TN-1177

*)phenomenex’

... breaking with tradition™

J Preston PhD

Dr. J Preston is currently a Se-
nior Scientist and Group Leader
within the PhenolLogix group at
Phenomenex and is the scien-
tific leader for HPLC, UHPLC,

Change Selectivity, Not the Stationary Phase, for
Synthetic Peptide Multi-Step Purifications

J Preston, Guido Krautz, Srinivasa Gandholi, and Marc Jacob
Phenomenex, Inc., 411 Madrid Ave., Torrance, CA 90501, USA

In this technical note, we present peptide purifications that use
multi-step chromatographic processes accomplished with a sin-
gle stationary phase for increased efficiency with time and cost
savings.

Introduction

Natural peptides are short polymers made by linking amino acids
and there is a growing interest in using peptides as therapeutic
agents. The techniques necessary for large scale manufacturing
of these peptides are well developed and require purification to
obtain the desired target component(s). Crude synthetic peptide
mixtures contain many closely related components and it is diffi-
cult, if not impossible, for one purification process to separate the
desired component from the mix of the other components. Often
these purifications are multiple-step, but chromatography is always
used for at least one or more of these steps. Peptides are also well
suitable for UV detection, which is convenient for chromatographic
purifications.

Selectivity is the ability of a chromatographic method to separate
a mixture into its different components. When multiple chromato-
graphic steps are employed, the conventional idea is to use two
or more complementary forms of chromatography such as ion-ex-
change, gel permeation, affinity, or reversed phase separations to
take advantage of their different selectivities. Changing the station-
ary phase is an effective way to obtain different selectivities, but
this can be both expensive and time consuming in a large scale
purification process. Fortunately the very nature of peptides allows
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charged (See Table 1). By knowing the amino acid sequence of a
peptide, its ionization and polarity properties are predictable. There
are a few key properties that are significant for chromatograph-
ic applications with ionization being the most significant proper-
ty. Some amino acids have both acidic and basic ionizable side
chains so the pH of the eluent will determine if these side chains
are charged or neutral. If the stationary phase is silica-based, the
pH will also determine if the silica is neutral or negatively charged.
How the peptides interact with the stationary phase can change
based on the type(s) of organic solvents used in the eluent. This
is related to the polarity of the peptide and is mainly due to the
non-ionizable side chains.

In this technical note, we present peptide purifications that use
multi-step chromatographic processes accomplished with a single
stationary phase for increased efficiency with time and cost sav-
ings. The peptides used for this work are Bivalirudin and Terlipres-
sin as depicted in Figure 1.

Table 1. Natural Amino Acids Classification
Non-polar hydrophobic residues \ Polar uncharged residues \ Positively charged residues (basic)

) re : ' Alanine Asparagine Arginine
for changes in selectivity based on changes in pH or the choice of Isoleucine Cysteine Histidine
organic solvent used in the separation. These changes are rela- k/‘leutﬁ',”e_ Glutamine Lysine
. . . - Yo . ethionine i
ggleol'yo?:;penswe and easily implemented utilizing a single column Phenylalanine (Sagﬁ:’;e Negatively charged residues (acidic)
’ proline Threqnlne Aspartic acid
Tryptophan Tyrosine Glutamic acid
Amino acids are categorized by their side chains as non-polar, Valine
hydrophobic, polar uncharged, positively charged or negatively
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Results and Discussion
Example 1 using crude Bivalirudin demonstrates how effective a
multi-step purification can be performed when the pH is changed
from one step to another, even when the eluent uses the same or-
ganic component. Bivalirudin has an isoelectric point of 3.41 and
has a significant percentage of amino acids with acidic side chains
(See Table 2). When the eluent has neutral pH, both the acidic
side chains and the silica are charged. Under these conditions, the
stationary phase interactions are significantly influenced by these
charged species. When the eluent has low pH, both the acidic side
chains and the silica are uncharged. The hydrophobic and polar
uncharged side chains of Bivalirudin have significant interactions

Table 2. Amino Acids Distribution in Bivalirudin and Terlipressin
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Isoelectric | Acidic  Basic. Non-polar ungr?zla?gr]ed
point side chains | side chains | side chains | oo oo
Example 1 3.4 5 1 7 7
Bivalirudin
Example 2 9.75 0 1 4 7
Terlipressin

Analytical Methods

HPLC System: Agilent® 1100
Analytical QC Conditions:

with the stationary phase.

