* < A
MefA(F) FEdTE

I.M &

gouAe AR A FASt AF) % gIFote FYP22NY 7T ol AT HHE
QA% WA, A, A7AA o] YMzHe B YA2AAAZAY 715¢ 22 Ao} H2dde
s de 54 Mty o8 7HA YAPA L ZE 4F Peol=8 £ FAs 53 15 &
Zte AE 9 JFE Fo ojgstele AU e AYHL Aok 2T AES 2%t B
opioid peptide (Table 1), carsoxing W # 2 3} opioid antagonist peptide (Table 2), 3&2 2%
A& Z+= peptide (Table 3), antithrombotic peptide, macropharge?] 84 3}Z phagocytosisE &
£ peptide, MZZAF¥AL & Helo]l=, ACE inhibitor peptide, Interferon producing enh-
ancer, calcium absorption enhancing peptide §°l 128, o9 x )& 715& Ze EAQE|
22 wA B3ET ey 2y o) @A) 2P E assayo] ¢dte] Fold A Eawd felo A8
& Ze BEAS0] AFoz 4ANYL o 2 S0 UAE 4B FHSo] AF Hddde AL 7d

Table 1. Opioid peptides] +=

Peptide 71 4 F =

Ul <14 opioid peptide Tyr-Gly-Gly-Phe-Met-X
Tyr-Gly-Gly-Phe-Leu-X

2] Z A &7 opioid peptide

£-Casomorphin Bovine B-casein Tyr-Pro-Phe-Pro-Gly-Pro-lle

B-Casomorphin Human g-casein Tyr-Pro-Phe-Val-Glu-Pro-lle*

Hemorphin Hemoglobin Tyr-Pro-Trp-Thr

a-Casein exorphin Bovine a;-casein Arg-Tyr-Leu-Gly-Tyr-Leu-Glu

B-Casorphin Human £-casein Tyr-Pro-Ser-Tyr-NH.*

B-Casein(59~63) Human A-casein Tyr-Gly-Phe-Leu-Pro*

a-Lactophin a-Lactalbumin Tyr-Gly-Leu-Phe-NH,*

B-Lactophin B-Lactoglobulin Tyr-Leu-Leu-Phe-NH;*

Serophin Bovine serum albumin Tyr-Gly-Phe-Gln-Asn-Ala*




Table 2. 94 A £ 9] opioid antagonist peptide

Peptide 719 (BQzA) ¥+ &
Casoxin A Bovine x-casein Tyr-Pro-Ser-Tyr-Gly-Leu-Asn-Tyr
(pepsin /trypsin)
Casoxin B Human - bovine x-casein  Tyr-Pro-Tyr-Tyr
(34)
Casoxin C Bovine x-casein Tyr-lle-Pro-Ile-Gln-Tyr-Val-Leu-Ser-Arg
(trypsin)
Casoxin D Human ay-casein Tyr-Val-Pro-Phe-Pro-Pro-Phe
(pepsin /chymotrypsin)
Casoxin 6 Bovine «-casein Ser-Arg-Tyr-Pro-Ser-Tyr(-OCH3)
(pepsin)
Casoxin 5 Bovine x-casein Arg-Tyr-Pro-Ser-Tyr(—OCHa)
(34)
Casoxin 4 Bovine x-casein Tyr-Pro-Ser-Tyr(—OCHa)
(pepsin /trypsin)
Lactoferroxin A Bovine lactoferrin Tyr-Leu-Gly-Ser-Gly-Tyr( —OCH3;)
(trypsin)
Lactoferroxin B Bovine lactoferrin Arg-Tyr-Tyr-Gly-Tyr(—OCH,)
(trypsin)
Lactoferroxin C Bovine lactoferrin Lys-Tyr-Leu-Gly-Pro-GIn-Tyr (~OCH3)
(trypsin)
Table 3. A FYYA feflo] JFEZ FFA peptide
Peptide 71 Q(&23EL) rane 34 J) FHeEY  Opioid ACE
Casoxin C Bovine «-casein 2 4% 9 o|g} Antagonist -+
(YIPIQYVLSR)  (trypsin) (= &)
Casoxin D Human a,-casein - o]t Antagonist —
(YVPFPPF) (pepsin /chymotrypsin) (TTXZ+4) (Hsfe&A4)
Albutensin A Bovine serum albumin F ol g+ - +
(ALKAWSVAR) (trypsin) (W= gE4)
B-Lactotensin Bovine g-lactoglobulin F uk2-9lg - -
(HIRL) {chymotrypsin) (TTXZA$4)

