Available online at www.sciencedirect.com

‘ScienceDirect

JOURNAL OF
CHROMATOGRAPHY A

Journal of Chromatography A, 1166 (2007) 108-115

www.elsevier.com/locate/chroma

Peptic digestion of B-casein
Time course and fate of possible bioactive peptides

Christian E.H. Schmelzer®*, Regina Schdps®, Lucy Reynell?,
Renate Ulbrich-Hofmann °, Reinhard H.H. Neubert?, Klaus Raith?

2 Institute of Pharmacy, Martin Luther University Halle-Wittenberg, Wolfgang-Langenbeck-StrafSe 4, 06120 Halle (Saale), Germany
Y Institute of Biochemistry/Biotechnology, Martin Luther University Halle-Wittenberg, Kurt-Mothes-Strafie 3, 06120 Halle (Saale), Germany

Received 26 June 2007; received in revised form 1 August 2007; accepted 2 August 2007
Available online 9 August 2007

Abstract

Numerous peptides obtained by enzymatic digestion of food proteins have been reported to exhibit biological activities. In this study, the focus
was placed on peptides of B-casein from bovine milk after a gastro-analogous in vitro digestion with pepsin, a protease with broad specificity. In
order to study the time course of the digestion, the process was stopped after specific times and the samples were subjected to HPLC separation
followed by matrix-assisted laser desorption/ionization (MALDI) time-of-flight (TOF) and nanoelectrospray (nanoESI) quadrupole time-of-flight
(qTOF) mass spectrometry. A combined sequencing approach using de novo interpretation and databases was employed. Overall, 100% of the
B-casein sequence was covered by identifying 125 peptides of 484 residues in length, including 3 phosphorylated species. The results show that
the peptic hydrolysis starts at the C-terminus of the protein. The release of known bioactive peptides from 3-casein following the peptic digestion
under simulated gastric conditions is unlikely with a few exceptions. Furthermore, an amino acid variation was found, providing evidence for the

existence of an additional genetic variant of (3-casein.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

The major proteins in bovine milk are the four different
caseins (CNs) agi-, as2-, B-, and k-CN. B-CN is the second
most abundant among them and known to occur in at least 10
genetic variants (A!-A3 and B-H) from which the AZ, A!, and B
forms are the most prevalent. It is composed of 209 amino acids
(AA) and the molecular mass for variant A2 is 23,983 u. B-CN
contains five serine-phosphate residues located in the N-terminal
region.

Numerous peptides derived from B-CN are known to exhibit
a variety of bioactivities. These peptides may be released in
vivo during gastrointestinal digestion. A huge body of literature
discussing the hypothesis that the proportion of 3-CN A in food
intake may have an influence on the incidence of a number of
diseases has recently been published. In particular, for type 1
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diabetes mellitus, a strong correlation was found in ecological
studies [1,2]. The correlation between diseases and the genetic
variant A of B-CN has been attributed to the potential release of
B-casomorphin 7 (B-CN 60-66), a very strong opioid [3]. In A’
B-CN the adjacent C-terminal amino acid is His, which does not
hinder the formation of this peptide, whereas Pro in the case of
A? B-CN does. While some dietary products based on A% 3-CN
have already entered the market, the rationale is still subject of
heated discussion [4,5].

