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ABSTRACT

Oxidation of proteins is a natural posttranslational event that is a serious
concern in the biopharmaceutical industry. Amino acids are susceptible
to oxidation during processing and storage of proteins in pharmaceuti-
cals, these oxidations can alter the protein’s biological activity, half-life,
and immunogenicity." Traditionally reversed-phase HPLC has been used
for preparative and analytical separation of peptides and low molecular
weight proteins that have a stable primary structure in aqueous-organic
mobile phases. Hydrophobic-interaction chromatography (HIC) is an
alternative method that exploits the hydrophobic properties of these
molecules in aqueous mobile phases.

Here we discuss the use of HIC to separate non-oxidized Luteiniz-

ing Hormone-Releasing Hormone (LH-RH), a tryptophan-containing
peptide, and -Melanocyte Stimulating Hormone (o:-MSH), a methio-
nine-containing peptide, from their forcibly oxidized variants. HIC can
separate peptides with differences as small as the oxidation of a single
amino acid residue. The HIC column separation of methionine oxidized
o-MSH showed a new peak for oxidized o-MSH and the original non-
oxidized peak. The separation of oxidized LH-RH revealed four peaks
in addition to the original non-oxidized peaks. In order to identify these
peaks, a mass spectrometric analysis of the oxidized LH-RH peaks was
performed along with the native peptide. The analysis of non-oxidized
LH-RH revealed only a single major component with a mass-to-charge
ratio equal to that expected for LH-RH. MS analysis of the forcibly
oxidized LH-RH peaks identified two tryptophan oxidation products,
hydroxytryptophan and A-formylkynurenine.

INTRODUCTION

Hydrophobic interaction chromatography (HIC) is a technique used to
separate peptides, proteins, and other biological molecules based on
their degree of hydrophobicity. The ProPac® HIC-10 stationary phase is
based on ultrahigh-purity spherical silica gel particles with 300 A pores.
Multiple points of attachment between the functional layer and the silica
substrate are used to ensure enhanced hydrolytic stability in highly
aqueous media. In addition, a balanced ratio between the hydrophilic
(amide) and hydrophobic (alkyl) groups for protein retention results in a
high-efficiency, high-capacity, multipurpose chromatographic HIC media

for bioseparations. The unique chemistry of the ProPac HIC-10 column
offers exceptional selectivity and stability over the range of pH 2.5 to
7.5. The mobile phase consists of a high concentration of a chaotrope,
usually ammonium sulfate, that increases the hydrophobic interaction
between the solute and the stationary phase.?

HIC and reversed-phase chromatography are closely related techniques.
Both are based upon interactions between solvent-accessible non-polar
groups (hydrophobic patches) on the surface of the solute and the
hydrophobic ligands of the stationary phase. In practice, however, HIC
and reversed-phase are different, as reversed-phase stationary phases
are more highly substituted with hydrophobic ligands than HIC station-
ary phases and the techniques use very different mobile phases. Protein
binding to reversed-phase stationary-phases is usually very strong,
requiring strong polar solvents for elution, often denaturing the proteins
during the separation. Reversed-phase HPLC has found extensive
applications in analytical and preparative separations of mainly peptides
and low molecular weight proteins that have stable primary structure in
aqueous-organic mobile phases. HIC is an alternative way of exploiting
the hydrophobic properties of proteins, working in a more polar, non-
denaturing environment.?

