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Summary - In vitro hydrolysis of "s,-easein
HPLC. Most of the degradation

graphie methods and then identified by determination
The cleavage of 7 Lys-X and 4 Arg-X peptide bonds resulted in the formation

composition.

products were purified by reverse-phase

by bovine plasmin was studied by eleetrophoresis and

or ion-exehange chromato-
of their N-terminal sequence and amino-aeid
of 15

peptides, the most hydrophobie of which were insoluble at pH 4.6.

plasmin 1mllk alkaline proteinase

Résumé - Hydrolyse de la caséine
par la plasmine a été étudiée par électrophorése
tion ont été purifiés par chromatographie
détermination de leur séquence N-terminale
de 7 liaisons peptidiques

plasmine / protéase

INTRODUCTION

The native proteinases of milk can affect
the properties of milk and dairy products
during storage and also play a significant
role during cheese ripening. In bovine milk
the main native proteolytic activity is due
to the milk alkaline proteinase, plasmin,
which originates from blood. This enzyme
partly resists UHT treatment and survives
to pasteurisation (Driessen and Van der
Waals, 1978).

us, par la plasmine
et par HPLC. La plupart des produits de dégrada-
en phase inverse ou par échange d'ions, puis identifiés par
et de leur composition
de type Lys-X et de 4 liaisons Arg-X emreine la libération de 15 peptides,
dont les plus hydrophobes sont insolubles a pH 4,6.

1<Xs,-casein 1HPLC

bovine. L'hydrolyse de la caséine agy

en acides aminés. La coupure

alcaline du lait / caséine ag1 / HPLC

In bovine milk, ~ and uS2-caseins are
rapidly cleavedby plasmin (Snoeren and
Van Riel, 1979), uS1-caseinis more slowly
attacked which «-caseln and whey pro-
teins are very resistant (Eigel, 1977). The
3 main cleavage points in ~-casein are
weil known and lead to the formation of)'-
caseins and ofsome cornponents of .the
proteose-peptone fraction which ,.~I€..al-
ready present in fresh milk. Recently 9 ex--
tra plasmin sensitive peptide bonds-have
been reported by Visser et al (1989a) after
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digestion of ~-easein in a membrane reac-
tar. Under these conditions theplasmin ac-
tivity was much higher than in milk.

In us2-casein, 8 peptide bonds are sen-
sitive to plasmin and most released pep-
tides are soluble at pH 4.6 (Le Bars and
Gripon, 1989; Visser et al, 1989b).

Hydrolysis of ugl-easein was first stud-
ied by Eigel (1977) who described the for-
mation of products with a higher electro-
phoretic mobility than ugl-easein. These
products were found (Aimutis and Eigel,
1982) to be analogous to the A-easeinfrac-
tion previously described in milk (Long et
al, 1958; Swaisgood and Brunner, 1961;
El Negoumy, 1973).

The aim of the present study was to de-
termine most of the plasmin-sensitive
bonds in ugl-easein, and to identify re-
leased peptides in order to evaluate plas-
min activity in dairy products.

MATERIAL AND METHODS

The bovine plasmin solution (2.5 mg/ml) and
carboxypeptidase A (OPA) were obtained Irom
Boehringer GmbH (Mannheim, Germany);
trifluoroacetic acid (TFA) came Irom Sigma (St
Louis, USA) and' acetonitrile Irom Baker (De-
venter, the Netherlands).

