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Role of Inducibility of Superoxide Dismutases and
Metallothionein of Mouse Lungs by Paraquat in Aging

Tae-Bum Lee. Yoo-Hwan Park, M.D.*, Cheol-Hee Choi, M.D.

Department of Pharmacology, Department of Internal Medicine
Chosun University Medical School, Kwangju, Korea

Background : The aging process may be induced, at least in part, by reactive oxygen species(ROS). It has
been thought that the lung could be a good source of ROS because it has a high oxygen tension. In the present
study, we invetigated the inducibility of the first and last lines against oxidative stress, superoxide dismutases
(Cu/Zn-SOD and Mn-SOD) as a scavenger of O, - and metallothionein(MT) as a scavenger of OH -,
respectively, in mouse lungs with age.

Methods ; Oxidative stress was induced by paraguat, an intracellular superoxide generator, at 1, 4, 8, and 12
months of age and then SODs and MT mRNAs were determined by RT-PCR method. ‘
Results : The steady-state level of Mn-SOD mRNA increased from 1 to 8 months but decreased thereafter.
However, Mn-SOD mRNA was not induced by paraquat after 1 month. On the other hand, there was no
change in the steady-state level of Cu/Zn-SOD mRNA, which decreased abruptly at 12 months of age.
Additionally, Cu/Zn-SOD mRNA was not induced by paraquat at any age. There was no change in the steady
_state level of MT mRNA with age whereas its inducibility by paraquat was intact at all ages.

Conclusion : These results indicate that lack of induction of SODs with age may be one of the causative fac-
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tors in the aging process while induction of MT may play an important role in the defense against oxidative

stress. It is therefore implicated that the tissue antioxidant,/prooxidant balance could be one of determinants of

mean life span. ( Tuberculosis and Respiratory Diseases 2001, 50 : 579-590)
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291 SOD"& 44343 &)l that wol7)do s 7+
2 48 9t} Catalase: A= g42X, 7%
9] peroxisomed| o] -850 RomH =z H,0
29 B3 E Zujalar 9lo1} ethanole) 28t 2o
ME EmE wdsim Qohs, GSH peroxidase
(GSHpx)= A el  H,0,9 glutathione
(GSH) 2% 4318 glutathione(GSSG), & 7]
T 7)e} 2¥8HE (ROOH) 3} GSH= 2E GSSG,
alcohol(ROH) ¥ B¢ WA sl= WS EZnjal= &
DEAIT 2o AsH &AL Rl A9
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Fig. 1. Free radical theory of aging.
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phate dehydrogenase S| gith 28714 1% &
& 38l mao} wstole] #AA tig Bavt 9l
s, ¥ FAA 2E a-tocopherol(vitamin E), 8
—carotene, ascorbic acid(vitamin C), metallo-
thionein(MT) o] At}

0, + &= AR} AAE & ) dEoan Ad
A AAsEE @z Haber-Weiss ¥-8-(H0,
+0,~0H - +OH™+0,)°ll j3) B} Z4H3 radi-
calel OH - & AT ¥ opel”, Cu*y Fe' ol
o)s} ZuEle Fenton ¥Hg-(Fe'*+H,0,—»Fe* "
+0H - +OH &&= Cu"+H,0,»Cu**+OH - +
OH ) oA FolF£4l Cuttu} Fe'' " & BUAI|=
N Bdstng F838 4k grgen”. Ies
0, + & AAsE 549 SOD™7} Akl &2l
g z7) Wor|des 71 a8 oz F dEiA
dth. THEBE 3F5F9 SOD7E dedl AEd
o] 9= copper/zinc-SOD(CuZn-SOD), mito-
chondriad] 2= manganese-SOD(Mn-SOD), Al
¥ 9l &A4}5l= extracellular SOD(EC-SOD) &
2A, 2 SODES A X Ul #¥7 b2