Proteins and peptides are sensitive to oxidative damage. Natural
biological oxidants and environmental oxidants have been suggested

as causative or contributory factors in many diseases. Oxidation of
proteins has also been reported as natural posttranslational events medi-
ated enzymatically by amines and oxidases.® According to the literature,
methionine, cysteine, histidine, tryptophan, and tyrosine residues are
most susceptible to oxidation. Methionine (Met) is easily oxidized by
atmospheric oxygen to form methionine sulfoxide.* Tryptophan (Trp) can
be oxidized by peroxide. Peroxide is an impurity generated during pro-
tein storage, or from polysorbates that are commonly used for protein
purification and solubilization. Other peroxide-contaminated materials
include polyethylene glycol or silicon rubber from vial stoppers. When
proteins are used as pharmaceuticals, Met and Trp oxidations during
processing or storage can be of serious concern due to the possible
effect on protein activity.®

Here, we separate oxidized and non-oxidized variants of a methionine-
containing peptide and a tryptophan-containing peptide using a ProPac
HIC-10 hydrophobic interaction column.
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EXPERIMENTAL Method Conditions

Equipment Column: ProPac HIC-10 column, 4.6 x 100 mm (P/N 063655)
ICS-3000 liquid chromatography system consisting of: Flow Rate: 1.0 mL/min

1CS-3000 SP single pump Temperature: ~ 30°C

ICS-3000 VWD variable wavelength detector Injection Volume: 10 pL

ICS-3000 DC Detector/Chromatography compartment Detection: UV at 214, 254, and 280 nm

AS autosampler Eluents: (A) 2 M ammonium sulfate in

Dionex ProPac HIC—10 column (4.6 x 100 mm) 0.1 M sodium phosphate (pH 7.0)

This application can also be performed using the Dionex UltiMate® (B) 0.1 M sodium phosphate, monobasic (pH 7.0)

3000 Titanium liquid chromatography system consisting of:

SRD-3600 Solvent Rack with six degasser channels Table 1. Gradient Program

LPG-3400AB Quaternary Analytical Pump, or a Time (min) | A% B% | Comments

DPG-3600AB Dual Ternary Analytical Pump -10.0 100.0 0.0 Preconditioning of the column before sample injection
WPS-3000TBPL Biocompatible Analytical Autosampler 00 1000 0.0 | Sample injection

TCC-3200B Column Compartment with two PEEK™ 10—p0rt, 2.0 100.0 0.0 Avoid gradients during sample injection
2-position valves, or a TCC-3000 Column Compartment 170 00 | 1000 | Gradient

without switching valve 20.0/26.0 00 | 1000 | Wash

VVWD-3400 Variable Wavelength DStBCtOL or PDA-3000 22.0/28.0 100.0 0.0 Re-equilibration to prepare for the next sample injection
Photodiode Array Detector Prewash with 100% B for 15 min prior to the first injection

Biocompatible Analytical Flow Cell for PDA
Chromeleon® Chromatography Data Management System RESULTS AND DISCUSSION

software

MSQ Plus® Mass Spectrometer with Data System
AXP-MS Auxiliary Pump Kit D1 oot
Chromeleon MS Support (MSQ MS control) R

Column: ProPac HIC-10
(4.6 x100 mm)
Eluent: A: 2 M ammonium sulfate in
0.1 M sodium phosphate
(pPH7.0)
B: 0.1 M sodium phosphate
monobasic (pH 7.0)

mAU

Sample Preparation
Oxidation of Tryptophan in LH-RH

Avial containing 1 mg of LH-RH was reconstituted in a mix of glacial 50+ B. Oxidized o-MSH 000 Temperature: 30°0

acetic acid, 11-12 N HCI, and water. DMSO was added to the mix in : e o

order to force oxidation. All vials were incubated at room temperature Detection:  Absorbance, UV al 214 nm
for 15 min, after which water was added to each vial to stop the reaction. mAU A e

The samples were diluted by 100 with 50% eluent A and 50% eluent B.