Other bioactive peptides acting as mineral carriers orig-
inating from B-CN were found encoded in the sequence
region (3-CN 1-28 (3-CN phosphopeptides) [6,7]. B-CN 4144
and B-CN 60-70 are known to contain opioid agonists ([3-
casomorphins) [7,8], and peptides derived from the sequences
B-CN 6-14, B-CN 47-52, B-CN 73-90, B-CN 140-143, B-
CN 169-183, and B-CN 191-202 (B-casokinins) have been
found to inhibit angiotensin-I-converting enzyme (ACE) activ-
ity [9-14]. Peptides encrypted in the sequences B-CN 60-68
and B-CN 191-202 also possess immunostimulating activity
[7], and those in B-CN 98-105 and -CN 169-183 have been
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reported to inhibit lipoxygenase (LOX) [15]. These bioactive
peptides were mostly results from the degradation of B-CN
with trypsin, proteinase K, or bacterial proteases, or they were
synthesized like (3-casokinin 10 (3-CN 193-202) [16] and the
immunostimulating peptide 3-CN 63-68 [6]. The probability
of production of these peptides by in vivo digestion remains
unclear. Before dietary proteins can be cleaved by pancre-
atic proteases in the intestine, they pass through the stomach,
in which food can remain for up to several hours depend-
ing on its composition and the degree of comminution during
mastication. In the gastric juice, the proteins undergo degrada-
tion by pepsin, an endopeptidase with broad specificity. While
the peptide products resulting from B-CN digestion with site-
specific pancreatic proteases, such as trypsin or chymotrypsin
are well investigated [17,18], there are only few papers regard-
ing this primary step of human digestion of milk proteins
[19,20].

However, a sound understanding of this process is of utmost
importance in order to find out how likely these bioactive
peptides are to occur. Therefore, in this systematic study,
the focus was placed on peptides formed during a gastro-
analogous digestion of 3-CN. The present paper is a continuation
of a former work [21] and differs in terms of the analyti-
cal methods applied and particularly in the issues addressed.
In the former study, high-performance liquid chromatography
(HPLC) with online-coupled electrospray mass spectrome-
try (MS) and MALDI-TOF-MS without preliminary HPLC
fractionation were employed. In the current work, however,
the peptide mixtures were analyzed using HPLC followed
by MALDI-TOF and nanoESI-qTOF MS. Static nanoESI as
opposed to online-coupled HPLC with nanoESI was preferred
because of the virtually unlimited time available for tandem MS
experiments and thus the possibility of improving the signal-
to-noise ratio. Hence, it is possible to investigate even very low
abundant peptides, peptides of high molecular masses, and those
showing low ionization efficiencies, such as phosphorylated
species. Although suppression effects are much less dramatic
in the case of nanoESI as compared to classical electrospray
[22], a chromatographic separation is still useful for reducing
the complexity of the spectra and to avoid overlapping isotopic
distributions. Furthermore, fractions obtained by HPLC can be
subjected to MALDI experiments without further treatment; this
offline coupling is designated as LC/MALDI. The results of
MALDI measurements compared to those of nanoESI are usu-
ally remarkably different, so that only a combination of both
ionization techniques allows a comprehensive analysis of the
samples under investigation [23]. Regarding MALDI, comple-
mentarity also applies for the use of different suitable matrices
[24].

The sequences of peptides can be determined from the frag-
ment ion spectra of post-source decay (PSD) and/or tandem
MS (MS/MS) by searching sequence databases and/or de novo
sequencing. Thus, by checking which residues of the sequence
are still intact after peptic digestion under gastric conditions, one
can estimate how likely the occurrence of the encrypted bioac-
tive peptides under in vivo conditions will be. Furthermore, an
investigation of the time course of the proteolysis can provide

additional mechanistic information, e.g. which cleavage sites are
attacked by the enzyme first and which later.

2. Materials and methods
2.1. Materials

B-CN derived from bovine milk for human consumption
(product number, C6905; lot number, 082K7405; country
of origin, New Zealand; purity, >90%) and pepsin from
porcine gastric mucosa (product number, P7000; lot number,
12K0100; activity, 871 Umg™! protein) were obtained from
Sigma—Aldrich (Taufkirchen, Germany). According to the sup-
plier’s information, the 3-CN was derived from dissolved total
CN by pH adjustment from pH 7.5 to 4.6. The 3-CN containing
supernatant was chromatographed using DEAE-sepharose and
the peak fractions were then pooled and precipitated in approx-
imately 25% ammonium sulfate. Finally, the product was dia-
lyzed and lactose as extender was added prior to lyophilization.

