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The Effects of Endurance Exercise and Selenium Treatment on
Mitochondrial Transcription Factors Expression in Old GK Rats

Bum-Soo KimJr

Dept. of Sports and Leisure, Sungshin Women's University, Seoul 136-742, Korea

ABSTRACT : The objective of this study is to identify the effects of endurance exercise and selenium on mitochondrial
transcription factor in old Goto-Kakizaki (GK) rats. In this experiments, endurance exercise were treadmill-run at 24 m/min,
30 min/day, 5 days/week, 6 weeks and 5 umol/kg of sodium selenite was injected intraperitoneally. In exercise group,
selenium group, and combination group, the mitohondrial biogenesis-related genes, including PGC-1 ¢, NRF-1, and Tfam
expression level were significantly increased compared to control group. Consistent with the increased biogenesis-related
genes, the cytochrome C in the treated groups, which was the indicator of mitochondrial content, was significantly increased
compared to control group. Especially, combination of exercise and selenium may be effective in the increase of mitochondrial
biogenesis, activity and insulin sensitivity. Therefore, exercise and selenium treatment is likely to promote diabetic-
mitochondrial malfunction and then improve diabetes.
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MEZCotet e AN E A1FH 23
At A FA 2o 1S mDNA E4 71 F 50% A=
ot 7S H.9 3 (Antonetti et al., 1995), Goto-Kakizaki
(GK) 8719 AL vERselofe] 337 Aol u]
3 2, BAF7 A" Ao Z Vel th(Pierre & Claes,

TS mDNAS] Az ddel, A4 24
I BHG AHAAT e A2E BIHI lth(Pierre et
A% AFEN EZEE kg P

Watel B el w S Atk e & 4 Qow, HEms
elote] olgo] g WHe] A0RAY FEHS 17
g 4 90

nEZEglote] 7 F7ket &4 AL Fof ofsf 24
%A #t}. Tfam(mitochondrial transcrotion factor A), NRFs
(nuclear respiratory factors)®t PGC-1 @ (peroxisome pro-
liferators-activated receptor gamma caactivator-1 alpha)<
3l DNAC o3l Ao EZE ot A &4& =
dele T3 43S gFstti(Daniel & Richard, 2004).

Tfame U] EZEgobe] A 9F At glojM F2.3 o
&5 @gete T Aot o33 Tfamat 4 H A5l
A& Tfam A% AF A= vlote] XA embryoic lethality)
o} ] EFT o} DNA 448 B9 S H(Larsson et al., 1998),
mtDNA7F 24 F A XA Tfam B8 fev 71 ME
Lo} DNATH 243 daaA7E o= A2 B
AT

NRFE NRF-1, -27} glom, & g do] %
Zof a5l 223 3 ff FAAES] HAALE 43T
= ALl Aol t}, E3], NRF-1< 68 KDa 2719 A g
C-2 &4 9 Y(C-terminal activation domain)Z} DNA Z

g
4

w4} 44

& 58S T7MIAFE N-2de g 745 0] 3irkDaniel
& Richard, 2004). 53], NRF-19] %3 8 A}+= cytochrome
C, ubiquinine binding protein, cytochrome C oxidase 1V,
ATP synthase gamma subunit®]|™, Tfam$| HALS
ThLee & Wein, 2005).
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3. Selenium £04

Sodium selenite= Cao 5(2008)¢] WH-e W&t 5
L2 sodium selenite(Sigma, USA)+= A&+
dY 6577+ Bkl FYTh

umole/kg?] &
Fol o] 157 5

4, 2M diH
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1) IPGTT
GK 339 UF AAs 5720 223 WA 7 Al(intra-
peritoneal glucose tolerance test: IPGTT)E sl oH,
2477 FRte 38 A E AN F 30% T FFA
2 &5 1 mkg EE S FH3 F AH 9] melz
B 0, 30, 60, 90, 120 Z+2t A P ate] F5747](Kagaku,
Daichi, Japan)Z 37391 th.

