=LA R] 26(5): 273~280, 2003

N R #otel FE EE8he diriplex gmelini(7F=7R5 A0S & WAdol 3ist &40 4571 4% A
A7ME 2] 98 % 59 & Ao I3 IANIALE & st a4 A U E 28
At A gmelini= 100 mM NaClA 2] 2ol A 718 £2 AE ASHHONR T 116%) 2 HF ) AFS B2
™, 300 mM NaClA g0 N E A FEFF AZF T4E HojA Fot Fo e 52 WS X
th @717H2, 49)9) @ HEA 9% g 5 o] w2 FvFmI(SAEE)S] S7h FoFm(EEH LA R)
9] 7+4 % SOD, APX, GR3} 722 4kl G49] 84 Z718 vehllo] 28133 2EH A T2 443} o]
A2zge 48 Holx gl 121t 400 mM NaClg A2 § 459 7$, 82 o) 2740 mM NaClyoj 1]
& =2 Al EA BAZHSOD 171%, APX 114%, GR 134%)& B QA9 A ALY, E7) 242 30%, 16%)
2 TEE Qo 9% B4 ZA%AE YEidd. TEAE HOAAY F28 48S g & tE
FA9) CATY #Ae] Fol) 23t WE 7H24(200, 300, 400 mM NaCl A&} 78} A$ 7zt HRTF2 38%, 22%,
15%)5 B, A gmelini= gl 23 AAE A2 A A} HE U0l ascorbate-glutathione cycle] APX,
GRo| 8% AFg st Ao Azdd. Jev, 4 A8 6Y ¥, FvFm3ke] 4, FoFmgte 571
2 s} 549 BAAAE B F88E A £ Fas PN A Y &4 Ve AT 4 gmelinic
a7k g MG A 2, 4d)A, doll g8 FE ROSF 7 tja FAtst A2 e 84 F3E F3
FEE o|FATL, 64 o]} A& doll el FAst B4 GA7AGL F3HEH &R AP
ROSZ7IZ 48Hd ~E# 27} fdEe R22 GAZ

HMof: Qr ey~ 88l 83, Awiplex gmelini, APX, CAT, GR, ROS, SOD

peroxide, hydroxyl radical, singlet oxygen %©] $ATHSmirnoff

M E 1993, Gossett ef al. 1994).
HEZ W gEA 9 nEZC ol BAMNAS
A

F2 AXLIEOIN, D E4NLTE 3T

Korean J. Ecol.

2

2 Z& Welste thefst @A JalA g4 AEY 9
ol AHs] ek A2 s FHLEH X FoAM] 4 E
A d 54 2 33U 717 #F3 F4o] Frtsta e
o}(Shalata and Tal 1998), &4 A~ Ed 2o 2J% A& Aol7} &
HAAZ ] A o5 A AsE Akl 712 JAg A
AL A= Aoz A#R AL UrHAlscher ef al. 1997, Asada
1997).

AR 2EFAE AEA U 55 Na', G o] 29 93
24 zZH8, tdl2 2 £ 7Y 33 HYS g
o2H AAE JAE, AN E T3k FelMe Ol
g CO.9 vl &S #HAATH, CO,2EE Ase AR &
#H A 9 tHGreenway and Munns 1980, Marschner 1995). ©] &3k
2L ARAGAANAN FAEY AARES AAFoEN &
M AL AZ(ROS; reactive oxygen species)S A&, AE5Z3
g MAEE F2 GANAZE superoxide radical, hydrogen

L FA 9] AEEFEVFm)S 24A712, AZLE TS FA43
3}, endonuclease ¥ endopeptidaseZ AN DO ZH FAA}
(DNA)S} S 3S k33 o2 9 ek Casano e dl
1994, Foyer et al. 1994, Hagar et al. 1996).

meb HEES AW BYVLTA AT 45 £4¢ o
71948 &A= sHaksl whe]7]ZHSOD, Superoxide dismutase;
APX, Ascorbate peroxidase; GR, Glutathione reductase) = A&z}
9] 3}At8} E-A(ascorbic acid, glutathione, e-tocopherol)S &3}
3. 9JtH(Nakano and Asada 1981).

