Available online at www.sciencedirect.com

SCIENCE@DIREGT° JOURNAL OF

3 CHROMATOGRAPHY A

ELSEVIER Journal of Chromatography A, 1043 (2004) 27-32

www.elsevier.com/locate/chroma

Evaluation of an embedded polag ghase for hydrophobic protein
analysis by reversed-phase liquid chromatography

T. Hamada, H. Tanaka, H. Izumine, M. Ohira

GL Siences Inc., 5-3 Nagasone, Okajima, Fukushima 960-8201, Japan
Available online 3 March 2004

Abstract

A C,4 column (InertsilWP300 ¢) was developed for a protein analysis in reversed-phase chromatography. Polar groups were embedded on
this phase. And this column was evaluated with low concentration of trifluoroacetic acid (TFA) and formic acid, {fleas€s that controlled
carbon loading and commercially available columns were compared with this embegldetu@n. The test column with higher carbon
loading showed good separations of proteins at low concentrations of TFA, although hydrophobic proteins were broadened. On the other
hand, embedded polar, @ackings showed ideal retention behavior for proteins, which is independent of ion-pairing effects of additives in
mobile phase. The reason was concluded to be the shielding effects of polar groups on the sorbents, which reduce silanophilic interactions
with polar groups of proteins.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction groups in stationary phase on the analysis of hydrophobic
peptides were reported by Zhou and Hodfs

Proteins consist of several kinds of amino acids and have  On the other hand, embedded polar phases have become
large molecular sizes. The structural features give undesir-popular in the past 10 yeaf8]. But the phases have not
able adsorption that makes peak tailing and broadening inpeen investigated enough for reversed-phase chromatogra-
reversed-phase separations on silica-based sorbents, and ghy of proteins, yet. The characteristics of these phases are
leads to unsatisfactory resolution or low recovery. It's mainly - significantly different from traditional alkyl bonded phases
because the silanol groups are acidic and this ionic interac-concerned with chemical composition and chromatographic
tion results in an ion exchange retention mechanism. The hehavior. Therefore, this phase is expected to be useful for
problems increase with the size and/or the hydrophobicity of protein applications.
a protein because of the numerous interactions. Therefore, |n recent years, re\/ersed_phase Chromatography Coup|ed
the silica-based sorbents used in reversed-phase separationg electrospray mass spectrometry has become a valuable
of proteins demand high coverage on the surface and hightool for determination and structure analysis of peptides
inertness against polar groups. and proteins. Unfortunately, trifluoroacetic acid (TFA)-

Various types of sorbents: 2C(ethyl), G (butyl), Gg containing mobile phase often obstructs high sensitive de-
(octyl), Cig (octadecyl), cyanopropyl and phenyl groups terminations due to its signal suppressidrb]. However,
are available for separations of proteins. It is known that many app”cations of re\/ersed-phase Chromatography for
long-chain phases likegbr Cig can cause undesirable peak hydrophobic proteins have been achieved in the presence of
tailing or lower recovery of large proteins due to the high 0.1% TFA, which overcomes peak tailing and broadening.
hydrophobicity. Packings with shorter alkyl chain length  \We have developed new reversed-phase column for hy-
such as @ phase, therefore, are favorable for hydrophobic drophobic proteins. The main feature is polar groups be-
proteins, because of the faster kinetic desorption betweenyyveen the G chain and the silica surface for decreasing the
proteins and stationary phagé]. The effects of polar  contribution of silanophilic interactions.

In this study, separations of proteins are investigated with
* Corresponding author. Fax:81-24-533-2314. the embedded polarsphase at low concentration of TFA
E-mail address. hamada@gls.co.jp (T. Hamada). or non ion-pairing additives in mobile phase.
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;izlseicgl properties of the silica-gels used in this test for column making

Particle Surface aréa Pore Pore volumé Metal impurity levef (ppm)

sizé (wm) (m?/g) diamete? (A) (mlig) Fo N ca -

5 150 300 1.05 0.9 N.D. 0.7 N.D.

@ By laser scattering method and centrifugal sedimentation.
b By nitrogen adsorption method.
¢ By atomic adsorption spectrometry.

Table 2

Specification of columns used in this study

Column Serial number Manufacturer Particle Carbon load Bonded phase Endcapping
size (wm) (%, wiw)

Embedded polar £ GL Sciences 5 3.2 Embeded polag C  Not endcapped

300G-T0OO1 5 4.3 G Not endcapped

300G;-T002 5 3.0 G Not endcapped

300G-T003 5 2.3 G Not endcapped

Zorbax 300SB-g USKD001444 Agilent Technologies 5 11 3C Not specified

Protein G E000518-10-1 Vydac 5 Not specified 4C Not specified

YMC-pack protein-RP 041592258(W) YMC 5 Not specified Not specified Not specified

The column size was 150 mm 4.6 mm i.d.