A BE
.7}l pentobarbital sodium(50 mg/kg)S Fsl w3
T 7 2E BEEt AE F AETE B E A
Mitochondria Extraction Kit& ©]$3}¢] cytosol 83} 7
EZgol #g5 £ FE5td TAAZA —70T B
el

B AR 4F FUlE 6709 FHo] B F BE 84
o
7

3) D|EECe(o} 22|

FA 9 nEZEE oL 2= Mitochondria Extraction
Kit(Imgenex Corporation, San Diego, CA)S ©|&3}o] &
getsith. FAA S W2t 2k WA 242 Ho-
mogenizing bufferdl] ¥o 27 #23t AZth #4434
AMEL 4T 1087 3,000 rpm o2 P47
29 2L thA] 4Tl A 3027F 12,000 rpme.E 44
Tt A5 xﬁlﬂoﬁ 32 pellet2
bufferg 9ol 2 4 F oA 4Tl M 1027 12,000
pmO 2 A4 E2 33 ‘3} 353 pellet> mitochondria
lysis buffer 4 ColA 30&7F &3] 3t 1 5 4T A
12,000 ppmo.2 Y4 Ee]ste] MEZEL ol 739 45
oS AdTt

suspension

4) Western Blot
% 100 g9 TS 12% acrylamide gel°ﬂ 80 voltel A
A AR S-S A719FsHA A719E F geldell #
¥ @ A-S nitrocellulose membrane &2 45 voltZ 24|
9t &7 th. Membrane2 blocking £ 0.2 1A]7F &<t
% % Primary Antibody(anti-GLUT4, anti-Tfam, anti-
PGC-1a, anti—cytochrome C, anti-COX, Santa Cruz)E
3t Washing & Secondary Antibody(anti-goat-HRP,
anti-rabbit-HRP, anti-mouse-HRP)E & %t} TA| washing
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T ECL £902 ZAAZth do]d bandE densitometer
(Kemidak, Kodak)E ©]&3}4 #4& 3Sith

5) RNA £2|
Z RNA #2]& TRIzol reagent(Invitrogen, USA)S ©]

Z4
TRIzol €90 ¥ &X‘wm ,&é‘i}% *‘E—E% a2
A 5EZF B FAI AT 8] A sHE AE2 chloroform
B3 HojE F A2l 32

15,000 rpm o2 AHFEAA AL FZ e isopropanol
= & Aol F 5 A2 wiA
g < 75% EtOHZ washing ¥ DEPC-treated
H,0= 34t

6) Real-Time PCR

% RNAZE Random hexamerE primerZ 38} Super-
Scriptase II(Invitrogen, USA)S.Z cDNAZ 4313
cDNAZE templateZ 314 28s rRNA 9} target 37 & O] |
primerE AH&-3ted ABI 790HT(ABI, USA)9 4 95T 10%,
60C 30ZE 40 cycle®] 722 ZZA]A standard curve

of gt3o] A4 mRNAZ-S Ha a3l th Primer sequence
© =3 72t} 28s RNA sense: ata tcc gea gea ggt ctc
caa antisense: gag cca atc ctt atc ccg aag; Tfam sense: cac
cca gat gca aaa gtt tca g antisense: get tca tac acc ttt ttt tct
gct t PGC-1a sense: atg aat gca geg gte tta gea antisense:
tge tce atg aat tct cgg tct t COX IV: gea ggg ata cct cgt

cgt tac t antisense: ccg taa gtg aga tga atg acc cta t.
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SPSS/PC 11.0 FAZZ1

=2 %O}Eﬂ 93 One-Way
ANOVA= AASom, AAFAS2 LSDE ARt
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Fig. 1. The effects of exercise and selenium on intraperitoneal
glucose tolerance in GK rat's tail. Results are presented
as the meant=SEM. Sed: sedentary group, ex: exercise
group, sel: selenium treatment group, combi: exercise +
selenium treatment group. The P value for con vs exe
and combi in 60 min are 0.05. The P value for con vs
exe and combi in 90 min and 120 min are 0.01. These

values were significantly difference.

Fig. 1614 B wpe} o], v F&E 90 min7HA] A4
o U R At 60 mindl A FFEIAS

X
Aol 18l 60 min(p<0.05)914 5 Aotz o
90 min(p<0.01)3} 120 min(p<0.01)NA = =
71137 Z oAl B 22 veikth

3y
= A

2. [T GLUT-4 &89 xl0]
HE7+ 7hAE 9] GLUT-4(glucose transporter 4) T3
49| AfolE UobH 7] 98] Western blot= A3k

