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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 paraquat, 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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iors 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)

Key words | Aging, Reactive oxygen speices, Oxidative stress, Superoxide dismutases, Metallothionein,

Paraquat.

M OB

=3}e) 7MAE FA F /R E U =37t 4R
T AREYE RExl ZeaPd’el Axe)
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Fig. 1. Free radical theory of aging.
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¥ 9o E45k= extracellular SOD(EC-SOD) &
24, 7} SODES] Al U #¥7} dzo)
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4 AanF A9 2719 F2.3 Wo)7)-AQ superox-
ide dismutases(SODs)2} hydroxy radical(OH - )oj|
o AkslA &9 mixigt wol71A¢l metallothi-
onein(MT)& AA3le] o|5¢] mRNA9 gafa
paraquatdl| 23t 58 RAISI =3jole] AAE
THE 8k} .

et o
1. AESE

AYFTES Y& uE s gz Ry PJEse
3= AKR straingl R-1 AE AFH (7)) E &%
wol AMESIHTH AFE 2414°C PN AES
g AR FEES vRedE 9 £ JA s
A3 A2 BFHE AT L 4, 8, 12719 H& A
3t A AR AFY = AYYErE
T F(hx7)S 4vle], paraquat(Sigma)E
2123 & 5ul]E ARg-s}9c}. Paraquat:= 64.3
mg/kgg B U2 T3t Fo & 244710
HE 44F diojyio] gl -70°Coll B3I}
RNAE 4Fd Yol F&3ld cDNAS §4 F
2SI A¥Zoe] AEds B A
127049 AFA Heo =& Feix ga Zdzoz
HE] RNAE #3%3le] RT-PCRE AFE £4 A
g3t

2. RNAe| E2lo} oAl SHEA SIS

1) & RNAS| &

Acid guanidinium thiocyanate-phenol-chloro-
form F&WH“E o83l F RNAE £e F&3)
o A BEe ved 2ok 23E ke
PBSE 7 ¥ X3 & A ZIAES] WAdLA(4 M
guanidinium thiocyanate, 25 mM sodium citrate
pH 7.0, 0.5% sarcosyl, 0.1 M 2-mercaptoetha-
nol) 1 ml& o] mgloz o3 ¥ 41L& & poly-

propylene tubed] &7 & WAL 1 mlg 2 M so-
dium acetate 294 (pH 4.0) 0.1 ml, 5=3}¥l phenol
1 ml, chloroform-iscamylalcohol(24:1) 0.3 ml&
yol E33ta 158 ol d&9 7o ANEE
3,000 rpmoll A 2083 A Felsl FF& ART
Corex® f2 Frd 27 the 27k isopropanol
TEHE WA -20CAA Ha 1M7L o4 HAEIR
t}. o]& Al 10,000 gollA 203t A4 Eelsie
e RNA FHE #4483} isopropanols F
 go] 4L F -20ColA 1AIZE BR)E F- 10,000
g2 1587t RNAE AY93A AT RNA AAHES
75% ethanol2 A& §, JAES FE A4
A%AA DEPC waterd] =¢itt. RNA 5%=(10D
=40 g/ml)= 260 nmo)x ZA3s2(DUR 650
spectrophotometer), RNA <x& A260/A280
2, RNA EEEE RNA 5 g& A79%58K
2859} 18S band&-& Rlsl 24zt A3t o]
AolA AHE BE 2ZAEL 180°ColA 8417L o]
A 793 Tris, SDS o]9)e] & &9& DEPC &
T8 0.1%7} H=& A2 & 29 5U¢ A £

3%+ Z7] g

2) AEAL-Selal odfekg (RT-PCR)

First strand cDNA& 50 mM Tris-HCI(pH 8.3), 75
mM KCl, 3 mM MgCl, 10 mM DTT(Promega), 1
U/ RNasin(Promega), 1 mM each dNTP, oligo
(dT)» 100 ng® MMLV reverse transcriptase
(Promega) 200 U7} 3 20 plo] &<follx F
RNA 1 pgo25E 4319t PCRE 1xPCR ¢
24 (10 mM Tris-HCl, pH 8.3, 50 mM KCl, 1
mM MgClz, 100 gg/ml gelatin, 0.05% triton X-
100)9] 25 nge] RNA2XHE 45 cDNA, 4%
9] primer 20 pmole, 50 (M dNTP¢} taq DNA
polymerase(Perkin Elmer) 2.5 unit7} &4% 25
wlo] wgAqoa A TH GeneAmp PCR sys-
tem 2400, USA). A3kS 9814 5 1 Cig] [o-¥P]
dCTPE W& E3EA HA7lstdth. AHE-& primer
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Table 1. PCR Primers of Cu/Zn-SOD, Mn-SOD, MT and Sactin

Gene S&AS?

