Application Note

Bovine serum albumin (BSA) and
thyroglobulin physical reference standards
for molecular weight and polydispersity
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Introduction

Development and manufacturing of conjugated vaccines
requires characterization of their molecular weight, which

is a critical quality attribute (CQA) of the immunogen,

and is correlated with the level of immune response. For
biotherapeutics, the presence of high molecular weight
(HMW) aggregates must also be determined, as these are
impurities and can affect efficacy leading to an increased risk
of immunogenicity.

Example: Characterization of monovalent
conjugates using SEC-MALS

Pneumococcal capsular polysaccharides are made up

of hundreds of highly charged repeating units, each

with a unique chemical structure that contributes to its
immunogenic and physiochemical properties. Conjugate
vaccines are thus likely be heterogeneous with polydisperse
forms in various association states and molecular weights
ranging from 1 - 10 MDa. The example conjugate vaccine
consists of polysaccharides and a carrier protein such as
Cross-Reacting Material 197 (CRM197). The combination

of these factors complicates their characterization and
absolute molecular weight determination. Figure 1 provides
an example of molecular weight distribution of a conjugate
vaccine as measured by size-exclusion chromatography
coupled with multi-angle light scattering (SEC-MALS).!

SEC-MALS is considered the gold standard method for
molecular weight determination and characterization of
conjugate vaccines. SEC-MALS provides the sensitivity
needed to detect changes in molecular association/
entanglement states of a polymeric material such as a
conjugate vaccine. SEC-MALS is also used for biochemical
and structural analyses of other large, complex proteins
including tumor suppressor proteins, antibodies, and virus-
like particles (VLPs).
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Figure 1. Molecular weight distribution of a conjugate
vaccine as measured by SEC. Blue line: light scattering; red
line: molar mass

The need for reference standards

It is essential to use a calibrant for SEC-MALS to align and
normalize light scattering versus molar mass determination.
Proteins such as bovine serum albumin (BSA) or human
serum albumin (HSA) are commonly used for this purpose.
Additionally, system suitability is required for Good
Manufacturing Practice (GMP); BSA, HSA and thyroglobulin
can be used to bracket the article of interest. BSA and HSA
have a molecular weight of ~66 kDa, while thyroglobulin has
a molecular weight of ~660 kDa.

Given the size distribution of conjugate vaccines and other
biologics, it is critical to incorporate standards that bracket
the target test article molecular weight into the SEC-MALS
analysis. Well-characterized BSA and thyroglobulin have
precise molecular weights and can be used with confidence
as reference standards to support the determination of
molecular weight and polydispersity of conjugate vaccines
and complex proteins by SEC-MALS. In addition, the
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Figure 2. SEC separation of thyroglobulin (1), IgG (2), BSA
(3), myoglobin (4), and uracil (5).

solubility and stability of BSA and thyroglobulin enhance
reproducible and consistent outcomes, improving the
accuracy of size calculations. Figure 2 shows an overlay
chromatogram of the separation by SEC of thyroglobulin,
1gG, BSA, myoglobulin, and uracil.?

These standards are essential when using SEC-MALS to
analyze the CQAs of conjugate vaccines, including the purity
of protein carriers prior to conjugation, proof of conjugation,
and the stability of the conjugated vaccine.®

USP Reference Standards for BSA and
thyroglobulin

To support the analysis and characterization of monovalent
conjugates (MVCs) using SEC-MALS, USP offers the reference
standards shown in Table 1. Amino acid sequences for both
reference standards are provided in the respective reference
standard certificates.

Size variant assessment by SE-HPLC

The USP Molar Mass Determination Reference Standards
(BSA or Thyroglobulin) were evaluated using the SE-HPLC
method outlined in Table 2 to determine the monomer peak,
in addition to any high and low molecular weight species
(BSA: Figure 3, Thyroglobulin: Figure 4). To determine the
molecular weight accurately with good separation, one
guard column and three SEC columns with different pore
sizes are utilized to optimize the test method.