Ao g F WAEL o] FEZHEA Yo 84
S 7HA B ol A4 0 g ROSE Al ASE ¢ v 3
A48k A2HE AT Qe e g g8A UrHRout and Shaw
2001).

Atriplex gmelini7Ve A5 o)ye Bolrae] AF2E, Ami-

o

3}
A
T
A

o
il

Vo) mRo gzl B2 7] 2 dFR01-2000-000-000660)4 4 0.2 53 =] L.
’ Corresponding author; Tel: 82-53-950-5348, e-mail: jinibac@hanmail.net
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plexdro] &8t FE9 FE2
T AEEER XA, AMAT € HEAE T AHFeR
g @70 2 2xdch & AR 4 ug
EH9) gle @HE(salt-hairs)dl]l e 95 83 wEd=
7123 HFE2EEZE glycinebetaine ©]&-3t= AT H 57
S Ze T HEEo IFE dd gsxx Aol A=A
% S gAS(halophytic speciese)2.2 4 & ATHWyn Jones
and Storey 1981, Reiman and Breckle 1988). tHE &) o2 A
halimus9) 7%, 600 mM NaCle] =LA E A& Ao
a2#A UrhBajji er al. 1998).

A £ ATE B39 AW R YA F2 BE
= A gmelini7} ol AL B ExoA A5y AEHAI}
FEEHEME AR, & JE vk wE ALY %
SOD, APX, GR3#} 72 8 irsl 49 EAuslE =AE
OS2 A gmelini®] G WA T 833 A2 7he] FHBAE
L b e

. M
o

ME A Yy

=

2 A9 Age gobrH 3 fA7HE vES E
9] gdgg W= A F2 BIE &= Atriplex gmelini CA.
Meyer(7Fe g4 oD E ol &3t Ath

MsxA 9 Ml

FU% AU 242 N, ZF 5o 12417 BT} 3
$A7 % ASAKlightdark of 12/12 h at 30720 C, relative
humidity 60~70%, 280 pmol photons m™ - s™)ol| A WrelA)A A4
EE AL SH2YTEF A 10X Fol15em)el 0] 435121,
607} Hoagland S22 A &3 ohg 79T AAE M3
o] 0, 100, 200, 300 2 400 mM NaCl& 2} 278 & 100 nl/pot
-day 697 FHIAT RE Age SHELE Ytk

8 3 YYEN

g 22 2,4,6% F 74 Ay D SAAY e
& A2BAAEHE A8 o 05 g€ JAPLE YFAxs
-70Ce ¥Eid BAstgon, AFEHE A5 AEA
7k 71 3E R Bdte, 4FE AT F 70CAA 3d
zste AL 23k o5 Ao g3 FEFFE
sHA

rsL‘

whe ri mlm v

s
N

th Al 2848 %) = (fresh weight —dry weight) fresh weight X 100

!

AN FAsE&S 543871 A8l PEA(Hansatech)
£ ol g3t AoAM 2087 ¢ AT F N1EFZ(Foe
T, EEE ZAEE Ao FFFmye 78 F FAN

AN GEA A26H ASE

o] FAELQ FvFmytd AEH A AEQ FoFmgte A&

YT

HEY AEE 05 g8 AFste A HA L o) A £
2 B3 & F5 932 A(Superoxide dismutase(SOD); 0.1 M
K-phosphate (pH 7.8), 0.1 M EDTA, 1% PVP (w/v), 0.5% Triton
X-100; APX(Ascorbate peroxidase), GR(Glutathione reductase),
CAT(Catalase); 0.1 M Na-phosphate, 5 mM ascorbate, | mM
EDTA) 700 @& ¥o] 2§ o] 4CoA 12,000 rpmS Z 20
7k 23] gAR e, 35S olgstd A4S A7
4% 2 @de AFAT

Total soluble protein®] A ZE Lowry F(1951)9 £3 BSA
(Bovine Serum Albumin}E ©]-&-3t EFE4] o] F3tef ALratdtt

EAMMSY A MIGE

SOD 84242 Beyerd} Fridovich(1987)] 2]t NBT(Nitro-
BlueTetrazolium) 3-9HHH-S 0] 23197, SOD one unity 560
nmel| A NBTEHol| oJ3] =5 = SOD&4 2 50% Fago=
Lhehn i

