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Abstract — Bovine β-casein was dephosphorylated by the catalytic sub-unit of a type 2A protein phos-
phatase (PP2Ac) purified from the yeast Yarrowia lipolytica. Complete dephosphorylation was
obtained after 24 to 30 h in Tris buffer (pH 7.5). On the contrary, the activity of PP2Ac was largely
inhibited (80%) in the presence of 13 mmol⋅L–1 sodium citrate (pH 6.8). After dephosphorylation of
β-casein, plasminolysis was increased and more 3% TCA-soluble peptides were obtained (30%
increase). Dephosphorylation led to the disappearance of the f 29-105/107 peptide and to the appear-
ance of a new non-phosphorylated 8 200 g.mol–1 peptide, suggested to be f 33-105/107 originated from
the middle part of the β-casein sequence and obtained upon plasmin cleavage of the Lys32-Phe33
peptide bond.
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Résumé — Hydrolyse par la plasmine de la caséine β bovine déphosphorylée par une protéine
phosphatase de type 2A purifiée chez Yarrowia lipolytica. La caséine β peut être déphosphorylée
par la sous-unité catalytique d’une protéine phosphatase de type 2A purifiée chez la levure Yarrowia
lipolytica. La déphosphorylation complète est obtenue en 24 à 30 h en tampon Tris (pH 7.5).
À l’inverse, elle est largement inhibée par le citrate de sodium 13 mmol.L–1 à pH 6.8 (80 % d’inhi-
bition). Après déphosphorylation, la plasminolyse de la caséine β est augmentée puisque l’on observe
une production supplémentaire de 30 % de peptides solubles dans le TCA à 3 %. La déphosphorylation
se traduit par la disparition du peptide f 29-105/107 et l’apparition d’un nouveau peptide non phos-
phorylé de 8 200 g.mol–1. Il pourrait s’agir du peptide f 33-105/107 provenant de la partie centrale de
la séquence protéique de la caséine β et obtenu par attaque de la liaison peptidique Lys32-Phe33.
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1. INTRODUCTION

The proteolytic digestion of caseins dur-
ing cheese ripening is of great importance to
the development of the rheological proper-
ties of the cheese. The breakdown of
β-casein by rennet enzymes is known to
affect the yield, texture and flavor of the
cheese, and has been studied by HPLC [12,
18] and capillary electrophoresis [19, 20].
Rennet breakdown products of β-casein
have been detected in a variety of European
cheeses, like Edam, Emmental, Gouda (with
no salt added), Pirinees, Tilsit, Beaumont,
Munster, Fontina and Taleggio [21]. High
water activity and low salt content seem to
favour β-casein proteolysis by rennet
enzymes. Plasmin, a milk proteinase, also
acts on β-casein. The importance of this
endogenous enzyme on cheese ripening has
been under discussion for a long time. Due
to specificity differences and to the particular
structure of β-casein, the rennet enzymes,
aspartic proteinases (APs), and plasmin
(a serine proteinase) act on different regions
of the molecule. While plasmin cleaves
Lys-X and Arg-X bonds and acts primarily
on the N-terminal moiety of β-casein, APs
have a marked preference for peptide bonds
between bulky, hydrophobic aminoacids
and act close to the much more hydrophobic
C-terminal. Certain ripening processes pre-
viously attributed to rennet enzymes alone
may also depend on the plasmin present in
milk [24]. However, plasmin activity
decreases as temperature and the holding
time increase [6]. It has also been observed
that plasmin activity could be affected by
the presence of proteinase inhibitors in the
case of ultrafiltration or addition of whey
protein concentrate to increase the yield of
cheese [5]. The plasmin system (plasmin
and its inactive precursor plasminogen)
could also be affected by heat-stable pro-
teases of the psychrotrophic bacteria pre-
sent in raw milk [10].

