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Induction of B Lymphocyte Differentiation by a Colostral
Immunomodulatory Protein MIEF

Jong Ho Lee, Chong Kil Lee* and Seong Sun Han
College of Pharmacy, Chungbuk National University, Cheonju 360-763, Korea

Abstract—The levels of maternal immunity enhancing factor(MIEF), which is an immunomodulatory
protein identified from bovine colostrum, were determined by indirect competitive enzyme-linked
immunosorbent assay(ELISA) for the colostrum and normal milk collected during the first two
weeks of lactation. The mean concentration of MIEF in the colostrum of the first day of lactation
was 109 pug/m/, and fell from the third day of lactation to 3~4 pg/mi. The molecular weight of the
purified MIEF determined by reducing SDS-PAGE and TSK G2000SW column chromatography
was 22,000 and 24,000 daltons, respectively, showing that MIEF is a monomeric peptide in its native
form. To examine the capacity of MIEF to induce differentiation of B lymphocytes, human tonsillar
lymphocytes were cultured in the presence of different concentrations of MIEF, and then antibody
secreting cells were enumerated by enzyme-linked immunospot(ELISPOT) assay. When added to
cultures of human tonsillar lymphocytes, MIEF induced differentiation of resting B lymphocyte to
antibody secreting plasma cells as efficiently as LPS.

Keywords [] Colostrum, Maternal immunity enhancing factor(MIEF), Indirect competitive en
zyme-linked immunosorbent assay(ELISA), Enzyme-linked immunospot(ELISPOT) assay, B lym-
phocyte differentiation. -
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AH 2§59 caseine trypsin® Z Ad3sle] e
Hepol= FHELE HAuREE T/ A4S
2b3 9)&o) RF HUek® 1981 Jolles S-& ca-
seind trypsin &2 Hetdte] L Helo| = hH Fo|
ARAZ sodg W BT Uizt $94 A9
A& 2271, 7} vtazsiz] e gade &
W71 A4S 2t 98-S B skeioh® 1984
Parker 52 casein®. & HE| ¢l Helole dRHE
FoNA WY Z2A5-E 72h2 ol H 4 ) Hepol=e
‘AL olu]Ake B A E hexapeptide & K.
gow, AdFH R A3 hexapeptidex AP Y
LAY FE Foix] A uhg-& F7M7= ’—‘}%—
75 Qi< 9l w) gioh®

AR 5o 49 2F2HE A 2 Ay =
& ZAFAA FH AL N7

A A E9) 7%
Al sg /M09 BAL 5 Besle o
E44E vl v Qehs0 B Aol s 9] ZfrellA
83 o] HY2AEA(e]3l Maternal immunity
enhancing factor, MIEF=} J3H)el| it A& o]
43l 2F 2 A 965 MIEFS] =2 s}
93, A =7AslelA MIEFS] EAleke 233}
ol.em, MIEF7} A1) HxAlolA] £2]3 B Al £
E3tel wlA= AF d3t ATFE st

Ay

MR- AT AH-E 2% 2 7= F5F
Aol A ALFQ HAA(ZAERRDE FE 24T
7 gAEE AAS 20T LA AL S
71 S
MHZEo| vt —ol7-2] w2 10%=] - A (Hy-
clone, USA), 2 mM¢$] glutamine(Sigma, USA), 100
units/m/ 9] penicillin R 100 pyg/m/2) streptomycin
(Sigma, USA)& #r7}3t RPMI-1640(Sigma, USA)
Wi =](e}3} ‘RPMI-1640-sH4u) 2]’ 2 Y §HE o] 83}
o] 37C, 5% CO; 2713t A] vl F3ldrt.

