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storage. The protein structure is susceptible to aggregation-prone phase transitions which
are dependent on pH, temperature, and protein concentration. Stabilization of protein
formulations can be enhanced through the addition of specific amino acids excipients as
well as other compounds such as surfactants and sugars. Of all the possible amino acids
only a selected few are commonly used as excipients in protein therapeutic formulations.
These include Arginine, Aspartic acid, Glutamic acid, Lysine, Proline, Glycine, Histidine,
and Methionine. Amino acids such as Lys and Arg are positively charged, while Glu and
Asp are negatively charged amino acids. The amino acids present in protein formulations
serve as buffers, bulking agents, stabilizers, and antioxidants. For example, glutamic acid
and histidine can help adjust the final pH and replace organic buffers such as acetate and
citrate, respectively. Methionine can be included as an antioxidant in formulations and
arginine has been shown to be highly effective at suppressing aggregation in both liquid
and lyophilized formulations while glycine, proline, serine, and alanine can partially serve
in this capacity as well.
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The system provides sensitive DAD for those compounds with suitable chromophores.
The Charged Aerosol Detector is a sensitive universal detector designed for UHPLC and
provides a wide dynamic range for those compounds that lack a chromophore. Charged
Aerosol detection (CAD) is a mass sensitive technique for determining levels of any non1
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Methods: A 2D approach for the separation of protein therapeutics and underivatized
amino acid excipients. An integrated UHPLC system with a UV and universal charged
aerosol detection offering multi-mode
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Results: A HILIC method for the determination of label free amino acids and proteins
using multi-modal UV and charged aerosol detection is described. Multi-modal UV and
charged aerosol detection in an integrated system provides a suitable means for the
analysis drugs consisting of both chromophore and non-chromophore species. The
detectors are orthogonal and complimentary in nature so that more compounds in the
sample can be detected.
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Results and Discussion

an Accucore 150 C4 column as shown in Figure 2 using water: acetonitrile gradient with
each solvent containing TFA as an ion pairing agent. A heart cut from 0.5 to 0.8 minutes
containing the polar amino acids from the sample injection was transferred to a second
column via a switching valve. The separation of underivatized amino acid excipients and
several ions was then accomplished within 20 minutes using HILIC mode on the Acclaim
Trinity P1 column as illustrated in Figure 3. The mixed mode Acclaim Trinity P1 column
provides cation, anion and reversed phase separation characteristics. The gradient chosen
for the separation of amino acids and selected ions was adjusted by selecting appropriate
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FIGURE 3. Dimension 2: Analysis of Underivatized Amino Acid Excipients (0.4 µg on
column).
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FIGURE 3. Dimension 2: Analysis of Underivatized Amino Acid Excipients (0.4 µg on
column).
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was injected to demonstrate proof of concept for the simultaneous separation of these
compounds using the 2D approach described. The protein and surfactant were separated
A mixture of surfactant, amino acids, ions and protein which represents a mock protein
on the Accucore 150 C4 column. The diode array detector was able to detect the protein
formulation with amino acid excipients was prepared as shown in Table 3. This solution
as illustrated in Figure 5 but the Polysorbate 80 surfactant was invisible since it is devoid
was injected to demonstrate proof of concept for the simultaneous separation of these
of a suitable chromophore structure. The ions and amino acids transferred and separated
compounds using the 2D approach described. The protein and surfactant were separated
on the Acclaim Trinity P1 column were detected using the charged aerosol detector as
on the Accucore 150 C4 column. The diode array detector was able to detect the protein
shown in Figure 5. The Charged Aerosol Detector is a sensitive universal detector
as illustrated in Figure 5 but the Polysorbate 80 surfactant was invisible since it is devoid
designed for UHPLC and provides a wide dynamic range. The wide dynamic range
of a suitable chromophore structure. The ions and amino acids transferred and separated
available with this detector is clearly illustrated since high levels of sodium and phosphate
on the Acclaim Trinity P1 column were detected using the charged aerosol detector as
(100 µg on column) are shown along with lower levels of amino acids (200 ng on column).
shown in Figure 5. The Charged Aerosol Detector is a sensitive universal detector
designed for UHPLC and provides a wide dynamic range. The wide dynamic range
available with this detector is clearly illustrated since high levels of sodium and phosphate
(100 µg on column) are shown along with lower levels of amino acids (200 ng on column).
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• The simultaneous separation and detection of protein therapeutics and amino acid
excipient was demonstrated using 2D chromatography.
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simultaneous
separation
and detection
of protein
therapeuticsgood
and precision
amino acid
• The
• The
method using
the charged
aerosol detector
demonstrated
excipient
demonstrated
2D chromatography.
(%RSDwas
range
0.45 – 2.91)using
and high
coefficient of determination (R2) metrics (0.985
– 0.998) for underivatized amino acids.
• A mock protein formulation containing a mixture of surfactant, amino acids, ions and
protein was injected to demonstrate the successful capability of the method.

