LIFfe M sR & fHRE . LIFEIZSSERE 100 RFU, BAKKH H e

488 nm, KHIFEKH560 nm, REMEH0.5 Hzo TIEBEEN i
“Normal” , IEFRRERIEEN16-25, FREZRBGETEN, it
5. THER . - et

WE7 EFT 93 514 5-TAMRAFRIC FINISTAR R & 78 3 SR AN AR 1R — — - -
BEAHETHEIXER, XIS T, CE-SDS-LIFFTTEIREEL
EHMBEENERNBES S N1.86, EERESTHAEENTH

¥ .ﬂI
96.90%. 7EIEEFIRZST, CE-SDS-LIFEYTTALEE S H1:496.76%. |
CE-SDS-LIFAAT FH#A . LC. HC. HL. HHIAKHHLAYNE R & o, W mo

. N | -

5; BEEENTE, FETEFNEmRY, BHTHAENERY S
#r, ETHIEMELNEEREE,
E7. NISTHRUAMNEFEMIEXRECE-SDS-LIFAHTEXE; MEA KK
488nm, & &EI560 nm, NISTERE 40.2 mg/mlo

RUO-MKT-02-11342-ZH-A p5
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CE-SDS-LIFTT RS ITRINMAEE 1T, BREMTA:

- RNREES, BHTHESERRAENFLE LT
T

o BEENFE, ETAIRSNER;

o BREBEMHLVIRTHENFAR = RAREES;

S

1. Optimization and Validation of a Quantitative Capillary
electrophoresis Sodium dodecyl Sulfate Method for Quality Control
and Stability monitoring of Monoclonal Antibodies; O. Salas-
Solano, B. Tomlinson, S. Du, M. Parker, A. Strahan, S. Ma; Anal.
Chem. 2006, 78, 6583-6594.

SCIEX)

PR 1 CE-SDS-LIF ( 5-TAMRAFRIC ) LG H AKX FIFIFEM o

it

HliEE

pey=1

nI
+ IR EmRERH (SDS) JT Baker PN 4095-04
B & ( NaH,PO, ) Sigma-Aldrich PN $9638-25 g
RS (Na,HPO, ) Sigma-Aldrich PN $0876-500g
RER S5 ( NaHCO, ) ACSZR %I Sigma-Aldrich PN S-6014
NISTHL RS )R NIST PN RM8671
ZFRETW (DMSO) Sigma-Aldrich PN 154938 5 [E% /= &
5-TAMRA. SE, B2 — 4K Invitrogen PN C2211
pHIRAEARAE i VWR PN BK566575
D,L- “ R 4ERS, 298 % HPLC Sigma-Aldrich PN 43815-1G
N-ZEDKET A ( NEM ) Sigma-Aldrich PN E3876-25GE [5) % /= &

Illustra NAP-51%4%, <0.5 mL

GE Life Sciences

PN 17085302

HBURRMEEFSR VWR PN 80081-5973% B &7
EERZ EER, 250 mL VWR S137463 A%~ M
BEELEES, 250 mL VWR 10545-960% [ &
250 mLIT JER%, 0.22 mmiTJERE  VWR PN#10040-464

1.25 mURB IR, B VWR PN 10798-846

E: UEFIHMRSEMBABRUNRES, BEXGT, TERARE
BRFR. RIESEUR, HBBEEFRGERERL,
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