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Studies on the Immune Cell Activations of
Bovine Colostral Whey Fractions
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The purpose of this study is to observe the effect of bovine colostral whey and whey fractions on proliferation
of Thl cells and to verify the effect of whey fractions that are directly related to growth of Thl cells on
macrophages activation. Whey was fractionated into 3 fractions depending on by ultrafiltration (fraction (Fr.) I;
molecular weight (Mw.) 10 kDa and more, Fr. II; Mw. 1 kDa~10 kDa, Fr. III; Mw. less than 1 kDa) and
examined by SDS-polyacrylamide gel electrophoresis. Fr. II stimulated and proliferated Thl cells most at 1 mg/
mL concentration and the percentage of cell proliferation was 67.1%. The secretive induction of tumor necrosis
factor-o. (TNF-o) by whey, Fr. II, protein fraction (Fr. P) and oligosaccharide fraction (Fr. O) after fractionating
Fr. Il into Fr. P and Fr. O on the basis of Thl cells growth was that Fr. O had more 80% secretive induction
of TNF-¢ than that of 1 pg/mL lipopolysaccharide that was positive control. So confirmed that Fr. O induced

TNF-o. secretion by activating macrophages.

Key words: whey, Th1 cell, macrophage, oligosaccharide, TNF-0.
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& FZ ZH wheyol &=l Aot a-lactalbumin, B-lacto-
globulin®] whey Sl °F 70~80%F AA|FAL U, ©l
9] ThllA AREL serym albumin, lactoferrin, lactoferox-
idase, lactoferricin,  immunoglobulin,  growth  factor,
lysozyme, &3 m)#2] bioactive factor 5ol Z}zke] &
AL FEs7] Yk B dFEo] JYHI Ut

24 AZ Aol AL A%, FEEEA W3},
Yz 7158 AEe W H, 27 T SAlske 4S5
Zeiztel BalEe thek 5,000~10,000 Da EHoln] AdH
B} 10udlA SR E Bel shEe AT, oleld A
AZ200 A ARAdd #ojsle] 53] nAdsd FHEe A
e BAAAYY, 25 2Ed, cortisol, 22|37 insulin-
like growth factor(IGF)$} & S2EI JAEIAAE o
2 3§33 Qth L B IGEIR AlAjole] 9gatel AAde]
glojx =93k 92 I, s 2Ho wheye interleu-
kin-1(IL-1), IL-1B, IL-6, tumor necrosis factor-o(TNF-ov),
interferon-y(INF-y) 59 Wgz4xle] B4& AL e
cytokinesE 3t lom, o3 WAz 9 njsfelzt
B 249 Aol Ailse] Eujgn?. 402 Bet & 48
A Zb olule] EuxElE R4 ZHF whey’) in vitro A NA]
murine Thl cell?l EL-4¢} BALB/c mouse2] splenocyte®]
2l F2A7IH, BA4Fo] 1 kDa~10 kDa?l & 2



whey £330 2|8 Al

AE F4 B G BT RIS,
g are Bae

x

Bok 559 ool HHEHE Ha 2
fro] whey 2 whey ¥8 o] Thi cell®] F2lo HX& FgF
< ZAVSEE, Thl cell S0 ARPAE HAshe 2F/
whey £ o] macrophage®] TNF-o ¥4l njX& J&2 7
Z3lo] A4 ZH/ whey E3lo] WHAXME ZAl3}Y nXx&=
Jee ASstaAt AA .