HlaaAle] Wy Welrldeza MTe H#o]
7Zz5 3 k. Bt oz}, =slet AMH Utk
ey FA F SODE 0, « E AASI=E 48y
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oA E 4 Y= BAZA MT Hdd g A7t
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Hojl A tle dAERE e 5o M TR
th. oF 60749] olmjAteo 2 A e Tl
A 1AM o] AlxEIgl Zrleln 87K gl
ANE M T Qe i, WS ohuliidely Fx
gde A8 gestn A P MTe F2 2
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g Aoz gA AUth MTe 22 55 8%, §
oldt ARy P2, MEEEER BAWA, A
&3 F5A)s TN e FEEEdeE TR
th. o] AL Fdgo| Y FdzF ol Aot
%, A, E719 P2E VoA EAFR. 22]aL
QAZFE, G, 4%, FHY, E7|¥Y A tFoR BE

st P4 Yein, 53] #35EY 24, 113, A
%, 18, 9, 4, =} Aol ol #AEIL ATk
MTe] §4% 758 ofa deid A &) "zl
Fzd we &8 MTI, 0O, I, V& &FeEch
MT I3 MT & 73 F53 g2 28] HA|
ot 1 A 7 BEAA fx v MT M+
o] e W dthe ARdo] deElen HIol
dzato|viy fRte] Mol HARACHS. Tt 2
AL 18 Sold ABHH 7)5E /e FET T
$gdoltt. MT V& 3%, & 3l ashe) 493
ol A WrAE It MTE 1957'd &4 o= o37}
2 MT2] 7)%9l disted o) 7k 7Hde] Al
Auk o}z PashA ghad e A glok®. &8 &
&= hg o], ¥ F& = FA% Heol,
a3 7150, A BE X-raydl o3 &85
= A FAYT0) rsor FAHR At AT
Jl MTe ditsi} FAEH A 2A ] FT
o3t 1=ol7} SE A5 AT

w3 Hol7|de) gegmioz wsje] Hiw
A9E dgshete AVt loth Niwa 5492 AL
o] g7 A3 2EH2EF FUshs paraquat
2 Ax8 F SOD HE5E AR 27 Yo7t &
oA HA fE5o| Hadria BusiAtt. o9t Zol
Hol7|de] fpol e3l8 x3ig dB¥ & AUc

£ 7)1%9 7t Aok aseg B A7dre A
2 ~Edxd) oF Wolr|de] Jgg BF3| A3t
o} Abae] Eglo] Fol vheA AAFe] Aol w&
Foz RolE HE MAFL, A 2EHEE su-
peroxide & A4sks Ao 2 & ¥l paragquat2
feslant. Ask sed ] Holy|doge M
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3 AT A 2719 F23 o)y A superox-
ide dismutases(SODs)®} hydroxy radical(OH - )oj]
o A5k &) mixEt Ho)7]- metallothi-
onein(MT)& 43l o]E¢] mRNA9 st}
paraquatdl] 9§t 558 FAsl w3)ole] HA2
et st

ched W Ly
1. HESE

LHUFES 4B nEYE R RE JAuge
&= AKR straingl R-1 AE B3 (F7)&E 29
ol ARSI AHE 24+4°C LA AEZ
H AlRS FRES vz B 5 9 sl
A AT BHE BF L 4, 8, 127719 e A}
&3t AE AME AR = e gss
FAY F(H2F)S 4vle], paraquat(Sigma)E
AAG 72 5ulE)E AMgElych. Paraquat: 64.3
mg/kge F7 W2 TG Fo] 2447k
& 4% dollo] gsle -70Ce HAsIIT
RNAE d3Y Jo F&38ld cDNAS 4o &
Hastgch. dgdae] QAL Felsp] e
127199 B3] oo 22 oA Qa1 Artom
& RNAE $%3lo] RT-PCR3 A2 %4 A
gl3igltt.