Primer sequences

Sequence region¥  Reference”

Cu/Zn-S0D 5-AAGGCCGTGTGCGTGCTGAA 2-21 El Mouatassim
5-CAGGTCTCCAACATGCCTCT 247-228 5, 2000®
Mu-SOD S 5"TTCTGAGGAGAGCAGCGG 1-18 Sun %,
AS  5-TTCATAGTGCTGCAATGCTCTA 779-759 1993
MT S 5-CCGGCTCCTGCAAATGCAAA 47-66 Lambert %,
AS  5-TGTACAACCCTGACCGTGAC 266-247 1996%
£ actin® S 5-ATGGATGACGATATCGCT 81-98 Benavides %,

AS  B-ATGAGGTAGTCTGTCAGGT

649-631 1995%

1) B-actin, PCR contrel (house keeping gene).
2) Sense and antisense.

3) The ohigonucleotide primers constructed for PCR correspond to the sense and antisense based within

these reported sequences.
4) References for primer sequencess.

Table 2. PCR condition of Cu/Zn-S0D, Mn-S0D, MT and f-actin

. ] ] Size of PCR
Gene Hot start |Denaturation| Annealing | Extension

product

. : 72CAS

Cu/Zn-SCD 94, 30sec | 58C, 30sec | 72, 1min 5E7L uke | 246bp -
Mn-SOD 947, 94, 30sec | 56°C, 30sec | 72, lmin A7l & 77%p
MT | 12min 94, 30sec | 58, 30sec | 72C, Imin | 4Co} ¥ 220bp
F-actin 94°C, 30sec | 537, 30sec | 72°C, 1min { 569bp

¢} PCR ®=7<& Table 1, 29} ).

PCR 2+ 25 plz2588 MT, Cu/Zn-SOD2} Mn
-SOD AME 74z} 10 pl9} Bactin 5 p18 4L 5 7
% B]AA polyacrylamide gel AdA 2z A71g
il EElsiatt. d719% ¥ gelE® 1R F X-

ray g9 %=&A)A autoradiography & AJ3314]

) + 79 ez Ueiig & 2
B7re] BAAel e Student’s f-test¥PH & o]

<0.05¢9] 735 FAIHL Feldel e

*
2
lo
e
o

B odpalAE 1, 4, 8, 12719€ A B2y FE
A&l 2& & %3 RNAZHE SODs2}t MT
mRNA2] A =9 1, 4, 8, 12709€ B4
#9 paraquat® St & 24471 HE H&s}0]
SODs¢} MT mRNAs9| 238352 RT-PCR 9
oz &A319 ot thEA ¢l autoradiographs= Fig.
23} 2t} Mn-SOD mRNA9] g4 A e] & 17
oA F3] aiFto]l AEHAY, HE ¥4
4740l 116%, 871HA 456% ]t Tejyd
12499AE 201% 2 8AY R 288 a
sl (Fig. 3). Paraquat X Xo] 28t Mn-SOD
mRNAE 19 A 223 vinr] 277% 2 84
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1 Month 12 Months
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<4 P-actin

4 Cu/In-SOD

Fig. 2. Represeniative 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.
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Ratio (Mn-SOD/g-actin)
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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 F7HIou 404 o] T g vls 23]
B Aadien O g=E g dxF 89
HEFH(Fig. 3). 228]1 Cu/Zn-SOD mRNAZ]
g3 e UIERE 8L ot 718t
- T} 1270eM = 13 BEA] 48% 2 EA T

3.0
254 —e— PQ (3}
y —v— PQ(+}
g
§ 204
<
)
o
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Q
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b
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Fig. 4.: Steady-state levels of Cu/Zn-SOD
mRNA and its inducibility by para-
quat in aging process of lungs. Cu/Zn
~-SO0D mRNA levels were determined
using RT-PCR method as in Fig. 2.
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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 Fig.
2.

