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Abstract

A combination of reversed-phase high-performance liquid chromatography (RP-HPLC) and capillary zone electro-
phoresis (CZE) was used for the characterization of peptide maps of swine pepsin after its digestion with a-chymotrypsin.
Peptide maps obtained by both methods were compared and five selected chromatographic peaks were identified on an
electrophoreogram. The different order of peaks found in RP-HPLC compared to CZE confirmed the complementarity of
these two methods. More peptide fragments were resolved by RP-HPLC, which was also found to be less sensitive to salt
content in peptide mixtures, than by CZE, but only CZE was able to separate and identify phosphorylated and
dephosphorylated peptide fragments of swine pepsin digest. CZE provides faster separation than RP-HPLC, however, the
salts have to be removed by ultrafiltration or by RP-HPLC pre-separation prior to CZE analysis. Combined use of RP-HPLC
and CZE for peptide mapping makes it possible to distinguish between the phosphorylated and dephosphorylated forms of
swine pepsin. This is important from a diagnostic point of view, because pepsin phosphorylation may be associated with
gastric cancer.
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1. Introduction rated seven pepsinogen isozymogens from human

gastric mucosa by agar gel electrophoresis and

Pepsins are aspartic proteases that are synthesized designated them as PGA-1-PGA-5 (pepsinogens)

as zymogens by the cells of the gastric mucosa.
Human gastric juice contains two major groups of
aspartic proteases, now defined as pepsin A (pepsin I
group, pepsin, EC 3.4.23.1) and pepsin C (pepsin II
group, gastricsin, EC 3.4.23.3) [1] that differ in their
amino acid composition and sequence and can be
distinguished immunologically. Samloff [2] sepa-
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and PGC-6-7 (gastricsinogens) in order of their
decreasing anodic mobility.

Low concentration levels of pepsinogen A in
serum was found to be a marker of gastric cancer
[3]. The ratios between individual human pepsins
and their isozymogens are also very important from a
diagnostic point of view. A low ratio of pepsinogen
A to pepsinogen C was found to be a sensitive
predictor of gastric cancer [4]. Huang et al. [5] used
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enzyme-linked immunosorbent assay (ELISA) for
the determination of serum pepsinogen A and pep-
sinogen C. It was observed that the ratio of PGA to
PGC was significantly higher in patients with duode-
nal ulcer but significantly lower in gastric cancer
patients. The ratio of pepsinogen 3 to pepsinogen 5
in human gastric mucosa was found to be lower than
one in patients with gastric cancer but higher than
one in patients with ulcers [6]. Isozymogens of
human pepsinogen may occur either in phos-
phorylated or in nonphosphorylated form. One mole-
cule of pepsinogen can contain from zero to three
phosphate groups [7]. The phosphorylation generally
can be associated with carcinogenesis [8—12]. Higher
phosphorylation of pepsinogens was found in pa-
tients suffering from gastric cancer [7]. For that
reason, it is very important to have a fast and reliable
method for the detailed investigation of pepsin
isoenzymes. Peptide mapping is a very powerful
method that is available for such studies. This
method involves the enzymatic or chemical cleavage
of a protein into a number of smaller peptide
fragments, followed by their separation and detec-
tion. Reversed-phase high-performance liquid chro-
matography (RP-HPLC) is a widely used method for
the separation of peptides following the cleavage of
the protein under investigation. Capillary zone elec-
trophoresis (CZE) is a relatively new method for the
separation of peptide fragments, e.g. of human
growth hormone [13] and B-casein [14]. These two
methods are based on different separation principles.
Peptides are separated according to their hydropho-
bicity by RP-HPLC and according to their electro-
phoretic mobility by CZE. Consequently, a combina-
tion of both methods may provide complementary
results.

Human pepsins are available in very limited
amounts and, for that reason, it is necessary to use an
appropriate model protein for preliminary studies.
For instance, swine pepsin can be used as a model
protein, because it has a similar amino acid com-
position to that of human pepsins. The primary
structure of swine pepsin was determined by Mor-
avek and Kostka [15] (see Fig. 1) and Tang et al.
[16]. Swine pepsin has a serine residue that is
phosphorylated, at position 68 [17]. The phosphate
group can be relatively easily removed by acid
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Fig. 1. Primary structure of swine pepsin. Arrows show the
theoretical cleavage sites digested with a-chymotrypsin and “‘P*’
designates the phosphate group on the serine residue at position
68. The peptide fragment containing this phosphorylated serine is
underlined.

phosphatase [18]. Thus, swine pepsin is a suitable
protein for studying the possibility of distinguishing
pepsins that differ in the presence of a phosphate
group.

