FA7 2 AT A41d A3E 018)
Korean J Vet Serv, 2018, 41(3), 171-177 Korean Journal Of

ISSN 1225-6552, eISSN 2287-7630 Veterinary Service
https://doi.org/10.7853/kjvs.2018.41.3.171

Available online at http://kjves.org
< Original Article >

HH8=9| MAC-T M= oA Sl A
A - 9453 - AR - A

FEANEY FYSYHGY SIAEY

k=,

1ph

Stimulation of the milk protein production in
MAC-T cells by purified bee venom
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Purified bee venom was collected from colonies of honeybees (Apis mellifera L.) using a bee venom
collector under sterile conditions and then purified under strict laboratory conditions. Purified bee venom
contained 63.9+5.4% melittin, 10.9+1.6% phospholipase A2, and 2.3+0.3% apamin. Purified bee venom
has various anti-bacterial, anti-inflammatory and immunostimulating effects. In this study, we evaluated
purified bee venom which are mammary gland cells, MAC-T cells are used to increase the synthesis
of milk protein. Purified bee venom promoted the proliferation of MAC-T cells at concentrations below
1 pg/mL, but cytotoxicity at 10 pg/mL and above. As a result of the increase in the synthesis of -ca-
sein, a milk protein after treatment with MAC-T cells at a concentration of the bee venom without cyto-
toxicity, the B-casein content in the cell culture was increased when treated at a concentration of 1
ng/mL or more. In addition, it was confirmed that purified bee venom significantly increased the ex-
pression of bovine B-casein (bCSNB) mRNA, a B-casein synthesis gene, at a concentration of 1 ng/mL
or more. These results suggest that purified bee venom can be used to increase the production of live-
stock by ultimately increasing the expression of milk protein
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AF F7tet d¥ol Faste Aoz HuESct

(Han 5, 20100). %t ofUet FzmeATF

(Staphylococcus aureus, S. aureus) 5 -+H3 Al

ojsf e A SURIe] A BEEAR YN
H}

o] S5 Ao wH v olr(Han 5, 2007)
EIF A FAAIEZQD MAC-T  Alazo]  lip-
opolysaccharide (LPS)E ©]& d45& 4%t & 2=
A AF d5 L ARIETRIY

(cyclooxygenase-2)®] WAL A oAsHE Aow
Q1= ltk(Jeong 5, 2017). Zof 55 FoAT
3= =8 Fol T 1A= SfolA 55
gl HEHA Yot HAEHY o5 F4k2 U
of AHRSHA e Ho2 SHelw 9Tkt . 2015)
Br=o 2ok MHel S aureus, S
Streptococcus agalactiae, S. iniae= =2 1H-SAAN| o
o1 Salmonella newport, S. typhimurium =l 733t &
H& Zr3 QJtk(Neena 5, 1992; Han 5, 2009b; Han
5, 2013). Bk ofyeh YAl W/d+tel MRSA
(Methicillin-resistant S. aureus)o] WA= 535

intermedius,

Table 1. Conditions for Ultra Performance Liquid Chromatography
(UPLC) analysis of purified bee venom
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ASFTEERERE YA 5 =59 1o]AA
o 23k 5, 2007) AR FASES YT
ARSI TR Al T 5H 52, T, U A
AlE=2] A& gels 915to] 4 mgmLo] FE=E 32t
Z82s0] 0] PTFE 0.2 pm 2 E|(Sigma-Aldrich, USA)

2 oj3}sle] UPLC (Ultra performance liquid chroma-
tography, Waters, USA)E AH&-5to] A8ty &
39| apamin, mellitin, 18] 3. phospholipase A2+= A|
Z1rfAKSigma-Aldrich) 2 58] G19]5}o] 2 mg/mLE Tt
Sol NYRET} FAT BelS ALgHo] ojupee
t}. EA417]7]%= PDA (photo diode array, Waters)?d<
717} Z2FEl Acquity UPLC 1-Class (Waters)S AF-8-5}
of, Table 17} & AP 9 BA 2AHSZ 220 nm2]
dE ool Al &4k tH(Han 5, 2017). BAl8= W
of Wejgl, ofupnl |l Az afobA] Ao Bt
< 747t #E2EF 78Y AR UEhs 129}
3ko] 63.9%, 2.3% 12T 10.9%5 BH1 = QItkFig. 1).