2. Experimental versible interactions with hydrophilic groups of the solute
[6-8].
2.1. Apparatus Test columns with various carbon loading, embedded

polar phase and commercially availablg €olumns are
The HPLC gradient system consisted of two PU-614 summarized inTable 2 For embedded polar phase, Inert-
pumps, a CO-630 column oven, a UV-620 variable- silWP300 G (GL Sciences, Tokyo, Japan) was used. This
wavelength UV detector, a AS-640 auto-injector, and a column was developed for protein analysis with 300 A wide
DMC-675 dynamic mixer (all from GL Sciences, Tokyo, pore silica gel.
Japan).
2.3. Reagents
2.2. HPLC columns
HPLC-grade acetonitrile (Kishida, Osaka, Japan) and
Table 1showed physical properties of the silica gels used water (Milli-Q system, Millipore, Bedford, MA, USA)
in this study. The metal impurities, which play a role in were used in the preparation of the mobile phases. Tri-
enhancing the acidity of the residual silanol groups, lead fluoroacetic acid and Formic acid (Kishida) were used as
to undesirable peak shape on analysis of chelating com-additives to the mobile phases. Protein samples (molecular
pounds (including peptides and proteins) because of irre- mass, isoelectric point): insulin (6000, 5.7), cytochrome ¢

Table 3
Comparison of protein retention times on embedded polaaf@l test columns
Numbef  Protein Embedded polarsC 300G;-T003 300G-T002 300G-T001
0.1% 0.05% 0.02% 0.1% 0.05% 0.02% 0.1%T 0.05% 0.02% 0.1% 0.05% 0.02%
TFA TFA TFA TFA TFA TFA FA TFA TFA TFA TFA TFA
1 Insulin 115 10.5 9.3 12.8 121 11.6 12.4 11.6 10.8 11.7 10.9 10.1
2 Cytochrome ¢ 12.1 10.5 8.6 14.2 13.1 12.0 13.6 12.3 11.0 12.7 11.3 10.1
3 BSA 14.9 13.6 125 17.3 16.5 16.0 16.7 15.9 151 15.7 14.4 14.1
4 Myoglobin 17.6 16.1 14.3 20.9 19.6 18.3 20.4 18.9 174 16.1 16.9 15.6
5 Creatine 20.2 18.6 16.8 235 22.3 21.1 22.6 21.1 19.7 21.0 195 18.4
amidinohydrolase
6 Ovalbumin 21.8 20.3 17.8 26.7 253 24.1 25.1 235 22.2 23.1 21.8 205
7 Creatinine 23.2 21.9 18.7 28.7 27.3 26.2 27.0 25.6 24.1 24.2 22.9 21.8

amidohydrolase

The data were obtained at the same conditionfigs 1
a8 Peak numbers denotes proteins showrrig. 1
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Fig. 1. Chromatograms of test mixture of proteins obtained with embedded pglandtest columns at different TFA concentrations in mobile phase.
Conditions: eluent A, wate# acid; eluent B, acetonitrile—water (90:10, vA)acid; gradient, 20-60% B in 25 min; flow-rate, 1.0 ml/min; detection, UV
at 280 nm; column temperature, 30; and injected volume, pl. Peaks: 1= insulin (0.1 mg/ml), 2= cytochrome c (0.1 mg/ml), 3= BSA (0.2 mg/ml),
4 = myoglobin (0.2 mg/ml), 5= creatine amidinohydrolase (0.1 mg/ml)=6ovalbumin (0.2 mg/ml), and # creatinine amidohydrolase (0.1 mg/ml).
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Fig. 2. Chromatograms of ferritin sample with embedded polaafd test columns at various TFA concentrations. Conditions: eluent A, wateid;
eluent B, acetonitrile—water (90:10, v/v} acid; gradient, 20-80% B in 20 min; flow-rate, 1.0 ml/min; detection, UV at 280 nm; column temperature,
30°C; and injected volume, fl. Peaks: 1= cytochrome ¢ (0.15mg/ml), 2 BSA (0.3 mg/ml), and 3= ferritin (1.0 mg/ml).
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Table 4
Comparison of protein retention times on embedded polaai@l commercially available columns
Numbef Protein Embedded polarsC Zorbax 300SB-G@ Protein G YMC-pack protein-RP
0.1% 0.05% 0.02% 0.1% 0.05% 0.02% 0.1% 0.05% 0.02% 0.1% 0.05% 0.02%
TFA  TFA  TFA TFA  TFA TFA TFA TFA TFA TFA TFA TFA
1 Insulin 11.5 105 9.3 115 10.6 9.7 11.9 115 121 12.8 12.4 12.9
2 Cytochrome ¢ 121 105 8.6 131 116 10.0 136 128 14.0 13.8 125 12.6
3 BSA 149 136 125 16.3 15.2 14.4 17.2 165 17.7 17.1 15.9 16.6
4 Myoglobin 176 16.1 14.3 19.0 173 15.3 20.2 193 20.7 19.4 18.3 18.6
5 Creatine 20.2 18.6 16.8 216 20.1 Not 227 219 Not Not Not Not
amidinohydrolase specified specified specified specified specified
6 Ovalbumin 21.8 20.3 17.8 242 226 20.8 255 247 253 225 21.3 22.4
7 Creatinine 232 219 18.7 25.7 Not Not 269 26.1 Not Not Not Not
amidohydrolase specified specified specified specified specified specified