SOD9} isozymes2] ¥2]& 30% polyacrylamide gel’dollA 2}
lanevlt} EAFFA L AF@ste] Y& T 120 VoA 3027
loading3t & 150 Vol A} 10A)7} running3tg o0, & A@ZA
2 4CE RA3Gth SOD isozymesE FA37] sl pre-
staining solution (50 mM K-phosphate buffer (pH 7.8), 28 M
riboflavine, 28 mM TEMED)¢l] 3 mM KCN (CuZn-isoform®-& ¢}
A) == 5 mM HO; (CuZn-isoform3} Fe-forme] LA AANE ¢
o] 25CE FX3PAM 3087 o ZAA wjFd F pre-
staining solutionoll 2.45 mM &) NBTE ¥ 73 Lol A 2087+
WAzl 3 2842 HAs Y rHBeauchamp and Fridovich
1971).

APX$} GRY SAZA L Jimenez et al(1997)8) W& o] &
stol, APXBA(e =28 mM'om")e H,0.87HE & 10 mM
ascorbate®] monodehydroascorbate ©. 2.9] Ak3}o €8k 290 nmel]
A9 E35Ae WslEs GREA(e =62 mM'an')e  GSSG
(50 mM oxi-glutathione)Z#] 3lol 4] NADPHS] NADPZ 9] 2t3}
olojg 340 X9 FFFA FAFE FFFEA(Shi-
madzu UV-VIS spectrophotometer 1240)8 ©]&8}o) 287 43
o, 7t &4 B4E DA FHmg protein)ol thal A
ot

APX one unitx= 187F 1 pM9) ascorbateS AMEIA]7] &4
9] ¢k GR one unit= 187 1 #M2] NADPHE A3 7)=
29 oz Felasrt

Native gelsel] 28 APX9] isoforms®] E4 2 SODY} &4 gt

ZA9) 30% polyacrylamide gelZ H7]9E3I¥th 50 mM Na-
phosphate buffer(pH 7.0)2} 2 mM ascorbateS 0] 3027+ ulj &t
& =242 H38le] 50 mM Na-phosphate, 4 mM ascorbate 2

2
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2 mM H0E BX 2087 WFd F SRTZ AR A3
3, 50 mM Na-phosphate, 28 mM TEMED$} 2.45 mM NBTE ¥
A SEZ A Hol A s SRFE oAF W AHA

CAT(catalase) 843 %4 (e =0.04 mM cen”) 50 mM K-phos-
shate buffer(pH 7.0)l E272 804 & W& ¥ 30 mM H0,
& E3to, 240 nmoll A 223 CATS 9@ HO, F4E U8
T35A 9 A83E SAstel EUAYH(mg protein)ol] i3
A28 tHAebi 1974).

g1 % a¥

A. gmelini(7Fe A5 A 09 A& %2 300 mM NaCl7hA] ] A
oM T v A% F7HE Bon, 100 mM
NaClHE A 71 2 A A 116%)S el
T}, 400 mM NaCl8] 755 A0 QAT 84 9, £719
AEgFo] 7ol wa) 77 30%, 16% Z4E 2o G o
3 22 WS BYFig 1)

A gmeliniZ EFsto] Atriplexdo] &3te BE 25
2 d BF F A HEER gFEo] 99 uig
A 9 F(salt-hairs)ol] TFEZE G- 5250, glycinebetaine S
oj&slz AFERA Fol ¥EiA oH, el IF=e ¢
o gei Mz AAe] AW HA g & YA Z(halophytic speciese)
o BEAS BoE & A3 4 gmelini®] 3% 400 mM
NaClo|3le] & FEoME AAZAE HolA] %= & WA
o A EAE BoFAtHWyn Jones and Storey 1981,
Reiman and Breckle 1988).

