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Abstract

Stationary phase containing quinolin-8-ol immobilized on macroporous methacrylate support for the affinity chromatography of porcine
pepsin A is described. Optimized chromatographic conditions for separation of porcine pepsin A on this stationary phase were found
investigating the influence of pH, concentration, ionic strength and chemical composition of the used mobile phases. The stationary phase shows
a good reproducibility of chromatographic analyses (relative standard deviation,±2%), a high recovery (ca. 93%) and a satisfactory capacity
(13 mg pepsin A/1 mL stationary phase) for porcine pepsin A. The obtained findings confirm the applicability of affinity chromatography on
t
©

K

1

g
a
t
B
3
g
e
i
p
a
v
[
g
p

t
P

psins
con-
GC
al ul-
r pa-
lthy

tive
ose,

used
ning
ids
nd
finity
II)

ation-
to a

r the
del

0
d

he stationary phase with immobilized quinolin-8-ol to the isolation and determination of porcine pepsin A.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Gastric juice of vertebrates contains proteinases that di-
est dietary proteins. Gastric juice proteinases are classified
ccording to their enzymatic and immunochemical properties

o the following four groups: pepsin A (EC 3.4.23.1), pepsin
(EC 3.4.23.2), pepsin C (EC 3.4.23.3) and chymosin (EC

.4.23.4). Pepsin A, pepsin B, and pepsin C are present in the
astric juice of adult vertebrates, while chymosin is present
xclusively in neonates[1]. The concentration and ratio of

ndividual types of pepsins varies among species. For exam-
le, the ratio pepsin A/pepsin C in human gastric juice is
pproximately 3:1 while porcine gastric juice contains only
ery small amounts of pepsin C in comparison with pepsin A
2]. The similarity between human and porcine pepsins A is
reater than similarity between human pepsin A and human
epsin C[3].

Gastric proteinases are secreted by the cells of the gas-
ric mucosa as inactive precursors, pepsinogens (designed as
GA, PGB, PGC and prochymosin). The acid environment of

gastric juice converts pepsinogens to the active forms, pe
[4]. The human gastric mucosa and human blood serum
sist of PGA and PGC. The levels of serum PGA and P
seem to be associated with gastric diseases. In duoden
cer patients, elevated serum PGA and in gastric cance
tients low serum PGA were found, compared with the hea
controls[2,5].

Affinity chromatography has been used for the effec
isolation of pepsins from various sources. For this purp
antibodies[6], substrates[7–9], and inhibitors[10–12]bound
to a solid support were used. Previously our laboratory
a stationary phase with bound synthetic inhibitors contai
d-amino acids[13] and derivatives of aromatic amino ac
for the same purpose[14]. Phosphoproteins (pepsin A) a
peptides were also separated using immobilized metal af
chromatography (IMAC) mostly with immobilized Fe(I
[15–19]and also with Ga(III)[20].

The present paper describes the preparation of the st
ary phase with quinolin-8-ol as a ligand covalently bound
macroporous methacrylate support and its utilization fo
isolation and determination of pepsin A. As pepsin A mo
∗ Corresponding author. Tel.: +420 224 965 910; fax: +420 224 912 834.
E-mail address:lenka.novotna@lf1.cuni.cz (L. Novotná).

porcine pepsin A was chosen due to its similar chemical,
physical and biological features to those of human pepsin A.

021-9673/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
oi:10.1016/j.chroma.2004.10.058
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2. Experimental

2.1. Chemicals

Porcine pepsin A was purchased from Sigma, St. Louis,
USA. N-Acetyl-l-phenylalanyl-3,5-diiodo-l-tyrosine, qui-
nolin-8-ol and 41% aqueous methylamine were purchased
from Fluka Chemie, Buchs, Switzerland. The other chemi-
cals were bought from LachNer, Neratovice, Czech Republic
and from Ing. Petr Lukes Company, Uhersky Brod, Czech
Republic.

2.2. Preparation of affinity stationary phase

See Fig. 1 for reaction scheme. The starting macro-
porous poly(glycidyl methacrylate-co-ethylene dimethacry-
late) with reactive epoxide units I, bead size 5–9�m, was
prepared according to[21]. The adsorbent with unit III was
prepared by a modified procedure according to[22].

The polymer I (50.0 g, 150 mmol epoxide) was reacted
with 41% aqueous methylamine (1.00 mL, 11.8 mmol) in
methanol (150 mL) for 7 days at room temperature with oc-
casional shaking. The polymer was then filtered off, washed
with water and left overnight under 10% aqueous sulfuric
acid. The resulting polymer was then subsequently washed
w and
d xide
g

g,
3 so-
l on
o with
o The
p wa-
t tored

under water before packing into column. The equilibrium sat-
uration capacity for Cu2+ in acetate buffer (1 M, pH 4.75) is
0.185 mmol per gram of dry matrix of IV.

