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Characterization by capillary electrophoresis sodium dodecyl our results showed a RSD for relative migration time between
sulfate (CE-SDS) is a ubiquitous technology throughout the 0.23% and 0.61% and between 0.23% and 0.48% for CPA%.
life-cycle of therapeutic antibodies and molecules alike. To
enable analytical scientists in the biopharma industry to deliver
fast, accurate and reliable results for process and product-
related impurities requires a complete solution including a

robust high throughput analytical platform and chemistry. 3. o ) S
This technical note describes the intermediate precision study * Outstanding inter-capillary reproducibility with less than 0.4%

(Figure 1) of the CE-SDS assay using the BioPhase 8800 RSD for RMT and less than 0.3% for CPA% for heavy chain
system. e Excellent intra-capillary reproducibility with %RSD for RMT
and CPA%, less than 0.6% for heavy chain

e Complete CE-SDS kit and pre-assembled bare fused silica
cartridge facilitate user to user consistency and overall data
reproducibility

Key features

e Parallel processing of 8 samples simultaneously enables data
collection in less than 7.5 minutes per sample

We demonstrate an inter-capillary reproducibility better than
0.38% RSD for relative migration time (RMT) and 0.29% RSD
for corrected peak area (CPA) % for the heavy chain peak of
reduced IgG control standard. For intra-capillary reproducibility,
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Figure 1. Representative electropherograms of the reduced IgG control standard and resolution. A) Electropherogram from a representative first
run on 8 capillaries; B) Representative last run of IgG control standard on 8 capillaries. C) Resolution between the ng-HC peak and the HC, 96 runs per
user displayed separately (total of 288 runs)
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Methods
A Method Duration: 37.0 min  Number of Actions: 7
Materials: The BioPhase CE-SDS Protein Analysis Kit (PN o o o Seei” (v zaom s
piltary Type: re Fused >ak Width: sec
C30085), including the SDS-MW separation gel buffer, 10 kDa @ - e == —_—
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. - Duration: 10.0 min inlet: SDS Gel Rinse
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10 kDa internal standard. The sample mixture was vortexed,
briefly centrifuged at 2,500 g, then heat denatured at 70°C for 10
min. Afterward, the sample was allowed to cool to room
temperature, and a 100 pL of the sample solution was

Duration: 2.0 min Inlet: 0.1M NaOH
t Waste

80.0 pst
Duration: 5.0 min Inlet: 0.1M NaOH
200psi Outiet: Waste

Inlet: 0.1M HCl
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Duration: 5.0 min
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Ri
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" Duration: 0.0 min

transferred to each well of the sample plate for CE-SDS analysis. e - :":“%‘ i”:’sx‘s;:s

The samples were then pooled and re-distributed to avoid = Duraion 000 ﬁ z::n;z

sample to sample variation. e Ouaton 205ec Ty sampe outet 508 Get )
e e V3%

Ouration’ 60.0 min
-15.0kV, 200 psi, Both
Ramp time: 5.0 min
Autozero: 5.0 min

. Ouration: 0.0 min

SDS-MW sizing standard preparation per user: A 90 pL of
SDS-MW sizing standard was combined with 765 pL of sample
buffer, 18 uL of 10 kDa internal standard, and 45 uL of B-ME.
The sample mixture was vortexed, briefly centrifuged at 2,500 g,
then heat denatured at 70°C for 10 min. Afterward, the sample
was allowed to cool to room temperature and a 100 pL of the
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Figure 2. Conditioning and separation methods used on the BioPhase
8800 system. A) shows the detailed settings for the conditioning method.
B) The separation method.

sample solution was transferred to each well of the sample plate
for CE-SDS analysis. The samples were then pooled and re-
distributed to avoid sample to sample variation.

Instrumentation: The BioPhase 8800 system equipped with UV
absorbance detection at 220 nm (PN 5083590F), the BioPhase
BFS capillary cartridge - 8 x 30 cm (PN 5080121) and Sample
and Reagent Plates kit (PN 5080311) were from SCIEX
(Framingham, MA). Multi-Therm shaker incubator (PN H5000-H)
was from Benchmark Scientific (Sayreville,NJ).

Methods: The capillary conditioning method was performed at
the beginning of each sequence, as shown in Figure 2A. The
temperature of the sample storage compartment and separation
cartridge was always set at 25°C. Figure 2B shows the details of
the separation method.

Software: The BioPhase software package version 1.0 was
used for creating run methods and sequence and for data
acquisition and processing.

Results and discussion

Monoclonal antibodies (mAbs) and next-generation biologics
(NGB) belong to a class of molecules that has been established
as one of the most powerful approaches to treating serious

diseases that once were considered untreatable.* mAbs and
NGBs are highly complex molecules that require robust
analytical characterization tools to ensure product consistency in
quality, safety and efficacy throughout the production process.®

The BioPhase 8800 system is a high-performance multi-capillary
electrophoresis system, offering a fully automated platform that,
combined with a state-of-the-art chemistry kit, enables scientists
to address the analytical characterization challenges in record
time.