7}x}u11 GLUT-4 & o 52 Jdzt] A4
SR o AolE Heln. Fig. 2 |

Adol v =% A Ay ol oF
(p<0.01), W3} FAtollA oF 38} HE(p<0.001) = 55
Bt

3. ZCIZI9] PGC-1 ¢ THHZE! Hi5{9| x|0|
Western blot #4]-& o] &3to] A7t 71abu| 2] PGC-1

@ (peroxisome proliferators-activated receptor gamma caac-
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Fig. 2. The effects of exercise and selenium on GLUT4 expre-
ssion during 6 wks in Soleus muscle. The effects of
exercise and selenium on mitochondrial GLUT4 protein
expression was measured by Western blot analysis. Results
are presented as the meantSEM. sed: sedentary group, ex
: exercise group, sel: selenium treatment group, combi:
exercise + selenium treatment group. The P value for sed
vs exe and sel group are 0.01. The P value for sed vs
combi are 0.001. These values were significantly difference.
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Fig. 3. The effects of exercise and selenium on PGC-1a expre-
ssion during 6 wks in Soleus muscle. The effects of
exercise and selenium on mitochondrial PGC-1 @ protein
expression was measured by Western blot analysis. Results
are presented as the meantSEM. sed: sedentary group,
ex: exercise group, sel: selenium treatment group, combi:
exercise + selenium treatment group. The P value for sed
vs exe and sel group are 0.01. The P value for sed vs combi
are 0.001. These values were significantly difference.
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Fig. 4. The effects of exercise and selenium on NRF-1 mRNA
expression during 6 wks in Soleus muscle. The effects of
exercise and selenium on mitochondrial NRF-1 mRNA
expression was measured by real time PCR analysis.
Results are presented as the mean+SEM. sed: sedentary
group, ex : exercise group, sel: selenium treatment group,
combi: exercise + selenium treatment group. The P value
for sed vs exe, sel and combi group are 0.001. These
values were significantly difference.

913 zpo) & KA Fig. 39| A B upe} 7o) v gt
Ha) &% Aok ok 2uf AL (p<0.01), AdlF Jh ok 1
H AEE<0.0)E 2> 98 £ vk 183 ¥ 3
e v Htel] vla) 258 AER A B FES

TH(p<0.001).
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Fig. 5. The effects of exercise and selenium on mitochondrial

Tfam protein expression during 6 wks in Soleus muscle.
The effects of exercise and selenium on mitochondrial
Tfam protein expression was measured by Western blot
analysis. Results are presented as the mean+SEM. sed:
sedentary group, ex : exercise group, sel: selenium treatment
group, combi: exercise + selenium treatment group. The
P value for sed vs exe group is 0.001. The P value for
sed vs sed and combi group are 0.01. These values were
significantly difference.

A) A BHE Aot 7] s HE 74 £2] 9} Western

AAIBHS

Ehids 7WD11 MEZEL o} Tfam @ d $E2 §
2 o3 2fol & B Fig. SlA He uhep o]

ol vlal &5 (e 2.849), Aelly A 1.6

HH), Bgﬁg AeHeF 2.54)) BFoM = 2 52 Bk

.07

CHZES[ mtCOX IV CHME W59 X|0|
*ﬂ}_ 3 E]9} Western blotg ©]-&3}o] %

H
H
EZ= ol ¢l COX IV(cyclooxygenase IV) T
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Azt 7}Z}Ul mtCOX IV & 8 32 54
07 f98 zo] 2 BT Fig 6914 B ube} 7ho] H]
°ﬂ v 5 A (p<0.001), AdF FAH(p<0.01),

SHp<0.01)1A oF 1.58) 7tk 7k 23S B3t

7. ZCIZ9| mtCytochrome C SHHE 59| }0|
mEZCgohf o] FHw7k cytochrome C T 2 o] g
zpol & ol 7] 918 Werstern blotS A A13FS T

o

% LRERE
SED EX SEL COM
COXIV 0 S e« 57-EDa
3
E TN
¥ p 01, ¥ p00]
Fig. 6. The effects of exercise and selenium on mitochondrial