Peptide mapping of five individual human pepsins,
using RP-HPLC after protein digestion with either
Staphylococcus aureus proteinase (V8) or a-chymo-
trypsin, was described previously [19]. However, a
combination of RP-HPLC and CZE has not been
used previously for the peptide mapping of pepsin.

The goal of this study was to compare RP-HPLC
and CZE separations of peptide fragments of «-
chymotryptic digests of swine pepsin and to develop
a fast and reliable method that could be used to
distinguish between the phosphorylated and unphos-
phorylated forms of pepsin. It is desirable to have
such a method to investigate the relationship between
phosphorylation of human pepsin isozymogens and
carcinogenesis.
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2. Experimental
2.1. Chemicals

Swine pepsin, a-chymotrypsin from bovine pan-
creas, acid phosphatase from potato and urea were
obtained from Sigma (Prague, Czech Republic).
Dithiothreitol (DTT), iodoacetamide (IAA) and tri-
fluoroacetic acid (HPLC-grade) were obtained from
Fluka (Buchs, Switzerland) and acetonitrile (HPLC-
grade) was obtained from Merck (Darmstadt, Ger-
many).

2.2. Dephosphorylation of swine pepsin

The phosphate group of swine pepsin was re-
moved using a modification of the method of Martin
et al. [18]. Freeze-dried swine pepsin was dissolved
(to a concentration of 1 mg/ml) in 0.01 M sodium
acetate buffer (pH 5.5) containing 0.02 M mag-
nesium chloride. Then, 1 ml of potato acid phospha-
tase solution (2 mg/ml in 0.01 M sodium acetate
buffer, pH 5.5) was added to 9 ml of pepsin solution
(final concentration of phosphatase in the reaction
mixture was 0.2 mg/ml) and the mixture was
incubated at 37°C for 16 h. The reaction mixture was
dialyzed against distilled water at 4°C for 24 h and
was then freeze-dried. Liquid chromatography on a
Superose-12, HR 10/30 (Pharmacia LKB, Uppsala,
Sweden) column was used for the isolation of the
pure, dephosphorylated, form of swine pepsin.

2.3. a-Chymotryptic digestion

Chymotryptic digests of swine pepsin and its
dephosphorylated form were performed according to
the method of Stone et al. [20]. An aliquot con-
taining 1 mg of dried pepsin was dissolved in 1 ml of
0.4 M ammonium hydrogencarbonate containing 8 M
urea and then 100 ul of 45 mM DTT were added
and the mixture was incubated at 50°C for 15 min.
After cooling to room temperature, 100 wl of 100
mM TAA were added and the solution was incubated
at 25°C for 10 min. Then 2.8 ml of water were
added, followed by 33 ul of a 1 mg/ml solution of
a-chymotrypsin. The mixture (final pH of 8.3) was

incubated at 37°C for 24 h. All reactions were
stopped by freezing to —20°C.

2.4. RP-HPLC separation

Peptides were separated on a Hewleti-Packard
1090 Series II Liquid Chromatograph using a Li-
Chrospher 100 RP-18 (5 pm) reversed-phase column
(250 X 4 mm L.D.) (OD-584, HP). The injection
volume was 250 wl and the flow-rate was 1.0 ml/
min. Solvent A was made up of trifluoroacetic acid—
water (0.1:99.9, v/v) and solvent B consisted of
solvent A-acetonitrile (40:60, v/v). The gradient
consisted of 100% solvent A for 7 min followed by a
0-80% solvent B gradient, generated over 60 min.
Peptides were detected at 206 nm.

The selected fractions were collected and freeze-
dried prior to further CZE investigation.

2.5. CZE separation

The chymotryptic digest of pepsin was desalted by
ultrafiltration (filter type PSAC, pore size NMWL:
10°, Millipore) and was freeze-dried prior to CZE
analysis.