4 gmelins 9% § ST BE FEFRE HolF Wl

° @ lor
g
(R

o 2 N

1.0 ¢

Dry matter of shoot (g/plant)

0 100 200 300 400

Salt Concentration( mM NaCl)

Fig. 1. The effect of NaCl concentration on the dry matter(g/plant) of
shoot( O stems; ®, leaves) in A gmelini after 4 days of salt
treatment. Vertical bars represent +S.D. of means (n=5).

bR el A 275

dorony, AEFe] #AE HIY 400 mM NaClA g FoME
AR RS ZAE Holx Yof R 4§ FEuld o
a AN LA FETFFS FASUHFg 2). 2% F LE
Yie FARE WACE Asd AEHAE op)dle ALE
dHA e, olEL BF FE2¥UE R JHd ¥
CO0l 83} BHAE TaA7H, EAGA Y ROS £3 S &
AFOEN AAHOZ A8 H AEHAE fdste 202 ¢
#HA 2 tHBowler ef al. 1992, Smimoff 1993). 181} ¥ A9
S, A gmelini'= @ Aol 3] AW FEFF] TAE Ho
A 9ol 400 mM NaCl®] Y55 @ A FolA RAFd A&
T AAE FRAHYN 98 A5 A ofd AoE wn
gk

AES AEYAE BE o FANY F85H 840] A
53, 98 4a9 3F kinetics7} W3S EE, Fo/Fmgre 2EH
29 ARE o]8E 4 UrHGenty et al. 1989).

A gmelini®] 7%, @ AT F 447 AE FANY A4S
(FviFm)9] 57} & FoFmgte] a4 Be FPA4H 589 A
2 98 2EHL Pde BolA FRo, 49 o F FvFm
e 724 2 Fofmzte] 718 B, goll o A 1544
2 el Q4 &4 7HEAE BT, o2 QlE AE
Hl 2o o3 719 AR A FHo] A PLEHN A3H
2B 27} fEEAS Aoz AzhdviFg 3).

ofof ukal A& ] F 24417k ol o] bS] A& I
T 9(1,000 mM NaChol & E-13}F Fv/Fmgts} Fo/Fmzro] 33}
84 AE A A BolA] gof @17 F Faol el
ALY F3era a0 5L +AAL B rHdata not shown).

st T | Aelel akE S0DS A g4¥E 2 A
7] 29 %9 7} isoforms®] &4 Fig. 49} Table 10] el gich

o
=

100

o0

Water content of shoot (%)
(o]
o

60 1 1 i

0 100 200 300 400

Salt Concentration( mM NaCl )
Fig. 2. The effect of NaCl concentration on the water concent(%) of
shoot( O, leaves; ®, stems) in A. gmelini afier 4 days of salt
treatment. Vertical bars represent S.D. of means (n=5).
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Fig. 3. The changes in a) quantum efficiency(Fv/Fm) and b) stress

index(Fo/Fm) of PSTl of A. gmelini in a various salt levels.

<mM NaCl>
+0
— 180 ——100
g 150 } 4200
8 4 300
3’6 120 } —%— 400
> L 4
= 90 »
S
o 60 F
2
2 30}
o«
0 " " ’
0 2 4 6

Days after treatment
Fig. 4. The changes of relative SOD activities(%) on a soluble protein
basis in leaves of 4. gmelini on 2, 4, 6 days after NaCl treat-

ment.

A. gmelini= A BAZ P FAREHA 4 A § 2
E FujolA] SOD &4 2712 H9.2H, 300 mM NaClel| A
A9 GA(HRTY 164%)< BATh 400 mM NaClx &) ol
HE i Zasgoy J4s dz7 B 52 FA(131%)
£ Yepfigied o) A% Zasitrt 4 A 68 FlE B

L3y

A A A 26A A SE

opy

Y

Table 1. SOD activities of total(mean+S.D.) and individual isoforms
(Mn, CuZn-SOD) in leaves of 4. gmelini in a various salt
levels on 2 days after NaCl treatment

Salt Conc. (mM NaCl)

0 100 200 300 400
Total SOD 5833 6858 7940 9578  76.12
(U per mg protein) +4.05 +2.04 +474 768 532
MnSOD(%) 33.6 34.8 346 27.1 30.7
CuZnSOD(%) 66.4 65.2 654 729 693
CuZnSOD/MnSOD  1.98 1.87 1.89 2.69 226