MIEFQ| £2|-MIEF+= o] 5¢| olu] g v}
Yol 25l Fe Fick® HFzog Fed
MIEF+= #4 Z=79] Sodium dodecyl sulfate-po-

S v

lyacrylamide gel electrophoresis(SDS-PAGE) %
Silver staining 23} E-=}leko] 22,000 daltongl &
N2 #Hal =k

&hxl o] AL 2 ™H| —MIEF] i3} Al E71&
o]-4-s}ed A4 3lgicl. &, MIEF 60 pge Freund’s
complete adjuvants$} E£3le] mslol] FAM F,
Freund’s incomplete adjuvants®} &35+ MIEF 12
0 pgs 3d 7H4 22 3 of 93l FARSL, dAE
g Aoz gelg Br24e I3 293
Qe

(50 IgGe] Hel& protein A affinity co-
lumng o443tk &, IFAH 20m/E 0.0IM
Tris-Cl buffer(pH 8.0)Z U]ﬂ % X]7] Protein A-
Sepharose 4B column(bed volume 1 ml)el| —‘i'—?‘i}fﬂ-
%, 5m/2] 0.01M Tris-Cl buffer(pH 8.0)2 A= 8.3,
Protein A-Sepharose 4Bl 233 3A1E 0.1M gly-
cine(pH 3.0)49 22 §&A|5}

izl o] M2 —ohuial 9] A gfell= Bicinchoninic
acid & o] 43 =il A Aekyo] o] SHATE® F AR
20 w el Bicinchoninic acid 4] 2f(Pierce, USA) 1 m/-&
7Vste] 60ColA 1417} W FA|R F uhgA]A 562
nmo A FFE=E FA3ch REEAHRAE FE
A albuming °o)-&3}sdx}.

Exjztel £& -] WA 2244 MIEFY £2}
22 TSK G 2000SW column(300X 7.5 mm) chro-
matography & °]-§-3ted 3433t} F, A &8 0.1M
NaCle] &5 = 0.02M phosphate buffers]]
L3414 500 W= TSK G 2000SW columnel] F%
A7) 0.1M NaCl-& ##-3H= 0.02M Trisamino-
methane buffer(pH 7.0)£ 1 mi/min2] £ 3 A7)
A1 Atk B4 A& 280 nmol| A AX]skch BF
EAgAE ExkgFe] 66,0002 albumin, 29,00041
carbonic anhydrase, 12,4
A3t ch

MIEFQ| Hzt— 1) 5% MIEF2) A zko& indirect
competitive ELISA assayjj¢] o]-&= ¢t} &, 96-
well microtiter plate(Immuno plate Maxisorp,
Nunc, USA)9] 7} wellel] MIEF £4(5 pug/ml) 50 w
Z 7}8] MIEFE coating*}7] ¥ blocking buffer
(0.17M H;BOs, 0.12M NaCl, 1 mM EDTA, 0.05%
NaNs, 0.05% Tween 20, 0.25% BSA, pH 8.5)Z blo-
ckingX|Zc}. ZH welle] dlgle] competitive inhibi
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buffer 2 #FH o 2 PRSE AHgl thL 7|2 p-
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Zyzt shslar 37Tl A By A1z e, IN NaOH 50
WAL 7hete] WS FREAFC B AxEs
ELISA reader(Titertek Muitiskan PLUS)Z ¢]-&-3}
o 405 nmol| A} S35}

e Fa|—HaF+= 304 o]sle] Al 3
Aol AA HAF AxAoeHe Ealsigdc 22
Rt & Hdo 2 HE AT dEAL 100
units/m/®) penicillin, 100 pg/mi9) streptomycin %
5 ug/m/2] amphotericin B7} &-%5¢] 9% Phos-
phate-buffered saline(¢]3} solution Azl #3hHel] 2
I 4T A 3 g st Y HeAls ART F,
100 mesh®] wire mesh Atol|4] Hsjste] AE fet
AL oy solution AZ 33 A|Hslsick Pspre
2]+ Ficoll-Hypaque density gradient centrifu-
gation ¥PH-E o] 834t} Ficoll-Hypaques] Ahe]]
9l Yu4+= Balanced salt solution(BSS)Z 33
A2 g ¥ RPMI-1640-9H4 vl x]o)] d=kA|Z ). Abo}
= A E2 E trypan blue-dye exclusion %Y
22 &A3lr)