7] o}gth. 2R AA Y FET BE e Pelol=d BN AN 438 5 e HFY
ol 272 Hdte AL B F44 L 24 T A Fhadg FHE) H3te] 4F FHE
A7AE Part dE Ao Bdd EF ol A4 A Welol=e ez YA
Helol=ohs WA e 72 L FABE BolX o, =Y FF Eopo §8o2 o5
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Fagdd yAse e AP EAL Foh2 2 vshEE Y FH o2 ST

I z2 o ey

o

%

fr

1. A= QI X2 (CWPC, cheese whey protein concentrate)0ll BM7E o] Fatatd
23| Ee2|FH|

WA CWPCe| ¥-8¥ BGMP(bovine glycomacropeptide) frac.& CWPCE 60C, 1417t 7t A g
3}e] DEAE-Sephadex A-252 ¥2]3t2 UF filter(MW: 2UH) & o] 43l FHAA F FAAxY
o] A& starting material2 3tk oA A A7 FAH L Fslo} Yo} BGMP frac.& Sephacryl
S-200(XK50 /100) & AM&-3te] &8 33 Q-Sepharose Fast Flow(column, 25X60) & ©]-&-3to &
o] & gyl 93t A3 Hth

2. GPP (glycophosphopeptide)2| &S] &89 &Y

W BguA o] ZA-e Balb/c mouse] ¢ B4 X (spleen cell, Peyer's patch cell) ¢} 32| &3%&
) E.(SI, stimulation index ; sample cpm /control cpm) & AA =Y o8, AHE-3 vl A& 10% FCS
g ¥ 3ste RPMI 1640 o9, Al 24 5X105 /0.2ml /well o] 1},

3. GPP2| O|3}5tx AZl

GPP9] o|3}8d AAL war] 18t FEZ$ plasma o] 2LAFEAA (ICP, inductively
coupled plasma)& Ag-3te] P 2 Cag AFsgen o doe dtAA wyeg g §F, 3=
A 2 olul:e it A4S EA A F3Ah

4. GPPS| &M 9o CHEt HE
GPP2] B R g4 9 wdd) Foate 298 BVsy] 9 5322 GPPE pronaseZ 3
&<, anti-p-CPP mAb, CPP-1l (caseinophosphopeptide I, Bi# 3 3E) 53} W1 Z A E31U

5. GPP2| EX HAEEM Z| SF

773 2] Balb/c mouse?] splenocytes @M EL& AL A2 ¥, nylon woold} Sephadex G-10
columng o]-g3te] TAXE £z, & THEZFA(CD3, CD4, CD8) L B (low tox-M Rabbit
complement) & AH4-3te] BH X & 22 FA s g4 M X g GPP] MEFHEF}E FES}9,
YA ZE FAA

M. 2= o 33

1. CWPC Fr2lie| SHEIELO|=(BGMP)frac. 32| M22 W & 4 ETo| HY
CWPC 429 Zelo=e] M2 JPHEAE FA3}7] 915te] Sephacryle S-2008 ©]4-&
gel filtrationg A& ZA3} Fig. 1614 Yepd vis} o], AEF4 §4& Yehd £ £ A7
—_ 20 -—
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Fig. 1. Gel filtration chromatogram of BGMP fraction from cheese whey protein concentrate
on a sephacryl S-200, and mitogenic activity of the BGMP fraction and each eluted