Analyses were performed using a home-made
apparatus for CZE, equipped with an untreated
fused-silica capillary (I.D. 0.050 mm, O.D. 0.150
mm, effective length 200 mm, total length 310 mm,
with a polyimide outer coating) and an UV-photo-
metric detector that was set at 206 nm [21]. The
background electrolyte (BGE) was 0.04 M Tris, 0.04
M Tricine, pH 8.1. Peptides were dissolved in BGE
in the concentration range 0.2-0.8 mg/ml. The
sample solution was introduced into the capillary
manually, forming a hydrostatic pressure (with a 50
mm height difference of the capillary tips) for 20-30
s. The applied voltage was 14 kV (the anode was at
the injection end of the capillary) and the current
was 20 pA at an ambient temperature of 23-25°C.

CZE of five individual chromatographic peaks of a
chymotryptic digest of swine pepsin, as well as of
selected chromatographic fractions of a chymotryptic
digest of normal and dephosphorylated forms of
swine pepsin, was performed under the same con-
ditions as those used for CZE of a mixture of the
whole digest (see above).
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Fig. 2. Chymotryptic digest of swine pepsin separated by RP-
HPLC. Peaks A, B, C, D and E relate to Fig. 3B. A,,, =
absorbance at 206 nm.

3. Results and discussion

The primary structure of swine pepsin is shown in
Fig. 1. The arrows show the potential theoretical
cleavage sites digested by a-chymotrypsin. The
peptide fragment containing the phosphorylated
serine is underlined.

3.1. RP-HPLC and CZE separation of
chymotryptic digests of the normal
(phosphorylated) form of swine pepsin

Fig. 2 shows the peptide map obtained by RP-
HPLC. The early eluted peaks were associated with
the buffer components, urea, IAA and DTT (0-7
min). A pepsin-free experiment showed peaks related
to a-chymotrypsin and its self-cleavage fragments

(A)

5 | ]
il J
I M \f 'r“w/\ |
":W»J‘-and lf"d tﬂv\j\’\"/\’é
0 l “ | 200 -
Time (seconds)
al A ®)

0.8 mAU

PR

LONN S
—

‘(\;.'*-.J \ ﬂ {'\ ]

e
”*f’%m’ i V7

ban
- ! u‘nuf’f‘
o e
80 100

150 200

Time (seconds)

Fig. 3. Chymotryptic digest of swine pepsin separated by CZE. (A) represents a total record and (B) is a more detailed view. Peaks A, B, C,

D and E in (B) relate to Fig. 2. A,,, = absorbance at 206 nm.
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Table 1
Retention times of five selected chromatographic peaks and their
corresponding migration times on CZE

Peak RP-HPLC CZE
retention time migration time
(min) (s)

A 31.7 121

B 38.1 118

C 449 150

D 51.0 152

E 56.2 143

that eluted between 14 and 20 min. The time interval
for the separated peptide fragments of pepsin is
extended from 20 to 60 min. The major peaks A, B,
C, D and E were collected and identified later in the
corresponding electrophoreogram. The advantage of
RP-HPLC is that the compounds used in the cleav-
age procedure do not have a negative influence on
the separation of peptide fragments, and this allows
for the direct application of the sample onto the
chromatographic column immediately after digestion
has occurred. The peptide map of the same digest
obtained by CZE is shown in Fig. 3A and Fig. 3B.
Peaks A, B, C, D and E correspond to the chromato-
graphic peaks. It is obvious that their order in the
electrophoreogram (Fig. 3B) is different than their
order in the chromatogram (Fig. 2). Retention and
migration times of the five peaks are summarized in
Table 1. CZE of chromatographic peak D (Fig. 4) is
shown as an example of the identification of col-
lected chromatographic peaks in an electrophoreo-

gram. The sample of a-chymotryptic digest of swine
pepsin had to be desalted before CZE, since poor
resolution was achieved when the digest was applied
directly to the capillary. CZE is a very fast method
for peptide separation, but on the other hand, the
preparation of the protein digest prior to CZE
separation is more complicated and time consuming
than that required for RP-HPLC.