References

• The method using the charged aerosol detector demonstrated good precision
1. Aachoui,
and
Ghosh,
S.K.
Immune
enhancement
by novel
) metricsadjuvants
(0.985 in
range Y.,
0.45
– 2.91)
and
high
coefficient
of determination
(R2vaccine
(%RSD
autoimmune-prone
mice: relative efficacy and safety 2011 BMC
– 0.998)
for underivatizedNZB/W
amino F1
acids.
Immunology 12, pp 61- 73
2. Mutwiri, G., Gerdts, V., Lopez, M., and Babiuk, L.A. Innate immunity and new
adjuvants, 2007 Rev. sci. tech. Off. int. Epiz. 26 (1), pp. 147-156.
3. Di Pasquale, A., Preiss, S., Da Silva, F.T. and Garçon, N. Vaccine Adjuvants: from
1. Aachoui,
and and
Ghosh,
S.K. 2015
Immune
enhancement
by novel vaccine adjuvants in
1920 toY.,2015
Beyond
Vaccines,
3, pp. 320-343.
NZB/W
mice:
efficacy
safety 2011
BMCExcipients
4.autoimmune-prone
Gokarn, Y.R., Kosky,
A., F1
Kras,
E., relative
McAuley,
A., andand
Remmele,
Jr. R.L.
Immunology
pp 6173
for Protein12,
Drugs
in Excipient
Development for Pharmaceutical, Biotechnology,
2. Mutwiri,
G., Gerdts,
Lopez, M.,
andeds.
Babiuk,
L.A. A.
Innate
immunity M.V.
and new
and Drug
DeliveryV.,Systems
2006,
Katdare,
and Chaubal,
Taylor &
adjuvants,
Rev.
sci. tech. Off. int. Epiz. 26 (1), pp. 147-156.
Francis 2007
Group,
LLC.
3. 5.Di Pasquale,
Preiss, S.,
F.T. andA.
Garçon,
N. selection
Vaccine Adjuvants:
Medi, M.B.,A.,Chintala,
R., Da
andSilva,
Bhambhani,
Excipient
in biologicsfrom
and
1920
to 2015formulation
and Beyond
2015 Vaccines,
pp. 320-343.
vaccines
development
20143,European
Pharmaceutical Review 19, pp.
4. Gokarn,
Y.R., Kosky, A., Kras, E., McAuley, A., and Remmele, Jr. R.L. Excipients
16 – 20.
Protein
in Excipient
Development
for Pharmaceutical,
Biotechnology,
6.for Chi,
E.Y.,Drugs
Excipients
and their
effects on the
quality of biologics
2012 AAPS J.
and Drug Delivery Systems 2006, eds. Katdare, A. and Chaubal, M.V. Taylor &
Francis Group, LLC.
5. Medi, M.B., Chintala, R., and Bhambhani, A. Excipient selection in biologics and
vaccines formulation development 2014 European Pharmaceutical Review 19, pp.
16 – 20.
6. Chi, E.Y., Excipients and their effects on the quality of biologics 2012 AAPS J.

References

© 2015 Thermo Fisher Scientific Inc. All trademarks are the property of Thermo Fisher Scientific and its
subsidiaries.

PO3-

This information is not intended to encourage use of these products in any manners that might infringe the
intellectual property rights of others.

300
250

© 2015
Thermo Fisher
Scientific Inc. All trademarks are the property of Thermo Fisher Scientific and its
PO71849-EN
1115S
subsidiaries.

200

This information is not intended to encourage use of these products in any manners that might infringe the
intellectual property rights of others.

150
100
50

Pro

ClMet Gly

BSA
Glu

Arg

His

0

-64
2.00

18

d

Time [min]

Peak Area
Met
0.987Gly

Current [pA]

h
A

Coefficient of
determination (R2) 0.985

Dimension 1: Protein
Dimension 2: Amino Acids & Ions

PO71849-EN 1115S

min
5.00

7.50

10.00

12.50

Time [min]

15.00

17.50

20.00

Conclusions
• The simultaneous separation and detection of protein therapeutics and amino acid
excipient was demonstrated using 2D chromatography.
• A mock protein formulation containing a mixture of surfactant, amino acids, ions and
protein was injected to demonstrate the successful capability of the method.
• The method using the charged aerosol detector demonstrated good precision
(%RSD range 0.45 – 2.91) and high coefficient of determination (R2) metrics (0.985
– 0.998) for underivatized amino acids.
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