In fresh milk, β-casein is converted by
plasmin into several large, intermediate
degradation products, the γ-caseins, and to

the complementary parts called proteose
peptones [8, 34]. Casein phosphopeptides
containing the phosphoseryl cluster
sequence accumulate in cheese because the
proteolytic enzymes which are active during
ripening seem not to recognize the peptidic
bonds involving a phosphoserine residue.
These bonds were hydrolyzed when prior
dephosphorylation occurred [9]. Phos-
phatases have then an important role in the
release of free amino acids in ripened cheeses
like Gruyère, Appenzeller, Emmental, Parmi-
giano Reggiano and Grana Padano [9].
Pellegrino et al. [25] suggested a reactiva-
tion, in the outer part of cheeses, of milk
alkaline phosphatase inactivated by pas-
teurization. On the other hand, Lorient and
Linden [17] concluded that milk alkaline
phosphatase would possess a very low activ-
ity in raw milk due to the presence of
endogenous inhibitors (phosphate ions, lac-
tose, β-lactoglobulin). Other protein phos-
phatases had to be considered. Kyriakidis
et al. [15] suggested that a concerted action
of proteinase and phosphatase activities
expressed in the cell-walls of lactic acid bac-
teria may be required for the optimum
release of peptides from casein. In our lab-
oratory, protein phosphatases from the yeast
Yarrowia lipolyticahave been character-
ized [13, 14] and used to dephosphorylate
food proteins, namely phosvitin and casein
[27]. Y. lipolyticamay occur in cheese tech-
nology even if this yeast is rarely desired. In
this work, a protein phosphatase type 2A
purified from Y. lipolyticawas used to
dephosphorylate bovine β-casein before pro-
tein digestion with plasmin. It has been
reported [2, 3] that plasmin shows a narrow
specificity in its action on β-casein in milk,
but the effect of dephosphorylation on the
susceptibility to cleavage is unknown.

2. MATERIALS AND METHODS

2.1. Culture and extraction

The yeast Yarrowia lipolytica(wild strain
W-29 obtained from CLIB*) was grown on
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28 000 and 40 000 g⋅mol–1 [1, 23, 30, 35].
Ultrogel fractions corresponding to the first
activity peak were pooled and further puri-
fied as described previously [13, 27] through
ion exchange chromatography (Toyopearl
DEAE 650S from TosoHaas, Stuttgart,
Germany), treatment with 80% ethanol, in
order to unmask the catalytic unit of PP2A
[31], and, after concentration, size exclu-
sion chromatography on a Superose 12HR
FPLC column (Amersham Pharmacia
Biotech Europe GmbH, Saclay, France).
After the Superose step, PP2Ac fractions
were obtained in buffer A containing
200 mmol⋅L–1 NaCl (purification-fold 120).
They were free from contaminating pro-
teases (Fig. 1) and could be used for β-casein
dephosphorylation prior to plasmin diges-
tion.

Protein phosphatase activity was assayed
through dephosphorylation of [32P]casein

an inorganic phosphate-deficient medium
[11]. The cells were sampled during the
exponential growth phase (13 h), centrifuged
at 4 400g for 15 min and washed with dis-
tilled water. Fresh cells were ground in a
MSK Braun ball-mill (Braun Sciencetec,
France; ball diameter 0.44–0.45 mm) cooled
under a stream of CO2 for 1.5 min in
20 mmol⋅L–1 triethanolamine buffer, pH 7.0,
with 50 mmol⋅L–1 NaCl, 1 mmol⋅L–1 ethy-
lene glycol bis(β-aminoethylether)
tetraacetic acid, 0.1 mmol⋅L–1 dithiothre-
itol, 5% (v/v) glycerol, 0.01% (v/v) Brij 35
(hereafter designated as buffer A) and
0.4 mmol⋅L–1 phenylmethylsulfonylfluo-
ride (PMSF). Proportions for grinding were
1/1/3 (w/w/v) cells/balls/buffer A. After cen-
trifugation (48 000g for 45 min at 4 °C),
the supernatant was considered as the cell-
free extract and contained the soluble endo-
cellular enzymes.