2.3. Affinity chromatography of porcine pepsin A

Affinity chromatography of porcine pepsin A was
performed using HPLC system (Ecom, Prague, Czech Re-
public). The steel column (250 mm× 4 mm i.d.) was packed
with the quinolin-8-ol stationary phase and washed with the
equilibration mobile phase. Pepsin A was dissolved in this
mobile phase. Aliquots of 0.25 mL were applied onto the
column. Unadsorbed substances were eluted using equilibra-
tion mobile phase. Different mobile phases were used for the
elution of the adsorbed enzyme (flow rate, 1 mL/min). The
analyses were monitored using a UV detector set at 280 nm.
In the course of the analyses, 1 mL fractions were collected.
The pH value of each fraction was adjusted with 1 M HCl to
pH 2. Proteolytic activity of each fraction was determined
according to the Anson and Mirsky method[23] as trichlor-
acetic acid-soluble peptides using hemoglobin as a substrate.
One unit will produce a�A280 of 0.001/min at pH 2.0 at
37◦C.

Chromatographic conditions for the sorption of pepsin A
on the stationary phase containing quinolin-8-ol were found
a art-
i uffer,
p ate
b iffer-
e tain-
i -
d in-
i

ase
w as

e: prep
ith water, 2% aqueous sodium hydroxide and water
ried in air. The IR spectrum showed no residual epo
roups in the product II (908 cm−1).

The polymer II was reacted with quinolin-8-ol (50
44 mmol) and formaldehyde (30 mL of 36% aqueous

ution, 388 mmol) in methanol (500 mL) with the additi
f a drying agent, anhydrous sodium sulfate (100 g),
ccasional shaking at room temperature for 10 days.
olymer was then filtered off, subsequently washed with

er, methanol, aqueous HCl (1 M) and water again and s

Fig. 1. Reaction schem
nd optimized. The following compositions of the st
ng mobile phases were used: 0.01–1.00 M acetate b
H 3.5–6.0, containing 0.0–1.0 M NaCl; 0.05 M phosph
uffer, pH 5.6. The adsorbed protein was eluted under d
nt conditions: 0.03–1.00 M acetate buffer, pH 6.0, con

ng 0.0–1.0 M NaCl or 20 mMN-acetyl-l-phenylalanyl-3,5
iiodo-l-tyrosine; 0.05 M phosphate buffer, pH 5.6, conta

ng 1.0 M NaCl.
The determination of the capacity of the stationary ph

ith immobilized quinolin-8-ol for porcine pepsin A w

aration of stationary phase.
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performed by the application of the porcine pepsin A solution
(50 mg/50 mL) onto the column until a proteolytic activity
was determined in the eluate. The capacity was expressed
in mg of porcine pepsin A adsorbed to 1 mL volume of the
stationary phase containing quinolin-8-ol as a ligand.

The dependence of the elution peak area on the concentra-
tion of applied porcine pepsin A (0.25–4.00 mg/mL) was con-
structed under established optimized conditions. The repro-
ducibility of the chromatographic analyses was determined
(the same analyses were performed 10 times).

3. Results and discussion

3.1. Preparation of stationary phase with immobilized
quinolin-8-ol

The quinolin-8-ol ligand was attached (seeFig. 1) to the
matrix by aminolysis of the epoxide groups of I with aque-
ous methylamine and subsequent Mannich condensation re-
action of the secondary amine intermediate II with aqueous
formaldehyde and quinolin-8-ol using a modified procedure
according to[22]. Smaller beads suitable for HPLC were
functionalized at the molar ratio methylamine/epoxide 1/12.7
to obtain a lower concentration of the ligand on level appropri-
a and
c r
s teins
i cted
w ing
e lysis
t ing
t low-
m on of
s

F ns on
t 5 mL
o bile
p cetate
b nm).
C

Table 1
Optimized chromatographic conditions for porcine pepsin A on the station-
ary phase containing immobilized quinolin-8-ol

Adsorption
(acetate buffer)

Elution (acetate buffer
containing NaCl)

Buffer concentration (M) 0.05 0.05
pH 6.0 6.0
NaCl concentration (M) – 1.0

3.2. Affinity chromatography of porcine pepsin A

Several pepsin separation methods was described using
low and medium-pressure affinity stationary phases based on
bead cellulose[9,24]or Sepharose 4B[8,9,25]. In this study,
we prepared a high-pressure affinity stationary phase based
on a methacrylate support.

The sorbent III with quinolin-8-ol moieties was used for
the affinity chromatography of pepsin A. As pepsin A is a
phosphoprotein, we started sorption experiments with sta-
tionary phase IV in Ga3+ form using the IMAC mode. Pepsin
A was bound quantitatively on Ga3+-quinolin-8-ol. Surpris-
ingly, pepsin A was bound specifically also on a quinolin-8-ol
moiety itself; therefore, stationary phase III (without metal)
was used for other experiments. This stationary phase was
characterized by the determination of capacity for pepsin A.
Stationary phase (1 mL) adsorbed 13 mg of pepsin A.

