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Certain commercial equipment, instruments, or materials may be identified in this
poster to specify adequately the experimental procedure. Such identification does
not imply approval, endorsement or certification by USP
of a particular brand or product, nor does it imply that the equipment, instrument or
material is necessarily the best available for the purpose or that any other brand or

product was judged to be unsatisfactory or inadequate.
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= Introduction

= Measurement of Sialic Acid
= HPAEC-PAD

= Methodology

= Results and Discussion

= Conclusion
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USEe Introduction
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= N-acetylneuraminic acid (Neu5Ac) is the most common sialic acid
determined in glycoproteins. N-glycolylneuraminic acid (Neu5Gc) is
generally not produced in humans, hence its presence in the
therapeutic agent can potentially generate an immune response.

= Hence the degree and identity of sialylation plays an important role in
biopharmaceutical industries as it contributes to its efficacy,
pharmacokinetics and potential immunogenicity of the therapeutic

protein.
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US@ Measurement of Sialic acid
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» Sialic acids can be released from glycoproteins either by acid or
enzyme treatment.

» The released sialic acid can be analyzed by several analytical methods
like resorcinol, thiobarbituric acid, DMB fluorometric methods, etc. But
these methods either lack sensitivity, or specificity in few cases and

others require derivatization of samples.
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US@ Measurement of Sialic acid
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= The HPAEC-PAD method is a sensitive, specific method which does not
require derivatization of sialic acid.

= 2-keto-3-deoxy-D-glycero-D-galacto-2 nonulosonic acid (KDN) is used
as post hydrolysis Internal standard due to its structural similarities with
Neu5Ac, Neu5Gc and to evaluate differences in sample handling,

hydrolysis and electrode response.

7

GLOBAL EXPERTISE « TRUSTED STANDARDS + IMPROVED HEALTH
COPYRIGHT 2013. ALL RIGHTS RESERVED.



USEC Structure of Sialic acid and Internal
e standard

Figure 1: Structures of Neu5Ac, Neu5Gc and KDN
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USE EPO — A Glycoprotein
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= Erythropoietin (EPQO) is a hematopoietic hormone produced in the adult
kidney and fetal liver cells.

= |t is a 39 kDa glycoprotein consisting of complex N- and O-
oligosaccharide chains attached to a single polypeptide backbone that
accounts for 40% of its molecular weight.

= The terminal site of glycans is occupied by sialic acid which increases
the serum half life of the glycoprotein.

= Lack of terminal sialic acid on glycans results in high activity in in vitro

bioassay but low in vivo activity.
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The objective is to estimate the sialic acid (Neu5Ac and Neu5Gc) content
using HPAEC-PAD as an alternate method to the calorimetric and

fluorescent based methods.

10

GLOBAL EXPERTISE « TRUSTED STANDARDS + IMPROVED HEALTH
COPYRIGHT 2013. ALL RIGHTS RESERVED.



USEe Method

LLS, Pharmacopeial
Convention

EPO Sample

l

Enzymatic digestion
(Neuraminidase from Arthobacter ureafaciens)

l

Incubation at 37°, 5h

l

Add Internal Standard (KDN)

l

HPAEC -PAD analysis

. Electrode: Disposable gold electrode

Column: CarboPac PA20, 4 x 250 mm
Waveform: Carbohydrate standard Quad
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Figure 2: HPAEC separation of Neu5Ac, Neu5Gc and KDN standards
using CarboPac PA20 column

Column: CarboPac PA20 guard, 3 x 30 mm
CarboPac PA20, 3 x 150 mm
Eluent: A) 0.1 M NaOH
B) 1 M Sod.acetate in 0.1 M NaOH
NeuS5Ac Method: Equilibration at 20 mM acetate in 0.1M NaOH from 0-2 min,
aH v 20 -180mM acetate in 0.1M NaOH from 2-9.5 min,
. 180mM acetate in 0.1M NaOH from 9.5 -11 min,
KDN 180 -20 mM acetate from 11 -11.5 min,
Equilibration at 20 mM acetate in 0.1M NaOH for 5 min
i 2- 1053
Flow rate: 0.5 mL/min
Column Temp: 30 ©
0 Inj.Volume: 50 pL
3 . Detection: PAD (Disposable AU electrode on PTFE)
= : Waveform: Carbohydrate Standard Quad
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= Theoretically sialic acid per EPO protein varies from 9 to 14 residues.

= The response of standards is linear from 50 to 250 pmol for Neu5Ac
and 2 to 10 pmol for Neu5Gc (r2 > 0.99) respectively.

= Estimated Neu5Ac content is used for calculating mole of sialic acid per
mole of EPO protein.

= There is no detectable Neu5Gc content in both EPO sample as clearly
seen in the given data.

= This method was further validated to determine its suitability for routine

analysis of Neu5Ac and Neu5Gc in EPO samples
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Figure 3. HPAEC separation of Neu5Ac, Neu5Gc in standards and EPO
samples. Internal standard KDN of 150 pmol conc. is spiked in both standards
and samples
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Figure 4: Sialic acid estimation in EPO using standard curve derived from
corrected areas of Neu5Ac, Neu5Gc standards
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Figure 4: Sialic acid estimation in EPO using standard curve derived from
corrected areas of Neu5Ac, Neu5Gc standards

Correctedarea | Estimated | Proteinamount o
Areaof NeuSAc | Area of KDN | considering MW of mol of NeuSAc/mol
Sample of NeuSAc | NeuSAccontent | taken |

30.6kD of EPO ptn

nC*min pmol/inj ug/inj pmolfinj
EPO Sample 1891 4,047 0.467 111 03 98 114
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High-pH anion exchange chromatography with pulsed amperometric
detection (HPAEC-PAD) method can be used for sialic acid estimation.
It has more advantages due to the following parameters:

* Requires less sample amount

Sample preparation does not require any derivatization before analysis

No interference from matrix components.

Processed sample is stable at 15° up to 48 hrs.

High sensitivity and specificity
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