The data were obtained at the same conditionEigs 4.
a Peak numbers denotes proteins showrrig. 4.

(12,000, 9.0), bovine serum albumin (BSA) (66,000, 4.7),
myoglobin (17,000, 8.1), ovalbumin (45,000, 4.6), and fer-
ritin (440,000, 4.4) were from Sigma—Aldrich (St. Louis,
MO, USA). Creatine amidinohydrolase (CdN1{ 100,000) ! 4
and creatinine amidohydrolase (Cdo) (175,000) were from
Funakoshi (Tokyo, Japan).

Embedded polar C4

2.4. Chromatographic conditions

Chromatographic conditions were described in each 1
figure.

ZORBAX 300SB -C3

3. Results and discussion

3.1. Effects of TFA in mobile phase K

The chromatograms of test mixture showrFig. 1 were
obtained with embedded polay @hase and test columns.

2 4
A phase with higher carbon loading shows longer reten- :
tion of proteins, in general. However, embedded polar C EROTEINC4
phase, which has middle carbon loading, retained proteins
shorter than other normals(phases as shown ifable 3
This is because the polar groups on the stationary phase

make faster kinetic desorption of the proteins.
In the presence of 0.1% TFA, each column eluted pro-
teins with good peak shape. At low TFA concentration, the

1 4
peak shape of BSA on normaly(hases clearly showed 23
YMC -Pack PROTEIN -RP

the differences from embedded; @hase. When the con- .

centrations of TFA were reduced to 0.05 and 0.02%, BSA

was tailing on normal ¢ phases. The tailing of BSA was

remarkably bad on the phases with lower carbon loading

(300G;-T001 and 300¢-T002), and it seemed to be caused - R e e e |

by the lower coverage of silanol groups. Embedded pojar C 10 20 e iy 4.0 50

phases, which have middle carbon loading, eluted BSA and

other proteins with good peak shape. It is suggested that theFig. 3. Chromatograms of test mi)_(t‘ure consisting of aget_ophenone, ben-

polar groups decrease the contribution of silanophilic inter- zenfe, toluene, naphtha_le.ne. Coqdmons: eluent, a(.:etonltrlle—water (50:50,
. . . . . vIv); flow-rate, 1.0 ml/min; detection, UV at 254 nm; column temperature,

actions. Elution behaviors of hydrophobic proteins such as 4p:c. and injected volume, fil. Peaks: 1= acetophenone (Oll/ml),

Cdi, ovalbumin, and Cdo on embedded polarbase were 2 = benzene (14)/ml), 3 = toluene (1Qul/ml), and 4 = naphthalene

ideal at any conditions of TFA. (1 mg/ml).
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Fig. 4. Chromatograms of test mixture of proteins obtained with embedded pglgsh&se and commercially available columns at various TFA
concentrations. Conditions: eluent A, wateracid; eluent B, acetonitrile—water (90:10, vA¥)acid; gradient, 20-60% B in 25 min; flow-rate, 1.0 ml/min;
detection, UV at 280 nm; column temperature,°80 and injected volume, jal. Peaks: 1= insulin (0.1 mg/ml), 2= cytochrome c (0.1 mg/ml), 3= BSA
(0.2mg/ml), 4= myoglobin (0.2 mg/ml), 5= creatine amidinohydrolase (0.1 mg/ml),=6ovalbumin (0.2mg/ml), and % creatinine amidohydrolase
(0.1 mg/ml).