Example 1. Bivalirudin — Change pH

Example 1: Bivalirudin — Change pH

Step 1: Neutral pH purification
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Step 1 Conditions Step 2 Conditions
Column: Luna® 10 um-PREP C18(3) Mobile Phase: A: 0.1% TFA in Water
Dimensions: 250 x 4.6 mm B: Acetonitrile
PartNo.: 00G-4616-EQ Gradient: Time (min) B (%)
Mobile Phase: A: 20 mM Potassium phosphate pH 7.0 g ]g
B: Acetonitrile 20 20
Gradient: Time (min) B (%) 25 20
g 5 13 Sample: Bivalirudin Step 1 Product
225 20
30.0 20 i ~
Flow Rate: 1.0mL/min | Step 2 Pool 2
Temperature: Ambient ] 98% pure q
Detection: UV @ 254 nm =]
Sample: Bivalirudin Initial Material <&

Column:  Kinetex® 2.6 um XB-C18 (App ID: 22685)
Dimensions: 50 x 4.6mm
Part No.:  00B-4496-E0
Mobile Phase:  A: 0.1% TFA in Water
B: Acetonitrile
Gradient:  Time(min) B (%)
0.0 10
2.75 10
225 20
25 20
Flow Rate:  1.0mL/min
Temperature:  Ambient
Detection: UV @ 220 nm
Sample: Bivalirudin
App ID: 22686 and 22687 Conditions same as above, except as noted:
Gradient: Time(min) B (%)
0.0 10
0.25 10
1.0 30
1.75 30
2.0 40
Flow Rate:  2.0mL/min

Example 2: Terlipressin — Change Organic

Column:  Kinetex 5um C18 (App ID: 22690) (App ID: 22691) (App ID: 22692)
Dimensions: 50 x 4.6mm
Part No.:  00B-4601-EO
Mobile Phase:  A: 0.1% TFA in Water
B: Acetonitrile
Gradient:  Time(min) B (%)
0 10
3 40
31 10
5 10
Flow Rate:  2.0mL/min
Temperature:  Ambient
Detection: UV @ 210 nm
Sample: Terlipressin
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Example 2 using crude Terlipressin demonstrates how effective
a multi-step purification can be when the type of organic solvent
used in the eluent is changed from one step to another, even when
the pH remained constant. Terlipressin has an isoelectric point of
9.75 and is mostly comprised of non-polar and polar uncharged
side chains (See Table 2). When the eluent has low pH, the peptide
interacts well with the uncharged silica and stationary phase. The
chromatographic behavior of the peptide differs when the strong
solvent in the eluent is capable of hydrogen bonding like Ethanol
and not with Acetonitrile. This is most likely due to the significant
amount of uncharged polar side chains.

Example 2: Terlipressin — Change Organic

Step 1: 0.1% TFA + Ethanol Pooled
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Step 1 Conditions Step 2 Conditions
Column: Luna® 10 pm-PREP C18(3) Mobile Phase: A: 0.1% TFA in Water
Dimensions: 250 x 4.6 mm B: Acetonitrile
Part No.: 00G-4616-E0 Gradient: Time (min) B (%)
Mobile Phase: A: 0.1% TFA in Water 0 5
B: Ethanol g? 20
Gradient: Time (min) B (%) 25 5
0 10
20 40 Sample: Terlipressin Step 2 Product

Flow Rate: 1.0mL/min

Temperature: Ambient -
Detection: UV @ 210 nm

Sample: Terlipressin Initial Material

App ID 22692
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Graph 1. Luna(3) Particle Size Distribution Curve
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Conclusion