Column Halo ES-18 (2.1x100 mm, 2.7 pm)
Flow rate 0.8 mL/min
Injection volume 2 uL A=
Column temperature 50°C
Sample temperature 5°C
Mobil phase (A) 20 mM TFA/MeCN*, (B) 20 mM

TFA/H20

(A) 0~3 min, 10~31%; 3~5 min,
31~40%; 5~ 10 min, 40 ~45%
,W-_| e h 5 —— Melittin

Histamine

Fig. 1. UPLC spectrum of the
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MAC-T M|I H{QF 5! M=

¥

2 Ado] AFERE MAC-T Al22= etisha A&
st RE ool AR SR Al 10%
fetal bovine serum (Gibco BRL, USA), 1% penicillin/
streptomycin (Gibco BRL)©| 7} DMEM (Dulbecco’s
modified Eagle’s medium) "} X]o] 5% CO, vjoF7] ol A
37°C2 v sttt BAl85 stoll A MAC-T A9
MZ28S A5l ¢35} WST-8 (2-(2-methoxy-4-ni-
trophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl-2H-tetra-
zolium, monosodium salt) 2+ HI'H-S o] &3¢} 24
AlZF St vljoF & 50 uL CCK-8 -8 (Dojindo, Japan)
= A7Fsto] 3AI7E wiFslal 450 nmoflA FEE=E
Qareiet wek AEe] Yejolw Waks 2l Ae
Qlabiial Felen]4e ALgsto] Takahalry.
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MAC-T AJZE 6 wellof] 2x10°cell/well7} ==& &}
o 5% CO, HjF7|o| A 37°C A& 24A|7F vjoF
3 AL AgSIA BES Tooba e WAt 1,
10, 50, 100 ng/mL H=8 2Eo] 3+9% DMEM Hj
A2 vjFHS wA SR L™ 37°C, 5% CO, =4 3}
off A 24A17F WHEAIXT F L NS ARl 285t
A} ekl el B-casein (CSN2)2] HHa-2 Cow Casein
B ELISA Kit (Abbexa, UK)E A}&3lo] =43}ich
CSN2 A7} ZEH plateo]] vjFH-S 100 pl/well
W pEsl 147 9HEAR) F biotino] A
CSN2 4 100 pL/wellS 1417k, HRPE 747 23} &
A 100 pL/wellE 30&3F WHSA|ZITh 1 3 TMB
substrate 90 uL/wellE Z7}5}o] 1587F ¥ W34
71 H stop solution2 50 uL/well &7}slo] HH-S-
ANA 450 ol A FHEES SHlstedon, B
g2 37Col A oj2oi k.

rn o
rZ o\

© Pecasein T WE XA FEo] BES A2
B 5% CO, HjoF7]ollA] 37°C Ao g ujoks}
BEg A2 § F 247 (1o

2L DMEM HjX| 2 vjofole w3kt =A%t
A NS Cow Casein B ELISA Kit (Abbexa, UK)Z
AHgste] oA ks S5l