Fig. 2 shows the chromatograms of ferritin sample sepa- 3.2. Separation of proteins on embedded polar C4 and
rated on embedded polar Bhase and test columns. Ferritin - commercially available columns
(M, = 440,000) is one of the proteins which was not eluted
with ideal behavior in the report of Burton and Snyde}. The separation of test mixture, consisting of acetophe-
The size and/or the hydrophobicity of a protein have influ- none, benzene, toluene and naphthalene, was performed on
ence on undesirable adsorption because of stout interactiongach column for comparing their hydrophobicityFig. 3.
to stationary phase. Ferritin seemed to be suitable for evalu-Embedded polar £phase showed longer retention of naph-
ations of stationary phase, because the chromatograms weréhalene, and it was expected that the phase has higher hy-
different between columns and strongly influenced by elu- drophobicity than other commercially available columns.
tion conditions. Proteins, however, were retained longer on commercially
Higher concentrations of TFA in mobile phase make hy- available columns than on embedded polay hase as

drophobicity of proteins larger, because the protonated basicshown inTable 4 Silanophilic interactions would contribute
groups become uncharged by forming ion-pair with TFA. to the retention process of proteins on commercially avail-
Therefore, higher carbon loading columns (30002 able columns. At low TFA concentrations, proteins were
and 300G-003) could not elute ferritin with ideal peak eluted with non-ideal peak shape on commercially avail-
shape as compared with 30§T001 at 0.1% TFA in
mobile phase. On the other hand, lower concentration
of TFA accelerated silanophilic interactions with amino T@ple 5 _ o

] Comparison of proteins recovery at 0.1% TFA and 0.2% formic acid
groups of proteins. Therefore, the peak shape became_  ° .~ polar £
broad at 0.02% on the low carbon loading column (380C

TOOl). Protein Recovery (%)

Embedded polar £phase performed well at any con- 0.1% TFA 0.2% Formic acid
_centratlon of TFA. T_he rete_r_mon behavior of protel_ns WaS ¢ tochrome ¢ 931 926
independent of the ion-pairing effects of TFA. It is sug- pgsa 96.0 91.0
gested that the polar groups embedded on the sorbents havevalbumin 74.1 80.1

Sh'eldmg effects, which _reduce silanophilic interactions The data were obtained at the same conditionBigs4 (0.1% TFA) and
with polar groups of proteins. Fig. 5 (0.2% formic acid).
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Fig. 5. Chromatograms of test mixture of proteins with embedded polar
C,4 phase and commercially available columns at 0.2% formic acid. Condi-
tions: eluent A, 0.2% formic acid; eluent B, acetonitrile—water (90:10, v/v)
+ 0.2% formic acid; gradient, 20-80% B in 20 min; flow-rate, 1.0 ml/min;
detection, UV at 280 nm; column temperature,”80 and injected vol-
ume, 5ul. Peaks: 1= insulin (0.1 mg/ml), 2= cytochrome c (0.1 mg/ml),
3 = BSA (0.2mg/ml), 4= myoglobin (0.2 mg/ml), 5= creatine amidi-
nohydrolase (0.1 mg/ml), & ovalbumin (0.2 mg/ml), and # creatinine
amidohydrolase (0.1 mg/ml).

able columns due to less ion-pairing effects as shown in
Fig. 4.

The chromatograms of test mixture showrFig. 5were
obtained with embedded polay @hase and commercially
available columns in the presence of 0.2% formic acid in
mobile phase. Many peaks were tailing or not eluted on
commercially available columns. The test mixtures were

well separated with good peak shape on embedded pglar C

T. Hamada et al./J. Chromatogr. A 1043 (2004) 27-32

phase. These chromatograms demonstrated the good shield-
ing effects of embedded polar groups, which reduce unde-
sirable interactions on the retention process.

3.3. Recovery of proteins at 0.1% TFA and 0.2% formic
acid

Table 5shows the recovery of proteins with embedded
polar G, phase at the same conditionsFag. 4 (0.1% TFA)
andFig. 5(0.2% formic acid). Separations of cytochrome c,
BSA, and myoglobin with formic acid were achieved with
conventional Gg columns by Garcia et aJ10]. Poor recov-
eries and resolutions of the proteins were indicated in the
report. Satisfactory recoveries of cytochrome ¢, BSA, and
ovalbumin were obtained on embedded polapGase both
in 0.1% TFA and 0.2% formic acid. These results were led
from both the shielding effects by polar groups and the faster
kinetic desorption between proteins and short-chain phases.

4. Conclusions

Embedded polar £phase was evaluated at low concen-
trations of TFA and formic acid. This phase showed good
performances in elution behaviors and recoveries of pro-
teins at 0.2% formic acid in mobile phase. Poor recovery
is a problem when formic acid was used in LC-MS detec-
tion. Therefore, this phase is expected for determinations on
protein analysis.
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