2.2. Purification of protein phosphatase
2A from Y. lipolytica

After concentration on a 10 000 g⋅mol–1

Diaflo membrane (Millipore-Amicon
Bioseparations, Molsheim, France), the cell-
free extract was loaded onto a 5 000–70 000
Ultrogel AcA 54 column (2.6 cm× 91 cm;
Sepracor/IBF, France) equilibrated with
buffer A. The elution rate was 0.66 mL⋅min–1

and the eluate was collected in 3.3 mL frac-
tions. The first peak of phosphatase activity
was eluted in the dead volume and corre-
sponded to the multimeric form of PP2A
with a 130 000 g⋅mol–1 apparent molecular
mass [13]. The second activity peak was the
catalytic sub-unit (37 000 g⋅mol–1), co-eluted
with Y. lipolyticaproteases which are known
to have an apparent molecular mass between
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* CLIB: Collection de Levures d’Intérêt
Biotechnologique (Biotechnological Interest
Yeast Collection), Centre de Biotechnologie
Agro-Industrielle, 78850 Thiverval-Grignon,
France.

Figure 1. SDS-PAGE of β-casein incubated with
PP2Ac for 16 h at 30 °C in the presence of
100 mmol.L–1 NaF. (A) Superose fractions
obtained without the first step of size exclusion
chromatography on Ultrogel AcA 54 to remove
contaminant proteases. (B) Superose fractions
obtained after the complete purification proto-
col. The casein/PP2Ac ratio was 20 (w/w). The
sample protein concentration was 0.3 mg.mL–1.
Figure 1.Electrophorèse sur gel de polyacryla-
mide en milieu dénaturant de la caséine β incu-
bée à 30 °C pendant 16 h en présence de PP2Ac
et de NaF 100 mmol.L–1. Les fractions Super-
ose sont obtenues sans la première étape de chro-
matographie d’exclusion stérique sur Ultrogel
AcA 54 destinée à éliminer les protéases conta-
minantes (A) ou après le protocole complet de
purification (B). Le rapport caséine/enzyme est de
20 (p/p). La concentration en protéine des échan-
tillons est de 0,3 mg.mL–1.
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as described earlier [13, 14, 27]. Labeled
casein was obtained through the reaction of
chemically dephosphorylated casein (Sigma-
Aldrich, Saint-Quentin Fallavier, France)
with [γ-32P]ATP (54 kBq⋅nmol–1; Amer-
sham Pharmacia Biotech, France) in the
presence of rabbit cAMP-dependent protein
kinase [22]. Labeled casein was freed from
[γ-32P]ATP by size exclusion chromatog-
raphy. Casein dephosphorylation was car-
ried out by incubating aliquots of enzyme
fractions at 30 °C with 11µmol⋅L–1

[32P]casein containing 0.08µmol⋅L–1 32P.
Proteins were precipitated with cold 20%
trichloroacetic acid (TCA). After centrifu-
gation (6 min at 12 000g), radioactivity was
counted in the supernatant through liquid
scintillation (Tricarb 1500, Packard Instru-
ment S.A., Rungis, France).

2.3. β-casein dephosphorylation
by PP2Ac

Casein dephosphorylation was carried
out at 30 °C by incubating PP2Ac with solu-
tions of commercial bovine β-casein
(Sigma-Aldrich) prepared in 50 mmol⋅L–1

Tris HCl (pH 7.5) or 50 mmol⋅L–1 citrate
buffer (pH 6.8). The casein/enzyme ratio
(w/w) was 20, the final β-casein concentra-
tion was 1 mg⋅mL–1.