ZAslgiom paraquat Xz 9% Cu/Zn-SOD
mRNAE 12190 djzas) vEA] 148% 2 oF
7 Z7keu 1, 4, 87499 Cu/Zn-SOD
mRNA7} 28 §554 @dch(Fig. 4). 22y
MT mRNA2] sAAEe) & 1, 4, 8, 1271€dA
& xjol& Rolx ¢gkon paraquat XAl JF
MT mRNAL: 11904 dzas & 3ol ge
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Ratio
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Ms-SOD

qwCuIanSOD L

Mn-50D CwZn-S0N MY

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.

w4, 8, 1278 oM e tizea) viar 47 205%,
396%, 3 964% = AR T HlHsle @A
ZF7rerd v (Fig. 5).

oje} e Ayt duh} AlAAC] Us=AE BRIt
7] A 4719 127099 AARA AvjelE gz
T2 81l 5ulgjol] paraquatE FoIdt § 24471
ol A& HEsl 27 dE2HE dojxl FnE
24 Aot (Fig. 6). 4701€94 Mn-SOD
mRNA<2| s = (Fd + EFEA) = 0.591
+0.0840]9) e, paraquat FodAl 1.703 +0.083
o2 Frtstdov BAEY o= gt (P=
0.153). Cu/Zn-SOD mRNA¥= =M 1.703
+0.083, paraquat Fodojal= 1.437+(0.15602
Fig. 391X 8 ot 2asidti(P=0.184). MT
mRNAX tjZ=FA] 0.857+0.222, paraquatol}
A= 5.8322+1.0752 Fig. 49|AE Zrlsldth(p
<0.01). 127094 paraquatel] <& Mn-SOD
mRNA 9] e F& (3 + EF22H)+ 0.975
+0.275901, paraquat §ojx] 0.437+0.1558
#Hasle] Fig. 3elM9) 2 Ants HoFioy ¥
A oo @leh(p=0.128). Cu/Zn-SOD
mRNA+& tZFA] 0.941 +0.159, paraquat o]
e 1.108+0.14002 7t 7183 ot A 3
ool= Qi (p=0.461). MT mRNAE oz
A} 0.175+0.045, paraquatFolAl= 0.321 +£0.102
2 Frreta oy A8 9ol itk (p=0.241).

ojg} 7o} Zj7Ve) ARE FAAE AR AE F
slo] doid Az 7] e Hmsiglon
paraquatdl] &3t MTe] f-&& A|¢jslaiys B4 3H
o fo% xo|& BAFA = Yk

n #

Autmow wshe “UolB il weh FrolAu
Frolo = AA7 e BIAA Ak ek geld
ot o]}Y <zt FrelA FoloE w3e] 9l
o tisiAE AR Be S| AR glon
A7 we A TAl wshs $2) BolM 9]
glo] WAEE whed Aagd] 9% 4shE S
wajel S ARd Fashn Az k. 2y
AT o)) e A5k A e wol71d e TR
glom A &4 Wolr|de] BRdos AsA
2o] ZHo] YAd] Ve Awe dosjHxu
BA 7 AA 224 2AE0] AEe) 75 sheks
FHGoE Uehks Fo| sz Azstugich &
Ao A= 1, 4, 8, 127099 ARAA Holl4g]
w3l E AEad A~EHA SODs¢t MT MRNAs
9] 3ekat} paraquatd] thdk SODe} MT mRNA ¢
fE%e AT

2 ok w39} o) SOD¢} FEE OE ATy
A & Ao HelA] paraquatel] thE SHa S
2, 5 A e A} 44 AR

# 3

2
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ATk, I8l & Fe] HdA Eeld SODE
&S Fo ARG G ol BHEE W
hge e #, 4~599 42 #, 24199 &
& #9o] #oA Cu/Zn-SOD-& ZANE A3}, At
& #9] B Cu/Zn-SOD:= 5 # B} =gl
o] F2 vold ulE SODT A Flafu} 24
T #g Aol B AtoA HollA SODsg}
MT mRNA¢] ¥} paraquatd] 2% $5%& %
AVe A3t Ho 4= Mn-SOD mRNA §250] 47
HRE AMEHAT. o]9} 2 A= Uo7} EHA
At A SODEA o] o] WA se] 4kl
F& O WA Bue AREE AR e
Mn-50D mRNA 2] 9] o]/4fo] :3le] flgloz
8% 7bsdo] dt}. Lopez-Torres 572 7)4a
o] b} Aol SOD¢} 22 gatsiAl 7} R EEA]
O™ XARgo] Fof gatsiAle} gAY 7Y
o] FEFHE -l 3.