2. RNA2| 22jo} HFAl SEE4 el

1) & RNAS| &

Acid guanidinium thiocyanate-phenol-chloro-
form &Y 4S o] 83l & RNAE Be] 333
Aot A dHe ogn g 2348 2pks
PBSE 5 ¥ AA3 & M EAHAE W44 M
guanidinium thiocyanate, 25 mM sodium citrate
pH 7.0, 0.5% sarcosyl, 0.1 M 2-mercaptoetha-
nol) 1 ml& ol Wgfoz o] W 4& % poly-

propylene tubed]] &71 3 #iAd89 1 mit} 2 M so-
dium acetate £ (pH 4.0) 0.1 ml, <=3}8 phenol
1 ml, chloroform-isoamylalcohol(24:1) 0.3 ml&
gol E55t 158 ol o £} Ags
3,000 rpmollA 2087 YA Rejal] 4358 ARG
Corex® 8] HFEo &7 e z7he isopropanol
FHE HA -20Co0A A 147 o)A sy
th ol& thA] 10,000 gollA 2087 LA Balsie
@S RNA FHEd) ¥A8Y7 isopropanole &
o He & 20 147 WXIE F 10,000
g2 1587 RNAE AN} RNA I8
75% ethanol2 K& ¥, JHEL $E7 LA
AxA1A DEPC waterd] %%r}. RNA %% (10D
=40 g/ml)+ 260 nmoA Z431m(DUR 650
spectrophotometer), RNA $E& A260/A280
H2, RNA EEEE RNA 5 g8 Ar|d%sid
2859} 18S band&& 3elsle 2z A}, o]
oA AHeE BE ZAAEL 180°CollA] 847t o]
4 793 Tris, SDS ©]¢]o] RE g9 DEPC &
58 0.1%7 55 A2 F s34 59 4y &
gk 37 Edsii

2) ATAL-BEED AMHIS (RT-PCR)

First strand cDNA& 50 mM Tris-HCl(pH 8.3), 75
mM KCl, 3 mM MgCl,, 10 mM DTT(Promega), 1
U/ RNasin(Promega), 1 mM each dNTP, oligo
(dT)» 100 ng3} MMLV reverse transcriptase
(Promega) 200 U7} &% 20 ple] fodr] =
RNA 1 mgo 24 43318 PCRE 1xPCR ¢
F9(10 mM Tris-HC], pH 8.3, 50 mM KCl, 1
mM MgCl, 100 zg/ml gelatin, 0.05% triton X-
100)° 25 nge] RNA=Z%E 3495 cDNA, z+zt
] primer 20 pmole, 50 /M dNTP$} taq DNA
polymerase(Perkin Elmer) 2.5 unit?} 8% 25
p1e] wrgeHolla] Ajg st (GeneAmp PCR sys-
tem 2400, USA). AL 98X 5 1 Ciel [o-*P]
dCTP& w3 EfEo] A7lsldct. A3 primer
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Table 1. PCR Primers of Cu/Zn-SOD, Mn-S0D, MT and f-actin

Gene S&AS?

Primer sequences

Sequence region®  Reference”

Cu/Zn-SOD 5'-AAGGCCGTGTGCGTGCTGAA 2-21 El Mouatassim
AS  5-CAGGTCTCCAACATGCCTCT 247-228 %, 2000
Mn-SOD 5-TTCTGAGGAGAGCAGCGG 1-18 Sun %,
AS  5-TTCATAGTGCTGCAATGCTCTA 779-759 1993%
MT S 5'-CCGGCTCCTGCAAATGCAAA 47-66 Lambert 7,
AS  5-TGTACAACCCTGACCGTGAC 266-247 1996
Bactin® S 5'-ATGGATGACGATATCGCT 81-98 Benavides %,

AS  5-ATGAGGTAGTCTGTCAGGT

649-631 1995%

1) Bractin, PCR control (house keeping gene).
2) Sense and antisense.

3) The oligonucleotide primers constructed for PC

these reported sequences.
4) References for primer sequences.