Free phosphate released from β-casein
during the reaction was measured by the
method of Baykov et al. [4] adapted by
Queiroz-Claret and Meunier [26]. Reaction
aliquots were directly mixed with color
reagent (malachite green), and after 15 min
incubation absorbance was measured at
630 nm in a double-beam spectrophotome-
ter (Uvikon 941, Bio-Tek Kontron, Saint-
Quentin-en-Yvelines, France). The amount
of released phosphate was determined from
a calibration curve, using KH2PO4 as stan-
dard. The dephosphorylation yield was cal-
culated taking into account that β-casein has
a molecular mass of 24 000 g⋅mol–1 [28].

Reaction aliquots were also subjected to
urea-polyacrylamide gel electrophoresis

according to the method described by van
Hekken et al. [33] for PhastSystem (Amer-
sham Pharmacia Biotech) using 20% poly-
acrylamide homogeneous gels. Samples
were prepared in denaturing buffer
(6.6 mol⋅L–1 urea, 112 mmol⋅L–1 Tris,
112 mmol⋅L–1 sodium acetate, pH 6.4) con-
taining 5% (v/v) 2-mercaptoethanol. Four
microliters of sample (0.5 g⋅L–1 protein con-
centration) were loaded on each lane. Gels
were stained with Coomassie Blue R.

2.4. Hydrolysis of β-casein by plasmin
and analysis of peptides

β-casein dephosphorylated for 16 h by
PP2Ac and β-casein maintained at 30 °C
for 16 h without PP2Ac were hydrolyzed
with plasmin (Sigma-Aldrich, 5 units⋅mg–1

protein) in 50 mmol⋅L–1 Tris (pH 8.0) for
3 h at 37 °C in the presence of 100 mmol⋅L–1

NaF to stop dephosphorylation. The casein/
plasmin ratio was 400 (w/w).

For analysis of peptides by SDS-PAGE,
15µL aliquots were mixed with Tris buffer
(pH 8.0) containing 0.5 mmol⋅L–1 EDTA,
5% (w/v) SDS and 2% (v/v) 2-mercap-
toethanol and boiled for 5 min. Gel elec-
trophoresis was performed under denatur-
ing conditions with PhastGel high density
gels (Amersham Pharmacia Biotech)
designed for the separation of peptides and
low molecular weight proteins. For molec-
ular weight determination, the Pharmacia
peptide marker kit composed of horse myo-
globin peptides (Mr range 2 512–16 949)
was used. Gels were stained with Coomassie
Blue R. In order to prevent peptides from
being washed out of the gel during stain-
ing, a fixation step with 2.5% (v/v) glu-
taraldehyde in water was added, as pre-
conized by Pharmacia.

At selected times of casein digestion,
TCA was added to 50µL aliquots to a final
concentration of 3% (w/v). After 30 min at
room temperature, the precipitate was
removed by centrifugation at 12 000g for
10 min. The supernatant was filtered through
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3. RESULTS AND DISCUSSION

3.1. β-casein dephosphorylation
by PP2Ac from Y. lipolytica

The time-course dephosphorylation of
β-casein by PP2Ac purified from Y. lipoly-
tica was studied through the determination
of released free phosphate. In Tris buffer
(pH 7.5), complete dephosphorylation was
obtained after 24 to 30 h, without phosphate
dialysis. Complete dephosphorylation of
isolated β-casein was also obtained with
alkaline phosphatase from calf intestine and
with acid phosphatase from potato [16],
which shows that all the phosphate groups
are accessible. However, Lorient and Linden
[17] found that the dephosphorylation of
whole casein with milk alkaline phosphatase
was limited to 20% and that dialysis was
required to avoid inhibition by phosphate
and let dephosphorylation proceed. It seems
that all phosphate groups were cleaved by
PP2Ac in our experiments.