w=3lo} o] MTe} #EsiA Wormsere} Nir®s=
3, 12, 24704 9 A4 Fl=FS FAT & =3P}
el we} Foxe] MT =g AR 43,
N=ge AR B2 A vEsges o 717 2,
10, 84 F7Fatdth. ol9f ko] MTe} fuse 7
o] IVt A WA Fee E F Uk B F
TFollAE AalE 2EF 20 o8] MT mRNAE &
ol F7lel wet ta Zasid ey Mn-SOD
mRNA k= 2] Aoz ddo] =t dAH=
2 FAASE AT\ A% MT promotore] o]Ato =z
A ZETE MTe] dde fhashd fos 84
Hog Yojdria A MTRAALHS F5
&, W3 AaF, oY TR 2EHA oA
AT MTHAEE #BAshs A cis-
acting elements, trans-acting element(MTF-1)
¢} epigenetic elements(promotor £%]¢] hyper-
methylation )7} Qlo}®. Eutohe} dAFe] F7}
3PHA] SODs¢} 22 itslasy) f=
sfrlegts 2 datsiAle] F7i2 2" § dohte
At 3t Cu/Zn-SOD & homozygous deletion

iy 2o

A ore

(sod1 -/-)XZ1 832 ZellA) MT mRNA7} 106)
ol 7l = g vE B 2 AfiM =
SODe} ze halslas W 74g 48y AE
g2 Aeiolr MTEde] T7go =M Asts &4
o Wolzloz Aad 5 glg oz AAH.
ol4ke] ABE EFePH, wsladA SODs&=
5o olae] =3le] Ul QAR ALk, whHd
MTe] A4l fxo] 4t AEH 2 tfslo
o] ke & rhed e ARSI Q). o9} 2
Axpk= Aol FUigll @l Mn-SOD, Cu/Zn-
SOD, ¥ MTe] &dy} fel 2oz Isle] vhg:
g AaF o7 Al i) Hme] xolr} =gt
9] £v8 AA e e Az 2ALE ThsAol

Ae Aoz Azt
8 <%
ATl

=313 dhgA Aol o]t AtelE &Ago] FHAE
A 7)5e] Asiz zddrkn 2990 o). 2
AollA 1, 4, 8, 1270€8 A4 A HoA g
A Ak AR 2719 F83 Woir]del super-
oxide dismutases(SODs) mRNA ¢} hydroxy radi-
cal(OH - )l &3 23l &4te] wir|dh ®of7de]
metallothionein(MT) mRNA¢®] <3} paraquat
J 9% =g AT

I

AglR=ae A ZUoA  superoxided A=
paraquatZ Fol8t & SODs¢} MT mRNAs& RT
-PCR¥ o2 Z43}9t.

4

BRA] Fe] »=3lAdA Mn-SOD¢ Cu/Zn-
SOD, 18]3. MT mRNA¢2] Ak ks 2A)e)
A3, Mn-SOD mRNAE= 8/He7A= F71sitizt
12994 Zasigdert, Cu/Zn-SOD mRNAE=
2 w3y} gl 127099 Zasigct. 2eiu MT
mRNA = o= o= a7t glsdrh Asd ~E
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Y25 #US= paraquatd] )] Mn-SOD
mRNA«;; 4719 FE fEEA ggten, Cu/Zn-
SOD mRNA+= #8 #55A ¥94tl. MT mRNA
= BET A AHNA {EHA

2 B

=874 A] SODsf=%<] o)) =3}e]
AR AgstaL, v MTe] A48 %
3 2Ef 20 sl Bo] 488 & J)F )
ARl Qlth, o] 9} 728 Awl= o] Frig] ul
2} Mn-S0D, Cu/Zn-SOD, 2 MT¢ ¥ &%
59 Aol2 sl vk AdAaFol gt A3l &=
de] Axo] Aot ksle] $EE AATh: higl
AR 28T 7HsAe] e Foz AZEr

e

2o
(A2

o]

ox 01[' (o
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A= 2AY e SaedTH (20003) 8] YL
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