gt Xig - A=Al =3 9378 24-
well flat bottom plate®] Z} welldl) 3X 109 7}3}3,
MIEFE 10 =+ 30 pyg/ml2 7}8+3% 37C, 5% CO.
Z705 el A wieFslch A4 E2TE AlE Al
RPMI-1640-2+4 w2 € 743t Aloln], A 22
lipopolysaccharide(LPS)E- 30 ug/ml 2 7}3F 7o] o]
AN o g Yol = wiek 394 R 2 o)
F2E 29 7H4 22 feed mixE 7t wellol] 80 WA
7}ste] F¢r}t Feed mix: Minimum essential
medium 70 m/(Gibco, USA)ell $¥A 50 m/(Hyc-
lone, USA), 100X-essential amino acid solution(Gi-
bco, USA) 10 ml, 100X-nonessential amino acid so-
lution(Gibco, USA) 5 m/, 200 mM glutamine 5 ml,
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Fig. 1—Diagrammatic view of the ELISPOT apparatus.
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blocking A]7] k& 25417 Fo-1-& 78k 37C,
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Fig. 2— Concentration of MIEF in colostrum and early
milk, Colostrum or milk was collected on the
indicated day of lactation from 5 different cows,
and MIEF concentration was determined by
indirect competitive ELISA.
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24F AA ol AHT 2ol HF 109 pyg/miE
tt’:hril"i U=, Tf 3UA L 2 o) Fol AHI
el MIEFS] =71 343] 7tAste] 3~4 pg/
m/Z FFE UEE o T AN

MIEFS| 2X—v] Wi =74 MIEFe ¥
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2y 2719) SDS-PAGE| A &3 3] & ZAsle= 22,0
00 dalton ]3ith® o]#3t Z= 2 HE] MIEF:= ¥
A}efo] 22,0000 4 24,000 daltond] monomeric pe-
ptidel-& & 5 slsich

MIEF9] 553 B4 37CE 73l Ay
4CE Y7t 2|79 o] S8 slcke Aok o]t
53 EAE e 9ol ¥ F ERFEY =
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MIEFel= #A 3 v]iA] 2029 EAledol| A
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Fig. 3—Molecular weight of MIEF Molecular weight
was determined by TSK G 2000SW column
chromatography.
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2 24 B4 isotyped] AE WAtk B A2
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Fig. 4—Typical spots from the ELISPOT assay. The
spots were readily countable at 30X magnifi-
cation.

llulose paperol| p-chainel] specificd}t anti-IgM 3}3)
£ coating A7)0 2.4 IgM& AAshe B A2 &
£ 533t} B.]l o)tk MIEF: A5 B A ZE
slodF FHAE Ak plasma cell29) R3lE &
Z1A1571.0.0, MIEF4) 2J3 B A\ £ 239} S5 1)
galoll slslE MIEFS] ¥= 9 sjokr)7ho) 27)at
52 Z71ake Ao veheh. MIEFE 30 pg/ml 2
A7V 7% MIEF9) 93 B AlE ¥3 22 as=
F3 HzTFo=2 ALY lipopolysaccharide(30 g/
m)el ¥ B AE #3} 22 599} 24 2ol S
2 Az 24 MIEFe] &40) 73 2 o8 Yehgo}.
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Fig. 5—Induction of B cell differentiation by MIEF,
Human tonsilar lymphocytes(1X10° cells/ml)
were cultures with no stimulus(N), 30 ug/m/
of LPS(E@), 30 pg/m! of MIEF(I), or 10 pg/m!
of MIER(E)) for the indicated period of days,
and then IgM-secreting cells were enumerated
bv ELISPOT assav.
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