However, for the industry to adopt such an analytical tool, it is
necessary to show compelling confirmation of inter and intra-
capillary consistency between runs, cartridges, users,
instruments, and days. This technical note summarizes the
intermediate precision study and the resulting performance of the
CE-SDS assay on the BioPhase 8800 system.

Design of the intermediate precision study

Figure 3 shows the intermediate precision study design scheme.
The approach used in this study sought to determine the impact
of the instrument, operator, capillary cartridge, and chemistry kit
lot on inter- and intra-capillary reproducibility. The study took
only 2 days of laboratory and instrument hands-on work and 1
day for data analysis and reporting.
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This design assessed the assay and instrument performance
using a reduced IgG control standard. Several parameters were
monitored to determine the intra- and inter-capillary
reproducibility, including:

e corrected peak area (CPA) % and relative migration
time (RMT) of light chain (LC), non-glycosylated heavy
chain (ng-HC), and heavy chain (HC)

e the corrected peak area ratio between HC and LC
e resolution between ng-HC and HC

We used the molecular weight size standards to assess the
inter-system assay precision and the intra-capillary consistency
of the MW size calibration curve for each marker using Log MW
vs 1/RMT.

Intermediate precision study design of experiment

IgG control standard

SDS-MW sizing standard

Instrument #1 Instrument #2 Instrument #3 Instrument #1 Instrument #2 Instrument #3 |

Operator #1 Operator #2 Operator 3 Operator #1 Operator #2 Operator #3 ‘
Cartridge #1 Cartridge #2 Cartridge #3 Cartridge #1 Cartridge #2 Cartridge #3
CE-5DS CE-5DS CE-SDS CE-5DS CE-SDS CE-SDS

chemistry lot#1  chemistry lot#2 chemistry lot#3  chemistry lot#1  chemistry lot#2  chemistry lot #3

Total assay duration: 12 hours Total assay duration: 12 hours

#runs per capillary per day: 12 runs #runs per capillary per day: 12 runs ‘

Figure 3. Intermediate precision study design scheme.

Intra and inter-capillary reproducibility using IgG control
standard

Twelve runs of the IgG control standard were performed by each
user on a representative instrument. Figures 1A and 1B
showcase the overlayed electropherograms of the 1gG control
standard, respectively. Traces of absorbance are shown as a
function of relative migration time in separate lines of each panel
for capillaries A-H.

Relative migration time: Figures 1A and 1B show a good
overlay of the 10 kDa internal standard that was used to
calculate the relative times of LC, ng-HC and HC. Table 1
summarizes the intra and inter-capillary average values for
relative migration time (RMT). Overall, the average values
(N=288) for RMT were consistent inter and intra-capillaries
indicating the assay's specificity, reproducibility, and the
robustness of the cartridge cooling features of the BioPhase
8800 system. Table 2 highlights a %RSD better than 0.38% for
the RMT for the 3 major species of reduced IgG control
standard.

Corrected peak area %: The corrected peak area % (CPA%)
was determined automatically by the BioPhase software. Briefly,
the CPA% was calculated by dividing the peak area by the
velocity of the corresponding peak. The average values for the
CPA% of the major species found in the reduced IgG control
standards (LC, ng-HC and HC) are displayed in Table 1.
Consistent values for CPA% were observed for the reduced form
of the 1gG control standards across all 8 capillaries. Moreover,
this result was reproducible across the 3 systems tested,

Table 1. Intra- and inter-capillary average values for relative migration time, corrected peak area % and HC/LC ratio for IgG control standard.

N=288
Intra-capillary average
Relative migration time (min) Corrected peak area % Ratio

Capillary LC ng-HC HC LC ng-HC HC HC/LC
Capillary A 1.21 1.48 1.52 27.77 7.28 64.95 2.57
Capillary B 1.21 1.48 1.52 27.74 7.26 64.93 2.58
Capillary C 1.21 1.48 1.52 27.81 7.28 64.91 2.58
Capillary D 1.21 1.48 1.52 27.81 7.27 64.92 2.57
Capillary E 1.21 1.48 1.52 27.77 7.25 64.98 2.58
Capillary F 1.21 1.48 1.52 27.80 7.25 64.95 2.57
Capillary G 1.21 1.48 1.52 27.80 7.30 64.90 2.57
Capillary H 1.21 1.48 1.53 27.80 7.28 64.93 2.56
Inter-capillary Average 1.21 1.48 1.52 27.80 7.27 64.93 2.57
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Table 2. Intra- and inter-capillary %RSD for relative migration time, corrected peak area % and HC/LC ratio for IgG control standard. N=288