COX IV protein expression during 6 wks in Soleus muscle.
The effects of exercise and selenium on mitochondrial
COX IV protein expression was measured by Western
blot analysis. Results are presented as the meantSEM.
sed: sedentary group, ex : exercise group, sel: selenium
treatment group, combi: exercise + selenium treatment
group. The P value for sed vs exe group is 0.001. The
P value for sed vs sed and combi group are 0.01. These
values were significantly difference.
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Fig. 7. The effects of exercise and selenium on mitochondrial
cytochrome C protein expression during 6 wks in Soleus
musscle. The effects of exercise and selenium on mitochondrial
cytochrome C protein expression was measured by
Western blot analysis. Results are presented as the meant+
SEM. sed: sedentary group, ex : exercise group, sel:
selenium treatment group, combi: exercise + selenium
treatment group. The P value for sed vs exe and combi
group are 0.01. The P value for sed vs sel group is
0.001. These values were significantly difference.
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EZEg ol ¢ cytochrome C @@ e] W
T Qi ]'& Apol & B A tHFig. 7). 7w
mtCytochrome C @& FF& Bl Joke] Hs) &5
ok 20, A (S 1.640), B3 k(e 2.3u])00 A

[¢) & O
Eo T Tde Btk

Al
=
of A7l A FH 2w AA F FFILA WA HA

& AAIRE A3 vl ol s AR HESAA A
SFIE Aol dE AL Holth
ol e FFIAX2 WA N s Bl ekl H]

(Selak et al., 2003)%} 4F3t4 2Ed 2o A =&
T Tuds nEZ=dotilM Ay Folz g atst
ol 7179 A dell 913 A2 A ZHd ti(Simmons, 2006).

og] A3 AFselA yehd Faat nEZEote
HAAGE A¥EY, GK dF M) mEZE ol A7]%
mtDNA %9 Zji% Pierre & Claes(2001)7F B33} 912
o, A2f F @AM nEZE=]oF A4 i (An-
abela et al., 2006), At3t2 Qlitstel] A FHA T 2
Zx(Mootha et al., 2003) 3¢ 235 HI3T

PGC-1a & 712 A¥3hsh ATP @3S 243k v
T go} gl Aol wE e ZAst= AA FA 2= g
QX}OIE}(anht et al., 2007). ©] Oﬂ:ﬂ‘Oﬂ/ﬂ TeAE 5

TeolAe 5 Adg ARV EZELY] 75
Al X Fag 24U PGC-1a %@E d
AsHA S7HAH T o8t A= Pilegaard et al.(2003)]
=4 ZF 75 A 24249 PGC-1¢ mRNASH
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chl g iy 7hef A e AFE Hlon, o] &5
<A AMP/ATP H] &9 7} AMPK] &
A 4% (Bergeron et al., 2001)9} AFo] EZ Wl Ca™' 39
S7t2 PGC-1¢ 9 ZERH FF9 calcium-signaling ¢!
A5 2™ 9 PGC-1a 9 F7H7 21L& Aztdtt
(Handschin et al., 2003). 53], 1|28 22 5o} A
T o5 AP Ha 2 ddg HE JdelA e o
=2 PGC-1o T2 w9 £38 Hol Zojt}

NRFs& P|EZE o] Absha Q1Aks
< Ak AARRARIA M, TfamS P|EZE ot &
A o} HAALE 245 mDNAS 22 HH| A &gt AA
017\}0 k. o] AolN 53 AdlE FARTIA S PGC-1 @
71} A28 A NRF-1 mRNA$} Tfam v} 2 23
o kel wia) *‘7}0} 7tk NRF-1 mRNA %8 5
t <9 #5859 WA NRF-1 28 $71
3+ Adhihetty et al.(2003)2] 7“49} AR, olE et A=
PGC-1¢ 9 %% ©dl NRF-1= %53 Aggel <
PGC-1¢ @A o] B fiof fal 713 Ao = AlsHT
(Nisoli et al., 2004). & shte] 7522 PIEEE=Z] o} UCP @
Aol vk F=9F A ATPS} phospho-creatine®] ZHAE
18] NRF-1 @3] =8 A°Z HZETHL et al., 1999).

N EFZEZ|o} genome®] EHAISH AN 715 HESIAL Q)
© AARIARI Tfam A 52 AdlF AX-HeelA A6
S/t A4E B4t o] A3 Gamier et al.(2005)2] A4
Fdol] oJg Tfam®] Wl S71ok Ak 235 B ik ol g
Tfam 28 5579 T7h= 53 Adg A 3 PGC-1a
S} NRF-19] Wl freof] oJaf Z71sk Ao = gojxith

olgl gt nEZ Lo} Ao #olsh= @Al PGC-1a,
NRF-1, 123 Tfam® 8 ko o3 nEZT ol
2 FA 9 A T AQl P EFZE o} cytochrome C2F COX
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