fraction,
The solid line shows optical density at 280nm and the columns indicate the stimulation index(SI) of the GMP
fraction and each eluted fraction. BGMP fraction(1.5) dissolved in 15ml of PBS (pH 7.2) was put on a
Sephacryl S-200 column (50mmx1000mm) and eluted with the same buffer at a flow rate of 1.3ml/min, The
mitogenic activity was measured for the GMP fraction and serial 8ml eluted fractions by blastogenesis assay
using murine splenocytes., Splenocytes(5x10° cels /well)were cultured with each fraction (protein concen-
tration=3pug /ml)or with PBS as a control for 4 days. The cultures were then pulsed with 0.25 mCi of [3H]

-thymidine and harvested after 8hr.
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Fig. 2. Chromatography on Q-Sepharose fast flow column of F8 in Fig. 1, and mitogenic ac-
tivity of each fraction,
The solid line shows optical density at 280nm and the columns show the stimulation index (SI)of each fraction,
The pooled F8 (20mg protein /ml)dissolved in 0.01 M Tris-HCI(pH 7.4) containing 0.12 M NaCl was put on a
Q-Sepharose Fast Flow column(25mmx60mm) equilibrated with the same buffer. Stepwise gradient elution(0.12
M to IM NaCl)was then done, The mitogenic activity was measured by the same methed as in Fig. 16.
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Fig. 3. Mitogenic Properties of F83 in Fig. 2. Mitogenic activity with Dose of F8-3.

Splenocytes (5x105 cells /well) were cultrued with various concentrations of F8-3 (0.
03~3ug protein/ml) for 3 days. Cultures were then pulsed with 0.25x Ci of [3H]
-thymidine and harvested after 8hr,

713 52 R-¥(F8) 2.2 SI=4.8+0.08¢] §49 & Ul
3% FRe

E3 F8& Q-Sepharose Fast FlowE o]&3% olengos A sty Fig. 29 A34& Ao
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Fig. 4. Mitogenic Properties of F8-3 in Fig. 2. Course of mitogenic activity Splenocytes (5x
105 cells /well)were cultured with F8-3(3ug protein/ml), LPS(20ug /ml), Con A(2u
g /ml)for 2~5 days. Cultures were then pulsed with 0.25 uCi of [3H]-thymidine and

harvested after 8hr.
-— 22 .



Fig. 5. . SOS-PAGE and Electroblot Analysis
of F8-3 in Fig. 2.

The active fraction after anion-exchange chromato-
graphy was separated on SDS-PAGE(15% gel) and
transferred onto a polyvinylidene difluoride mem-
brane. After incubation with peroxidase-labeled RCA
120 followed by washing, color was developed by incu-
bation with 0.03% 3,3'-diaminobenzidine and 0.003%
H,0, in PBS. A standard kit of prestained marker
proteins was used for measurement of molecular mas-

ses,

1IMe] ds=oly §&% peak(F8-3)dlA 713
e MEZATAH(SI=10.0+£0.1)& VFeERS]
t}. Fig. 3014 vehd upe}h ztHe] F8-39] mouse
9] 5} A X o] Tt dose response FFol Botd
42 A7 oA E vlAH FRRAE 1A
on, Bg 3ug/mle] FxEAM 9] time course=
Fig. 4014 vrerd upel o] 3UA wigFelA 7t
A 5o AXNE Y, 2 #e 4 W=D
¢l Con A(2ug/ml, Concanavalin A) % LPS
(20pg /ml, lipopolysaccharide)®l ¥+ 54
g4A s} F5FT FHAEE B
SDS-PAGES$} lectine& o438t £AFE &
3§ A3} Fig. 59 7o) 16 kDao] @9 peak7}
A2 o] AL CWPC f29 dHEle]
= Zd %" x-CNe GMP(glycomacrope-
ptide) st Aoldt AEoan F& EHFNE 3
£ BA% 16 kDad] A4 ol 7 3ol =
Ao 2 BB A E o] AR A=HPEY
A uFez SAHAY, olv] mito-
geno 2 4#A Con A ¥ LPS 53 & A=
o) $AL Y en, o g4 ¢dd dad
o}& Con A(2ug/ml) ¢} frALgH 3ug /mlol At
EF, o] ARe ARG AR vFARAE
® oolz}l ABAGA ) FAT 4TS 3L
9l Peyer’s patch celld|M = 2 84 & vehd
e Aoz ol AN 2 FRAQA HYsF ¥
o3} AN 89 JHsAol AAEHAT A=
SAVNYAES B THHE FEYA Fo |
o ngzatgo] R HT Y& Ao VY F=2F