Molecular weight and polydispersity determination by SEC-
MALS

The USP Molar Mass Determination Reference Standards
(BSA or thyroglobulin) were also evaluated using the SEC-

weight and polydispersity determinations using SEC-MALS

Table 2. SE-HPLC method parameters

5 mg/mL USP BSA for Molar Mass Determination Reference
Standard, OR

5 mg/mL USP Thyroglobulin for Molar Mass Determination
Reference Standard

Samples:

Columns: Guard column: TSK gel GS2500WxIGuard 6 .0 mm x 4 cm,
12 um Analytical columns:

TSK G6000OOWXL 7.8 mm x 300 mm, 13 ym, L39

TSK G5000PWXL 7.8 mm x 300 mm, 10 ym, L39

TSK G4000PWXL 7.8 mm x 300 mm, 10 ym, L39

Detector: UV 280 nm

Mobile Phase: 10 mM Sodium Chloride, 200 pyg/mL Sodium Azide

Elution: Isocratic

Method: Injection volume: 100 pL
Flow rate: 1.0 mL/min
Column temperature: 35 °C

Sampler temperature: 5 °C
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Figure 3. Separation of USP BSA for Molar Mass
Determination Reference Standard monomer and high
molecular weight species (HMWS) and low molecular weight
species (LMWS) by SEC.

MALS method outlined in Table 3 to determine molecular
weight and polydispersity (BSA: Figure 5, Thyroglobulin:
Figure 6).

It is important to note that if the same columns are used as
specified in the USP Reference Standard certificates, the
corresponding SE-HPLC and SEC-MALS chromatograms can
serve as examples of what should be expected. If different
columns are used for other applications such as the study

Table 1. USP BSA and thyroglobulin reference standards for Molar Mass Determination

USP Reference Standard Catalog # CAS # Mass Extinction Coefficient
BSA for Molar Mass Determination® 1076103 9048-46-8 ~66 kDa 43,824 mL mg”' cm"
Thyroglobulin for Molar Mass Determination® 1666032 9010-34-8 ~660 kDa 654,560 mL mg* cm”



https://store.usp.org/product/1076103
https://store.usp.org/product/1666032
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Figure 4. Separation of USP Thyroglobulin for Molar Mass
Reference Standard monomer and high molecular weight
species (HMWS) and low molecular weight species (LMWS)
by SEC.

Table 3. SEC-MALS method parameters.

Sample: 5 mg/mL USP BSA for Molar Mass Determination Reference
Standard, OR
5 mg/mL USP Thyroglobulin for Molar Mass Determination
Reference Standard
Columns: Guard column: TSK gel GS2500WxIGuard 6 .0 mm x 4 cm,
12 um
Analytical columns:
TSK G6000OOWXL 7.8 mm x 300 mm, 13 pm, L39
TSK G5000PWXL 7.8 mm x 300 mm, 10 ym, L39
TSK G4000PWXL 7.8 mm x 300 mm, 10 ym, L39
Detectors: SEC: UV 280 nm
MALS: Laser
Mobile Phase: 10 mM Sodium Chloride, 200 pg/mL Sodium Azide
Elution: Isocratic
Method: Injection volume: 100 uL

Flow rate: 1.0 mL/min

MALS temperature: room temperature
Rl temperature: 35 °C

dn/dc: 0.185 mL/g

of large proteins, anti-drug antibodies, or VLPs, the eluted
retention time may not match that of the USP Reference
Standard. These USP Reference Standards can still serve as
examples of the distribution of sizes, molecular weight, and
polydispersity by SEC-MALS, regardless of the retention time.

Bovine serum albumin (BSA) and thyroglobulin physical reference standards for molecular
weight and polydispersity determinations using SEC-MALS

9
10x10°

1000°

Molecular Weight (M, ): 65.63 kDa
w8 polydispersity (PDI): 1.006

o
1.0x10°

Light Scattering

10x10°

1000°

0000003

Molecular Mass (g/mol)

100003

100:

00 100 200 300 00

Figure 5. Molecular weight and polydispersity determination
of USP BSA for Molar Mass Reference Standard by SEC-
MALS.
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Figure 6. Molecular weight and polydispersity determination
of USP Thyroglobulin for Molar Mass Reference Standard by
SEC-MALS.

