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ABSTRACT

Tenderness has been identified as the single most important palatability factor affecting
consumer satisfaction of beef meat. A couple of recent methods to activate calpain-induced
tenderization has been the oral supplementation of vitamin D3 or its metabolites. To improve
understanding of the regulation of calpain protease system in muscle, the effects of
1,25-Dihydroxy colecalciferol (1,25-(OH), D3) on calpain protease enzymes were studied using
Sol 8 cell line. In criteria of cell number and proliferation, a concentration of 100 nM
1,25-(OH), D; most inhibited the myogenic differentiation of Sol 8 cells. 1,25-(OH), Ds
increased mRNA gene expressions of u-calpain while that of m-calpain and calpastatin showed
(p < 0.05) the opposite expression pattern. The amount of u-calapin and m-calpain protein were
the highest (»p < 0.01) at 4h and 2h incubation with 1,25-(OH), Ds, respectively, whereas
calapstatin level was significantly decreased. There was no changes in calcium uptake into inner
cells by 100 nM 1,25-(OH), D3 in spite of significant (»p < 0.05) up-regulation in vitamin D
receptor gene expression. The results indicated that the calpain protease system of Sol 8 cell
was greatly influenced by 1,25-(OH), D; without alteration of calcium concentration of inner
cell. Therefore, the role of vitamin D receptor remains to be further elucidated later.
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calpain®] 43} f-5-= 117] Aol A Teigt

o 4@ ltKoohmaraie, 1992). ol2{dt
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cholecalciferol (vitamin D;)9] &7} Hoj= ==
T A W /2 A T S719) calpainA] &4
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8 A& o]83| 1,25-dihydroxy cholecalciferol
(1,25-(OH); Dy)& = 9 ARHE=E A ko]
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Sol 8 AJ|3Z3= American Type Culture Collection

(ATCC; CRL-2174) ofl4 F{isto] ARG-SHT)
Sol 8 AzEujoke 25cw flask ©]|4] Dulbecco's
Modified Eagle's medium (DMEM, Invitrogen,
Carlsbad, CA, USA) X9 1%
streptomycin (Invitrogen), 4.5g/L glucose 2} 20%

penicillin/

9] fetal bovine serum (FBS, Invitrogen)S &3}3

o] ARSI o H, 37 T, 5% CO, HjF7]olA] vl
3}tk Sol 8 A7} 100% confluence ATE|7} =]
] DMEM H}j%]¢f] 2% horse serum (Invitrogen) ©]
23 SRR wAIRE £ myotubeFE wj71A]

6 ZF ®3k A71 F Ago] Agatech

AEZ 5 oF BT =4S Y3l 96 well plateo]
Sol 8 AHIZZ5 Z} w 1x10°7) Eoj7l=2 &t

2. 100% confluence € wj 7}A] vjoF &, vjjA]
= HFal B3} ixE mA] & 693 &3t Axl
o+ 1,25-(OH), D;E& 0, 10, 50, 100, 200 1]

3250 nM 5 6 $2o 8 suREM gA|7F AH2Et
5 Aol AgATh AT i WSTL el
proliferation (Roche, Mannheim, Germany, Cat.
No.1644 807) AJ2FS well (100 ul E3H{ZR]) o
10 ul® A7)t &, vjoFr|oA] 2417 HljleF &, 1
Bt whbr|oA] &E3K5F TS referenceS 600 nm
Ao g2 skl &4 3S 420~480 nmZE 5o
ELISA reader (Anthos labtec instruments. Austria)
2 =A39ck A2 AE= BrdU (Roche, Cat.
No.1647 229) A|eFS well (100 ul ESR{A]) &
10 ul¥ @7k 3, djelolA 2417 HhRE the
xS Weja, 1AM FixDenat (Roche)E well
= 200 ul® 713 & 15~25 TollA 907 14
3 & ngAe weln AFes 33 AF ¥,
well T 100 ul 7]ANE 715F & 10 E7F AF20
A HES- F 25 ul9] IM H.SO4E 718te] WhS-S
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AA|AFLE ©0]% reference TFFE 690 nm=E 3}
1 =4 TLPQ'% 450 nmZ 3}o] ELISA reader=