4 Gl 2 lactoferrin 59} Qo & AFdA £2 AAH 16 kDag] Fxelo]l=olE Wi AoR
B, 283 Shida o] $#E 7tgA st 238 eI U}-pLlg R a-Lad] ¥aFe 7
2z 20 kDast 16 kDaol¥ cholera toxinz}e] ZA{BAPo) &Y B27t ATt agtt olgd B39

mitogen@ A o] #3tol otF Bud v §lth

1) Affinity chromatography

Affinity chromatography: WA, 3mg/mle] anti-8-CPP 1ml& NHS-activated Sepharose
columns] 0.5M¢} NaCl& @ 0.2M¢] NaHCO; buffer(pH 8.0)2 couplingAl1Z1 ¥ 0.1M 9] gly-
cine-HCI buffer(pH 2.7)2 £3A7]2 IM Tris2 £&9¢ ST o] 875te] chromato-
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Fig. 6. Anti-CPP mAb affinity chromatography. Three mg of monoclonal anti-g-caseinophos-
phopeptide (B-CPP)antibody was coupled with N-hydroxy succinimide-activated
Sepharose column (1ml). The column was equilibrated with 75mM Tris-HCI (pH 8.0),
sample were put on and eluted with 0.1 M glycine-HCl (2.7), The eluted fraction was
neutralized with 1M Tris, then dialyzed exhaustively against distilled water and
freeze-dried,

graphy2 A Al 23 GPPol & Fig. 6914 ¢} 7+o] phosphoserine domaing 12 3tef anti-g-CPP <t
Agsie FE3 APHA G REo] EAste Aoz FALAJT. £ AT FHFAREL
Table 4014 YeRd ule} o] A7) §A) ¢ AFR-EoNE SI=7.0£0.028 YA, A3
ore MEo|Al = SI=51+0.07°)t}. o] A3} affinity chromatographyoll ols] &€ ¥ £2
o]l BgAe] EART O FAo] P AAHAoY, A3 & FAE e,

2) Amino acid analysis
Anti-g-CPPE& o] 43t 2eld 2t A& U@ ofmidt A& ¥4 ¢ H 3} Table 4914 vepd
v}s} zho] Aol A e Ao|E serine ¥ Gluo] Bo] FFHo] AAen, AHsHA #& FEAM
% Thr, Gly, Pro 5 4+ 9] olujicite] o -5 A
—o4—



Table 4. Amino acid composition (mole %), carbohydrate composition (%) and mitogenic ac-

tivities of GPP(s)
GPP(s)
Component Non-bound component* Bound component**
Amino acid(mole %)
Asp 7.33 4.05
Thr 11.77 3.53
Ser 9.80 16.89
Glu 16.89 10.15
Pro 10.63 2.14
Gly 34 N.D.**
Ala 7.51 4.97
Val 8.14 3.04
Cys 0.47 0.13
Met 1.09 0.52
Lle 5.54 2.28
Leu 5.%4 3.00
Tyr 0.88 0.98
Phe 1.50 1.67
Lye 5.94 2.85
His 0.91 2.57
Arg 1.65 1.17
Carbohydrate(%) (estimated from the reactivity of lectin-binding assay)
GalNAc 2.4 -
GalNAc 2.5 +
Man 13.3 ++
Fuc 0.0 -
Gal 5.8 +
Sialic acid 2.1 +
Total 26.1
SI 7.0+0.02 5.1+0.07

* Non-bound component is the component which was not bound to affinity column coupled with anti-CPP mAb.
* Bound component is the component which was bound to affinity column coupled with anti-CPP mAb.
*+* Not determined (N.D.) because glycine-HCI buffer was used for elution,

#=+ Carbohydrate in the bound fraction was determined by using lectin-binding assay.