Casein purification

Purilied us,-casein variant B was isolated Irom
homozygous cow's skim milk by isoelectric
precipitation and anion exchange chromatogra-
phy on DEAE-Sepharose according to Mercier
et al (1968). Residual contaminating ug,-easein
was removed by hydrophobic interaction chro-
mato-graphy on Phenyl Sepharose Fast Flow
(Pharmacia, Uppsala, Sweden). The column
(2.6 x 15 cm) was equilibrated with sodium
phosphate buffer (0.8 molli, 3.75 molli urea, pH
6.0). A total 01 300 mg partially purilied casein
and 2.7 9 urea were dissolved in 20 ml initial
buffer as described by Chaplin (1986) and in-

jected into the column. ugi- and ug,-caseins
were separately eluted within 3 h by a linear gra-
dient 01 phosphate decreasing Irom 0.8 molli to
0.05 molli at a flow rate 01 2 ml/min. ug1-easein
was then dialyzed against distilled water and
Ireeze-dried.

Hydrolysis of uSl-casein

The substrate solution contained pure use
casein (10 mg/ml) in NH,HCO, (0.05 molli, pH
8.0), and NaN3 0.05% (w/v) as microbial inhibi-
tor. Plasmin was added at a final concentration
01 12.50 13.g/mland incubation was carried out at
37-C. Aliquots were collected at 1,2, 3, 4,5 and
6 h to monitor hydrolysis. Plasmin was inactivat-
ed by heating at 100-C lor 10 min in a sealed
tube and samples were submitted to electropho-
resis and RP-HPLC. Peptides were purilied Irom
the 6-h hydrolysate. The solution was heated at
100-C lor 10 min and the pH was lowered to 4.6
by addition 01 1% (v/v) TFA to precipitate largest
peptides. Alter centrilugation the supernatant
and the pellet were studied separately.

Analytical procedures

pH 4.6 soluble peptides were separated by RP-
HPLC by a gradient system (Waters 600E, Bed-
lord, USA) fitted with a Nucleosil C1g8,5 um, 4.6
X 25D-mm column (Shandon, Eragny, France).
Two different solvent systems were used :

- a TFA system: solvent A consisted 01 0.115%
trilluoroacetic acid (TFA) in water: solvent B con-
sisted 01 0.10% TFA in 60% acetonitrile;

- a phosphate system: solvent A consisted 01
0.05 molli potassium phosphate (pH 7.0); sol-
vent B consisted 01 60% acetonitrile in solvent

A.

Peptides were eluted in a TFA system by a
shallow linear gradient 01 buffer B increasing
Irom 20 to 75% within 110 min. The temperature
01 the column was 40.C, the flow rate was 1 ml/
min and absorbance was read at 214 nm. The
main peaks were collected and each 01 them
was then purified with the phosphate solvent
system. A last step of purification with the TFA
solvent system was then required to remove
salts.



Cls;-casein and plasmin

pH 4.6 insoluble peptides were separated by
ion-exchange chromatography using an FPLC
system (Pharmacia, Uppsala, Sweden) fitted
with a Mono Q HR 10/10 anion exchange col-
umn. Buffer A consisted of 10 mmol/l Tris-HCI,
6 molli urea, pH 8.0 and buffer B consisted of
buffer A containing molar NaCl. The flow rate
was 3 ml/min and elution was obtained by using
a triphasic linear gradient; the concentration of
buffer B was as follows: 0% at initial time, 8% at
16 min, 18% at 56 min and 40% at 78 min. Ab-
sorbance was recorded at 280 nm. Fractions
were collected, desalted on Cqe Sep-Pack (Milli-
pore, Milford, USA), concentrated and chromato-
graphed on RP-HPLC with the TFA system as
described above.

Peptides were hydrolyzed by vapor phase
hydrolysis (110°C, 24 h) and their composition
determined by cation exchange chromatogra-
phy followed by ninhydrin derivatization on a
Biotronik LC5000 amino-acid analyzer (Maintal,
Germany).
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N-terminal sequence determination was car-
ried out by automatic Edman degradation on an
Applied Biosystem, Model 477A protein se-
guencer (San José, USA).

C-terminal residues were obtained by free
amino-acid analysis after hydrolysis by carboxy-
peptidase A.

