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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 shov
a good reproducibility of chromatographic analyses (relative standard devi&28f), 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
the 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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1. Introduction gastric juice converts pepsinogens to the active forms, pepsins
[4]. The human gastric mucosa and human blood serum con-

Gastric juice of vertebrates contains proteinases that di- sist of PGA and PGC. The levels of serum PGA and PGC
gest dietary proteins. Gastric juice proteinases are classifiedseem to be associated with gastric diseases. In duodenal ul-
according to their enzymatic and immunochemical properties cer patients, elevated serum PGA and in gastric cancer pa-
to the following four groups: pepsin A (EC 3.4.23.1), pepsin tients low serum PGA were found, compared with the healthy
B (EC 3.4.23.2), pepsin C (EC 3.4.23.3) and chymosin (EC controls[2,5].
3.4.23.4). Pepsin A, pepsin B, and pepsin C are presentinthe Affinity chromatography has been used for the effective
gastric juice of adult vertebrates, while chymosin is present isolation of pepsins from various sources. For this purpose,
exclusively in neonatefl]. The concentration and ratio of antibodieg6], substratef’—9], and inhibitor§10-12]bound
individual types of pepsins varies among species. For exam-to a solid support were used. Previously our laboratory used
ple, the ratio pepsin A/pepsin C in human gastric juice is a stationary phase with bound synthetic inhibitors containing
approximately 3:1 while porcine gastric juice contains only p-amino acidq13] and derivatives of aromatic amino acids
very small amounts of pepsin C in comparison with pepsin A for the same purpogd4]. Phosphoproteins (pepsin A) and
[2]. The similarity between human and porcine pepsins A is peptides were also separated using immobilized metal affinity
greater than similarity between human pepsin A and humanchromatography (IMAC) mostly with immobilized Fe(lll)
pepsin J3]. [15-19]and also with Ga(llI]20].

Gastric proteinases are secreted by the cells of the gas- The present paper describes the preparation of the station-
tric mucosa as inactive precursors, pepsinogens (designed aary phase with quinolin-8-ol as a ligand covalently bound to a
PGA, PGB, PGC and prochymaosin). The acid environment of macroporous methacrylate support and its utilization for the

isolation and determination of pepsin A. As pepsin A model
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2. Experimental under water before packing into column. The equilibrium sat-
uration capacity for C# in acetate buffer (1 M, pH 4.75) is
2.1. Chemicals 0.185 mmol per gram of dry matrix of IV.

Porcine pepsin A was purchased from Sigma, St. Louis,
USA. N-Acetyl-L-phenylalanyl-3,5-diioda-tyrosine, qui- 2.3. Affinity chromatography of porcine pepsin A
nolin-8-ol and 41% aqueous methylamine were purchased
from Fluka Chemie, Buchs, Switzerland. The other chemi-  Affinity chromatography of porcine pepsin A was
cals were bought from LachNer, Neratovice, Czech Republic performed using HPLC system (Ecom, Prague, Czech Re-
and from Ing. Petr Lukes Company, Uhersky Brod, Czech public). The steel column (250 mm4 mm i.d.) was packed
Republic. with the quinolin-8-ol stationary phase and washed with the
equilibration mobile phase. Pepsin A was dissolved in this
mobile phase. Aliquots of 0.25mL were applied onto the
2.2. Preparation of affinity stationary phase column. Unadsorbed substances were eluted using equilibra-
tion mobile phase. Different mobile phases were used for the
See Fig. 1 for reaction scheme. The starting macro- elution of the adsorbed enzyme (flow rate, 1 mL/min). The
porous poly(glycidyl methacrylate-co-ethylene dimethacry- analyses were monitored using a UV detector set at 280 nm.

late) with reactive epoxide units |, bead size 8, was In the course of the analyses, 1 mL fractions were collected.
prepared according @1]. The adsorbent with unit Ill was  The pH value of each fraction was adjusted with 1 M HCI to
prepared by a modified procedure accordinfP®j. pH 2. Proteolytic activity of each fraction was determined

The polymer | (50.0g, 150 mmol epoxide) was reacted according to the Anson and Mirsky methf#8] as trichlor-
with 41% aqueous methylamine (1.00mL, 11.8 mmol) in acetic acid-soluble peptides using hemoglobin as a substrate.
methanol (150 mL) for 7 days at room temperature with oc- One unit will produce aAAygp of 0.001/min at pH 2.0 at
casional shaking. The polymer was then filtered off, washed 37°C.
with water and left overnight under 10% aqueous sulfuric ~ Chromatographic conditions for the sorption of pepsin A
acid. The resulting polymer was then subsequently washedon the stationary phase containing quinolin-8-ol were found
with water, 2% aqueous sodium hydroxide and water and and optimized. The following compositions of the start-
dried in air. The IR spectrum showed no residual epoxide ing mobile phases were used: 0.01-1.00 M acetate buffer,
groups in the product Il (908 cnt). pH 3.5-6.0, containing 0.0-1.0 M NacCl; 0.05M phosphate