Total RNA £&

Total RNAZE-2 TRIzol- & (Invitrogen)S ©]
ARE51T) Total
RNA F&2 3l 6 well plateo] Sol 8 AN|EZE
ZF well & 1x10°7] S0tz 3t t}e, 44 &
3} AJX1 Sol 8 A|3zef] 4718 Al 4= B S
o] W3t A Al 7P o14dAQl 1,25-(0H), Dsys
oA 0, 0.5, 1, 2, 4 18|21 8 A7k 3HEE Az
= wjx = Hiﬂi TRIzol €HE welld 2+ 1 ml
Y pasle] TS Qe F U} T TR, 200
ul9] chloroformE A7}
13,000 pmol A 15570 94 He2 slo] A=
ol-g B2]3t thS isoprophanol &
= 5, 4 T, 12,000 rpmojlA] 10—:%?& s
stk oprgro =z AYAHE pellet 1 ml 75%
EtOHS o8 AlA &, 4 T, 12,000 rpmofA] 52
rodd EERh o ARl 2z A H

83} phenol-chloroform 7|2

RNAse free water 30 ulo] &%l Total-RNAS
UV &= 260 nmoj]A RNA == ¢}
1% agarose gel Aol RNA integrityS Q1 3
70 Col B 2 2o ARgaSih

zz—o‘]_

Quantitative Reverse Transcription—PCR (RT—qPCR)

CalpainA| 542} vitamin D receptor®] mRNA
e =43)7] $181o] double-stranded DNA
dye?l 2xQuantiTect SYBR Green RT-PCR
Master Mix (Qiagen, Valencia, CA. USA)E 9]
83Fo] real time RT-PCR machine (Corbat
Research, Australia) © 2 quantitative PCRS 4!
A5ty Z+29] primeri= Gene Runner Version
3.04 software(Hasting Software, Inc.)& ©]&3}o]
Tm Ff 58-65 T, FH(forward, reverse) primer2]
Tm o] 2 Colal, GC & 50~60%, Zo
120-150bp7} H=2 Table 13} 70| tjzpel afo]
BioneerA{Daeduk, Daejeon, Korea)ol 2]2] A|Z+
slo] AME ST 0|3 94 ¢ 15 % 18]al 55
CollAl 30 % 40 cyclex =43}o] CT 32 9%
11, mRNA &9k cyclophilin A 9] CT {fo=

Table 1. Forward and reverse primers for RT-qPCR for mouse p-calpain, m-calpain, calpastatin,
vitamin D receptor and cyclophilin mRNA.
Genes Primer
p-calpain
Forward 5'-AGCGCCACCGAACTCATGAATATC-3'
Reverse 5'-TGGTGTCGCTATCCATGACAGCC-3'
m-calpain
Forward 5'-GTATGTCCTCGTTCCCTCCACCTTC-3'
Reverse 5'-TCAATGTTGGCCTCGATCTCGTC-3'
calpastatin
Forward 5'-CCTCCATGTGCAGTATACGGTCAGC-3'
Reverse 5'-GTTCTGGATCTGCTTCCCTTGTCC-3'

Vitamin D receptor
Forward
Reverse
Cyclophilin
Forward

Reverse

5'-ACAGATGAGGAGGTGCAGCGTAAG-3'
5'-CAGGATGGCGATAATGTGCTGTTG-3'

5'-CAGGGTTTATGTGTCAGGGTGGTG-3'
5'-AGATGCCAGGACCCGTATGCTTTAG-3'
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Western blotting

Calpain7] ®AO] Tzl wbe kS 39l5)7]
L3l 12 well plateo]] Sol 8 AMEZE ZF well T
Ix10°7 Sol7kes & ohg, A% &8k A2 Sol
8 Alszo] AA719] Al 4= 9l o] Wt Al
Al 7P o188l 1,25<(0H), DsgteollA 0, 0.5,
1,2, 4 283 8 AR 3REE AP & wixXE H
23l cell lysis buffer (Cell Signaling, Beverly,
MA, USAE At A5 dojdl & BCA
assay reagent (Bio-Rad Laboratories, Hercules,
CA, USA)E o|&sto] dd =5 SHsINh
AeFE T ES 10% SDS-PAGE gelo|A4] 150 v,
1 AZF B9t AV|Y9% Sk F, 045 um pore
(Whatman
Dassel, Germany)©o & ThlzlS 2HTH12 v, 1
AlZH. 71 %, Ponceau SE HE lane?| TF9| ot
wzS gelst & ZFZF9] membrane2 5% skim
milk TBST (0.1% Tween-20 Tris-buffered saline)
Z 1 A7t blocking 3+ % rabbit anti-u-calpain
(Abcam ab39171), rabbit anti-m-calpain (Abcam
28259) 12|31 mouse anti-calpastain (Takara,
Japan, M045) 5 Z}Zte] 12} FAE 5% skim
milk TBSTo| 3|43te] 4 C WAl Qo] wyby)
oAl 12 AZE WREAIZICE 13 A wkgo] Bt
5 menbrane2 TBST &=Ho=z A& 3F3ch
22} 8}A|(anti-rabbit or