Mz o Y
Mz

ZE BU ¥ 1207 402 F 1039 ZA 500 mL

A & Zfate —20°C o ¥ ‘@E/\]ﬁ HAZN[G7} g
NA sEg Fo BF EFstd ARG

=F wheye| 2| ¥ 8r[o{ZHUF)Ol| 28t 2=

Aure AAT 2% 9X]H-E 20°ColA4 | N HCl §oz
pHE 46052 243l Aoldle JAAZ] F, 1,250Xg= 30
27+ Q4R8N wheyE 233t #8¥ wheye I N
NaOH &% ARgsle] pHE 728 ZA3t B AFd A}
48 2% wheyZ 319t 2% wheye UF ZH(Amicon, Bev-
erly, USAYS ©]€3ld Al 7o) 8, & 9 I(F L, ¥AF
10 kDa ©)), B8 NO@Er I, A% 1 kDa~10 kDa), +&
I0(Fr. I, ¥A18F 1 kDa v|ThE zhzh ZE 3.

Fr. I S5l Sl wids g AES 47 83571
93l Fr. Mo o €& (Sigma, USA)S HF FE 70%(V/v)
7t 2 283 & 20cd A dEe 3 - AXAAF
t}. o}2 12,500X gollx] 3087 YAET S & £ (Fr O)
o] g-F¥o] A Aeds} A dld EF. P ¢

A R ako Lowry S00) Wio W33 Markwell 509

o] Wyow AN o, ¥FEZ 2= BSA(Sigma, USA)

L AbgsiEt). dA0 s dEke - -gabH o) Fje] A
hya L=

Ao, EFEARE glucose(Sigma, USAYE AME3I3ATH

M| ZHl 2k

B Ao AR AEs dFAEFS3(KCLB)S 25-H
Hok whol A-231%th EL-4(KCLB40039)Y= 5%(viv)e] horse
serum, 1%(v/v) A8 Al (penicillin-100 units/mL, streptomycin-
100(g/mL)9} 10 mM<] HEPES buffer, 20 mM$] L-glutamine
2 343 DMEM(pH 7.2, Gibco/BRL, USA) il AE A}
83 T75 flask(TPP, Swiss)ollA vl A E7F F3
3] g Al of 2L T-75 flaskol] 1:209] H]&E A
o) wiFshe ARE-EFiTH

RAW?264.7(KCLB40071)2  10%(v/v) fetal bovine serum
(FBS)S 3Hi3t DMEM HiAE ARgste] wiFsiadnt. A=
7} culture dish(e 100, TPP, Swiss)2] 90% ©)’% A5hS o
cell scrapers ©]§-8l] AMEE culture dishollA wojd =
1:109] ®¥l&= A wjgate] M-S

L929(KCLB10001)=

10%(v/v) FBSE %3 RPMI1640

= whey fraction®]

SAE A3}l TS AT 695

(Gibco/BRL, USA) WA & AM&-alrh. A7} culture dish®]
90% o AkE wl 1% trypsin/EDTAES A 2jste] L9295
culture dishZFE] wojd & 1:9¢9] H|&Z A wjdsid
A AREsEAT

Th1 cell 4

Thl cell Z"‘ &3 Marin 5929 WHE 45 A6k
AA G, EL4 celle 96 well®] microplate(TPP, Swiss)
of FEEET}F 1X10* cells/well ©] HE=E 33t 2tz &
e H7rete) 5% CO,%F 95%2 Aole=el 1 sl
37°C, 297 wjkEdth 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium  bromideMTT) 21 "”ELISA micro-
plate reader(ELx800, Bio-tec, USAYE ©]-€-3k%] 540 nmoi| 4
FR=E St THEAE HSEAT

EL-4 cell &4]&(%) =872 0D/AzET2¢ 0.D.)X100

Macrophage!| Chst MZSY &H

TNF-o. £8] 53L& 7AZ3)o) %A ZF £2°| macroph-
agedl & AEEA F5&5 43I RAW264.78 1X
10° cellsiwell®] 5% 96 well microplate(TPP, Swiss)oll 7
woFatel BAZ) F Zh7h REg FREE BFsle] Wi
ESiad HH%EX@% 5% CO,% 95%°) ddlgm=e] 24
oA 37°C, 244175t wigstsiTh. Wi § MTT &4
oz AxY AE i EAFEE st

