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Table T Casein amounts in milks from varicus mam-
mals (g/100 g milk).

Mammal Casein plet‘)('zet;iiills %Stilméroteins
Echidna 7.3 12.5 58.4
Blue whale 7.2 10.9 66.1
Mouse 7.0 9.0 77.8
Guinea—pig 6.6 8.1 81.5
Rat 6.4 8.4 76.2
Beaver 6.2 8.1 76.5
Dog 5.8 7.9 73.4
Squirrel 5.0 7.4 67.6
Sheep 4.6 5.5 83.6
Bottlenose dolphin 3.9 6.8 57.4
Cat 3.7 7.0 52.9
Pig 2.8 4.8 58.3
Bovine 2.8 34 82.4
Goat 2.5 2.9 86.2
Kangaroo 2.3 4.6 50.0
Indian elephant 1.9 4.9 38.8
Horse 1.3 2.5 52.0
Black rhinoceros 1.1 14 78.6
Rhesus monkey 1.1 1.6 68.8

40.0

Human 0.4 1.0
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Table 2 Biological activities of bovine x~caseinoglycopeptide and its digest.

Inhibition of hemagglutination of N-blood group substances with anti~N immune serum and anti-N phytohemaggluti-
nin (Fiat ef al. 1973)

Inhibition of acid secretion in stomach by peptic digest (Chernikov ef al. 1974)

Inhibition of acid secretion in stomach (Stan et al. 1983)

Inhibition of aggregation of erythrocytes with antibodies (Fiat ef al. 1988)

Inhibition of bacteria adhesion to plastic surfaces, cellular membranes of erythrocytes (Neeser ef al. 1988) and saliva-
coated hydroxyapatite (Neeser et al. 1994) )

Antithrombotic activity of x—caseinoglycopeptide fragments (Leonil & Molle, 1990)

Antihypertensive activity of k—caseinoglycopeptide fragment (Kohmura ef al. 1990)

Inhibition of f-interferon production by human diploid fibroblasts (Yamada et @l. 1991)

Inhibition of binding of Cholera toxin to its receptor (Kawasaki ef al. 1992)

Inhibition of hemagglutination of influenza virus (Kawasaki ef al. 1993)

Stimulation of growth of Lactobacillus lactis by trypsin digest (Bouhallab et al. 1993)

Stimulation of development of Bifidobacteria (Idota et al. 1994)

Stimulation of cholecystokinin release from intestinal cells (Beucher ef al. 1994)
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Fig. 1 Effect of bovine x—caseinoglycopeptide (top) and a phosphopeptide, residues 59-79 of bovine a,—
casein (bottom) on proliferations of mouse spleen lymphocytes induced by LPS, PHA or ConA stimu-
lations. Significant difference from the test peptide—free medium at *, p<0.06; **, p<0.01 or ***,
p<0.001.
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Fig. 2 Effects of bovine x—caseinoglycopeptide (left) and a phosphpeptide, residues 569-79 of a;,—casein
(right) on production of immunoglobulins in mouse spleen cell cultures. Peptide concentration for the
determination was [J, O gg/mf; A, 100 ug/ml; O, 500 ug/m/ (left) or O, O ug/m/; @, 50 ug/mi A,
100 ug/mi (right). Significant difference from the test peptide-free medium at *, p<0.05; **,

p<0.01 or ***, p<0.001.
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Fig. 3 Levels of serum IgG, IgM, IgA and IgE an-

tibodies specific to ovalbumin and f-lac-
toglobulin in mice orally administrated bo-
vine x-caseinoglycopeptide (top) and a
commercially available bovine casein
phosphopeptide, CPP-lIl (bottom). Top:
[, x—Caseinoglycopeptide—free diet; W,
x—Caseinoglycopeptide (2%)-added diet.
Bottom: [J, Casein phosphopeptide—free
diet; M, Casein phosphopeptide (0.1%)-
added diet. Antibody levels are represent-
ed with ELISA values (absorbance at
490 nm). Significant difference from the
test peptide—free diet at *p<0.05 or
**1<0.01.
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Bovine @ sl-Casein —Gly*-SerP-Gly-SerP-Thr-Glu-Asp™-
-Glu*-SerP-11e-SerP-SerP~-SerP-Glu-Glu™-
-Asn™-SerP-Val-Glu-G1ln™~
Bovine as2-Casein -Val'™-SerP-SerP-SerP-Glu—Glu-Ser-Ile-Ile~SerP-Gln*-
—Gly*S-SerP-SerP-SerP-Glu-Glu-Ser-Ala—Glu®~
~GIn'¥"-Leu-SerP-Thr-SerP-Glu-Glu'®-
-Glul®-SezP-Thr—Glu'*-

Bovine B —Casein -Glu'*-SerP-Leu-SerP-SerP-SerP-Glu-Glu®'~

—Gln*-SerA-Glu—-Glu®-
Bovine k -Casein ~A1a'"8~SerP-Pro-Glu'*'-
Human B-Casein  —Glu*-ThzP-1le-Glu—SerP-Leu-SerP-SerP-SerP-Glu-Glu®-
Rat «-Casein -Asp'®-SerP-SerP-SerP-Glu-Asp®~

Fig. 4 Amino acid sequences of phosphopeptides from bovine, human and rat caseins.