3.2. Comparison of peptide maps from normal
(phosphorylated) swine pepsin and its
dephosphorylated form

As previously mentioned, swine pepsin is a phos-
phoprotein, containing just one phosphorylated
serine residue [15,17] (Fig. 1). The phosphate group
can be removed e.g. by potato acid phosphatase [18].
The peptide maps of phosphorylated and dephos-
phorylated forms of swine pepsin should be dis-
tinguishable due to differences in the hydrophobicity
and electrophoretic mobility of one peptide fragment
containing either phosphoserine or serine. This frag-
ment, containing seven amino acid residues, Is
underlined in Fig. 1. RP-HPLC peptide maps of
a-chymotryptic digests of the two forms of swine
pepsin are shown in Fig. 5. The peptide maps of both
forms are almost identical. Only the peaks marked
by arrows are slightly shifted from each other. This
shift agrees with the theory, as the peak representing
the dephosphorylated form is more hydrophobic and
therefore is eluted later. However, the shift is so
small that we cannot be sure if it is really caused by
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Fig. 4. Example of CZE identification of a chromatographic peak. Peak D was selected from RP-HPLC and its fraction was analyzed by
CZE. A migration time of 152 s was determined. The other peaks were identified in the same way. A,,, = absorbance at 206 nm.
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Fig. 5. Comparison of chymotryptic digests from phosphorylated (A) and dephosphorylated (B) forms of swine pepsin, separated by
RP-HPLC. The arrows point at the peak which exhibits slightly different retention times in the peptide maps of the two pepsin forms. A,
= absorbance at 206 nm.

the absence of a phosphate group. Chromatographic performed, as it also removes salts from the sample.
fractions 20-65, 65-76 and 76-90 min of both Collected fractions were freeze-dried and, after
digests were collected for CZE experiments. It was solubilization in the BGE, they were ready for CZE
convenient to use RP-HPLC, when chromatographic analysis.

and electrophoretic analyses of the same digest were Electrophoreograms of fractions 65-76 and 76-90
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of both forms of swine pepsin were found to be
identical, i.e. the suspected peptide was not present
there. Differences between electrophoreograms of
fractions 20-65 of the phosphorylated form (A) and
the dephoshorylated form (B) of swine pepsin are
illustrated in Fig. 6. Significant shifts between the
peaks marked by arrows is obvious. The migration
time of the peak for the phosphorylated form is
higher than the migration time of the same peak for
the dephosphorylated form. This behaviour agrees
with the theory, as the phosphorylated peptide frag-
ment has a higher negative charge and thus exhibits
higher electrophoretic mobility (i.e., longer migra-
tion time in CZE with prevailing electroendoosmotic
flow occurring in the opposite direction to that of
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electrophoretic migration). This means that we are
able to distinguish phosphorylated and dephos-
phorylated forms of swine pepsin using CZE. RP-
HPLC was repeated and fractions corresponding to
20-35, 35-50 and 50—65 min were collected for
more distinct localization of the phosphorylated
peptide fragment in the chromatogram. CZE of
fractions 35-50 and 50-65 of both phosphorylated
and dephosphorylated forms gave identical results.
The significant shift between the peaks of fractions
collected at 20-35 min is shown in Fig. 7. Thus,
using CZE, we were able to localize the suspected
peptide to the chromatographic fraction collected at
15 min. This fact corresponds with the slight shift of
peaks seen in Fig. 3 because they are placed in this
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Fig. 6. Comparison of CZE separation of peptide fragments of corresponding to the 20-65 min chromatographic fraction of chymotryptic
digest of the phosphorylated (A) and dephosphorylated (B) forms of swine pepsin. The arrows point at the peak that exhibits significantly

different migration times in the peptide maps of the two pepsin forms. A, =

absorbance at 206 nm.
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Fig. 7. Comparison of CZE separation of peptide fragments corresponding to the 20-35 min chromatographic fraction of chymotryptic
digest of phosphorylated (A) and dephosphorylated (B) forms of swine pepsin. The arrows point at the peak that exhibits significantly
different migration times in the peptide maps of the two pepsin forms. A,,, = absorbance at 206 nm.

area (retention times of approximately 34 min). The
peptide was eluted relatively early from the reversed-
phase column. Such chromatographic behaviour can
be explained by its relatively high polarity (see Fig.
1).