TNF-o. 2H| ¥

MacrophageS A= - @A o 2H Y[ HE INF-oF
o) g3le] 7}zhe] E-3)o] macrophage /38l WIXe B
< dolry] $13le] Choe B9 WHS AN 5745t TNE-
o BY] 82 2AMIAY. Lipopolysaccharide(LPS) 2]+
9] OD7} LPSE HsHA &2 tiz+ 0D.8 50% |
9] A8 JeE sdulee) A3E 19299 BEE(%)E

1929 AEE(%)=(LPS A7 2 A¥T4 ODJ/LPSE A
5k gL tgizF7e 0.D.)X100

an ¥

Whey #&l9| 3|58

28 whey 1 LE 233 F ghilgo] Jokg AR 2
3, Fr 10) & 72%, Fr. b 9F 18%, 28]3 Fr OI7} °F
10%3 Aoz vepgth = Hhe i) EFE 7@3;
2w Fr I, Fr I, 282 F. 7} 242 221%, 7.4%,
23 70.1%UTHTable 1). WheyZ thi2e] dldse E

A2 10kDa ool 1 Folle el e 3o
QTHIS® B A7AF Fr [¢] difie] whaidoe] 3o
Qe Aoz Uehtew, 29 dEke g w2 Aol &
o1g) ). T3 Fr. Mo ¥ o] /M B& FozE B o,
trEe] g9o| Fr. Ol gHeERedEa Azt o
22 olgsl Fr NS £33 A7, Table 1914 Yehd 4
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Table 1. Recovery rates for proteins and carbohydrates obtained from bovine colostral whey frations after ultrafiltration

Protein Carbohydrate
Quantity(g) Recovery rate(%) Quantity(g) Recovery rate(%)
Colostral whole whey 68.52 100 42.36 100
Fr.I1(Mw. 10kDa <) 4934 72 9.38 22.1
Fr. I (Mw. 1 kDa~10 kDa) 12.10 17.7 3.12 74
Fr. IT Mw. 1 kDa >) 6.99 10.2 29.71 70.1

(From colostral whey 1 L)

Table 2. Comparisons on proliferation of EL-4 cells by bovine colostral whey, Fr. I, II, IIL, Fr. P and Fr. O at the concentration of

0.1~10 mg/mL" (%)
3)
Sample 2 Fr.II "
Conc. (mg/mL) Whey Fr.I — — Fr. IIF
10 23.6+1.17 103.6£138 022+17 703+18 394411 149415
5 1075+1.9 87.7+18 352412 855+1.3 379418 133415
2 893+ 17 734+12 1563+ 1.4 771421 205425 64+1.1
1 100.9+2 714£15 167.1%1 63.9+1.9 132421 1521£1.6
0.1 885+1.7 649+19 1209+2.7 69.4+18 156+12 119.1+22

YPercentage of control proliferation was 100. ?Fr. I colostral whey fraction(Mw. 10 kDa <), Fr. II: colostral whey fraction((Mw. 1 kDa~10 kDa),
“Fr. III: colostral whey fraction(Mw. 1 kDa >), “Fr. P: protein fraction from Fr. I, ®Fr. O: oligosaccharide fraction from Fr. IL
"Mean proliferation(%)+ standard deviation obtained from three separate experiments(n=3 for each determination) are shown.

RNE A EA G Lejygoe] 2+t 79.5%% 20.5%
¢l Ao et webA, /5 59 8 283", B
glycopeptide’d AEES Fr. o) 288 Ao AyzAT)

Th1 MZ #45}

ol2lgt ztzte] £8E& o83t Thl cello] tigh ME3Z2
£ ZARIAY. Z4zke] ARE olgstd T& U] AX F
Aasg ZARE A3, Table 29F 2] 1mgmLe] FEE 7]
FOZ @ W, whey?} Fr [ A AEZTAEH7} gl
W, Fr. e F 67%, 223 Fr. e & 52%2 437}
U= AoZ et 3 0.0 mg/mlolM%E <k 20%2] A
2352 27 JdE AoE Yelgt