T g ATFAA dE2F olste] &3(2F 50%)& Uehh AT

SODE Astd AE# 2ol )@ 3Aks) o] 7]3e] $lof A
Ha] oMo ALl 42 27) 43kd AHEQA supe-
roxide radical(0, )& hydrogen peroxide(H,0:)9} oxygen mole-
cule(On)E ASA I 15259 S 37179 4 isoforms
7k @21A Y=vl, CuZn-SODY) 7% BE A EY A £
F2 EA8LL, Mn-SODS] 74+ VEZEo] T1e]X Fe-
SODE FEA A &A= SR dHA rBowler ef al.
1994). ©]Z isoforms= A XU YA€ BT #5t o} o] 57
o F3 L] F8A4 0] total-SOD B0 2+ BEHA 7]
ool 2z} isoformsol] Wg 4] A7t F2E u|E 7L

PAGE #4283} A gmelini= 152154 g& A 3714 iso-
forms 7} Fe-SODE #] 93 CuZn-SOD(6 bands)$} Mn-SOD
(1 band)E F43lgom, F9Q isoforms= EL &4 742 Bl
CuZn-SODE ZAtE it EW3 300 mM NaCl oAt I¥ %

£ Z7ME Mn-SODe H|& CuZn-SOD®] &47%3E F
& total-SODEA 7ol £712 FE38lgtiTable 1). 184
Fuje] w2 A9 zto]7} gelAdollHE Bolx] %skrhFig. 5).

-  Mn SOD

- 1 CuZn SCD
— 2 CuZn SGD
- 3 Culn SOD

- 4 CuZn SOD
— 5 CuZn SOD
— 6 CuZn SOD

400

0 100 200 300

Salt Concentration { mM NaCt )

Fig. 5. Separation of SOD isoforms on nondenaturing activity gels
from the leaves of 4. gmelini during salt stress. In each case

200ug of protein per lane was loaded.
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SODo| oj3 A E HOE tes] §Hggol ¥ 844
Z02 DNAY W33 JEH AEZvl ¢ thiol-contain-
ing enzymes®] BT € Gl S HIAA NFRHE T
o, APXSAA 2HE FEde Ao g 4HA Y chCharles
and Halliwell 1981, Levine et al. 1994, Hagar et al. 1996).

webr] A& d WA H5AM SODZ3 FAl HOg
AAE 4 gl& APX ¢ CATY &4 377t 528 9ujg 7}
Z| tiScandalios 1993).

Fig. 63} 7& APX<] 84% 3} & PAGES) 9} % isoforms<) 2
Hoprhe HoFc) SODS fAISHA g Aol A% 849 F
7+ Roltrt A% asted A 69 Fol= LE AT
WEF o8ty 844 Yepided, A 29 & 884 F71
£ gel AjA BedxE 283} 19 isoformse] H&H73He A
4g M Aoz 4.

HEZO] G B0, AAN 2 UL S E49 £F

<mM NaCl>
~ 180 -9
g 150 oo
x —&— 200
3 120 — 300
z ~%— 400
2 90
Q
o
g
8
e 30
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2
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¥ 30}
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0 100 200 300 400
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{b)

Fig. 6. a) The changes of relative APX activities(%) on a soluble
protein basis in leaves of A gmelini on 2, 4, 6 days after NaCl
{reatment.

b) APX activities(unit/mg protein - min) in leaves of 4.
gmelini in a various salt levels on 2 days after NaCl treatment.
Vertical bars represent +£S.D. of means (n=5).

tedsgels) add 277

0 100 200 300 400

Sait Concentration { mM NaCl )
Fig. 7. Separation of APX isoforms on nondenaturing activity gels from
the leaves of A gmelini during salt stress. In each case 200u g
of protein per lane was loaded.

o] x}o}& Bo)=u), Scandalios(1993):= SOD% CATE 714 &
A3 s F28 RIS I3 A gmelini®) 739 200
mM NaCl o}/d¢] ol <& -CAT B4do] F43] 74200, 300,
400 mM NaCl #2179 A% 747t 239 38%, 2%, 15%)st
T, ol AL g 2EFH Ao s {urd Ak AEH 2o o
g wei7|Fe] CAT/ZE € Q8-S A %t Aoz 4zdd
(Fig. 8). 4. gmelini®) 7% CATE.t}= APX7} SOD$} 23 E o]
Fol aHHoR AFPOEN 9 2EY 2 g3 448 O
S} HOE AlAste A1 &40z 8E AEE HEde A
o7 AZET CAT Bohes H:04 98 549 Al A APX7}
Z8% 98¢ dge FAE A77 Ack(Benavides ef al.
2000).