bCSNB (bovine p—casein) mRNA & =X
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212,000 rpm, 4°CollA 1523F A4 E2I3FAT
Ao} FF9] isopropanolS 10527F WHSA|Z1 H
2] RNAE 80% ofgh-&= A% & AREsHA
amfiRivert platinum cDNA synthesis master mix
(GenDEPOT, USA)S ©]|838}o] 42°CoA 60&, 70°C
o A 1547+ PCRE 42343t} cDNAS &/dst3l o,
B-casein A 54 A2l bCSNB gened SZ2 2213}
7] 93l RT-PCRS 4343153} AM&-3t primer= bCSNB
forward (5’-GTGAGGAACAGCAGCAAACA-3"), bCSNB
(5’-TTTTGTGGGAGGCTGTTAGG-3"),
keeping gene ©.= glyceraldehye-3-phosphate dehydrogen-
ase (GAPDH) forward (5'-GGGTCATCATCTCTGCAC
C T-3"), GAPDH reverse (5-GGTCATAAGTCCCTCC
ACGA-3)Z PCR AL t}21} ZthZhou 5, 2008).
94°Cof| A 3E HH3- 3, 94°Co| A 60%, 60°CollA 60
%, 72°Co A 60 Hhg- Abo]E2 353] HHEsto] &
23 & ulxu; 7220014 1087 WS A AT 1
1% agarose gelo| 4] 7|58l UVE ZAlsH]
ZE A2 SIS,
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o F55 AFstaen, 1 A JAlE= 10 pg/mL
oA ML BEEO] 57%2 BAS| WA ekt
o | pg/mL K€ 0.01 pg/mLe] HEi= ZF7F 99.9%,
102.2% :LEI“' 103.5%2 A|Z2] F4]o] mAsHA <
7Foke= s UERsThHFig. 2). 1 pg/mL o]3te] A
TES MAC-TA ATl TS vAA gon A=
o FA Egel He Aoz SlFet ol2gt
A7g vigoR B AFoME MACT HZd 1
pg/mL o]dle] =S A zT|a & B-casein®] THHA
3! bCSNB mRNA Ido] v|= F&e 2AIATh

120 4

80
60 4

40 1

Cell viability (% of normal)

Normal 10 1 01 0.01 0.001

Treatment of purified bee venom (pg/mi)

Fig. 2. Cell viability of purified bee venom on MAC-T cells by
WST-8 assay. The cells were treated with various concentrations of
purified bee venom for 24 hr. Data are presented as meantSEM of
three independent experiments. Normal is cell only. The asterisk in-
dicates a significant difference with P <0.05.
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Treatment of purified bee venom (ng/ml)
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Fig. 3. Effect of purified bee venom on major milk protein, B-casein
stimulation in MAC-T cells. The MAC-T cells were treated with vari-
ous concentrations of purified bee venom for 24 hr before the ELISA
assays. The B-casein was done by measuring the accumulation of
CSN2. Data are presented as meantSEM of three independent
experiments. The asterisk indicates a significant difference with P
<0.01.
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B—casein THHZE g3

A B=o] AL FAAMESQ] MAC-T A|3EofA] 3=
2 FEel casein® YL FXst=AE st
7] 9J5}o] Cow Casein B ELISA kitE o]-&3}%th
(Chen -5, 2013). M2 545 do7|A] ¢h= AAE
59 =2 1 pgmLe oJ3te] w2 HAlT=E
MAC-T A|3zof A 2|stqict. 7L A} Fig 304 =
Hie} Zro] 1 ng/mL o]4+e] 2 A 4 Al
32 i U B-casein TFo] 716k A oRE 9l
=tk B-casein®] FS FA 552 A = 9
Aoz F71ske] 50 ngmLe| FEOA F7HE0]
71 =okon o|lg FAEEY] sETt STkl w
g} @3] ThilE ghido] sk Ao R FRIE gl

B—casein THHZE Hi51 X[&A|ZE

MAC-T A|3Eo| A 50 ng/mL2] ‘5= of| 4] B-casein T+
Wz digo] 7 =8 Ao g FHolr]o] 50 ng/mL2]
FER BES AP @ ¥ N wd A5A0E
=g5lqict 1 An 2= 364170 e

o] 74 Eqtor] olFolm gl WAL F7tstol
96417t 52t xhawur(ﬁg P
o F7HEe 3AZE olF FA8| 2hastel 120402k
ool Bl W F7h7h SIEA kol
30 4
§ 20 -
i;’ 10 4
5
0 -
24 48 72 96 108

Time (hrs) after treatment of purified bee venom (50ng/ml)