Polyacrylamide--gel electrophoresis (PAGE)
pH 8.8 was perlormed with a Mini Protein Il ap-
paratus (Bio-Rad, Richmond, USA) on 14% gels
containing 4.7 mol/lurea. Proteins were stained
with Coomassie blue G250 (Blakesly and
Boezy, 1977).

RESUL TS AND DISCUSSION

The chromatogram obtained with the 4.6
soluble fraction after 6 h hydrolysis is
shown in figure 1b. After elution of a very
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Fig 1. RP-HPLC chromatograms obtained after 6 h incubation at 37°C of «g-casein with bovine plas-

min; (a) whole hydrolysate; (b) pH 4.6 soluble fraction. -

Ayiy; - - - solvent B (%).

Séparation par HPLC en phase inverse des produits de I'hydrolyse de la caséine ag par la plasmine

bovine (37'C, 6 hl; (a) hydrolysat total, (b) fraction soluble apH 4,6; -

du solvant B (%).

0°274 nm; - - - concentration
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hydrophilic peptide (peak A), 2 groups of
peaks (eluted respectively at 42-46% and
54-59% of solvent B) were observed.
When the total hydrolysate was injected,
high molecular weight peptides, insoluble
at pH 4.6, were eluted by 60-75% of sol-

Absorbance 280 nm
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0,06

0,04

0,02 Y

0o

20 40

vent Band only pooriy separated (fig 1a).
The pH 4.6 insoluble fraction was conse-
quently separately purified by ion ex-
change chromatography on Mono Q col-
umn. Four main peaks were obtained
(fig 2).
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Fig 2. MonoO chromatogram

with bovine plasmin. - Aygy: - - - solvent B (%).

of insoluble fraction obtained alter 6 h incubation at 37°e of uSl-casein

Séparation par échange dions sur colonne MonoO de la fraction insoluble obtenue aprés 6 h dincu-

bation de la caséine agl en présence de plasmine bovine. -

pon B (%).

00280 nm; - - - concentration du tam-



Us;-casein and plasmin

Eleven peptides fram the soluble frac-
tion were identified (table 1). They mainly
arase from the N-terminl:lland central part
of the ugl-easein; only peptide F was a C-
terminal fragment. Theil" size varied fram
6-56 residues. No cleavage occurred in
the hydrophilic region' 41-80 which con-
tained the phosphoseryl residues. In spite
of its size (56 residues). peptide E was
eluted by only 46% of B solvent because it
contained the most hydraphilic domain of
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uSl-casein. The 4 peaks (U, X, ¥y and Z)
observed by ion-exchange chromatogra-
phy corresponded to 4 C-terminal large
fragments.

The sequence of the 15 identified deg-
radation praducts has been presented in
figure 3. These praducts resulted from the
cleavage of 11 out of 20 peptide bonds
that can be potentially cleavedby plasmin
in uSl-casein (fig 3). During digestion of
fibrin, plasmin has a clear preference for

1
H-Arg-Pro-Lys-His-Pro-1le-Lys-His-G1n-Gly-Leu-Pro-G1n-Glu-Val-Leu-Asn-Glu-Asn-Leu-

21
Leu-Arg-Phe-Phe-Val-Ala-Pro-Phe-Pro-Glu-Val-Phe-Gly-Lys-Glu-Lys-Val-Asn-Glu-Leu-

41
Ser-Lys-Asp-1le-Gly-Sjr-G1U-Sjr-Thr-G1U-ASp-Gln-Ala-Met-Glu-Asp-1le-Lys-GIn-Met-

P P

61
Glu-Ala-Glu-Ser-1le-Ser-Ser-Ser-Glu-Glu-11le-Val-Pro-Asn-Ser-Val-Glu-Gln-Lys-His-

t

81 ~ -~ - -

_—

11e-GIn-Lys-Glu-Asp-Val-Pro-Ser-Glu-Arg-Tyr-Leu-Gly-Tyr-Leu-Glu-GIn-Leu-Leu-Arg-

101

Leu-Lys-Lys-Tyr-Lys-Val-Pro-Gln-Leu-Glu-1l1le-Val-Pro-Asn-Ser-Ala-Glu-Glu-Arg-Leu-