Sirota $1& Alge] 2H7F 5 9FFH O = nawral
killer(NK)¢] Al Z=4& A8)3t¥ =1, human recombinant
IL25 72X 1 A#rt dH=er, Be Fro
A E2F7F L2 BHE 28k, £HE IL-27F NK cell
< SN A AEEAY 23E D35 o RuEy
o} Cross 59 in vitod|X WEE 7|5 FAHE B 2
3}, whey protein concentrate(WPC)7} M EELEZ ] <]
43t T, B lymphocyte®] F4& A 9oY T lym-
phocyte®] IL-2 &7 F24& JAA= FUth iAo
&3 T, B lymphocyte®] 5418 JA|3= WPCE pepsint
pancreatin® 2 7+RE&E 72 WPCS] T, B lymphocyte =
2 gx) Z3= AZEYy Basigh oj#d Rae 3%
2} peptide .t} A &2} peptide’t T, B lymphocyte®] 2<%
FHAIZ F A uiElEE B Q7oA Z3NTable 2)
k= ARt Siota 7 H|@A R FEA 0.5%
7ol Z{7% peripheral blood mononuclear cellsERE IL-2
HHE fEsloy Atdozm 15% 10%14: IL-2

EH7F A=z RSttt mebs B AFdA A

o] Fr I, Il 98] Thl celio] Z2](Table 2)3}5 24,
Fr. I 1 mgmL FEo4 HNZZ4 537t 7B =dEd, o
#H3 Aae 279 FE7F B2 AT Sirota 5079
Byl AXk 9o, E3) Fr. IV} Thl celld] $4& #
=3l e AR FAHUTH

Colic 5998 1L-29] 2|% in vitro’dollA lymphocyte®] %
2L L2 719 IL-2Re EEY 93] e 2-EU B
I NE Fdole 24 T&A7F SAsked 2 7,
T cell EHE Al M9 chain®® FAHo & IL-2R)
ZA3) Luk 592 T cell 543 FasL7t 23s = AL
L2901 ]3] Stats7t EASE =M o T celld] AE
£ Akt¢} Bel-29] @ES B3I+ receptor regionol] 9
F37] W&o, 433 A& AFshe IL-2R chaind] 413
Ago] T cell®] 28E ALty Bt weprd £
AlA Fr. o] €)% Thl cell 54 E3=, Thl cell®] Fr.
el o) EAslslo] 28 #v)ska 4| IL-27t IL-2Ra,
B chains} AF3E &, y chaindl &3 A¥ WY AEZAGE ¥
314 Thl cell $210] Yoji}= autocrine actiondl] 7]¢13Hc}
ol Azt

Fr. 1¢] 2} ] kDa~10 kDa AFo]2A peptided} 23
1o Byolgt & 4 Yok 53] PGS HE ZHH
AZUeA Asde o] A, F o] monocyte/
macrophageE 43N ¢ e FoT HIFI YD,
A Fr 19 AEZZAE37F 99A 2o 93 RAUA,
ol #F F9 el o ARJAAE gl 95t
o guld B Fr P T B F 0)2 o83t AEF
AgHe 2AEIET 2 d3 Fr P9 Fr. O ©502¢% Thi
cell F2lo)] o} F3g mR|A] e ZALE UERITH(Table
2). WA Fr. o] 9% Thi cell®] SHEFH = @ld &
Y] BE5HQ Fern i Sejnge] 3
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Fig. 1. TNF-o production secreted from RAW264.7 cells
stimulated by bovine colostral whey, Fr. I, Fr. P and Fr. O.
Concentration of LPS was at 1 pg/mL. Fr. II: colostral whey
fraction(Mw. 1 kDa~10 kDa), Fr. P: protein fraction from Fr. II, Fr.
O: oligosaccharide fraction from Fr. II. Fr. R was reconstituted in
proportion to protein and oligosaccharide contained in Fr. II.