Table 5. Calcium and inorganic phosphorus contents in F8-3
(ug /mg protein)

Calcium 9.4
Inorganic phosphorus 31.3

3) ©el gtz o 4ol BY

GPPe] 32| $3-& Table 4014 vehd ule}l o] ahal g AfsA ok AR oA 26.1%2 4F3]
wo FFo|on, 2 F2A4 L GalNAc 2.4%, N-GlcNAc 2.5%, mannose 13.3%, galactose 5.8%,
sialic acid 2.1%°1lth. £ o] Agste JEAME T §Fol nFIALEE Lectin kitE
0] 83t western blotting® 2.2 A& % A}, N-Z8 324 A¥e] 537<] mannose, galactose, sialic
acid®] &7} AR

4) Ca, Po] HUEY
ICP #X & o]43le] GPPY Ca ¥ P AFEH Y 23 Table 5] epd ute} 2Fo] Ca= 9.4u
g /mg protein, inorganic phosphorous =31.3ug /mg protein o] 2z} g-f-5 o] AU

2. GPP2| gt Rieio| Bt

orel A BHE A ups} 7bo], GPPE N-ZE| 324 2% 3¢ 23 2n tv]$7] phosphoserine do-
maing ZHe A 2E EFolglon, cheese whey fe19 W F#HEIF N-224 488 e
ggyAde Axd AojN gud VAL B Ao} LA Uk & 5V AGI 2L T
t AR A receptor2M 83 A¥L BFET Ak £, AR AHY AWl ZEHe
A3e 252, WA TETFRLENE F23l £ AFN $AW GPP= CPPe 72
cluster® B§82 1o}, CPPg} o] Z49 F48 FANJ e g4 e Fu 7Sk
& 2oty §¥W GPPY ol R35i7} AR Btz YAl dal B3 st ¢
Fojate 298 Y Ao anti-f-CPP L GPP4 pronasex| 2|2 Aeto]= F-£9] Fojo] &
st} A EsA

1) MIESAo| gatg o|xl= eliiv|e] gt

GPPe] 4R AE 1N 37) S5tad, vlaggos W78 #AY 3¢ TH3A de EF2A
CPP M 2 anti-8-CPP mAb(5.g /m)A2l& & GPPE o]&3te] AEFHEIL JER A,
Table 6014 1}epd uls} Zto] CPP M o] Al ¥F4 %7 Aste AR SA 43kt £, anti-f-CPPA
2 & % GPP9 84 & SP R PPH XA 2 §40] Ast=A] ko2, GPPe] 28 E <
2719 Qo] e Aoz ALGHUY.

2) Pronase *{2|
Aejol=x2e) gl Halg ZAIe}] iste] pronaseX B & & A, Fig. 7914 et



Table 6. Mitogenic activities of the glycophosphopeptide, caseinophosphopeptied and anti-
CPP-treated GPP

SI(stimulation index)
SP cells PP cells
CPP* 1.3+04 N.D
GpPpP* 7.5+01 7.6£09
A-GPP*™ 7.2+02 6.2+04

* Caseinophosphopeptide Il
* Glycophosphopeptied(GPP)
== Anti-CPP-treated GPP

30

3-day cultures

Stimulation Index(S1)

1r

control Pronase only F8-3 Pronase digests of F8-3

Fig. 7. Mitogenic activity of pronase digests of F8-3.
F8-3 was digested by pronase at 37°C for 24hr with the enzyme to substrate ratio of 1/100. The reaction was
stopped by placing the reaction tubes in boiling water bath for 15min. Cont., P, p+F8-3 indicated control,

pronase-treated buffer, F8-3 and pronase-treated F8-3, respectively.