In the presence of 13 mmol⋅L–1 sodium
citrate (pH 6.8), PP2Ac activity was largely
inhibited and a 19% dephosphorylation yield
was obtained after 24 h. This low yield can-
not be explained by a pH effect alone, since
the optimum pH for PP2Ac activity with
casein as substrate is 7.2 [13]. The inhibitory
effect of citrate on PP2Ac activity from
Y. lipolytica has not been previously
described. The complexation of divalent
cations by citrate could account for this
effect, but only to a minor extent, as PP2A
is known to be only slightly dependent on
divalent cations.

Electrophoretic patterns of native and
dephosphorylated β-casein were compared
using urea-PAGE which is known to sepa-
rate proteins according to their net charge
to mass ratio (Fig. 2). Under these condi-
tions, bands with lower mobility than that
of native β-casein appeared upon dephos-
phorylation due to the removal of negatively
charged phosphate groups. Casein bands
with a varying number of phosphate groups
were visible as reported elsewhere [32, 37].

a 0.22µm pore size filter and the filtered
samples were subjected to reverse phase
HPLC.

Analytical rp-HPLC was performed on
a Beckman equipment consisting of a Sys-
tem Gold programmable solvent module
126, a Rheodyne sample injector (100µL
loop) and a 166 UV-VIS detector. Peptide
separation was achieved on a Ultrasphere
ODS 5µm C18 analytical column (4.6 mm
× 25 cm, Beckman Coulter, Roissy, France),
and the amide bond was detected at 214 nm.
The elution was carried out with linear gra-
dients of acetonitrile in 0.1% trifluoroacetic
acid (TFA) in water. After a 2 min isocratic
run, a gradient from 0 to 30% acetonitrile
was developed in 8 min followed by a 30
to 77% acetonitrile gradient over 25 min
[18]. The elution rate was 1.0 mL⋅min–1 and
the column temperature was 21 °C.

2.5. Other procedures

Protein was measured by the Bradford
method [7] using bovine serum albumin as
standard.

Contaminating protease activity in PP2A
Superose fractions was detected by SDS-
PAGE of β-casein incubated with PP2A at
30 °C, in the presence of 100 mmol⋅L–1 NaF
in order to avoid concomitant dephospho-
rylation.

The peptides isolated by HPLC were
characterized using matrix-assisted laser
desorption ionization/time-of-flight mass
spectrometry (MALDI-TOF HP G2025).
Samples were mixed (1/1, v/v) with α-
cyano-4-hydroxycinnamic acid on the target
and dried in a HP G2024 sample drying
chamber. The energy of the nitrogen laser
(337 nm) was between 1.7 to 5.5µJ. Ions
were submitted to a 28 kV accelerating volt-
age towards the detector (–4.75 kV). Anal-
ysis was carried out in positive polarity,
without a filter, after a calibration with stan-
dard peptides in the molecular mass range
1 008–6 968.7 (oxytocin, vasopressin,
angiotensin I, somatostatin, insulin, hirudin).
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3.2. Plasmin hydrolysis of β-casein

3.2.1. SDS-PAGE of peptides obtained
by plasmin hydrolysis

Plasminolysis was carried out on native
β-casein and on β-casein incubated for 16 h
with PP2Ac and, hence, highly dephospho-
rylated (g 90%). SDS-PAGE of peptides
was carried out on high density gels,
designed for the separation of small pro-
teins, particularly in the Mr range
1 000–20 000.

The susceptibility of β-casein to plasmin
has been established by Andrews [2, 3],
Lys28-Lys29, Lys105-His106 and Lys107-
Glu108being the main cleavage sites. In the
case of native β-casein (results not shown),
we identified the major peptides as γ1-casein
(f 29-209, 21 000 g⋅mol–1), γ2- and γ3-casein
(f 106-209 and f 108-209, 12 000 g⋅mol–1)
and their complementary fragments
(f 1-105/107, 15 000 g⋅mol–1). Subsequent