nitrocellulose  membrane Protran,

AZ3t membraneS
mouse IgG  horse-radish
secondary antibody) 1:5,000 (Cell
Beverley, MA, USA) & 3|43t Mo W11 A+
ZolA 1 ARRE F¢F BESAIRE: Hhgo] Ed &
TBST buffer2 AZ3F & West-zol (INtRON
Biotechnology, Seongnam, Korea) A%} BE 1:1
H|&Z EHo| do] A°F4Z 3} membraneo]
LT3 3 9F~2E%5 membraneo]| 4] reagentE A7
3l AAAK(Intelling Dark box I, Fuji film,

Tokyo, Japan) oflA] <GARHEA =2 773(Phospho

peroxidase-linked

signaling,

image analyzer programe, Fuji

Japan) © 2 T S EAsHGICE

film, Tokyo,

Sol 8 MZo| ZE 5k &

1z

AlZW Z< uptake S 2<15t7] 918l 6 well
plate$]o]l cover glassE &1l Sol 8§ A|xE Z+
well F 1x10°7 Eoj7b=2 3 the, Sol 8A4E
7} 50-70% confluence =7 ik & EIhHAS
wakstel 70% ek A7 F AlHeloR AF o
%k ol% 74 $59o] 100 ul DMSOE H7h
Sk 10 pg FMHAQ2 mM  ZH: Fura2-AM;
Invitrogen) 1 ml & 7} & 1A]7F A4 ¥Es-
stglow, Z4 gFdor 23] AT F A2
Al 30%7F ¥ES- & FRET(Cooled CCD Camera
system, Raytest. france) 2 =74 3}tk

SAXz|

nE z7o| FAEALS SPSS 17.0Z=2H
(2008) o]&ste] et A7t SA 24
a1l p < 0.01 EX p < 0.05 F320l4 {94 9
T30 Wt 3k 7He] AolE Dunnett’s test=

47} gl At

1,256—(0H). D; AM2|0f [ME Sol 8 MEset BHT

9| 3t

1,25-(OH), D; &=H" 6 440, 10, 50, 100,
200, 250 nM) Hz]ol] T Sol 8 AlZ =9} &4
S Fig 1 AS}BollA] Bz v}o} 20| 1,25-(OH)
DyE 100 nM A2 3t%E ] 7P WSkalp <
0.05), 200 nM ¥} 250 nM 2] A] &= 100 nM #|
2 A wr} edld Zrsks AEe wydh ol
g Aik= 1,25-(OH), D37} HAIE APES e §
Th= Sergeev (2012)9] 21 &F {AFSH Wl o]
3, 424 AIEZRIAL-6) 749k MDSC
(myeloid-derived suppressor cell) 39 715 5
) AEQRe oARchs AvATielE sl
(Chen 5, 2015). I8y 3HHOZE= 1,25-(OH),
D3+ IGF-I(insulin-like growth factor-1)9] 2Ha
S7HE Bl SSRSE e jrkal EEA Qlok
(Naohiko 5, 2014). wighA], ojite] AnE Edj&
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Fig. 1. The effect of 1,25-(OH), D3 on cell viability and cell activity in Sol 8 cells. (A) Number of
Sol 8 cells incubated with different concentrations of 1,25-(OH), D; by the formation of

formazan after 4 h incubation with the tetrazolium salt WST-1, (B) 5-Bromo-2'-deoxyuridine
(BrdU) incorporation by Sol8 cells incubated with different concentrations of 1,25-(OH), Ds.

Asterisks™ ™ in each spot show statistical differences when compared with the value of the

control group at p < 0.05
replicates (n = 5).
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s

1,25—(0H), D37t Sol 8 MELH calpainAl 12|10

vitamin D receptor® mRNA 2310f OJx|= F&

Sol 8 Ao 1,25-(OH), D:2 100 nM 2] &
0, 05, 1, 2, 4, 8 A|ZITH=Z total RNAE F=3t

-2 real-time RT-PCR-& 435t Z1M= Fig. 29|
Al B=npe} Ztk 1,25-(0H), D; 100 nM #2] &
L AIZFol| 4] u-calpain®] mRNA Q] &L 71 &3t
21i(p < 0.05), A7to] Aol w} gaxstglom,
m-calpain®] mRNA 9| H&-2 A7to] Fufgle] u}
2 F3] Ao R TFASHEHFig. 2 A9 B). 1
U} calpastatin mRNA 2] W& Fig. 3 ColA] &
= HeF o] A & A[gto] Aol whel £-94]
O ZASItHp < 0.01). of2{7t & Ao At
+ 1,25-(0H); D:= Al2Y ZEs% 371 3l
u P m-calpain WHS F7HAE BRE ohz}
(Mathiasen 5, 2002), o] u-calpain®] @3 7=
clapastatin 9Fd-2 7FAA]7Ith= Murachi (1989)2]
wael Ax@T sHE £ A Al
m-calpain 'FEo] 235]8 Fadtgle=tl, ol 45