_—

t

His-Ser-Met-Lys-Glu-Gly-1le-His-Ala-GIn-G1ln-Lys-Glu-PrO-Met-1le-Gly-Val-Asn-GlIn-

141
Glu-Leu-Ala-Tyr-Phe-Tyr-Pro-Glu-Leu-Phe-Arg-GIn-Phe-Tyr-Gln-Leu-Asp-Ala-Tyr-Pro-

161
Ser-Gly-Ala-Trp-Tyr-Tyr-Val-Pro-Leu-Gly-Thr-G1n-Tyr-Thr-Asp-Ala-Pro-Ser-Phe-Ser-

181
Asp-1le-Pro-Asn-Pro-11le-Gly-Ser-Glu-Asn-Ser-Glu-Lys-Thr-Thr-Met-Pro-Leu-Trp-OH

199

A 1 1

B

¢, 22 .06—. 24

o

& , 54224

E 3B 1 90 -

F o Q4+ 199

¢ .

H 81 77 A ‘00

1 80_'03

v - 152 1 "9

\ 1 34

X 104 o . 199

Y ! 3y 1 199

z 06 125 1 1 199
Fig 3. Amino-acid sequence of bovine ugj-casein B (Ribadeau Dumas etal, 1973) showing (arrows)

peptide bonds hydrolyzed by plasmin and localisation of peptides A to Z.
(Ribadeau
plasmine (fleches) et localisation des peptides A a Z.

Séquence de la caséine ag

Dumas et al, 1973) liaisons peptidiques

hydrolysées

par la
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the cleavage of the Lys-X bond over the
Arg-X bonds. This preference has also
been observed for the hydrolysis of Us2-
casein (only one Arg-X labile bond over 7
Lys-X bonds). The difference is not so
obvious with ugl-easein (4 Arg-X bonds
over 7 Lys-X bonds); this may, however,
be due to the higher Arg/Lys ratio in ugl-
than in us2-easein (6/14 and 6/24 respec-
tively).

The cleavage of ugl-easeinwas moni-
tored by RP-HPLC and PAGE as a func-
tion of Incubatlontime between 0 and 6 h.
Results from the RP-HPLC (not shown),
showed that the fragments 106-124, 1-
22, 10~124, 194-199, 91-103 and 91-
100 appeared at about the same rate at
the beginning of hydrolysis. By electro-
phoresis (fig 4), 9 distinct bands were
visible after 1 h and ail these hydrolytic

1 2 3 4

products had a higher mobility than Usl-
casein. Between 2 and 6 h, the electropho-
retic pattern differed essentially in the
intensity of the bands except for the
complete disappearance of ugl-easeinand
a faint band close to Usl-casein. Electro-
phoresis of the purified fragments from the
pH 4.6 insoluble fraction (not shown) indi-
cated that bands X, Y, Z and U corre-
sponded to peptides 104-199, 106-199,

125-199 and 152-199 respectively. After
electrophoresis of the whole casein, some
very faint bands with a higher mobility than
ugl- and uso-casein were detectable.
Some of them may correspond to the
above uSl-casein degradation products.
Their relative amount versus that of the 't:
caseins clearly confirms that ugl-easeinis
less susceptible to plasmin hydrolysis than
~-easein.

5 6 7

Fig 4. Urea-PAGE of reaction mixture during incubation at 37°e of us,-casein with bovine plasmin.
Lane 1 = intact us,-easein; lanes 2-6 =2, 3, 4, 5 and 6 h of incubation respectively; lane 7 = whole

casein.