R correspond to the sense and antisense based within

Table 2. PCR condition of Cu/Zn-SOD, Mn-SOD, MT and B-actin

. . . Size of PCR

Gene Hot start |Denaturation| Annealing | Extension

product
. . , - 72CAN

Cu/Zn-SOD 94°C, 30sec | 58°C, 30sec | 72°C, Imin | gy Sy 246bp
Mn-SOD 94C, 94°C, 30sec | 56°C, 30sec | 72°C, 1min A7) & 779bp
MT 12min 94°C, 30sec | 58°C, 30sec | 72°C, 1min 4Cd B3 220bp
Gactin | '94C, 30sec | 53C, 30sec | 72C, Lmin 569bp

¢} PCR 274& Table 1, 29} 2t}

PCR AR 25 pl23E] MT, Cu/Zn-SODS} Mn
-SOD A+ 74z} 10 plo} Bactin 5 ul& 42 ¥ 7
9% w]¥MA polyacrylamide gel Aolx ZHzt 71
=3lo] 2eladnt. A719%F F gel® WX F X-
ray B2o| =27 autoradiography& A3k
=2

3. BAIEM

A% Ak BF + EFEA 2 Uehie F 2L
27t EAAHQ A& Student’s ¢-testTHE
galgon p<0.05¢ 7% BAAA Feldol A=
RAeg 7F3AT

AT

2 AAE 1, 4, 8, 127098 F4 AFe HE
A2s 2 F F2¥ RNAEHE SODset MT
mRNA¢} 844 s=e 1, 4, 8, 127149 3348
#o] paraquat® Fod F 244170 HE 2] &3l
SODs¢} MT mRNAs¢] ¢84%& RT-PCR ¥4
oz A8t EAY autoradiographst Fig.
27} gt} Mn-SOD mRNA¢] a3 /defe] & 170
QoA 23] o] AZHAoU, €T B 5LA]
4R 116%, 874D 456% oAt L
12709l i 201% 2 8/HE FERT 2388 da
sch(Fig. 3). Paraquat XX %t Mn-SOD
mRNAE 1749dd 223 via 277% 2 84

— 583 —



— T.B. Lee, et al —
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Fig. 2. Representative autoradiographs for the
inducibility of Mn-SOD, Cu/Zn-SOD
and MT mRNA by paraquat in aging
process of lungs. Expression was deter-
mined by RT-PCR assay.

°1 —‘
—~v— PQ(+)

Ratic (Mn-SOD/g-actin)
~N w ES "

o w m w

Month *‘
Fig. 3. Steady-state levels of Mn-SOD mRNA
and its inducibility by paraquat in aging
process of lungs. Mn-SOD mRNA
mRNA levels were determined using RT
~PCR method as in Fig. 2.

3] S71eI o 4709 ol Tl 2o Hla) 23]
o Aadigon I sEE g gizE 4324
HERTH(Fig. 3). 12]2 Cu/Zn-SOD mRNA o]
P TR UI9SE 8HLANE ot 2otst
S WE 120e M 10 e v ma) 48% = 8] 8)

Ratio (CWZn-SOD/g-actin)

I

. . -
™ M &M 12M |
Month J

Fig. 4.: Steady-state levels of Cu/Zn-SOD
mRNA and its inducibility by para-
quat in aging process of lungs. Cu/Zn
-S50D mRNA levels were determined
using RT-PCR method as in Fig. 2.

Ratio (MT/B-actin)

Y T T v
™ am M 12M
Month

Fig. 5. Steady-state levels of MT mRNA and its
inducibility by paraquat in aging process
of lungs. MT mRNA levels were deter-
mined using RT-PCR method as in F ig.
2.

2283 em paraquat Ao °]& Cu/Zn-SOD
mRNA= 127099 A thz25} v]imA) 148% 2 o
BRIy 1, 4, $AYgM= Cu/Zn-SOD
mRNAZ} H8 fe=sx) goich(Fig. 4). 28y
MT mRNA¢| sg4efo] e 1, 4, 8, 127§ Lol A
2 AolE Holx] gfgton] paraquat Ao o]
MT mRNA & 1/]QollM thz2n 2 xjo]i= gi9jo
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- PQhn=4
2 PA(#.ne6

Ratlo
& - N & @ @& N -

I m@

Mn-80D CwZn-S0D MT

Mn-S00 Cwizn-SCD MT

Fig. 6. Inducibility of SODs and MT mRNA by paraquat in lungs of 4- (A) and 12-month-old
mice (B). *, statistically significant from the control (P<0.05) n, the number of sam-

ples ; Bar, standard error.

