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ABSTRACT

Detection of a casomorphin and a new casomorphin-like
peptide from a casein enzymatic hydrolysate was achieved using
second-order derivative spectra and UV-spectra comparison.  In
this method, synthetic casomorphins were used as standards.  The
ß 1-3 casomorphin and •  90-94 casomorphin-like, were detected
and rapidly purified with RP-HPLC coupled with photodiode
array detector.  This technique simplifies the identification and the
purification of bioactive peptides containing aromatic amino acids
from complex hydrolysates.  It could be applied to follow up the
evolution of these peptides during casein hydrolysis.
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INTRODUCTION

Since 1979, several authors have described bioactive peptides originating
from casein hydrolysates.  These peptides which are inactive within the
sequence of the parent protein can be released during gastrointestinal
digestion.1,2  Once they are liberated in the body, bioactive peptides may act as
regulatory compounds with hormone-like activity.  Their possibly regulatory
effects concern immunomodulatory,3 antihypertensive,4 antithrombotic,5 nutrient
uptake,2 antibacterial,6 and opioid properties.7,8,9,20

Most of the known bioactive peptides derived from caseins are opioid
peptides called casomorphins.  They can be released by casein enzymatic
treatment both in vitro and in vivo.1,10,11,12,13  It is known that casomorphins can
directly or indirectly act on targets like hormones do.  The physiological
occurrence and the possible role of these peptides remain an open question.  It
would be interesting to follow up the evolution of their release during casein
processing with a view to understand their significance and their dealing on the
body.  In this view, a rapid and simple detection method of casomorphins is
necessary to be developed.

Until now, opioid peptides are detected via opioid receptor binding
studies,8 isolated organ preparations or immunoreactive materials.1,12,15  These
methods, though they are sensitive, are rather complex to be applied.

Structural characteristics of the casomorphins become very useful for their
detection during HPLC analysis.  Indeed, endogenous and exogenous opioid
peptides present a common feature in their structure:16,17 Tyr-X-AAA
(AAA=aromatic amino acid) or Tyr-X1-X2-AAA which is essential for an
opiate activity.  Particularly, α-casomorphins have the fragment Tyr-Gly-Leu-
Tyr while Tyr-Pro-Phe is involved in β-casomorphins.

Recently, HPLC coupled with photodiode array detector extended many
advances of ancillary spectroscopy in liquid chromatography because it led us to
obtain real time spectra during a separation process.  On one hand, the obtained
spectra allowed us to identify an expected molecule with spectral comparison
technology18 and, on the other hand, it permitted us to investigate aromatic
amino acids in the peptides by second order derivative spectroscopy.19,21  As an
example, these two techniques were effectively applied for the identification of
hemorphins in a peptic hemoglobin hydrolysate.18

In this work, the detection of casomorphins in a complex casein
hydrolysate is investigated.  It indicates that the on-line detection becomes
possible.  This could be applied for the kinetic study of casomorphin release
from casein digestion.
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EXPERIMENTAL

All common chemicals and solvents were of analytical grade from
commercial sources.  Bovine casein and porcine Pepsin (E.C.3.4.23.1) were
purchased from Sigma Chemicals and synthetic casomorphins from Bachem and
Altergen.

Hydrolysate and Standard Casomorphins Preparation

Bovine casein (200mg) dissolved in 20mL HCl-KCl Buffer (50mM,pH2)
was digested by addition of porcine pepsin (4mg), therefore, the
enzyme/substrate ratio reached 1/50.  Temperature reaction was maintained at
40°C and initial pH was 2.

The enzymatic hydrolysis was stopped by addition of an equal volume of
15% trichloroacetic acid (TCA) after 18 h incubation.  The supernatant was then
centrifuged, filtered, and analysed by RP-HPLC.

Standard β-casomorphins (β1-3, β1-4, β1-5, β1-6, β1-7) and α-
casomorphins (α90-94, α90-95, α90-96) were prepared at a concentration of
1µg/µL in MilliQ water.

HPLC System

The liquid chromatographic system consisted of a Waters 600E automated
gradient controller pump module, a Waters Wisps 717 automatic sampling
device, and a Waters 996 photodiode array detector.  Spectral and
chromatographic data were stored on a NEC image 466 computer.  Millenium
software was used to plot, acquire, and analyse chromatographic data.

Mobile Phase for SynchroPak C4 Column (250Χ10 mm i.d.) and DeltaPak
C18 Column (150Χ3,9 mm i.d.)