digestion of γ1-casein led to the disappear-
ance of γ1-casein and to the appearance of
f 29-105/107 around 8 700 g⋅mol–1. Only
the proteose-peptone component 8F (f 1-28)
[3] was not identified, possibly because,
owing to its small size, it is more difficult to
fix and is easily washed out of the gel dur-
ing staining. In the same way, the smaller
peptide of the Pharmacia kit (2 512 g⋅mol–1)
is often not visible. After 3 h digestion, only
γ2/γ3-casein and f 29-105/107 were recog-
nized, together with an unidentified
6 900 g⋅mol–1 band (Fig. 3, lane 2). Three
hours plasmin digestion of dephosphory-
lated β-casein led to a slight modification
in the electrophoretic pattern. Instead of the
8 700 g⋅mol–1 band (lane 2), a 8 200 g⋅mol–1

band appeared (lane 3). The 500 g⋅mol–1

difference cannot be ascribed to the loss of
one phosphoryl group in f 29-105/107 alone
and suggests the cleavage of either five
aminoacids or four aminoacids plus one
phosphoryl group.
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Figure 2. Urea-polyacrylamide gel elec-
trophoresis of β-casein (45µmol.L–1) and
β-casein dephosphorylated with PP2Ac
(1.6µmol.L–1) from Yarrowia lipolyticafor 1 to
30 h. Samples denaturated in Tris/acetate buffer
containing urea (3.3 mol.L–1) and 2-mercap-
toethanol (5%, v/v) were deposited on 20% poly-
acrylamide homogeneous gels (see Materials and
Methods).
Figure 2.Electrophorèse sur gel de polyacryla-
mide en milieu urée de caséine β (45µmol.L–1)
et de caséine β déphosphorylée par la PP2Ac
(1.6 µmol.L–1) de Yarrowia lipolyticapendant
1 à 30 h. Les échantillons sont dénaturés dans
du tampon Tris/acétate contenant de l’urée
3,3 mol.L–1 et 5 % (v/v) de 2-mercaptoéthanol et
déposés sur des gels homogènes à 20 % de poly-
acrylamide (voir Matériel et Méthodes).

Figure 3. SDS-PAGE of peptides obtained after
3 h plasmin digestion of β-casein (lane 2) and
of β-casein dephosphorylated for 16 h with
Y. lipolyticaPP2Ac (lane 3). The casein/PP2Ac
ratio was 20 (w/w), the casein/plasmin ratio was
400 (w/w). Lane 1: β-casein. K: peptide marker
kit. 
Figure 3. Electrophorèse sur gel de polyacryla-
mide en milieu dénaturant des peptides obtenus
après 3 h de plasminolyse de caséine β (puits 2)
et de caséine β déphosphorylée pendant 16 h par
la PP2Ac de Y. lipolytica(puits 3). Le rapport
caséine/PP2Ac est de 20 (p/p), celui de
caséine/plasmine de 400 (p/p). Puits 1 : caséine β.
K : marqueurs de peptides. 
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The molecular masses of peaks 3 and 7
differ by 580 g⋅mol–1, as indicated by
MALDI-TOF mass spectrometry analysis.
This difference could be explained by the
loss of one phosphoryl group and the cleav-
age of the tetra-peptide Lys-Ile-Glu-Lys.

4. CONCLUSION

In the whole, our results show that a
higher amount of 3% TCA-soluble peptides
are formed upon plasminolysis of β-casein
dephosphorylated by Y. lipolyticaPP2Ac
(30% increase). The dephosphorylation
leads to the disappearance of the
f 29-105/107 peptide and to the appearance
of a non-phosphorylated peptide, probably
f 33-105/107, obtained by cleavage of the
Lys32-Phe33 bond. It has been reported [34]
that plasmin specificity could be broader.
The dephosphorylation of PSer35 could
increase the susceptibility of the Lys32-Phe33
bond to cleavage. As β-casein used in this
work was 90% dephosphorylated, other
phosphopeptides must be dephosphorylated
as well: f 1-105/107 and f 1-29. No behaviour
modification was visible, because, on the
one hand f 1-105/107 rapidly disappeared
with time for the benefit of f 29-105/107,
and on the other hand f 1-29 was not
detected on SDS-PAGE and rp-HPLC in
our experimental conditions.