Bovine
Matured milk : GalNAc
Matured milk and colostrum: Gal B 1, 3GalNAc, NeuAc a2, 3Gal 81, 3GalNAc,
Gal B 1, 3[NeuAc a 2, 6]GalNAc,
NeuhAc & 2, 3Gal 8 1, 3[NeuAc & 2, 6]GalNAc,
Colostrum : Gal B 1, 3[GlcNAc B8 1, 6]GalNAc,
Gal B81,3[Gal B 1,4 GlcNAc B 1,6]GalNAc,
GleNAc3Gal 8 1, 3Gal B 1, 3[NeuAc « 2, 6]GalNAc,
NeuAc @ 2, 3Gal B 1, 3[Gal B 1, 4GlcNAc B 1, 6] GalNAc,
Fuc e 1, 3+Gal B 1, 4+Gal B 1, 3[GlcNAc B 1, 6] GalNAc,
NeuAc @ 2, 3Gal 81, 3[NeuAc @ 2,3 Gal B 1, 4GlcNAc B 1, 68]GalNAc

Sheep
Gal B 1, 3GalNAc,
Gal B1,3[Gal B1, 4GlcNAc B 1, 6]GalNAc,
GalB1,3[GalB 1,3 Gal B1,4G1cNAc B 1, 6]GalNAc
Human

GalNAc, GlcNAc, GlcNAc B 1,6GalNAc,
Gal 81, 3GlcNAc, Gal B 1, 3GalNAc,
Gal 81, 4GlcNAc, Gal 81, 4GlcNAc 8 1, 6GalNAc,
Gal 81, 3[GlcNAc 8 1, 6]1GalNAc,
Gal B 1, 3[Gal B 1, 4GlcNAc B 1, 6]GalNAc,
Gal 81, 3[Fuc 1, 4G1cNAc B 1, 61GalNAc,
GlcB1,36al 81,3[Gal B 1, 4GlcNAc B 1, 6]GalNAc,
GlcNAc 8 1, 3Gal B 1, 3[Fuc @ 1, 4G1lcNAc B 1, 6]1GalNAc,
Fuc e 1, 4G1cNAcl, 3Gal 81,3 [Gal B 1, 4GIcNAc B 1, 6]GalNAc,
Fuc @ 1, 4GlcNAcl, 3Gal B 1, 3[Fuc e 1, 4GIcNAc B 1, 6]GalNAc

Fig. 5 Carbohydrate structures of k-caseinoglycopeptides from bovine, sheep and human milks.
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Fig. 6 Effect of human k—caseinoglycopeptide on proliferations of mouse spleen and rabbit mesentetic lym-
phocytes induced by LPS, PWM, PHA and ConA stimulations. Significant difference from the test pep-
tide—free medium at *, p<0.05; **, p<0.01 or ***, p<0.001.
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Fig. 7 Cytotoxic activity of human &-
caseinaglycopeptide  toward  Jurkat
Clone E6-1 cells. 6 h and 12 h represent
the cultivation time of Jurkat cells with
human  x-caseinoglycopeptide. Sig-
nificant difference from the test pept-
ide-free medium at *, p<0.05; **,
p<0.01 or ***, p<0.001.
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Table 3 Formation of bovine casein phosphopeptides in pig and mouse intestines and proteolytic cleavage posi-

tions in bovine xk-caseinoglycopeptide.

@Formation of casein phosphopeptides

Pig intestine: Residues 66-74 of asl—casein (Meisel & Frister, 1989)
Mouse intestine: Residues 43-58 and 59-79 of asl—casein, Residues 1-25 and 1-28 of f—casein, Residues 47-70 of

as2-casein (Bromage, 1991)

Mouse feces: Residues 62-69 and 6473 of asl—casein (Kasai ef al. 1992)
@Proteolytic cleavage positions in bovine x—caseinoglycopeptide
Pepsine: 105-106, 133-134, 137-138, 138-139, 140-141, 142-143, 143-144, 144-145, 146-147, 152-153, 161-162,
163-164, 166-167 (Delfour et al. 1965; Mercier ef al. 1972; Grosclaude ef al. 1972; Pellissier, 1984)
Trypsin: 111-112, 112-113, 116-117 (Mercier et al. 1972 & 1973; Grosclaude ef al. 1972; Visser et al. 1980; Pellissi-
er, 1984; Fiat & Jolles, 1989; Leonil & Molle, 1990; Shammet et al. 1992; Bouhallab et al. 1992; Fiat et al.