Acetonitrile of HPLC grade was purchased from Merck
(Darmstadt, Germany), trifluoroacetic acid (TFA) of analytical
grade from Fluka (Buchs, Switzerland), and the water used was
doubly distilled. The matrices a-cyano-4-hydroxycinnamic acid
(CHCA) and 3,5-dimethoxy-4-hydroxycinnamic acid (sinapinic
acid) were purchased from Sigma—Aldrich. All substances were
used without further treatment.

2.2. Gastro-analogous digestion of B-CN

The in vitro hydrolysis was performed simulating gastric
conditions of human adults in terms of temperature, pH value,
digestion time, as well as protein and protease concentrations.
For this purpose, bovine 3-CN was dissolved in water at a con-
centration of 25 mgmL ™!, adjusted to pH 2 with 1 M HCI, and
digested with pepsin (1 mg mL~") at 37 °C under agitation. Sam-
ples of 0.1 mL of the digest were collected at different times
between 1 and 180 min (see Fig. 1), the digestion immediately
stopped by neutralization with 1 M NaOH, aliquoted and stored
at —20 °C for further analyses.

2.3. HPLC characterization and fractionation

The digests were initially characterized by reversed-phase
HPLC (RP-HPLC) fingerprints using a Merck-Hitachi system
with a Eurospher 100 C;g column (250 mm x 4 mm I.D.; 5 pm
particle size; 100 A pore size; Knauer, Berlin, Germany). A
quantity of 20 pLL of each sample solution was loaded on the
column, and peptides were eluted using a linear binary gradi-
ent: 5-50% acetonitrile in 0.05% TFA from 5 to 50 min. The
column was maintained at room temperature, and the flow rate
was 1 mL min~!. Ultraviolet detection was performed at a wave-
length of 220 nm.

Samples of the 10-, 30-, and 60-min digest showing dis-
tinct qualitative changes in the peak pattern were separated by
manual peak fractionation and subjected to mass spectrometric
analyses.
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Fig. 1. Reversed-phase HPLC-UV chromatograms (A =220nm) of bovine -
CN after different times of peptic digestion. The chromatograms are offset for
clarity; absorbance in arbitrary units.

2.4. MALDI-TOF-MS

MALDI experiments were carried out on a delayed extraction
TOF mass spectrometer Voyager-DE PRO (Applied Biosystems,
Foster City, CA, USA) equipped with a pulsed nitrogen laser
(A =337nm, 3 ns pulse width, 20 Hz repetition rate). Two stan-
dard matrix systems were used: a solution of 10mgmL~! of
a-cyano-4-hydroxycinnamic acid (CHCA) in acetonitrile/0.1%
TFA (1:1, v/v) and 20mgmL~! of sinapinic acid in acetoni-
trile/0.1% TFA (1:1, v/v). The sample solution was mixed with
the matrix solution 1:1 (v/v). 0.5 pL of the resulting mixture
was applied to each spot of the sample plate. The samples were
then dried in a gentle stream of air (~35 °C). Measurements
were performed operating in the positive-ion reflector mode at
an acceleration voltage of 20 kV, grid voltage set to 75%, 0.005%
guide wire voltage, and an extraction delay of between 100 and
400 ns depending on experimental conditions. A low mass gate
was set to m/z (mass-to-charge ratio) 600 to prevent detector
saturation from matrix peaks. Survey spectra of the peptide mix-
tures were obtained by accumulating data from 500 to 2000 laser
shots.

2.5. MALDI-PSD/CID analysis

Post-source decay experiments were carried out by perform-
ing 1015 steps of the reflection voltage, and for each individual

step the voltage was reduced to ~75% of the previous step.
Using the timed ion selector (TIS), different precursor ions were
selected from the peptide mixtures and subjected to fragmen-
tation experiments. The TIS resolution was specified with a
resolution of 80 (full width at half maximum). After acquisi-
tion, all spectra were stitched together by the data system Data
Explorer (v.4.0.0, Applied Biosystems). Each segment spectrum
obtained was the mean of at least 500 laser shots. For some pep-
tides, PSD was aided by collision-induced dissociation (CID).
For this purpose the collision cell was filled with air so that the
pressure in the source chamber reached ~800 x 107° Pa.