The mobile phase consisted of MilliQ water containing 0.1% trifluoro acid
(TFA) as eluant A and acetonitrile containing 0.1% TFA as eluant B.  The flow
rate was 2.5mL/min for the semi-preparative column C4 (250Χ10 mm i.d.) and
1.2mL/min for the analytical column C18 (150Χ3,9 mm i.d.).  For investigation
of pH effect on the spectral comparison results (see casomorphins spectral
library section), the samples (casomorphins dissolved in basic condition) were
eluted from the analytical column with 10 mM acetate ammonium, pH 6.5 as
eluant A and acetonitrile as eluant B.  The gradient applied was 0-40% B in
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40min, then 40-0% B in 5min.  On-line instantaneous UV-absorbance spectral
scans were performed between 200 and 300 nm at a rate of one
spectrum/second.  The resolution was 1.2 nm.  Chromatographic results were
analysed using Millenium software.

Casomorphins Spectral Library

Identification of peptides from the casein peptic hydrolysate was carried
out by UV spectral comparison as previously described for the hemorphins.18

Casomorphins standard solutions (10µL) were mixed with 15% TCA (10µL)
and then injected in the C18 column (150Χ3,9mm i.d.).  The spectra of synthetic
casomorphins were stored in the Millenium library.  The mathematical analysis
of the differences between any two spectra was quantitatively expressed using
the following criteria :

Match Angle (MA):  a measure of the difference in spectral shapes
between an unknown spectrum and a library spectrum; the match angle
can range from 0 to 90°.  Lower values (about or under 1.000) indicate
that spectra are similar.  Larger values indicate greater degrees of spectral
difference.

Match Threshold  (MT):  sensitivity of the measurement.  It can range
from 0 to 180°.  Larger values indicate a lower measurement sensitivity.

 In general, if the Match Angle is greater than the Match Threshold, it
indicates that the two spectra are different; if the MA is less than the MT, it
indicates that the two spectra are the same or similar.  Therefore, identical
spectra allow us a quasi-identification of an expected peptide.

In order to investigate the effect of pH on the results of spectral
comparison, 10µL of each casomorphin solution were mixed with the same
volume of 1M NaOH.  Then, 10µg casomorphin in 20µL were injected in the
same column and under the conditions previously described.

Amino-Acid Analysis

Amino acids were analysed using a Waters PicoTag Work Station.  Peptide
hydrolysis was achieved with constant-boiling 6M HCl containing 1% phenol,
for 24h at 110°C.  Precolumn derivatization of amino acids with phenyl
isothiocyanate and HPLC separation of derivatized amino acids was performed
on a Waters RP-Picotag column (150Χ3,9 mm i.d.) according to Bidlingmeyer
et al.13  The detection wavelength was 254 nm and the flow rate 1mL/min.
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Mass spectrometry analysis

MALDI mass spectra were measured on a reflectron-typeVision 2000
time-of-flight mass spectrometer (Finnigan MAT, Bremen, Germany).  Sample
was mounted on an x,y moveable stage allowing irradiation of selected sample
areas.  A nitrogen laser with an emission wavelength of 337nm and 3ns pulse
duration was used.  Spectra were recorded in the positive- ion mode and
accelerated to an energy of 5 keV before entering the flight tube.  Ions were
post-accelerated for detection to an energy of 5 keV.  Sample was prepared by
mixing directly on the target 1 µL of the peptide and 1 µL of
2.5.dihydroxybenzoic acid (DHB) as matrix solution.  The sample was allowed
to dry for 3-4min at room temperature.

RESULTS

UV-Spectral Comparison Between Casomorphins

HPLC coupled with a photodiode array detector allowed us to obtain the
instantaneous acquisition of UV-spectra at any time during a chromatographic
analysis.  This could be used for the identification of an expected molecule.18

It is known that the UV-spectra of a peptide is greatly dependent on its
amino acid contents in such a manner that each molecule has a characteristic
absorbance spectrum.  It has been demonstrated that differences between two
spectra could be calculated by mathematical analysis:14 MA and MT values
express these differences.  The results of spectral comparison for casomorphins
are shown in Table 1.  These results display that the best matching values are
obtained when identical casomorphins are compared between them.

Effect of pH

Table 2 presents spectral comparison results between casomorphins spectra
obtained on different conditions: on one hand, casomorphin samples in basic
conditions (NaOH) and eluted with neutral eluent (ammonium acetate), on the
other hand, casomorphins dissolved in acid conditions (TCA) and eluted with
acid eluent (TFA).