uls} o] pronased] ¢]3) HElO|= FEo] 23Fo|E FAo 4FE FA e A2 ALHA
Z, GPPo] AZZ84 e wdde 347 4% 482 33 e Ao ausHes, o 23
£ GPPe 428 e Hetol= Reuct 349 9% 32 Aoz A=t

3. Grre| X HelgRHM XL ST

Mouse lymphocytese] thate] Z484& e BA2A ¢4 GPPY EAANEE T8 As
o} nylon wool$} Sephadex G-10 columng A}-8-3te] THIXZE FTHE A & BA & A3, BA
X E 747 2 BR e ZF Al2EEd U GPPY 34 84¢& AE3se Table 79] Uehd uie} 2
& AFRE AYh TAXY daixe 2 §4¢] AFHA Fkot, BAZ Ay Folee F
AL el Aol WA £ 97dM AT TAX ¢ B AZE #2z th& mitogen]
LPSs} Con Adl Bl @ uH3-& HeERA g Ao AFHER 2 JEE M2 £ A e A
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Table 7. Effects of the GPP on T and B cells proliferations

Splenocytes Stimulation index (SI)*
Control 1.0+00
T cells+M® 0.7+01
B cells+M® 6.6+09
T cells+M®+LPS 0.8+01
B cells+M@+Con A 1.2+01

* Stimulation Index (SI) : sample cpm /control cpm

(cpm : counter per minute)
oz HadyAUh
Ne <

1. CWPCES| 22 Me| g EF9] Y

Mouse QJTHA X o] 2N EAE N EZ 3t W75 AESIY CWPCFe] WY #8E& e
N2e JRe AL ANk CWPCE o8 714 Yy eg $335te] mouse YA X T4
A48 NEZ WY YRS AN 2 AT gel filtration, o] XYL AHS3 £HE
2o o E§He BEo] 43 AR ggdA T tale] T8-S dehle EIL EAAT
o] 242 SDS-PAGEAojA EA}ako] ¢F 16 kDaoll $115te] Ca, P 2 B4 & X3 B, o|A
2 GPPZ 3tk GPPolE $4710141¢] trypsinks] &oln] Cast #7101 & T4 Xfshe 8
-CPP$} §-AH§t phosphoserin 991& zte AE3t 2HA ¥& AR 285 77F EAdv], 2z 29
ngggo]l AR ZH AR opu:At B4, F B0 AFN AF7HA BIE /59 2Y
Gz U 2ABHL 2 BAFE Aol AEY Aoz w AL ¢$7] o] BYE
(GPP)L PP celldMx 553 #4o] e Aoz BuHUrh oz AAE FHstd 2l
CWPCZole 274 LAA G%d M2 1y RgEFo| EAdn, 2 J&de CPPS #4
% phophoserine 9 9jo] &Ajate &0 ¥ 5ol Ax, N-Z 24 Afe] F7t SAste Rz
AA}E AT} o] RS AW ] 2 Fel v AN X iAo} o, FAHRAA ] T A
& 923t PP celld A $40] Qle Rog Bol A B FRAQ AY7)5e] FRYRLEN &
£-9] 7H5 A o] AAE AT

2. GPPe] Bio{etetM| ol 8 S48t o] tFIE2] HE

CWPC%2] GPPe] A gdMEZ AR W7ivZg Fatr] A3 AA o] JEFe o= &
o] @A o] Bl 8 =R & pronase 3] L phophoserine §9-2 A4 3 FAE A3t AEN
th. 2 A5} pronase £ ANNE FA o] FAE YA ggtenz o BYde Tl EF
Brtasithe Aol AAME Utk £ phosphoserine 99§ A43te Ao AN E &Y s}
A % A0 Bo} phosphoserine Y% o] AEFA &) Fq3A Fe A2 BLANT. EY
Y% AAHGA T T FAEYL FAE Ao o] A RHAYHIHEES T4, B
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