Identity determination using peptide mapping by mass
spectrometry (MS/MS)

The identities of the USP Molar Mass Determination
Reference Standards (BSA or thyroglobulin) were confirmed
using peptide mapping with sequence coverage. The

tests were performed using trypsin enzyme digestion. A
representative peptide sequence coverage is shown for
BSA in Figure 7 and thyroglobulin in Figure 8; the average
sequence coverage of two sample injections for BSA was
100% and for thyroglobulin was 92%.
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Figure 7. Representative peptide
sequence coverage of USP BSA for
Molar Mass Reference Standard.

Figure 8. Representative peptide
sequence coverage of USP
Thyroglobulin for Molar Mass
Reference Standard
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Conclusion

Some bacterial vaccines contain conjugate molecules that
can have a wide range of molecular weights and exist in
various association states, leading to difficulty with their
characterization and reporting of this CQA. SEC-MALS is

an analytical technique that overcomes this challenge and
ensures that the vaccine conjugate is in the appropriate size
range correlating to clinical efficacy.

The USP BSA for Molar Mass Determination Reference
Standard and the USP Thyroglobulin for Molar Mass
Determination Reference Standard support molecular
weight and polydispersity determinations by SEC-MALS as
system suitability standards for not only sizing of vaccine
conjugates but also for other higher molecular weight,
complex materials. Use of these established standards will
help increase the confidence in analytical results and will
help facilitate regulatory compliance.

References

1. Deng, J.Z.; Lin, J.; Chen, M.; Lancaster, C.; Zhuang, P. Characterization of
High Molecular Weight Pneumococcal Conjugate by SEC-MALS and AF4-
MALS. Polymers 2022, 14, 3769. doi.org/10.3390/polym14183769

2. Hong P, Koza S, Bouvier ESP. A review of size exclusion chromatography
for the analysis of protein biotherapeutics and their aggregates. Journal of
Liquid Chromatography & Related Technologies. 2012. 35:20, 2923-2950. doi:_
10.1080/10826076.2012.743724

3. Micoli F, Adamo R, Costantino P. Protein carriers for glycoconjugate
vaccines: History, selection criteria, characterization, and new trends.
Molecules. 2018. 23:1451. doi: 10.3390/molecules23061451

4. USP Reference Standard Certificate for Bovine Serum Albumin for Molar
Mass Determination.

5. USP Reference Standard Certificate for Thyroglobulin for Molar Mass
Determination.

weight and polydispersity determinations using SEC-MALS

Available and upcoming resources on the
utilization of polysaccharides by SEC-MALS

A general chapter describing the use of SEC-MALS to
determine the molecular weight of polysaccharides in
vaccines is currently in development. Entitled “<316> Molar
Mass Determination of Bacterial Polysaccharides Used in
Human Vaccines by HPSEC-MALS", the chapter describes a
method using the same columns and parameters described
above. Pullulans, BSA, and rAlbumin human reference
standards applications, will be recognized in the USP General
Chapter. The molecular weights of reference standards are
determined by the official tests, procedures, and acceptance
criteria incorporated in the general chapters.

Related USP Reference Standards
1. Bovine Serum Albumin (BSA) for Molar Mass
Determination, Item number 1076103

2. Cross-Reacting Material 197 (CRM197), ltem number
1150800

3. Recombinant Human Albumin (rAloumin Human),
[tem number 1012595

4.  Thyroglobulin for Molar Mass Determination, Item
number 1666032

Pullulan Reference Standards (Coming Soon)

1. Pullulan for Molar Mass Determination (100kDa), Item

number 1581781

2. Pullulan for Molar Mass Determination (400kDa), Item
number 1581782

3. Pullulan for Molar Mass Determination (800kDa), Item
number 1581780

More information: www.usp.org/biologics/vaccine-standards
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