Fig. 4. The efficacy of the major milk protein, B-casein stimulation
in MAC-T cells lasted for 96 hrs after treatment with purified bee
venom. The MAC-T cells were treated with 50 ng/ml concentrations
of purified bee venom and incubated for 24 hrs. After 24 hrs,
Supernatant media was harvested every 24 hrs and changed with new
media. The harvested media was measured the accumulation of CSN2
by the ELISA assays. Data are presented as mean+SEM of three in-
dependent experiments.
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=
31913} tH(Zhou %, 2008). N ZEEAS %‘?ﬁw
L r o] AR EEL MAC-T /\ﬂ:ﬁoﬂ sE=ERE A
3 & 24A1 7F HHOko}OﬂE} e =

ks A BT 5 UAACH, 53] 50 gL

BEE B80S A9 Ho) oA Yokt A

< grolslglthFig 5). AAESo] 2|5k bCSNB 44
=]

2L Wl 28 | ng/mlo] A2 FEoME gzt
Hste] BAFOR {olAdE UERHATHP<0.05).
bCSNB $-Z 2} WHE Lo =ur oo g Z713519 0
L} B-casein T FHAJ ol A F ZFo] 50 ng/mLS 7] 4
o2 vt FUMetEEE o ol F7HES A &
o Qo sl

A Treatment of purified bee venom (ng/ml)

0 1 10 50 100

o
d

GAPDH

15 4

10 4

bCSNB/GAPDH ration

0 1 10 50 100

Treatment of purified bee venom (ng/ml)

Fig. 5. Effect of purified bee venom on major milk protein mRNA,
bCSNB expression in MAC-T cells. The MAC-T cells were treated
with various concentrations of purified bee venom for 24 hr before to-
tal RNA was extracted from them. The abundances for bCSNB as well
as GAPDH (internal control) were measured by reverse transcription
coupled with real-time PCR. (A) ethidium bromide-stained gel images
of DNA products. (B) relative mRNA levels calculated from real-time
PCR data. Values bearing different superscripts in the same column
are significantly different at P<0.05 by Turkey’s test.
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1 9ithBoutinaud %, 2004; Lee %, 2
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9] 7§ casein> A Tr‘%—ﬂfz_q 80% 1*&01‘11
20%= S-A ki Zl o]t} Caseine a-casein®] 45~55%,
B-caseine 25~35%, 12|31l y-caseini} K casein® =
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29 QOHE JVE‘ %Z‘_X}A methylatlon 7§E01]
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5, 1982; Thompsoni} Nakhasi, 1985; Choi 5, 1998).
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S gAAe] wHos SAMe] SulE e
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ngmLO| oA 7H BIA O casein I TO|
Z7kele Ao ShelH|th MACT AlZo|H 25