The samples were maintained at room temperature and used within

48 h. For more extensive details of the method, refer to the U y— %

application in Reference 7. 25771
Oxidation of Methionine in o.-MSH Figure 1. Separation of (A) non-oxidized o.-MSH and (B) oxidized o.-MSH

using the ProPac HIC-10 column.
1M Ammonium bicarbonate, 75 mM EDTA, and 400 mM hydrogen per-
oxide were added to a 1.5 mg/mL MSH solution in water. All vials were
incubated for 30 min in an ice water bath. The samples were diluted by
tenfold with 50% Eluent A and 50% Eluent B. The samples were main-
tained at room temperature and used within 48 h. For more extensive
details of the method, refer to the application in Reference 7.
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Figure 1A shows non-oxidized o-MSH (peak 1) at 26 min on the
HIC-10 column. After forced oxidation of the Met in a:-MSH, a new
peak for the oxidized o-MSH (peak 2) was observed at 20 min
(Figure 1B). The presence of a remaining non-oxidized MSH peak at
26 min indicates that o.-MSH was not completely oxidized.

504

A. Non-Oxidized LH-RH 100.0
Column:  ProPac HIC-10
(4.6 x100mm )
Eluent: (A) 2 M ammonium sulfate in
mAU 0.1 M sodium phosphate
(pH7.0)

(B) 0.1 M sodium phosphate
monobasic (pH 7.0)
Temperature: 30 °C
Flow Rate: 1.0 mL/min
Inj. Volume: 10 pL
Detection Absorbance, UV at 214 nm

Peaks: . Unknown
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. Oxy LH-RH
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Figure 2. The separation of (A) non-oxidized LH-RH and (B) oxidized LH-RH
using the ProPac HIC-10 column.

Figure 2A shows the elution of two non-oxidized LH-RH peaks on the
HIC-10 column at 11 and 18 min (peaks 5 and 6, respectively). Figure
2B shows peak 5 and 6 as seen in the unoxidized material and four
additional peaks when the Trp in LH-RH is forcibly oxidized with DMSO.
The presence of peaks 5 and 6 with reduced peak areas in the oxidized
LH-RH indicated incomplete oxidation. We hypothesized that peak 3 and
4 are oxidized variants of peak 5, and peak 7 and 8 are oxidized variants
of peak 6.
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Figure 3. The chemical structure of tryptophan and its major oxidation
products.’

Figure 3 shows a variety of Trp oxidation products described by
E.L. Finley et al.® The expected products of Trp oxidation are
hydroxytryptophan (HTRP), N-formylkynurenine (NFK), Kynurenine
(KYN), and 3-hydroxykynurenine (30H-KYN).
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Figure 4. Mass spectra of (A) oxidized LH-RH and (B) non-oxidized LH-RH. See
Table 2 for ion assignments.

MS analysis of the oxidized LH-RH (Figure 4A) shows the presence of
four additional major ions. Mass spectrometric (MS) analysis of the
non-oxidized LH-RH (Figure 4B) revealed a single major component
with a mass-to-charge (m/2) ratio equal to that expected for LH-RH. We
were able to putatively identify two of the oxidation products and the
assignments in Table 2 were made based on mass/charge.

Table 2. lon Assignments from Figure 4

lon # | Mass/charge Adduct Assignment
(m/2)
1 591.1 [M+2H]> LH-RH
2 599.8 [(M+16)+2H]* Hydroxytryptophan (HTRP)
3 608.7 [(M+32)+2H]* N-formylkynurenine (NFK)
4 613.2 [LHRH+CH,CN+2HI? | Acetonitrile adduct of LH-RH
5 620.8 [HTRP+CH,CN+2HI* | Acetonitrile adduct of Hydroxytryptophan (HTRP)
6 629.8 [NFK+CH,CN+2H]* | Acetonitrile adduct of A-formylkynurenine

CONCLUSION

e This study shows that the ProPac HIC-10 column can separate
methionine- and tryptophan-oxidized peptides from their native
forms.

e The ProPac HIC-10 column is a high-capacity column with en-
hanced hydrolytic stability that can separate peptides with a single
amino acid residue difference.

The separations presented here occur in a non-denaturing environ-
ment, without the use of organic solvents, and show that HIC is a good
alternative to RP-HPLC for the separation of peptide variants.
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