2.6. NanoESI-qTOF-MS

Static nanoESI experiments were conducted on a TOF mass
spectrometer Q-TOF-2 (Waters/Micromass, Manchester, UK)
equipped with a nanoESI Z-Spray source. The nanoESI glass
capillaries were obtained precoated from DNU-MS (Berlin, Ger-
many). The TOF analyzer was calibrated externally using a
mixture of sodium iodide and caesium iodide or internally using
sample peptides of known sequence. Several HPLC fractions
were concentrated using ZipTip Cig units (Millipore, Schwal-
bach, Germany) according to the manufacturer’s instructions
prior to elution with acetonitrile/water (1:1, v/v) containing
0.05% TFA. Two microliters of the sample solution were loaded
into the nanoESI glass capillaries using Microloader pipette tips
(Eppendorf, Hamburg, Germany).

The typical operating conditions for the qTOF mass spec-
trometer were as follows: capillary voltage, 800—-1000 V; sample
cone voltage, 30-100 V; source temperature, 80 °C. The instru-
ment was operated in the positive ion mode. Full scans were
performed over the m/z range of 50-2500. Peptides of inter-
est were selected manually for tandem MS experiments using
CID. The quadrupole mass filter, followed by the TOF analyzer,
was adjusted with low mass (LM) and high mass (HM) reso-
lution settings of between 10 and 16 (arbitrary units) and the
CID collision energy was varied depending on charge state and
mass-to-charge ratio between 18 and 80eV.

2.7. Peptide sequencing

The fragment ion spectra obtained from the MALDI-PSD
measurements were processed using Mascot Distiller (Matrix
Science, London, UK); a software program that reduces MS raw
data to peak lists for database searching. In the case of nanoESI,
the mass spectra and tandem mass spectra were analyzed by
MassLynx (version 3.4, Waters/Micromass). Then, the MS/MS
data for each peptide was processed by the MassLynx add-on
Maximum Entropy 3 (MaxEnt3), and converted into SEQUEST
files, which were suitable for further analyses. Both the PSD
and nanoESI fragment ion peak lists, generated as described,
were analyzed by searching sequence databases with Mascot
(Matrix Science, London, UK) [25]. For these purposes, mass
spectrometry protein sequence database (MSDB), Swiss-Prot,
and an in-house database containing the different milk proteins
and their variants were used. The searches were taxonomically
restricted to “other mammalia” and the enzyme was set to “none”
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because of the broad specificity of pepsin at pH 2. The mass error
tolerances for precursor and fragment ions were typically set to
100 and 500 ppm for PSD data and to 0.15 and 0.20 u for qTOF-
MS/MS data, respectively. The following variable modifications
were considered: phosphorylation of Ser, hydroxylation of Pro,
oxidation of Met, dehydration of Ser and Thr, and deamidation
of Asn and Gln.

Additionally, automated de novo sequencing combined with
database searching was performed on the qTOF-MS/MS data
using the software PEAKS Studio (version 3.1, Bioinformatics
Solutions, Waterloo, Canada) [26] with precursor and fragment
mass error tolerances of 0.10u. The enzyme entry was set to
“unknown” and the same post-translational modifications as
used for the Mascot search were considered. Besides MSDB,
the same in-house protein database as implemented in Mascot
was also used with PEAKS.

3. Results and discussion

The samples obtained from peptic digestion of 3-CN and
HPLC fractionation were subjected to mass spectrometry in
order to characterize their peptide patterns as comprehensively
as possible. In total, 125 different peptides of up to 84 amino
acid residues in length were identified in the 10-, 30-, and 60-min
samples. Among them, five peptides from k-CN and one from
as1-CN were identified (data not shown). Since the substrate was
investigated using UV-HPLC and MALDI-MS prior to diges-
tion and no peptide impurities were found, it can be assumed
that these peptides are the result of the proteolysis. Three of
the remaining 119 3-CN peptides were phosphorylated species,
one of them, B-CN 1-58, contains all five phosphoserines. The
largest peptides, whose sequences could be determined with the
respective fragmentation technique, had remarkable monoiso-
topic masses of m=5499.88u (3-CN 94-142) in the case of
MALDI-PSD and m=9303.92u (3-CN 59-142) for nanoESI-
MS/MS. For the identification of the latter, its [M+6H]%* ions
were fragmented over 35 min, processed with MaxEnt 3, and
sequenced using Mascot.