Chromatographic conditions for the separation of porcine
pepsin A on the prepared stationary phase were found and
optimized. The analysis of pepsin A under optimized condi-
tions is shown inFig. 2. By increasing pH of the mobile phase,
the adsorption of pepsin A on the stationary phase increased.
(Ultimate pH is 6.0 through the denaturation of pepsin A.)
The enzyme was completely adsorbed at pH 5.5–6.0 and at
ionic strength lower than 0.06 M. By increasing ionic strength
above 0.06 M the adsorption significantly decreased. There-
f sin

F ple:
0 rting
m M ac-
e -
l c ac-
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te for affinity chromatography. The support with the lig
ontent as high as 1.46 mmol g−1 dry matrix (used earlier fo
orption of phenols and toxic oxoanions) adsorbed pro
rreversibly. The epoxide polymer I was, therefore, rea
ith a limited amount of methylamine and the remain
poxide groups were then hydrolyzed under acidic cata

o V. The following Mannich condensation reaction lead
o sorbent III was then performed with great excess of
olecular-weight reagents to ensure complete conversi

econdary amine groups on polymer II.

ig. 2. Chromatography of porcine pepsin A under optimized conditio
he stationary phase containing immobilized quinolin-8-ol; sample: 0.2
f porcine pepsin A solution (concentration, 1.5 mg/mL); starting mo
hase: 0.05 M acetate buffer, pH 6.0; elution mobile phase: 0.05 M a
uffer, pH 6.0, containing 1.0 M NaCl; solid line: absorbance (280
olumn graph: proteolytic activity.
ore, the participation of hydrophobic interaction in pep

ig. 3. Chromatography of porcine pepsin A on quinolin-8-ol; sam
.25 mL of porcine pepsin A solution (concentration, 1.5 mg/mL); sta
obile phase: 0.05 M acetate buffer, pH 6.0; elution mobile phase: 0.05
tate buffer, pH 6.0, containing 20 mMN-acetyl-l-phenylalanyl-3,5-diiodo
-tyrosine; solid line: absorbance (280 nm). Column graph: proteolyti
ivity.
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Table 2
Reproducibility

Experiment Area (s)

1 6380
2 6200
3 6190
4 6160
5 6040
6 6340
7 6330
8 6280
9 6150

10 6210

An amount of adsorbed porcine pepsin A to stationary phase containing
quinolin-8-ol as a ligand expressed in an area of protein peak. A volume of
0.25 mL of pepsin A solution (concentration, 1.5 mg/mL) was applied. The
same analyses were performed 10 times.

A binding is not dominant. Under the optimized chromato-
graphic conditions (Table 1), pepsin A was completely ad-
sorbed to the stationary phase, no proteinase activity was de-
tected in the eluted fractions (Fig. 2). The inactive fractions of
proteins contained only small portion of contaminants present
in the porcine pepsin A sample.

Pepsin A adsorbed to immobilized quinolin-8-ol was
eluted increasing ionic strength up to 1.0 M. The buffer com-
position (0.05 M acetate or 0.05 M phosphate buffers) did not
influence the adsorption of pepsin A on the stationary phase.
Adsorbed pepsin A could also be eluted by the addition of
its specific substrateN-acetyl-l-phenylalanyl-3,5-diiodo-l-
tyrosine to mobile phase (Fig. 3). This result confirmed the
affinity character of sorption of pepsin A on the stationary
phase with quinolin-8-ol.

The recovery of the applied pepsin A was about 93%.
This value is comparable with or higher than those reported
for low- and medium-pressure affinity stationary phases
(e.g. 88%[25]). The stationary phase exhibits a good re-
producibility of analyses performed under optimized condi-
tions. The same analyses were performed 10 times (Table 2).
The average protein peak area was (6230± 100) s. There-
fore, the relative standard deviation found was 2% compared
with 4% reported in[25]. The operation life of this affin-
ity stationary phase is long. It does not exhibit any changes
in the amount of adsorbed pepsin A even after 140 per-
f peak
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t ure
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4

ntly
b ared

according toFig. 1 and used in the affinity chromatogra-
phy of porcine pepsin A. The affinity mechanism of sorption
was proved by the ability of specific substrateN-acetyl-l-
phenylalanyl-3,5-diiodo-l-tyrosine to elute adsorbed pepsin
A (Fig. 3). As sorption takes place at low and desorption,
in contrast, at higher ionic strength, the participation of hy-
drophobic interaction is not dominant.

The chromatographic conditions for the separation of
porcine pepsin A on the stationary phase were found and
optimized (Table 1, Fig. 2). This stationary phase exhibits
good reproducibility of analyses performed under optimized
conditions (Table 2; relative standard deviation,±2%), a high
recovery (ca. 93%), low nonspecific interactions and a high
capacity for porcine pepsin A (13 mg pepsin A/1 mL station-
ary phase). Also the operation life is long. It does not exhibit
any changes even after 140 performed analyses.

The obtained findings confirm the possibility of using
affinity chromatography on the stationary phase with immo-
bilized quinolin-8-ol for the isolation and determination of
porcine pepsin A.
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