The polymer 1l was reacted with quinolin-8-ol (509, buffer, pH 5.6. The adsorbed protein was eluted under differ-
344 mmol) and formaldehyde (30 mL of 36% aqueous so- ent conditions: 0.03—1.00 M acetate buffer, pH 6.0, contain-
lution, 388 mmol) in methanol (500 mL) with the addition ing 0.0-1.0 M NaCl or 20 mMN-acetyli-phenylalanyl-3,5-
of a drying agent, anhydrous sodium sulfate (100 g), with diiodo-L-tyrosine; 0.05 M phosphate buffer, pH 5.6, contain-
occasional shaking at room temperature for 10 days. Theing 1.0 M NaCl.
polymer was then filtered off, subsequently washed withwa-  The determination of the capacity of the stationary phase
ter, methanol, aqueous HCI (1 M) and water again and storedwith immobilized quinolin-8-ol for porcine pepsin A was

OH

Fig. 1. Reaction scheme: preparation of stationary phase.
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performed by the application of the porcine pepsin A solution Table 1
(50 mg/50 mL) onto the column until a proteolytic activity Optimized chromatographic conditions for porcine pepsin A on the station-
was determined in the eluate. The capacity was expressedy Phase containing immobilized quinolin-8-ol

in mg of porcine pepsin A adsorbed to 1 mL volume of the Adsorp“%”ﬁ Elution ,(ac‘f\l‘atcel buffer
stationary phase containing quinolin-8-ol as a ligand. ' (acetate buffer) _ containing NaCl)
The dependence of the elution peak area on the concentra-BLJffer concentration (M) 60(-)05 60605
. . . . _p . .
tion of applied porcine pepsin A (0.25-4.00 mg/mL) was con NaCl concentration (M) N 10

structed under established optimized conditions. The repro-
ducibility of the chromatographic analyses was determined

(the same analyses were performed 10 times). 3.2. Affinity chromatography of porcine pepsin A

Several pepsin separation methods was described using

3. Results and discussion low and medium-pressure affinity stationary phases based on
bead cellulos§9,24] or Sepharose 4[B,9,25] In this study,

3.1. Preparation of stationary phase with immobilized we prepared a high-pressure affinity stationary phase based

quinolin-8-ol on a methacrylate support.

The sorbent 11l with quinolin-8-ol moieties was used for

The quinolin-8-ol ligand was attached (deig. 1) to the the affinity chromatography of pepsin A. As pepsin A is a
matrix by aminolysis of the epoxide groups of | with aque- Phosphoprotein, we started sorption experiments with sta-
ous methylamine and subsequent Mannich condensation refionary phase IV in G& form using the IMAC mode. Pepsin
action of the secondary amine intermediate 1l with aqueous A was bound quantitatively on G&quinolin-8-ol. Surpris-
formaldehyde and quinolin-8-ol using a modified procedure ingly, pepsin Awas bound specifically also on a quinolin-8-ol
according to[22]. Smaller beads suitable for HPLC were Mmoiety itself; therefore, stationary phase Ill (without metal)
functionalized at the molar ratio methylamine/epoxide 1/12.7 Was used for other experiments. This stationary phase was
to obtain alower concentration of the ligand on level appropri- characterized by the determination of capacity for pepsin A.
ate for affinity chromatography. The support with the ligand Stationary phase (1 mL) adsorbed 13 mg of pepsin A.
content as high as 1.46 mmotydry matrix (used earlier for Chromatographic conditions for the separation of porcine
sorption of phenols and toxic oxoanions) adsorbed proteinsPepsin A on the prepared stationary phase were found and
irreversibly. The epoxide polymer | was, therefore, reacted Optimized. The analysis of pepsin A under optimized condi-
with a limited amount of methylamine and the remaining tionsisshownirrig. 2 By increasing pH of the mobile phase,
epoxide groups were then hydrolyzed under acidic catalysisthe adsorption of pepsin A on the stationary phase increased.
to V. The following Mannich condensation reaction leading (Ultimate pH is 6.0 through the denaturation of pepsin A.)
to sorbent Il was then performed with great excess of low- The enzyme was completely adsorbed at pH 5.5-6.0 and at

molecular-weight reagents to ensure complete conversion ofionic strength lower than 0.06 M. By increasing ionic strength
secondary amine groups on polymer II. above 0.06 M the adsorption significantly decreased. There-

fore, the participation of hydrophobic interaction in pepsin
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Fig. 2. Chromatography of porcine pepsin A under optimized conditions on Fig. 3. Chromatography of porcine pepsin A on quinolin-8-ol; sample:
the stationary phase containing immobilized quinolin-8-ol; sample: 0.25mL 0.25 mL of porcine pepsin A solution (concentration, 1.5 mg/mL); starting
of porcine pepsin A solution (concentration, 1.5mg/mL); starting mobile mobile phase: 0.05 M acetate buffer, pH 6.0; elution mobile phase: 0.05 M ac-
phase: 0.05M acetate buffer, pH 6.0; elution mobile phase: 0.05 M acetate etate buffer, pH 6.0, containing 20 mNtacetyli-phenylalanyl-3,5-diiodo-
buffer, pH 6.0, containing 1.0 M NaCl; solid line: absorbance (280nm). L-tyrosine; solid line: absorbance (280 nm). Column graph: proteolytic ac-
Column graph: proteolytic activity. tivity.
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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
0.25mL 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 conditionsTable 1), pepsin A was completely ad-

111

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 substrédeacetylq-
phenylalanyl-3,5-diioda-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 deviatiotf;,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-

sorbed to the stationary phase, no proteinase activity was debilized quinolin-8-ol for the isolation and determination of

tected in the eluted fractionBig. 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 substrat®l-acetyli-phenylalanyl-3,5-diioda-
tyrosine to mobile phasd-{g. 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%.

porcine pepsin A.
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