Intra-capillary %RSD

Relative migration time (min) Corrected peak area % Ratio
Capillary LC ng-HC HC LC ng-HC HC HC/LC
Capillary A 0.31 0.25 0.36 0.87 1.30 0.27 2.38
Capillary B 0.14 0.23 0.27 0.80 1.68 0.48 2.20
Capillary C 0.00 0.19 0.23 0.66 1.06 0.23 1.76
Capillary D 0.19 0.25 0.31 0.77 0.68 0.29 2.00
Capillary E 0.26 0.32 0.37 0.83 1.08 0.29 2.01
Capillary F 0.23 0.28 0.46 0.71 1.39 0.24 1.93
Capillary G 0.37 0.38 0.44 0.85 1.25 0.27 2.33
Capillary H 0.41 0.37 0.61 0.62 0.97 0.23 2.47
Inter-capillary %RSD 0.24 0.28 0.38 0.76 1.18 0.29 2.14

highlighting inter- and intra-capillary reproducibility. The overall
intra-capillary %RSD for CPA% for the LC, ng-HC and HC was
between 0.23% and 1.39%.

HCI/LC ratio: The ratio between the CPA for the HC and LC was
automatically calculated by the software without any additional
user input. The average intra-capillary values are shown in Table
1 and indicate the consistency of the data. A %RSD of the
HC/LC ratio between 1.76 and 2.47% was observed intra-
capillary and 2.14% for inter-capillary, indicating good
reproducibility (Table 2).

Resolution ng-HC and HC: Another critical quality attribute is
the resolution between the ng-HC and HC. The presence of a
ng-HC peak is considered a product-related impurity because it
alters the stability and effector functions of the final therapeutic
product. Therefore, it is essential to separate and quantify this
variant consistently.® The mobility of these species is very similar
and therefore it is necessary to monitor resolution and specificity
during the CE-SDS separation under reduced conditions.

Figure 1C shows the resolution obtained across 3 users (N=288
injections). The overlay of the data points corresponding to the
data from the 3 instruments suggests consistent baseline
resolution between ng-HC and HC across capillaries, cartridges,
and instruments. The overall reproducibility achieved for the
resolution between the ng-HC and HC resolution is better than
0.90 %RSD.

CE-SDS of molecular weight size standards

A similar study was carried out using MW sizing standards.
Figure 4 shows the inter-assay precision attained across 288
data points collected by 3 users on 3 instruments. The bar
graphs suggest high reproducibility of the relative migration time
for the 7 MW size markers and a consistency between the 3
systems.

The error bars indicate the standard deviation of the
measurements for each BioPhase 8800 system used in this
study and demonstrate the high precision of the assay across
systems. The number shown above each bar graph is the
average relative migration time for each MW standard obtained
from the 3 instruments.

Table 3 shows inter-capillary data from the analysis of the MW
standards. The relative migration time for the MW standards was
consistent across all capillaries.

During protein characterization, analytical scientists typically use
at least one injection of the MW size ladder in the same
sequence (or capillary) as the proteins being studied. Figure 5
demonstrates the consistency between capillaries by plotting the
inverse of the relative migration time (1/RMT) against the
corresponding molecular weight log (log MW). The logarithmic
curve fittings have an average R2 greater than 0.99. This inter-
capillary consistency allows the user to run only 1 MW size
ladder in 1 well and apply the resulting calibration curve to the
entire plate.
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Figure 4. Inter-assay precision between 3 instruments. The numbers above each bar indicate the relative migration time and the error bar represents

the standard deviation.
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Figure 5. Inter-capillary 1/RMT vs log MW for molecular weight

calculation.

Table 3. Intra and inter-capillary average values for relative migration time, for the molecular weight size standard. N=288
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Figure 6 visually verifies these findings by displaying the overlay
of 8 representative electropherograms corresponding to the first
and last injections performed for this study from 1 instrument.
The x and y axes show relative migration time and absorbance

units, respectively.

Intra-capillary average

Capillary 10 kDa 20 kDa 35 kDa 50 kDa 100 kDa 150 kDa 225 kDa
Capillary A 1.00 1.17 1.33 1.47 1.75 1.93 2.10
Capillary B 1.00 1.17 1.33 1.47 1.75 1.93 2.10
Capillary C 1.00 1.17 1.33 1.47 1.75 1.93 2.10
Capillary D 1.00 1.17 1.33 1.47 1.75 1.93 2.10
Capillary E 1.00 1.17 1.33 1.47 1.75 1.93 2.10
Capillary F 1.00 1.17 1.33 1.47 1.75 1.93 2.10
Capillary G 1.00 1.17 1.33 1.47 1.76 1.93 2.10
Capillary H 1.00 1.17 1.33 1.47 1.76 1.93 2.10
Inter-capillary Average 1.00 1.17 1.33 1.47 1.75 1.93 2.10
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e A full 96 well plate was completed in only 12 hours which is
equivalent to only 7.5 minutes per sample in a single
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allowed for an extensive intermediate precision study to be
completed efficiently over the course of 3 days relative to a
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single capillary format

e The combination of a complete chemistry kit and pre-
assembled cartridge facilitated the throughput and robustness
of this study
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