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Circular Dichroism

INTRODUCTION
In addition to deducing the primary structure and any Post-Translational Modifications (PTMs) associated with your
molecule, the regulators also require a full understanding of the higher order shape and structure. Biosimilars must be shown
to be similar to the originator molecule, in terms of their secondary and tertiary structure and levels of aggregation. This is
achieved by performing comparability studies with your biosimilar and a range of different originator batches.
As part of BioPharmaSpec’s core analytical services, we provide a range of techniques aimed at addressing the challenges
associated with higher order structure determination. The regulators (e.g. the US FDA and EMA) recommend that you analyze
your product according to ICH Q6B, which includes requirements for investigating Biophysical and Physicochemical
properties. In this poster we describe the importance of these Physicochemical and Biophysical techniques and present data
obtained for monoclonal antibodies from each method.

Circular Dichroism (CD) is the difference between the absorption of left and right handed
circularly polarized light by a biopharmaceutical product as a function of wavelength.
Far UV CD provides an orthogonal characterization of secondary structure to FT-IR. The
profiles obtained and the secondary structure fitting data can be used to assess the comparability
of secondary structure of different batches or formulations and between originator and
biosimilar.
Near UV CD provides a ‘fingerprint’ characterization and is an excellent tool for comparison of
tertiary structure, both as a batch comparative tool and as an assessment of degradation. Near
UV CD is useful for forced degradation and batch release studies.

Near-UV CD Spectra Overlay

Our product experience:

Fluorescence utilizes the natural intrinsic fluorescence of Tyrosine (Tyr)
and Tryptophan (Trp) residues and provides information on the local
environments around these residues. Fluorescence is an excellent
comparative tool and is complementary to CD and FT-IR.
The image shows the relative intrinsic fluorescence of Trp and Tyr residues
for a mAb product in its formulation buffer.

Intrinsic Fluorescence Spectra
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• Denosumab
• Infliximab
• Rituximab
• Golimumab
• Eculizumab
• Ustekinumab
• Palivizumab
• and many others…
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• Tocilizumab
• Bevacizumab
• Etanercept
• Erythropoietin
• Cetuximab
• Aflibercept
• G-CSF
• Trastuzumab
• Adalimumab
• Ranibizumab
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Far UV CD provides orthogonal
characterization of secondary structure to
FT-IR.

Near UV CD provides a ‘fingerprint’
characterization of tertiary structure to
FT-IR. An excellent comparison tool.

Table 1: Key structural features of an example mAb
Sample α-helix (%)

11

1000 kDa
900 kDa
800 kDa
700 kDa
600 kDa

500 kDa

400 kDa

36

icIEF Charge Profile
0.35
0.30
0.25
0.20
0.15
0.10
0.05

8.604
8.560

8.381

100 kDa

21

35

8.326

200 kDa

Other (%)

8.472

Molar Mass vs. time

Turn (%)

8.195

Monoclonal
Charge Isoform
Profiling
Antibodies and other
Complex Biological
Molecules

SEC-MALS

Molar Mass (g/mol)

1

Absorbance

mAb

Other helix (%) β-sheet (%)

0.00
7.5

7.7

7.9

8.1

pI

8.3

8.5

8.7

8.9

100 kDa
0.0

5.0

time (min)

10.0

15.0

Imaging capillary isoelectric focusing (icIEF) can provide charge
based electrophoretic patterns and data on identity and homogeneity,
as recommended in the ICH guidelines. Due to the UV detector in
the icIEF instrument, it provides an easier representation of the
relative amounts of each variant compared to the older gel based IEF
systems with gel staining and densitometry, which are known to be
difficult and time consuming to run, as well as having poor
reproducibility.
icIEF provides information on the isolectric point (pI) of a
biopharmaceutical product and on the relative amounts of any basic
and/or acidic variants. These data can be used to validate the levels of
deamidation and/or sialylation observed in primary structure analysis.
The image provided shows an icIEF profile of a mAb and its relative
amounts of main component and acidic and basic variants.