It indicates that for a same molecule, comparison between these spectra
shows a great value of MA.  Therefore, it is of great importance, when spectral
comparisons are performed, to carry out experiments under the same pH
conditions.
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Second-Order Derivative Spectroscopy

By using HPLC coupled with the photodiode array detector system, the
derivation of peptides spectra gives rise to their corresponding second order
derivative which can lead to identifying aromatic amino acids.19  Since the
presence of Tyr and Phe is characteristic of the casomorphin structure, second
order derivative spectroscopy technique could complete the results of spectral
comparison.

Figure 1 indicates the second order derivative spectra of α90-95 and α1-4
casomorphins.  Analysis of the second-order derivative spectra between 240 and
300nm gave the same spectral characteristics as the free corresponding aromatic
amino acids.19  As an example, the presence of Tyr in the α90-95 casomorphin
is indicated by the minimum at 284nm (Fig.1a).  The minima at 284 and 259 nm
demonstrated the presence of Tyr and Phe respectively, in β1-4 casomorphin
(Fig.1b).

Detection of a Casomorphin and a New Casomorphin-Like Peptide in the
Casein Peptic Hydrolysate

RP-HPLC analysis of TCA supernatant

TCA supernatant (150µL) from the total casein hydrolysate was analysed
by RP-HPLC on the C4 column (250Χ10mm i.d.).  Since the aim of this study
was to detect casomorphins which are known to contain aromatic amino acids,
the chromatographic profile was analysed at 280nm and presented in Figure 2.
It was observed that under these chromatographic conditions, a good resolution
was obtained.  Therefore, in order to detect casomorphins in this hydrolysate,
the comparison of each peak spectrum with each casomorphin standard
spectrum was carried out.

Detection of α90-94 casomorphin-like peptide and β1-3 casomorphin in the
hydrolysate by UV- spectral comparison

A comparison between the retention time of each standard casomorphin
and each eluted peptide was achieved in order to make a first selection among
these peptides. At this stage, with these criteria, two peaks were selected : peak
1 and 2 (Fig.2, Table 3).

__________________
Figure 1 (left).  Second order derivative spectra of casomorphins: α90-95 (a) and β1-4
(b).  The minima at 284 nm indicated the presence of Tyr in both peptides and minima at
259 nm indicated the presence of Phe in β1-4.
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Figure 2.  Chromatographic profile of the total peptic casein hydrolysate at 280 nm
obtained from a semipreparative reverse phase column (Synchro Pack C4, 250 x 10 mm
i.d.) under the conditions described in the experimental section.

As seen in Table 3, peak 1 and 2 are quite similar with α90-96 and β1-3
casomorphins respectively.  As for peak 2, it could be β1-3 casomorphin, even if
MA is higher than MT.  In fact, it is the only peak exhibiting a MA value close
to MT.  The fact that in this case (peak 2) MA is higher than MT could be due to
the presence of impurities.  So in a second time, fractions 1 and 2 were re-
injected on the column C18 (150Χ3,9mm i.d).  The profiles are shown in Figure
3.  From this figure, peak 1 gives rise to three peaks and peak 2 to two peaks.
Each of these peaks has been compared with α90-95, α90-96 and β1-3
casomorphins.  Two peaks (1a and 2b) were selected according to their retention
time and matching values (Table 3).

For peak 2b, it could be the β1-3 casomorphin because of quasi identical
retention time and matching results.  However, for peak 1a, even if matching
results indicated that this peptide was similar to α90-95 or α90-96
casomorphins, its retention time was very different.  Therefore, it was interesting
to identify this peptide with other techniques.

Second order derivative spectra  analysis

Figure 4 shows the second order derivative spectrum of each selected
peptide.  For the peak 1a minimum at 284nm indicates the presence of Tyr as in
α90-95 or α90-96  casomorphin.  Minima at 284nm and 259nm demonstrate the
presence of Tyr and Phe in the peak 2b as in β1-3 casomorphin.
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Figure 3.  Chromatographic profiles from the analysis of peaks 1 and 2 (Figure 2) with
an analytical reverse phase column (Delta pak C18, 150 x 3.9 i.d.) under the conditions
described in the experimental section.

__________________
Figure 4 (right).  Second order derivative spectra of peaks 1a and 2b.  The minima at
284 nm indicated the presence of Tyr in both peptide and minima at 259 nm indicated the
presence of Phe in peak 2b.
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Figure 5.  Elution profiles of PTC amino acids from peak 1a and 2b obtained by HPLC
with a Waters Pico Tag column.