Suivi par électrophorése en gel de polyacrylamide

en présence d'urée,

de l'hydrolyse de la caséine

asl par la plasmine bovine a 37°C. Piste 1= caséine ag intacte, pistes 2 & 6 = hydrolysat aprés res-

pectivement

2h,3h,4b, 5h et 6h, piste 7:caséine entiére.



Table 1.Amino acid composition, C- and N-terminal residues and proposed sequences of peptides corresponding to peaks A-Z.
Composition en acides aminés, extrémités €- et N-terminales et séquence proposée pour les peptides correspondant aux pics A et Z.

A B C D1 D2 E F G H 1 U \ X y z
Asp 1.0 (1) 10(1) 242 14(Q) 14 (1)  6.36 (6) 0.1 0.1 20(1) 46(G) 13 71(7) 6.7 (7) 6.2 (6)
Thr 11(1) 24 () 0.2 0.4 3.8 (4) 4.0(4) 37 (4 40 (4
Ser 1.0 (1) 15 (2) 2.0 (2) 1.3 (2) 7.2 (9) 0.1 0.2 1.4 (1) 5.3 (5) 6.6 (7) 6.2 (7) 4.7 (5)
Glu 31(3) 37() 50@ 45(@) 41(@4) 168 (16) 202 21 (2 53 () 39 (5) 4.005) 15.0 (16) 17.7 (18) 12.7 (12)
Gly 13 (1) 11 (1) 14 (1) 13(@Q) 12(1) 29@ 232 49(B) 45(3) 49 0
Ala 1.2 (1) 1.3 (1) 10(1) 25 (2 0.1 0.1 28 (3  1.0Q1) 60 (6) 58(6) 5.0 (5 "(-
Cys ,
val 1.0 (1) 152 11() 23(@ 132 40 (4 0.3 0.1 09 (1) 10() 27(@® 35@ 3314 23( o
Met 1.2 (1) 06() 07(Q1) 102 12(Q) 0.3 (1) 3.3 (3) 28 (3 1.8 (2 g’.
lle 06 (1) 05() 08(1) 04() 06(Q1) 45(05) 03 (1) 212 09(1) 4005) 35 (4) 32 (4 "
Leu 17() 361 282 232 13(1) 10() 66 () 434 36(5) 24(3) 404 68(7) 63(7) 4905 Py
Tyr 0.1 22 () 09(1) 192 17 14 (2) 3.8 (5 78(8) 6.4 (7) 66 (7) u
Phe 0.1 0.1 162 39(4) 41(4) 38(4) 40®& il
His 0.8 (1) 16 (1) 262 18() 171 1.0 (@) 0.1 0.5 (1) 192 212 200 15 (1) %
Lys 1.1 (1) 10(1) 20() 30() 20() 50 (5 192 01 393 08() 24(@3) 404 300 26 (2) 5
Arg 11 (1) 09 (1) 192 09 () 10(1) 171 09 (1) 10(1) 10() 1.9 (2) 142 18(2) 172 12
Pro 0.8 (1) 122 33(3) 212 21( 260 11 0.1 0.1 13(1) 54 () 6.1() 10.6 (10) 10.0 (10) 8.3 (8)
Trp
N-terminal His-lle- Val-Pro-  Arg-Pro-  Lys-Tyr-  Tyr-Lys- Glu-Lys- Thr-Thr- Tyr-Leu- Tyr-Leu-  X-lle-GIn- GIn-Phe- Arg-Pro-  Tyr-Lys-  Val-Pro-  Glu-Gly-
sequence -Gin-Lys  -Gln-Leu -Lys-His -Lys-vVal -vVal-Pro -Val-Asn -Met-Pro  -Gly-Tyr -G1y-Tyr -Lys-Glu -Tyr-Lys -Lys-His -Val-Pro -Gin-Leu -lle
C-terminal Trp Trp
Proposed 80-90 106-124  1-22 103--124 104-124  35-90 194-199 91-103 91-100 80-103 152-199 1-34 104-199  106-199  125-199
sequence

5=
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