U 4, 8, 12709olM e thxTa} vl 24zt 205%,
396%, % 964% 2 AFe] F7 Hl#sle] AAS)
Z7ssct(Fig. 5).

olo} e Ay} dvht Al ASAE st
7 9EA 4193t 1209E A 4vkRlE diE
Fo2 &1 5vlald] paraquatE FoF ¥ 2447
Fo| HE A3l e HERE Ao ARE
=4 lsigch(Fig. 6). 471994 Mn-SOD
mRNA¢] 338 FE(FF+FFL)E 0.591
+0.0840]%).e1, paraquat FojAl 1.703+0.083
oz Z7std o $A%E e YA (P=
0.153). Cu/Zn-SOD mRNAE tj&3elA 1.703
+0.083, paraquat 5-ofFo|A= 1.437+0.1562.%
Fig. 39MA3 ot 2asdoh(P=0.184). MT
mRNA S tf=FdA 0.857 +£0.222, paraquatT=ll
HE 5.322+£1.0752 Fig. 494" Z718cH(p
<0.01). 1271994 paraquatel] 2}8f Mn-SOD
mRNA¢] 34 (B + ZFLADE 0975
+0.2759.08, paraquat $o4] 0.437+£0.155%
7tasled Fig. 39149} 22 ARE HAFIoY &
AgA ooE tH(p=0.128). Cu/Zn-SOD
mRNAE tZ=FoA] 0.94140.159, paraquat?d]
ME 1.108+0.14002 o7t FUksig o BAIRH
o]elE g1t (p=0.461). MT mRNAZ thz=7d
A 0.175+0.045, paraquatTl A+ 0.321+0.102
2 Z71ig o A8 9ol fAdrHp=0.241).

ols} o] Zzte) AFE FAAT AFH e &
Bl Qo Azpe Fzte e Hls=IiAeud
paraquatel] 2)& MTe| §5& A 9sine $A %A
o2 {93 xjol& HAFAE Rt

n @

Awk oz w3 ‘Uol& Tl wet FrdlAY
solo = AA7I5e BEAIGAHQ At Ag 5
le}. ojxY A7 AU Aolew x3ke]
o NS R E7A] B TPIE] ARE I o
A2 2o HAAEL A =3E 98 A Y
glo} A= vk AAF] of%t Atshy &Adol
w3lo} $HAR Fasithn Asta Yok 22
A EE oa] g Aska £4d| gt o7 e FpAlaL
olom sl &abm woir|del Ba¥oes st
&Ado] ZAo] dAlel Vel g dosAAT
A AH 2FH FEF AT rsAsER
ga¥oz Jghle Aol =3 AAstunh. £
AR ME 1, 4, 8, 12198 FAEF] FHxe
w374 % A 2Ed 2 SODse} MT MRNAs
o] ¥ekw} paraquatd] thg SODe} MT mRNA9|
=g ZARIAY.

a1 %<k xslel we] SODs} #A" e 77t
12itt. & Fo] HollA paraquatd] ¥ SHEAAE
2AlBEEY, 52 e de FAxg B4 3w
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ARt 83 & HY HollH 2ad SOD=
S Ao ARG o Flm BHELE WGl
hde #e F, 4~57199 A F, 247¢92 &
2 F9 Aol M Cu/Zn-SOD-L ZARE Z3l, Aels)
< #9 W Cu/Zn-SOD= 3& 7 B} Zghul,
o] F2 1old] wE SODeh Ao dlekn B4
Eo #§ Agolrh B A7 FHdAH SODs%
MT mRNA¢] &3} paraquate] 938l $252 %
Atk A3} #ofl A= Mn-SOD mRNA §&%0] 47)
Y5 AdEA ole} e Ak o)y ERA
FAAL A SODEE o) 4o] gl Alsla
&4e H WA doks AME AAR 8dshd
Mn-SOD mRNAS| @#] o] o] w3he] Ao
288 7Fs4dol AUth. Lopez-Torres 5% 7)g)
o] Zhth A3l SODe} 2o FAabsiA 7L f=xEA]
RO AJAREo] ol qtsiA| 9} sl zte] F
ol BAETHE -3t st