It is notable that several peptides with partial deamidation of
Gln and Asn or partial dehydration of Ser (S69, S142, S168) or
Thr (T55, T80, T154) were identified. Heat treatment is known
to initiate deamidation or dehydration by 3-elimination [27,28].
It therefore can be assumed that these modifications already
existed in the commercial 3-CN used, which was prepared from
pasteurized milk.

The (3-CN used in acidic solution at pH 2 only shows a single
peak in the chromatogram without any detectable peptide impu-
rities (Fig. 1). Degradation starts very fast after treatment with
pepsin. After 1 min of digestion, peptide peaks at retention times
of 47.5, 45.5, 43, and 42 min containing the C-terminal pep-
tides 3-CN 190-209, 3-CN 191-209, 3-CN 192-209, and 3-CN
193-209 are clearly present (see Fig. 2A; peptides were iden-
tified from the respective peak-fractions of the 10 min digested
sample).

The fractions of additional chromatographic peaks after
10min of digestion, at retention times of 41, 39, 34.5, and
31 min, mainly contain the less hydrophobic complementary

peptides up to AA 164 (3-CN 164-192, B-CN 164-191, B-
CN 164-190, B-CN 164-189, and B-CN 164-188) as well as
at 31 min the entire residue 3-CN 164-209. 3-CN 128-163,
the next part of the sequence in N-terminal direction, and its
fragments 3-CN 126-142 and B-CN 143-163 were identified
from the 10-min digest (Fig. 2A). In samples digested for
30 min only the additional peptide B-CN 69-93 and some fur-
ther degraded C-terminal peptides (Fig. 2A, dashed lines) were
found. The complete degradation scheme resulting from analysis
after 60 min of gastro-analogous hydrolysis of 3-CN is shown in
Fig. 2B. Liquid chromatograms of longer digested samples up
to 180 min show that there is no more substantial change in the
peptide pattern as compared to 60 min. Thus, it can be assumed
that the digest is widely finished after 60 min.

Multiple pepsin cleavages were observed at the C-terminal
region, whereas no degradation characteristic for pepsin was
found in the N-terminal region from AA 12—44 and in the cen-
tral region from AA 94-123. Several preferred cleavage sites of
pepsin are located between the AA 124 and 130, AA 140-144,
AA 155-159, and AA 187-200. Some rather unexpected cleav-
age sites were found in these regions after at least 60 min of
hydrolysis. However, it is worth mentioning that the pepsin was
investigated using MALDI-TOF-MS and no masses of other
proteases were detected. Although impurities by other enzymes
cannot be fully excluded, to the authors’ best knowledge other
proteases originating from the gastric mucosa that may be con-
sidered as contaminants are either inactive at pH 2 or do not
show specificity which would explain those cleavage sites.

Pepsin is an aspartic protease with broad specificity. It
exhibits preferential cleavage for hydrophobic, preferably aro-
matic, residues in P1 and P1’ positions [29]. It can be seen from
Fig. 2 that the degradation of B-CN starts at the hydrophobic
C-terminal region of this amphiphilic protein with “soap-like”
properties. It is known from recent studies, that removing the
C-terminal part from AA 192 to 209 has not only an effect on
aggregation behavior but also a strong destabilizing effect on
the whole molecule [30]. From the results of the analyses of the
10 min digested sample (Fig. 2A, solid lines) one can assume that
the next preferred cleavage sites of pepsin are at AA 163/164
and AA 125/126, or AA 127/128, each C-terminal to Leu and
N-terminal to Ser or Thr. The N-terminal region up to AA 125
turns out to be more stable.