Amino acid composition analysis

Figure 5 presents the results of the PicoTag analysis.  The amino acid
composition  was  deduced  from   the  comparison  with  a  standard  curve  (not
shown).  Peak 1a consists of Gly(1), Arg(1), Tyr(2), and Leu(1).  Peak 2b
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Figure 6.  Mass spectrometry of peak 1a.  The abundant ion at 671.6, designated as a
molecular cation (M + H)+, suggested the peak 1a has a molecular weight of 670.

consists of  Pro(1), Tyr(1), and Phe(1).  Regarding the four chain structures of
bovine casein, the only sequence compatible with peak 1a amino acid
composition is Arg-Tyr-Leu-Gly-Tyr and it represents αs1 90-94 bovine casein
fragment.  Deduced sequence of peptide 2b is Tyr-Pro-Phe which represents the
β1-3 bovine casein fragment.

The synthetic αs1 90-94 peptide was loaded on the C18 column.  The
spectral comparison with peak 1a was carried out and the results are shown in
Table 3.  From these results, peak 1a appears to correspond closely to • s1 90-94
sequence.

Analysis of peak 1a by mass spectrometry

Figure 6 shows the positive mass spectrum of peak 1a.  Exact molecular
weight deduced from the m/z value of [M+H]+ by subtraction of one mass unit
for the attached proton is 670.  This molecular weight corroborates, absolutely,
the sequence previously determined for peak 1a: Arg-Tyr-Leu-Gly-Tyr (αs1 90-
94).
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DISCUSSION

In this work, a rapid method of detection of casomorphin and
casomorphin-like peptide from a peptic bovine casein hydrolysate was applied.
Such technique was successfully carried out for the identification of hemorphins
from a peptic hemoglobin hydrolysate.18  Only one casomorphin (β1-3) has been
detected in our peptic casein hydrolysate.  Another peptide very close to the
well-known α casomorphins (α90-95 and α90-96),7 was also identified in our
hydrolysate.  This casomorphin-like peptide corresponded to the α casomorphin
sequence α90-94.  Although this α90-94 peptide has never been described in the
literature, it could be named α-casomorphin since it contains the sequence Tyr-
X-X-Tyr which is essential for the opiate activity.  Nevertheless, it would be
interesting to carry out the Guinea-Pig Ileum test (GPI) in order to evaluate its
opioid activity.

It can be noticed that the UV-spectral matching results, second order
derivative spectroscopy and the retention time always gave rise to
complementary data that lead to a constant result.  Moreover, biochemical
analysis, such as amino acids composition or mass spectrometry, were used to
corroborate these results and were also necessary to identify this molecule (α90-
94).

As far as α-casomorphins are concerned, it was reported that α-casein
fragments with an opioid activity were generated after one hour of peptic α-
casein hydrolysis.8  The peptides responsible for such activity were identified as
α90-95 and α90-96 casein fragments.7  These peptides were then synthesized
and their opioid activity tested.  It was similar to that of purified casomorphins.

However, only α90-94 casomorphin was identified in our peptic casein
hydrolysate and it was obtained after 18 h of hydrolysis.  The hypothesis of α90-
95 and α90-96 casomorphins as precursors of α90-94 peptide could be logically
suggested.  Then the hydrolysis of α90-95 and α90-96 casomorphins by pepsin
was carried out.

Preliminary results (not yet published) indicated that about 2.5% of α90-95
and 44% of α90-96 casomorphins were hydrolysed to produce α90-94 peptide
after 24h of hydrolysis.  Therefore, one may hypothesize that the generation of
α90-94 could result either directly from α casein or from α90-95 and α90-96
hydrolyses.

In 1979, Zioudrou et al.8 realized an α-casein hydrolysis during only one
hour while our hydrolysis was stopped after 18 hours.  Hence, we can wonder
about the sufficient time for the appearance of α90-94 casomorphin.  Maybe one
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hour is too short to produce this peptide.  Moreover, we can not affirm that,
before its absorption, opioid material described by Zioudrou will not be
degraded anymore by the pepsin.

In this study, we have shown that a casomorphin-like peptide can be
isolated from casein, a food protein, after treatment with the stomach proteinase,
pepsin.  Conditions of digestion of casein are quite similar to conditions to
which food proteins may be processed in the stomach after a meal.  Through the
discovery of this new casomorphin-like peptide, many questions persists.  More
knowledge about digestion physiology and reactions leading to the generation of
casomorphins is still necessary.
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