14

Korean J Vet Serv, 2018, Vol. 41, No. 3



176 steln| - 2% - AAl - izl
A2l F 36412 F feh el 1Y SbE e ZALe| 2
o] chl W Sk 96417 FF A EE Ao
el gie £ AT $ENTY AAtulel o1 214y
A= FAAMEA B-casein Y FAARD FAGHFO] A o SFaA A (IAH S PI01316602)
bCSNB mRNA W& Z7bA71= A0R gelsgl o Ao 9af olzolzl AYuich
FAMZUL S GAAe] BE F7he £
Ax29 715 45t A=s Ul Aoz {4
Mol ske gl Eg7lolE AhHoz o REFERENCES
B U AOR BAHGCHKIm 2000, AT
A o]FA. o]F=F 9 =o FFQ 2007. ZFo) A A
AT X‘]ZE—E% O%HHZ] OZjX?_]bCSNB mRNA paAle] 5 ,‘ —I‘O,TL_‘—‘I,‘L_ e o 1 U Pe}
E:_*Lo"i“ﬁ m ﬁa]ov‘ }O AN B, 53] Al 10-0758814%.
WS S7HAA FEAe S S8 AL Boutinaud M, Guinard-Flamenta J, Jammes H. 2004. The number
2 ZolEch ko g 7|E SHUA diF 24 9 and activity of mammary epithelial cells, determining
o ofutyl x| Ho BELS A ARAL AT E3 factors for milk production. Reprod Nutr Dev 44: 499-
_ 508.
ok = gy A=} g&E B % Qzk g =
e o q‘L . ‘f' °© _ 1ol O; %_E] o = Chen LM, Li ZT, Wang MZ, Wang HR. 2013. Preliminary report
of ¥y Sol tigt F7F A7t Basict of arginine on synthesis and gene expression of casein
in bovine mammary epithelial cell. Int Res J Agric Sci
Soil Sci 3: 17-23.
> = Choi Y], Jang K, Yim DS, Baik MG, Myung KH, Kim YS, Lee
= = HJ, Kim JS, Han IK. 1998. Effects of compensatory
growth on the expression of milk protein gene and bio-
Aoz dHol oz HE Hgt =2 wWage chemical charges of the mammary gland in Holstern
FAHHRo 7 rhoFst g4t Y, WdE) a1 S cows..J Nutr Biochem 9: 380-387. . . .
Zb31 9t} B oo Al REQUANZ geko s Fennell JF, Shipman WH, C_ole LJ. .19.67. An.tlbactenal .a<.:t1.0n of
T o oo R ~ a bee venom fraction (melittin) against a penicillin-re-
A3t g5< olede A7s ded I GA sistant Staphylococcus and other microorganisms. Res
2= o dal", ofabyl 18]l EAZETOLA| A, Dev Tech Rep 5: 1-13.
o] 3+aFo] 63.9%, 2.3% 18]I 10.9%°] AAE=S Habermann E, Reiz KG. 1965. On the biochemistry of bee venom
— — - tides, melittin and apamin. Biochem Z 343: 192-203.
R 9Ll MAC-T A|ZE Al8ste] ochulz pepuides,
7~ _ To ﬂz Lo 1} E_ Feskel fea Han SM, Hong IP, Woo SO, Kim SG, Jang HR. 2015. Analysis
o = S7HNZI=AE Eskinh A= 1 of bee venom residues in milks of dairy cattle using
pug/mL 0]3}9] Ewof A= MAC-T A2 418 = UHPLC with newly developed pre-processing method.
AsFP ot 10 pg/mL oA oA NEEAHL 21 Korean J Vet Serv 38: 25-30.
ATt AEEAS 7h] e HAEES kra Han SM, Hong IP, Woo SO, Kim SG, Jang HR. 2017. ADH and
B B A ] ~ ALDH activation of purified bee venom (Apis mellifera
MAC-T Aol A & #ehalzdel p-casein2] /3 L). J Apic 32: 269-273.
o] Z7l=l= &It 23} 1 ng/mlL o)A T2 A Han SM, Kim JM, Hong IP, Woo SO, Kim SG, Jang HR, Pak
2 PS A AE vk W B-casein FhEFo] Z715) SC. 2016. Antibacterial activity ?nd antibi.ot.ic?enhat.lcing
L Ao stolgglon ochmA AL 96A|7 E effects of honeybee venom against methicillin-resistant
s o SLo1e] of S e o Staphylococcus aureus. Molecules 21: 79.
ot A&EE Aoz EUY B3t HASSEZ 1 Han SM, Lee KG, Park KK, Pak SC. 2013. Antimicrobial activity
ng/mL ©]AFe] 5= of AB-casein T 3-Z1=}FQ] bCSNB of honey bee venom against select infectious fish
mRNA 2H&2 90J5}A] Z27A]7]|= Zo2 3ol pathogens. N Am J Aquacult 75: 445-448.
At} o|glst Anle EEC SrhmAy OchmME o Han SM, Lee KG, Yeo JH, Hwang SJ, Chenoweth PJ, Pak SC.
. : o - ‘;L - o 2009a. Effects of bee venom treatment on growth per-
A HHE FIIANA FIHOR ThEo AR formance of young pigs. Am J Chin Med 37: 833-842.
SUAIZ17] S8l 28T = & ASRE A"t Han SM, Lee KG, Yeo JH, Kweon HY, Kim BS, Kim JY, Baek

Korean J Vet Serv, 2018, Vol. 41, No. 3

HJ, Kim ST. 2007. Antibacterial activity of the honey
bee venom against bacterial mastitis pathogens infecting
dariy cows. Int J Indust Entomol 14: 137-142.