With regard to the suggested three-dimensional model of the
B-CN structure by Kumosinski et al. [31], no correlation of pre-
ferred pepsin cleavage sites to predicted secondary structure
elements was found. The course of degradation seems to be
determined predominantly by the primary structure. Although
standard literature for pepsin only notes the preference for cleav-
ages between nonpolar AA with large hydrophobic residues,
such as Phe and Leu [29], additional cleavage sites are reported,
including peptide bonds between other nonpolar AA, acidic AA
(nonpolar at pH 2) as well as Cys, Thr, and Ser [21,32—-34]. Our
results show that peptide bonds between Leu and Ser, Leu and
Thr, Ser and Trp are cleaved relatively fast (Fig. 2A and B), while
several X-Pro cleavages, Trp—Met, Val-Met, and other cleav-
ages between nonpolar AA were detected only after 60 min of
digestion.
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Fig. 2. The amino acid sequence of bovine B-CN variant A2 found in the UniProtKB/Swiss-Prot protein database with accession number P02666. The amino acids in
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Fig. 3. The sequence of bovine B-CN variant A2. Regions containing known bioactive peptides (see Section 1) are underlined and all cleavage sites for pepsin first

identified in the 10-, 30-, or 60-min digest are indicated.

Furthermore, it can be seen from Fig. 3 that pepsin cleavage
sites under in vitro but gastro-analogous conditions can be found
throughout the 3-CN sequence. Although the situation in vivo is
much more complex, it is likely that most of the peptides reported
to show bioactivity will not survive this process as part of an
intact sequence. The probability of their release decreases with
increasing digestion times. For example, within regions contain-
ing the ACE inhibiting peptides 3-CN 140-143, 3-CN 169-174,
and B-CN 169-175 [10] as well as the B-casokinin 3-CN 80-90
[9] numerous cleavage sites were found. Also the part of the
sequence in which the strong opioid agonist 3-casomorphin 7
is encrypted shows two cleavage sites. The peptide itself was
not detected in the digests. In contrast, no cleavages were found
within regions containing the opioid agonist 3-CN 41-44 [8], the
synthesized immunomodulating peptide 3-CN 63-68 [7], and
the LOX-inhibiting peptides 3-CN 98-105 and B-casokinin 7
(B-CN 177-183) [15,35]. Moreover, the release of three peptides
with sequences identical or almost identical to known bioactive
peptides was found (Table 1). It is worth highlighting that all
these cleavage sites are partial (see Fig. 2) and therefore, con-
clusions concerning the survival of sequence regions containing
bioactive peptides can only be drawn to a limited extent.

Another issue is the deliberate administration of externally
produced (3-CN-derived peptides for nutraceutical or pharma-
ceutical purposes. Since pepsin is a protease with eight substrate
side-chain binding sites [29], shorter peptides will not be pre-
ferred substrates and may survive the gastric digestion after
oral application. Larger peptides, however, with several cleav-
age sites like B-casokinin 10 [16], B-casokinin 3-CN 80-90
[9], or B-casomorphin 11 (B-CN 60-70) [7], are assumed to be
degraded in the stomach.

In the past, contrary results concerning the nature of two
amino acids in the B-CN sequence have been published.

Table 1
Peptides identified in the peptic digest of 3-CN with identical or slightly longer
sequences as compared to known bioactive peptides (underlined)

Literature Experiment

Peptide Bioactivity Peptide Sequence

B-CN 60-70 [6] Opioid agonist ~ B-CN 59-70 VYPFPGPIPNSL
B-CN 75-82 [14] ACE inhibition ~ 3-CN 75-83 PPLTQTPVV
B-CN 177-183 [15]  ACE inhibition =~ 3-CN 177-183  AVPYPQR