A g s frEE Aoz Azt
Macrophage 45}
ZF wheysd & MESEHV 7 Hod B IVt
macrophage?] EA33lo] owd F& w|A=A] AT
Thl cell $4}2] A#42 ElZ Fr. Iol 23 macrophage
A AgS AAsln WA Fr [IE Fro P9t Fro O 2
B3], z¥zte] B3)o] murine macrophageS! RAW264.70) T)
ste] Mol deAE s 43, 0.001~1 mgmL &
SO ZHzte] BEo] T tH] 90% ol AESE B
Yo =M RAW264.79] E4E 2HA] &3S ER18tth(data
Agek).
RAW264.75 LPSE A= §F TNF-08) E8i=ks A7
wg 2438 A3 6A7F AFo T B3 TNF-oE 548
= Aoz Yepdt) oA whe %Q% ©]-8-% macrophage
}1 N AIZIeE A% & B AT dAsid A7
9] NEE o]&3te RAW2647 A=k &, BHlE TNF-o
i S o] g-sle] 19299 AEES AN A, £
f whey 1 mg/mLolA] L AJEE0] 84.8%S HEPH O EH
TNF-¢ i8] §% 8 13 34 & 2= vewrt
(Fig. 1). Fr. IIA 3% 60.8%, Fr. P= 704%2 JER)AC
U, Fr. 09 7% 1929 A&E8o] 9% E43t5 . Fr. 1ol
EA)oh= %‘ﬂé‘ﬁr oo SFH|E oF 4: 109 (Table
1) olg} FANSH H]&E Fr. P9} Fr. O tA] EF A8
Re| 7%, Fr. I &% 1.929 AEE 60.79%F A &

/\}ﬂ 62.6%2) AEES JERSTHFg. 1, Fr. R). UJrBW
T ETE AREEH LPS BTk oF 80% ©)de] TNF-o
H] §% FHo] 73 Aoz FH Fr O macrophage%.iL
A3 A TNF-o EUE FEdhe 282 7oz 390F
2t} ©]E= macrophage®] EAdkel 93 TNF-o Y& F=
AL Fr. 09 AE dFshes Folzta & & g Aolth
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EFr. P+, O (1 mg +0.11 mg)

Fig. 2. TNF-o. production secreted from RAW264.7 cells
stimulated by different concentrations of Fr. O.

Concentration of protein contained in Fr. II was fixed at 1 mg/mL.
Concentration of LPS was at 1 ug/mL. Fr. II: colostral whey
fraction(Mw. 1 kDa~10 kDa), Fr. P: protein fraction from Fr. If, Fr.
O: oligosaccharide fraction from Fr. IL

ol2 A&ty Yste] Fr. P Fr O EEL v
IS 1mge] IEE 2 F, SYade] SHHE
0.11~0.875 mg7HA Z7HA1# TNF-o 4] % —% =431
o Az, Jo] k] &4 T S L9299} *3

Egol 47zt 757%, 66.8%, 50.1%, 35‘9%§ %}x} Fr 11
o] EAlete LG E8o] TNFo HE fEst e
Aoz JebgdthFg 2). wEA, £ Ao AREE Fr 119
Fr. O 232 macrophage?] A3l 23HH o2 Hofsiar
Ve Aow AzhET.

TNF= ¢hllxe] AL Fudhs AR EuA Ao
Wang 5®¢ IL-29} 1L-6 DNAS moused| =7 FAFSHA
=" macrophage®] AIE5A, MHC I &4, IL-1, TNF9|
2] Zo] FriEglen, ozt AT -6 DNA Er+=
-2 DNA«] 7t Eﬁ EHA 02 macrophageE /334
A 7 S FAFAIYR RIEGch 2 A
?—01]/\1L Fr 17} Thl celld] 524 =3}l e AR
gAY, o]Hd T cell T4 &3 IL2«] autocrine
action® 2 AZIFEICH Wt B A7 T cell $24 Hak(Table
2= A B AN Fr. Tell &3 T cell S43HERE of
Uk, T celie] 243 IL-29] 18] macrophage A 243}
5o} TNF-o 288 F58 4 JoFE Wang 5 A+
B9} Zo] aE MEL GH e s AlE=A &)
ot 7h5Ade] ok AzdEd