4. Conclusions

It is obvious that digestion of swine pepsin with
a-chymotrypsin, followed by RP-HPLC pre-sepa-
ration and CZE separation of peptide fragments, is a
fast and reliable method that is capable of dis-
tinguishing between the phosphorylated and dephos-
phorylated forms of pepsin. RP-HPLC alone is not
recommended for this purpose because differences in
the retention times of both fragments are too small.
Phosphorylated and dephosphorylated peptide frag-

ments differ from each other more significantly in
their negative charges, and therefore in their electro-
phoretic mobilities, than in their hydrophobicities.
This fact can explain why better results are achieved
using CZE than using RP-HPLC.

We have developed a procedure which allows one
to distinguish between the phosphorylated and de-
phosphorylated forms of swine pepsin. It is very
important to have such a fast method for studying the
relationship between phosphorylation of human pep-
sins and gastric cancer. Potentially this method could
be used for early diagnosis of gastric cancer.

Acknowledgments

Support of this research work was provided by the
Grant Agency of the Czech Republic, grant no.



R. Hynek et al. | J. Chromatogr. B 681 (1996) 37-45 45

303/95/1034 and grant no. 203/93/0718 and is
gratefully acknowledged.

References

[1] V. Richmond, J. Tang, R.E. Truco and R. Capputo, Biochim.
Biophys. Acta, 29 (1958) 453.

[2] LM. Samloof, Gastroenterology, 57 (1969) 659.

[3] M.T. Hallissey, J.A. Dun and JW.L. Fielding, Scand. .
Gastroenterol., 29 (1994) 1129,

[4] G.N. Stemmermann, LM. Samloof, A.M.Y. Nomura and L.K.
Heilbrun, Clin. Chim. Acta, 163 (1987) 191.

{5] S.C. Huang, K. Miki, C. Furihata, M. Ichinose, A. Schimizu
and H. Oka, Clin. Chim. Acta, 175 (1988) 37.

[6] Z. Kuéerovd, L. Korbova, J. Kohout and J. Svab, Sbornik
Lékafsky, 94 (1993) 163.

[7] Z. Kucerova, in V. Janou$ek and M. Spéla (Editors),
Soucasné Sméry v Patologické Fysiologii, Charles Universi-
ty, Prague, 1989, p. 229.

[8] K. Akimuru, T. Utsumi, E.F. Sato, J. Klostergaard, M. Inoue
and K. Utsumi, Arch. Biochem. Biophys., 298 (1992) 703.

{9] X.P. Huang, X.T. Fan, J.F. Desjeux and M. Castagna, Int. J.
Cancer, 52 (1992) 444,

[10] T. Ohta, R. Nishiwaki, J. Yatsunami, A. Komori, M.
Suganuma and H. Fujiki, Carcinogenesis, 13 (1992) 2443,

[11] T. Shibata, M. Gotoh, A. Ochiai and S. Hirohashi, Biochem.
Biophys. Res. Commun., 203 (1994) 519.

[12] L. Gandino, P. Longati, E. Medico, M. Prat and PM.
Comoglio, J. Biol. Chem., 269 (1994) 1815.

[13] R.G. Nielsen and E.C. Rickard, J. Chromatogr., 516 (1990)
99.

[14] K.A. Cobb and M. Novotny, Anal. Chem., 61 (1989) 2226.

[15] L. Moravek and V. Kostka, FEBS Lett., 43 (1974) 207.

[16] J. Tang, P. Sepulveda, J. Marciniszyn, Jr., K.C.S. Chen, W.-Y.
Huang, N. Tao, D. Liu and J.P. Lanier, Proc. Natl. Acad. Sci.
U.S.A., 70 (1973) 3437.

[17] C.H. Verdier, Acta Chem. Scand., 8 (1954) 1302.

[18} P. Martin, P. Trieu-Cuot, C. Corre and B. Ribadeau Dumas,
Biochimie, 64 (1982) 55.

[19] A.T. Jones and N.B. Roberts, J. Chromatogr., 599 (1992)
179.

[20] K.L. Stone, M.B. LoPresti, J.M. Crawford, R. DeAngelis and
K. Williams, in P.T. Matsudaria (Editor), A Practical Guide
to Protein and Peptide Purification for Microsequencing,
Academic Press, New York, 1987, p. 31.

[21] Z. Prusik, V. Ka$icka, P. Mudra, J. §tépének. 0. Smékal and
I. Hlavadek, Electrophoresis, 11 (1990) 932.