Jimenez-Flores et al. cloned and sequenced cDNA of bovine
B-CN and found Leu and GlIn for the translated amino acids
in position 93 and 195 [36], whereas other authors found Met
and Glu [37-42], respectively. Apart from these variations, the
sequence identified by Jimenez-Flores et al. is identical to the
AZ? form published by Ribadeau-Dumas et al. [37] and the two
differences between them are up to now handled as sequence
conflicts in the nucleotide and protein databases. In 2002, Jann
et al. published a PCR-SSCP-based DNA test for the differen-
tiation of five alleles (AI—A3, B, and C) using exons 6 and 7 of
the B-CN gene (CSN2). The authors identified for several of 318
unrelated animals an A — C point mutation in exon 7 resulting
in a Met — Leu substitution of the amino acid in position 93
[43]. Unfortunately, Jann et al. did not relate their results to the
sequence of Jimenez-Flores et al.

However, our commercial sample was derived from vari-
ous animals and contains different genetic variants of bovine
B-CN. Although 100% of the sequence of variant A is cov-
ered, also several peptides with His instead of Pro in position
67 were found, possibly originating from the widespread A!
form. More interestingly, a peptide (3-CN 59-93) with a C-
terminal Leu was identified, providing evidence on the protein
level that behind the putative sequence conflict, another not yet
classified genetic variant is hidden. Due to the fact that the mass
difference between this peptide and the corresponding A? vari-
ant is Am = 18u, our first assumption was that this is caused
by dehydration of a Ser or Thr within the sequence. Although
this modification was observed for several other peptides, this
possibility has been ruled out for the respective peptide based
on de novo sequencing data. In Fig. 4, two homologous tandem
mass spectra of the peptide B-CN 59-93 are plotted against each
other. Both were found in fractions of the 60-min digest, but the
peptide from the not classified variant had a 1 min higher reten-
tion time compared to the peptide from the A? variant. This is in
agreement with the higher hydrophobicity of Leu over Met. The
tandem mass spectra only differ in a mass shift of ~18 u for all
y fragments, whereas the masses of all b fragments are identi-
cal. This fact proves that the difference between both peptides is
located at the C-terminus. To confirm the results of the tandem
MS experiments, accurate mass determination for the peptide
under investigation was employed by electrospray qTOF as well
as Fourier transform ion cyclotron resonance (FT-ICR) MS on
a Reflex III (Bruker Daltonics, Billerica, MA, USA). An m/z
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Fig. 4. Deconvoluted nanoESI-qTOF fragment ion spectra of the residue 3-CN 59-93 acquired at a collision energy of 30 eV. The upper spectrum shows the peptide
with a C-terminal Met (m/z 1275.02), whereas the lower spectrum shows the same peptide but identified with a C-terminal Leu (m/z 1269.04). The b and y series
ions are annotated and their respective amino acid residues are indicated.

of 1269.0357 for the [M+3H]3* ion was determined by FT-ICR ~ ant of B-CN. Although no peptide containing Gln in position
MS which differs from the theoretical m/z of 1269.0375 by only 195 was found, this variant is most likely the one already
1.4 ppm. sequenced from cDNA clones by Jimenez-Flores et al. [36].

This peptide, together with the DNA results of Jann et al. Hence, this up to now neglected variant should be classified as 3-
[43], verifies the existence of a further (11th) genetic vari- casein I.
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4. Conclusion

This in-depth study of peptic digestion of 3-CN under gastro-
analogous in vitro conditions revealed that the enzyme pepsin
starts to cleave its substrate in the C-terminal region rich in
large, hydrophobic residues. After 60 min, the digestion is prac-
tically finished, leaving only small proportions of the sequence
completely intact. The results provide details about the cleav-
age sites and thus the specificity of the enzyme under gastric
conditions and, furthermore, evidence for the formation and/or
non-formation of known bioactive peptides during a peptic
digestion of bovine 3-CN. These findings add to the current
understanding of bioactive peptides with respect to the proba-
bility of their release under physiological conditions. Moreover,
a variation observed in position 93 proves the existence of an
11th genetic variant of bovine B-CN, which has not yet been
defined.
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