1993)

Chymotrypsin: 123-124, 166-167 (Mercier et al. 1972; Pellissier, 1984)
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IV BIARSEE T ST IEREETH 5. —iRIZ,
FEABESGNBEIETHTCOIA—TH S LITES
P, BB a S, 2O LY, 7o HE
DY VARBFAFOBENTLT L ZDFRE -
THABEL T3 EEL I3 0TS, &
BERDO I 20 ) ARG LAEATLIDOLEE
2 BFTDR—BE LBl s, Tithb, 4 790H
favx, FRAEOERIBEY O AR LEEHT 2 12
RELNIh 0N, BEHELTREIZT IV
BALIEVDLELBDTHAH, TORDE, TDOL
5 e A mEL it v S, (17
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FRHZEE LT 55 k-5 ¥ A VvILE TOREB M
by, hbofifte&FtTs - ¥1 /7
Y aRFF AT HEBLDHDTH B,

¥z, k-AEA I SV aRXTFEFDL 5 —00R
gL LT, TOXTF IHBELLRNREhDZ LT
X b, FEFFPEREST VA —EDORBHT
BORFLEL TR ENELLNS, Tiehb, #i
BLIcX 5, FEFTLRE COF vy BSHHEE
BB TR, Beinzx w280k bk
LADILk-HCA VOFIRC L B8 F-k—S1EL v &
K-HEA 7 7)Y a_TFFREGTH M, TOEX
TS CRBEL S 186 BRI MK BT
AEHILEbN TS, DX 5 iYL A
BB ErbRIRIh AL H B, Lichisa T,
B oM INBEBIT Lick-hEa 7 7Y aXsF
FoO—#d IgG & & b IBE» RIS hCmg
BTL, BYcsd 2:808RICLT vaA¥ —REH
B30 CHATEELESHD LEELLDOTH
%o

BROSWIrRACKY, BOpHBMETTB &
whh, M E CREELIRD, i, RSV
OEMENEL Ieb 2 kit X v B CRYOHELINER
e, BYRAERERMERYES L5khs, thesd
Z, k-hEL 2 7Y aTFED R LR LR
DHBEEILD, k- EL 7 7Y aRFFVEGKLET
L LI REMEEE Y LI VES TR 7 F it
Eh, 73/ BORIEE LT—BEET5 %25
DTHA,

g, MADREHAEZRKAILE Y I LA VR AKRRT 5
FRZY axTF VRER UGBS, #¥1 vikAk
RSF PREETHERE L EBRIEGEL, BEo%
BERYRET BN, k-h LA/ 7Y a2FF FILE
TG SR  dic & Y BERERC s 8
RIEIRVWI D EEbb,

7. &bhHY(C

RIERILY VAL =2 r 7 5 — i EOMEDIR
EffH L b, ThboofilanEE T3 v o1 v
®HEMNE LTRYIZS TV, £ORHIE, U vk
RIIRT o —COEETDHVA M4 vOBECE
BB RERERS TS0 TH S,
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Ex I VAREPRERERET B ik im
Lhick ZATHAHNR, ThboRERORE L,
RERTRET BV 1A v THB IL-1 2 IL-2
T EDEERRET S Z & LERL TV 5530,

L r v ArBORTY, 72 +7 =) vHIL-1
RIL27EDVA + 4 vOEERZAHTSC L
DRI BH SR TN WD, RIT, 4H -1 v
A IL-1 R IFN-y OEARRET 5 - Lic X YRR
PRETHZE08, bR Lick-htEL 7 7Y a2
T FOREMEIERRIL-l ve s x -7 vaa=
ArDOKEOEEYFE LY, [L2ve72—D
REAIHTHZ L X v ELTHBZ ERHBA
dé *L-hr_39~41)°

BT, B DY A a4 vOEERFy I8
FREN T B, Lichi- T, MLBSRATERmIT AL
HELBRETAYA b A4 vOEETRETERE Y &b
TWRTF Ve h €4 Vit o 5T 52 &
LY, Thbd RERiREr AT e EAR
WEHE LRt C LT LEbhs,
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