2 2194 1,25(0H), Ds2 2z} 0.0, 0.5, 1.0,

level, respectively. Representative data are shown the means of 5

5.0x10° TU(TF2)/Y) Foidt 27 m-calpain 24
£o] Wk $o)7h flgichs B3(Montgomery
5> 2004) &} FARSE AF olgt 1= Hrh Vitamin
D receptor®] mRNA2] 9Fa-> 1,25-(OH), D; #
2] & Agke] gl wpt fEJEkA (p < 0.05) 5
7¥stal o, 4XA 7P =4 (p < 0.01) YRRt
Fig. 2 D). o3t A= ARE ZAT A=Zo
1,25-(OH), D39} vitamin DS 2] 39S uj
Vitamin D receptor®] ¥l&o| Z7|gict= Ao}
ol z)3kcRachele 5, 2015). 1,25-(OH), Dsi= 3
Y] Vitamin D receptor®} 2§+ & RXR(retinoid x
receptor)¥} heterodimerS o|F AARIR|ZA] A&
& 4 2EI Q0] RS
2} Mangelsorf, 2014) w&<l Ho
37 1,25-(0H); Die= AlZY 2 5948 =
D43 AYstel BHE Bt ucalpain®] WEE

S7HIFE AR AlmEnh

1,25—(0H), D37t Sol 8 MZL calpainz| THEHE! AY
o 0zl 9y

Sol 84|3£o] 1,25-(OH), DsE 100 nM 2| &
0,05, 1,2 4 8 AZFHz chzle =23} o}
S western blotting3l ZA7}= Fig. 30]|4] ®HLnfelk
2t u-calpain T WA 1,25-(OH), Ds
100 nM A2} 3 Ajzto] Ado] e} 33 3ol
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Fig. 2. The effect of 1,25-(OH), D; on mRNA level of p, m-calpain, calpastatin and vitamin D
receptor in Sol 8 cells (A to D) by real time RT-PCR analysis. The data are expressed as a
percentage of the value observed in the zero incubation time. Each bar was normalized by
the quantity of cyclophilin from the same cells. Asterisks” ™ in each spot show statistical
differences when compared with the value of the control group at p < 0.05 and p < 0.01

levels, respectively. Representative data are shown the means of 5 replicates (n = 5).
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Fig. 3. The effect of 1,25-(OH), D; on protein contents of p, m-calpain and calpastatin in Sol 8
cells(A). The Sol 8 cells were cultured with 100nM 1,25-(OH), D; for 0, 0.5, 1. 2, 4. 8 h.
Quantitative analysis of protein contents of pu, m-calpain and calpastatin (B to D). Each protein
contents was normalized by the total amount of [ -actin. Asterisks™ ™ in each spot show
statistical differences when compared with the value of the control group at p < 0.05 and p <

0.01 levels, respectively. Representative data are shown the means of 5 replicates (n = 5).
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(v < 0.01) Z71ak300, 4X170 7P BA et
WrhFig 3. A, B). m-calpain®] Tzl ghaok b
& A2 & Aol Adel ue gjslp <
001) Z7 Fowl, 2474 ZTjHE Rt
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5, 1994), u, m-calpain®] Tz A} OFARO
ola A =H(Murachi, 1989),
calpastatin®] W3S §A} JoFiof oJste] A
Hohs ArAael A3t Geesink e} Koohmaraie,
1999; Helman %, 2003). o|2]3t A AT}= kA
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< 3} clapastatin T= ZRARES FHL 9SS
P B ¥ 21 A W 2 4 Siek
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= Fig. 4ol HHEe} Zo] 1,25-(0H), D; ¢
Aol MW 2 =l FERE vXA Ftr
olelst AT 2AT AES] DA U J1x
2 Wl o} oln] L ESMETL Hofol]
g Eo g2 AlgEh SFANE B399 cholecalciferol
gAEd g9 Al 23U Zesert 5718
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Fig. 4. Change of intracellular calcium concentration in Sol8 cells by adding 100 nM 1,25-(OH), D3

on inverted microscope equipped for fluorescence digital ratiometric imaging.
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