The column used for large scale purifications can be a significant
part of the total cost of the purification process. This cost is not
solely based on the stationary phase inside the column but also
needs to include the cost of the hardware and the time needed to
pack and unpack these columns. As shown, a considerable amount
of time and expense can be saved by using the same column for
each step in a multi-step purification process while only modifying
the mobile phase. The two examples presented in this technical
note utilize the Luna 10pm-PREP C18(3) stationary phase. The
Luna(3) media has a narrower particle size distribution (See Graph
1) providing superior performance with lower backpressure over the
previous Luna and Luna(2) media. This new Luna(3) media offers a
more uniform, stable, and reproducible chromatography bed that
results in longer lifetime with increased productivity. These exam-
ples demonstrate the versatility achievable with a single stationary
phase and column in a multi-step purification process for better
throughput and overall total economy.
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Luna 10 pm-PREP Scout Columns HPLC Bulk Media

Phases 250 x46mm | 250x10mm | 1kg 5kg 10 kg
c18(3) 006-4616-E0 ‘ 006-4616-NO 04K-4616 04L-4616 04M-4616
€8(3) 006-4623-E0 ‘ 006-4623-NO 04K-4623 04L-4623 04M-4623

Contact your Phenomenex technical consultant or local distributor for additional bulk packings and quantities not listed.

Australia
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Belgium
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beinfo@phenomenex.com
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Canada

+1(800) 543-3681

: +1 (310) 328-7768
info@phenomenex.com
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China

: +86 (0)20 2282-6668

: +86 (0)20 2809-8130
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Denmark

: +45 4824 8048

: +45 4810 6265
nordicinfo@phenomenex.com
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Finland

: +358 (0)9 4789 0063

: +45 4810 6265
nordicinfo@phenomenex.com
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France

: +33 (0)1 3009 21 10

: +33 (0)1 30 09 21 11
franceinfo@phenomenex.com
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Germany

+49 (0)6021-58830-0

1 +49 (0)6021-58830-11
anfrage@phenomenex.com
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India
: +91 (0)40-3012 2400
+91 (0)40-3012 2411
indiainfo@phenomenex.com
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Ireland
: +353 (0)1 247 5405
+44 1625-501796
eireinfo@phenomenex.com
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Italy
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italiainfo@phenomenex.com
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Luxembourg

: +31 (0)30-2418700

+31 (0)30-2383749
nlinfo@phenomenex.com

Mexico
001-800-844-5226

1 001-310-328-7768

tecnicomx@phenomenex.com

The Netherlands

: +31 (0)30-2418700

+31 (0)30-2383749
nlinfo@phenomenex.com

New Zealand

+64 (0)9-4780951

+64 (0)9-4780952
nzinfo@phenomenex.com

Norway

: +47 810 02 005
: +45 4810 6265

nordicinfo@phenomenex.com

Puerto Rico

: +1 (800) 541-HPLC

+1(310) 328-7768
info@phenomenex.com

Spain

: +34 91-413-8613
: +34 91-413-2290

espinfo@phenomenex.com

Sweden

: +46 (0)8 611 6950
. +45 4810 6265

nordicinfo@phenomenex.com

United Kingdom
+44 (0)1625-501367

- +44 (0)1625-501796

ukinfo@phenomenex.com

USA
+1(310) 212-0555

- +1(310) 328-7768

info@phenomenex.com

All other countries
Corporate Office USA

[€]

- +1 (310) 212-0555
- +1 (310) 328-7768

info@phenomenex.com

Phenomenex products are available worldwide. For the distributor in your country,
contact Phenomenex USA, International Department at international@phenomenex.com
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guarantee

If Phenomenex products in this technical note do not provide at
least equivalent separations as compared to other products of the
same phase and dimensions, return the product with comparative
data within 45 days for a FULL REFUND.

Terms and Conditions

Subject to Phenomenex Standard Terms and Conditions which may be viewed at
www.phenomenex.com/TermsAndConditions.

Trademarks

Luna and Kinetex are registered trademarks of Phenomenex. Agilent is a registered trademark
of Agilent Technologies, Inc.

© 2015 Phenomenex, Inc. All rights reserved.
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