Molar Mass and UV abs response
Size exclusion chromatography with multi angle laser light
scattering (SEC-MALS) provides information regarding the size
and shape of the peak eluting from the SEC column. The analysis
provides data from 3 different detectors: traditional UV absorbance,
refractive index and laser light scattering. The figure shows the data
obtained from analysis of a mAb. A dimer component can be seen
separated from the main monomer peak and an additional unresolved
multimer peak containing more than one species of aggregate.
SEC-MALS provides an orthogonal characterization of aggregation
compared to SV-AUC.

Fourier Transform Infrared Spectroscopy

CONCLUSIONS

InfraRed (IR) spectra provide qualitative and quantitative information on the secondary
structure of proteins such as α helices, β sheets, β turns and disordered structures.
The most informative IR bands for protein analysis are amide I (1620-1700 cm-1), amide II
(1520-1580 cm-1) and amide III (1220-1350 cm-1).
Amide I is the most intense absorption band in proteins and consists of stretching vibration of the
C=O (70-85% and C-N groups (10-20%).
Amide II is governed by in-plane N-H bending (40-60%), C-N (18-40%) and C-C (10%)
stretching vibrations.
FT-IR provides an orthogonal assessment of secondary structure to Far UV CD analysis. It is
often considered more useful than CD for products with high levels of α helices and β sheets
because, unlike Far UV CD, FT-IR does not show a disproportionately high response to α helix.

Overlay of FT-IR Spectra 2200-1000cm-1

α-helix (%) β-sheet (%)

Bend (%)

Turn (%)

Other (%)

mAb Aliquot 1

5.1

40.3

15.8

11.5

27.4

mAb Aliquot 2

5.3

40.4

15.6

11.6

27.2

mAb Aliquot 3

5.3

40.4

15.6

11.6

27.2
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Typical SV-AUC Output

The profiles obtained and the fitting
data can be used to assess the
comparability of the secondary
structure of different batches or
formulations, and between originator
and biosimilar.

Table 2: Key structural features of an example mAb
Sample

SV-AUC

Sedimentation Velocity-Analytical UltraCentrifugation (SV-AUC)
provides an orthogonal assessment of aggregation compared to
SEC-MALS. SV-AUC analysis is performed in a column-free
environment, thus avoiding any dilution and shearing force effects,
which are known to affect some non-covalently associated molecules
and alter the aggregation profile defined using SEC or SEC-MALS.
BioPharmaSpec uses SV-AUC to provide an orthogonal column-free
assessment of aggregation (as recommended by the US FDA). The
profile above shows the data from an SV-AUC analysis of a mAb
Innovator product. The monomer and various resolved different
multimer peaks, and their relative percentages, are identified.

BioPharmaSpec is a US and UK-based CRO, specializing
in the structural and physicochemical characterization of
biopharmaceuticals, including biosimilars and biobetters,
monoclonal antibodies, Antibody Drug Conjugates
(ADCs) and blood circulating hormones. From our global
laboratories, we help our clients get their
biopharmaceutical products into clinical trials more
quickly and cost effectively.
Using state-of-the-art Chromatographic and Mass
Spectrometric
instrumentation
and
methods,
BioPharmaSpec applies expertise built up over 45 years of
pioneering research, to assist clients in all areas of
structural,
physicochemical
and
biophysical
characterization of proteins. Our analytical data can help
our clients choose the best cell clone, provide
batch-to-batch comparisons or make innovator to
biosimilar comparisons.
We support activities such as:
• Structural and physicochemical characterization to
ICH Q6b
• Comparability Studies
• Biosimilarity studies
• Forced degradation studies
• Stability studies
• Product impurity analysis and quantitation
With BioPharmaSpec's support, solid development
decisions can be made based on quality analytical data and
experience.
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