Sugisawa %(3)01] ojsld A4 Z#/7F phagocytosissE 31
3= Favt 9 27 F% 25%7HA] phagocytosisE =
A= EI Fw gFHOR FoleiH, ojHd 2Rl &
F= e @3 vads o g4 o su3 Bis
gk wet FEaiA o wdte] phagocytosisE 8495}
AA AAote] HSolz WY §kE-e] W] J|ogriy B
w3tk B dAflMe TNF-a #HE fEske 80 Fr
00l Ao g ¥l o] Fr. O 23] macrophage7} &4
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slE o2 M phagosytosis’t FZE 3 macrophage’} 4|3
TNF| 93] Mx=Ado] F7Hd ¢ IS Aoz Azbdo
ol#lgt #A A Sugisawa 579 Z-foll 23 phagocytosis
1 e &7 B FFE e 22D glycocon-
jugatesell 71913k Roletar AztH)

2 YIS 2 pHOlA o8 7kx] 48 §4E 9]
3lo] E|age] ASMAEE AR A, ofF ke 7
2 Hygo] wAslon, ol gE|uge] P2 WMy
A S AR 4 PPN mAEH HYE
At EF 724 WIS 7ML A LA F2 lacto-N-
triose®} galactose$1.2.#, N-acetylneuraminic acid 3-& fuco-
syl 718 7 e &8ade] Z9E i) fidy,
LA Fe oF 5% vvre® AT UgREe] Lauge
074714 9+Elo] prebiotics &2 A3 e Ao FFS
X JIAEA FaF TS i YU, o|HF &
garge] AEshy 542 Ao A9 Aor fhe 9
8 EaEo] FFHA LT E. i 1T 3
Frgol BANE AAote] 2FeA AdtEAY FER &
on Ay g gges RNbEO®), web B oA
3l Fr. 00 213 macrophage B4sh= 24 2Elag @
glycoconjugates”t Ast& Aol o3 BE=A] &3 Ao =
€8l pathogenoll W AAZ AsAxtzA Ao &
o] &}, E3F monocyte/macrophageE ZH A o2 2Fd e
B3 H o2 phagocytosisZ pathogens A A3} A
oA o] AsAdd, ME Fa7ke] Asdae B3 HEZA
AkEE FE & oz A, oo #3 A7yt
A&H o7 o]FoF ot gk AzhETh

flo N op

(o] ok
S o |

E A7dMe BT 3 5¢ ol 2H|EE A

whey 2 whey £89¢| Thl celle] S]] ojwl S n)x
A1, 223l Th cell S4o AHH o2 AN3h= whey 2
o] macrophage?] TNF-o. £H]ol| v]Xs FJ3Fe FALSIR
. & wheyS ultrafiltration® 2 Exjghdz REs Az
o9 gdEo 348S Fr L IO, IVF 242 2%, 17.7%,
102%R0H, F A& 3582 Fr I, 11, U7t 2t 22.1%,
74%, 70.1%% . Fr IE A3 Fr. pel wild 34§
% Fr. 09 3 3F&2 717 86.9%, 88.8%%tt zHzte)
whey 89 FX i8] Thl cell &4 AHE A=% F3
I mg/ml XA Fr. II7F Thl celle 7F3 ®o] AFAA
on, HEFAEL 67100, Fr 119 vla 2 287
T 299 ANEFHEIAE e AeE Ut Wheyd
Z+zke] BEE o) g3le] TNF-a BH 58L& AN A3
Fr. O7} Fduiz72 AMSS LPSHT} °F 80% ©]de] TNF-
o BH = 58] e Aoz vEit

o
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