=glo} #lo] MTe} #aEdsia] Wormsere}l Nirdis
3,12, 24709 B #H] F=F T T w3}
Aol wet Hore] MT 5% 2AG 23,
TI=EE AXEA 2 g vasgle o 24 2,
10, 84 F7isigict. o]9} Zo] MT9] ko Ay
ol Z7letl® =l WalA] g & F Utk B A
TolME A8lA AE# A0 o8] MT mRNAE o
gol Fvigel wel tia Zasdort Mn-SOD
mRNA k= 2] Fgxcr wale] gut. olx
2 ZAAEE M E A% MT promotore] o]4o.2
A ERTR= MTe| 2de Zashd = 34
Hog dojdrin s, MTHAxLEe =3
&, W AaE, o TR Asdad oA
FEEE MTHAzEde #oshs AR cis-
acting elements, trans-acting element(MTF-1)

o} epigenetic elements(promotor %$]¢] hyper-
methylation %)7} Q. #ulop]g} gd3o] =7}
ShAA SODsot & gibslasrl 4xsx ger)
srizhe e usle) 37kz naE & slges
AlA 2 Cu/Zn-SOD & homozygous deletion

(sod1 -/-)AZ1-8H2] 7kfiA) MT mRNA7} 106}
ol T = 2HE W By B A
SOD¢} 22 gtslas Ui 72az Msla Ax
g Aefol Al MTHdoe] Srldo e Astd &4
o Wojxoz =4d 4 Qe Aoz W)

ol As FHsA, 3l A SODs¢=
w9 ool :=ste] Yl Atz =gata, uhdd)
MT9] F3Hl o] Asty ~Ed 26 sl
Ho] 98e ¥ /s S AARIFR Qi o)g) g
A= Aol ZF7igel wal Mn-SOD, Cu/Zn-
SOD, ¥ MTe] L&z} fx59 2jo]2 Qlsld ke
A AaFol % A3l £ Ao Ao)r} w3}
o] £xE AA3e e dAE AL s
Ae Rog FYziey,

2 o

AT

=3 WA AT 93 AskE &ofo] 35|
2o} 715 AslE xPEvn 39 Qo). B
AT 1, 4, 8, 12709 A4 AF ] oA uke
i ARF AR 27)d 83 L)z super-
oxide dismutases(SODs) mRNA ¢} hydroxy radi-
cal(OH - )oll &J3t 415} &=A4pe] nixju} wlolr]x¢l
metallothionein(MT) mRNA¢| #8k3} paraquat
d & Fr5e FAINT

-

e &g A EYolA  superoxided AAEH=
paraquatE F3 & SODs¢} MT mRNAs& RT
-PCR{ o2 &334t

A B}

B8 HY se] k3 2FellA Mn-SOD$} Cu/Zn-
SOD, 12]31 MT mRNAS9] P48 ke 2A}e
27}, Mn-SOD mRNAE 8/)97Hx)= Zr)sicdr}
1270l A Zasig o), Cu/Zn-SOD mRNAS=
d A §IT 1270 sl ey MT
mRNA £ oj= d¥e = W37} gt} Alsy ~E
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#28 §9sl= paraquatd] <3 Mn-SOD
mRNALE 4749 BE 554 ¥koH, Cu/Zn-
SOD mRNAY: #& f25A 9urt. MT mRNA
= 2338 A Ao A=A

3 &

w34 SODsfE5e) olato] ==3e) Ul &
Az ZAgala, dhEe) MTel A fegol A
31 22 s Yol G ¥ s A
AIZIL Qi) ole} Be Adke Aol FUH o
2} Mn-SOD, Cu/Zn-SOD, ¥ MTe] ¥¥a f=
o] ol Qlal] whgA AaFel o A &
Ae] Aol ol7t wmge] £x& AR I
Qzlz 248 7FsAdel 3lg Aoz AZd

TALe] g

B a7 zAY SR BedTH (2000d)9] ALE

ol AL

# n B ¢
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