β-casein is largely dephosphorylated by
PP2Ac purified from Yarrowia lipolytica.
After this dephosphorylation, plasmin diges-
tion is accelerated and induces the attack of
a new peptide bond, Lys32-Phe33. It is sug-
gested that phosphatases from microorgan-
isms could be involved in cheese ripening
and could modify digestion processes. As
phosphatase activity could be inhibited by
milk endogenous components (phosphate,
citrate), this enzymatic activity could take
place after curd formation and syneresis and
then throughout the ripening process.

3.2.2. rp-HPLC of the 3% TCA-soluble
peptides

The chromatogram of the 3% TCA-sol-
uble peptides obtained upon plasmin diges-
tion of β-casein is presented in Figure 4B.
β-casein is the most hydrophobic casein due
to the C-terminal third of the molecule
(residues 136–209) and to a highly
hydrophobic β-sheet spiral structure of
residues 189 to 207. On the chromatogram,
hydrophilic peptides appeared before peak b,
eluted at 15 min, which was present in all
reference chromatograms. They come from
the N-terminal region of β-casein that is
hydrophilic owing to its high content of
phosphoseryl and other acidic residues:
f 1-28, f 1-105/107 and, in a minor degree,
f 29-105/107 (peaks 1, 2 and 3). γ1-casein
and hydrophobic peptides coming from the
C-terminal moiety of the molecule (γ2- and
γ3-caseins) eluted between 16 and 20 min
(peaks 4, 5 and 6). The kinetics of appear-
ance of the major peptides was followed for
3 h of β-casein plasminolysis. Peptide for-
mation increases with time but the rate of
production slows after 1 h. Figure 4C shows
the chromatogram of the 3% TCA-soluble
peptides obtained after 3 h plasmin digestion
of β-casein dephosphorylated by Y. lipolyt-
ica PP2Ac. The determination of peak areas
indicated that more 3% TCA-soluble pep-
tides were obtained from dephosphorylated
β-casein (30% increase). Plasminolysis
accelerates with dephosphorylation as
reported for chymosin and pepsin digestion
[29, 36]. The removal of phosphate groups
from a peptide should increase its hydropho-
bicity and hence its retention time in reverse
phase chromatography. The disappearance
of the important peak observed at 14.34 min
in the plasmin digest of native β-casein
(peak 3, Fig. 4B), and the appearance of a
new more hydrophobic peak at 18.14 min
in the digest of dephosphorylated β-casein
(peak 7, Fig. 4C) were observed. The elution
of hydrophobic γ-caseins was not affected by
dephosphorylation (peaks 4, 5, 6).
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Figure 4. Reverse phase
HPLC of the 3% TCA-solu-
ble peptides obtained from
β-casein prior to plasmin addi-
tion (A ), from 3 h plasmin
digestion of β-casein (B), from
3 h plasmin digestion of
β-casein dephosphorylated for
16 h with PP2Ac (C). The
casein/PP2Ac ratio was 20
(w/w). The casein/plasmin
ratio was 400 (w/w). rp-HPLC
conditions were as described
in Materials and Methods.
Figure 4. Analyse chromato-
graphique en CLHP en phase
inverse des peptides solubles à
3 % de TCA obtenus à partir
de β-caséine sans addition de
plasmine (A ), après 3 h de
plasminolyse de caséine β (B),
après 3 h de plasminolyse de
caséine β déphosphorylée pen-
dant 16 h par la PP2Ac (C).
Le rapport caséine/PP2Ac est
de 20 (p/p). Le rapport
caséine/plasmine est de
400 (p/p). Les conditions chro-
matographiques sont décrites
dans Matériel et Méthodes.
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