Han SM, Lee KG, Yeo JH, Oh BY, Kim BS, Lee W, Baek HJ,
Kim ST, Hwang SJ, Pak SC. 2010a. Effects of honeybee



HHEE0| MAC-T MIZ0f|M

oriHl

e e

o

ey
ﬁ.

g at 177

J

venom supplementation in drinking water on growth per-
formance of broiler chickens. Poult Sci 89: 2396-2400.

Han SM, Lee KG, Yeo JH, Oh BY, Kim ST. 2010b. Effects of
honeybee (4pis mellifera L.) venom on the reproductive
efficiency of dams and the growth performance, disease
occurrence of Hanwoo calves. Korean J Vet Serv 33:
287-292.

Han SM, Yeo JH, Back HJ, Lin SM, Meyer S, Molan P. 2009b.
Postantibiotic effect of purified melittin from honeybee
(Apis mellifera) venom against Escherichia coli and
Staphylococcus aureus. J Asian Nat Prod Res 11:
796-804.

Jeong CH, Cheng WN, Bae HJ, Lee KW, Han SM, Petriello MC,
Lee HG, Seo HG, Han SG. 2017. Bee venom decreases
LPS-induced inflammatory responses in bovine mam-
mary epithelial cells. J Microbiol Biotechnol 27:
1827-1836.

Kim SH. 2000. Compensatory nutrition-mediated lactation poten-
tial and milk protein gene expression in rats. Korean J
Nutr 33: 697-702.

Lee HG, Hong ZS, Li ZH, Xu CX, Jin X, Jin MG, Lee HJ, Choi
NJ, Koh TS, Choi YJ. 2005. Effect of brown seaweed
waste supplementation on lactational performance and
endocrine physiology in Holstein lactating cows. Korean
Society of Animal Sciences and Technology 47:
573-582.

Nam IS, Lim YC, Nam KT. 2017. Effects of feeding organic di-
ets with different fatty acid composition ratio on CLA
and fatty acid contents in raw milk of Holstein-Friesian

dairy cows. Korean J Organic Agric 25: 219-231.

Neena S, Asnani PJ, Bhandari S, Vohra R. 1992. Purification and
kinetics of extracellular phospholipase A of Salmonella
newport. Folia Microbiol 37: 205-209.

Park CS, Danielson RB, Creft BS, Kim SH, Moon YS, Keller
WL. 1998. Nutritionally directed compensatory growth
and effects on lactation potential of developing heifers.
J Dairy Sci 81: 243-249.

Piek T. 1986. Venoms of the hymenoptera. Academic press,
London. United Kingdom.

Qasba PK, Dandeka AM, Horn TM, Losonczy I, Siegel M,
Sobiech KA, Nakhasi HL, Devinoy E. 1982. Milk pro-
tein gene expression in the rat mammary gland. CRC
Crit Rev Food Sci Nutr 16: 165-186.

Rosen JM, Jones WK, Campbell SM, Bisbee CA, Yu-Lee LY.
1985. Structure and regulation of peptide hormone-re-
sponsive genes. pp. 383-396. In: Czech MP, Kahn CR.
Membrane receptors and cellular regulation. Utah.

Thompson MD, Nakhasi HL. 1985. Methylation and expression
of rat kappa-casein gene in normal and neoplastic rat
mammary gland. Cancer Res 45: 1291-1295.

Zhou Y, Akers RM, Jiang H. 2008. Growth hormone can induce
expression of four major milk protein genes in trans-
fected MAC-T cells. J Dairy Sci 91: 100-108.

Zhou Y, Capuco AV, Jiang H. 2008. Involvement of connective
tissue growth factor (CTGF) in insulin-like growth fac-
tor-I (IGF1) stimulation of proliferation of a bovine
mammary epithelial cell line. Domest Anim Endocrinol
35: 180-189.

Korean J Vet Serv, 2018, Vol. 41, No. 3