GR(glutathione reductase)S Az<=8-2) & NADPHE ©] -3}

7501
600
450

300}

150}

CAT activity (unit/mg protein-min)

0 100 200 300 400
Sait Congcentration ( mM NaCl )
Fig. 8. CAT activities(unit/mg protein - min) in leaves of 4. gmelini in
a various salt levels on 2 days after NaCl treatment. Vertical
bars represent +£8.D. of means (n=5).
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GSSGE GSHZ #-9A]7) 1, ascorbate-glutathione cycleoA] as-
corbic acid®] ol £23 Q&L 3= AoE 4l gon,
GR €4 %7 =& GSHY Z7171 Atgla ~Eg A6 tigk U
A& 7 7ItkE B3 7} 9 thBray ef al. 2000, Broadbent ef al.
1995).

A gmelini== SOD, APX9] ¥h-g-3t frAlahA] GR B3 o X&)
of o3 S7t3Ql B4 FUHE HA F FAHA #AE YE
HAHFig. 9).

AEHOZ A gmelinic G 98] o &2 SOD, APX, GR
A =& PAIFARES Bl F WA Faks wojA
Z~E)(SOD, ascorbate-glutathione cycle®) APX, GR)7+o] A% A%
A€ BAFAT 28y 49 o] A&AHA F Al g3
ALY FAEE FvFm)Zs % Folfm ¢ 579} 22
steHy A7t fEEden, dakst a4 E47RA £
o158 o]4e] HEg ROS AP LR st 34its} 73] &
A2 YA ZF AaMA o] AMEE AoE A
o}

o oft

<mM NaCl>
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Fig. 9. a) The changes of relative GR activities(%) on a soluble protein
basis in leaves of A. gmelini on 2, 4, 6 days after NaCl
treatment.

b) GR activities(unit/mg protein - min) in leaves of 4. gmelini
in a various salt levels on 2 days after NaCl treatment. Vertical
bars represent +S.D. of means (n=5).
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The Responses of Antioxidative Enzymes and Salt Tolerance
of Atriplex gmelini

Bae, Jeong-Jin, Ho-Sung Yoon, Yeon-Sik Choo and Seung-Dal Song
Department of Biology, Kyungpook National University, Daegu 702-701, Korea

ABSTRACT : Saline conditions invoke oxidative stress attributed to the overproduction of reactive oxygen
species (ROS). Changes in quantum efficiency and antioxidative enzyme activity upon salt treatment were
examined in a salt-tolerant plant, Atriplex gmelini, to test the hypothesis that salt tolerance of A. gmelini is due
to the increased activity of antioxidative enzymes. A. gmelini showed optimum growth at 100 mM NaCli
producing 116% of the shoot dry weight over control plants in 0 mM NaCl treatment. Healthy growth persisted
up to 300 mM NaCl treatment maintaining normal internal water content and dry weight. No photochemical
stress or damages on antioxidative defense system was obvious in plants of 2 and 4 day salt treatment which
was indicated by increased quantum efficiency (Fv/Fm value), decreased stress index (Fo/Fm value), and
increased activity of antioxidative enzymes such as SOD, APX, GR. However, the plants treated with 400 mM
NaCl showed decrease in growth and in antioxidative enzyme activity although the enzyme activity was still
higher than that of the 0 mM NaCl treated plants (131%, 114%, and 134% of the SOD, APX, and GR activity,
respectively). Interestingly, another important antioxidative enzyme that scavenges H;0, in plant cells, CAT,
showed rapid decrease in its activity as salt concentration increased; 38%, 22%, 15% of the 0 mM NaCl treated
plants at 200, 300, 400 mM NaCl treatments, respectively. It appears that the enzymes in ascorbate-glutathione
cycle such as APX and GR play the major roles in scavenging ROS produced by salt stress in A. gmelini. After
6 days of salt treatment, the damage in photochemical and antioxidative defense system was indicated by
decreased Fv/Fm value and increased Fo/Fm value. A. gmelini appears to cope with short term salt treatment
by enhanced activity of the antioxidative defense system, whereas long term stress invoke oxidative stress by
increased ROS due to the damages in photochemical and antioxidative system.
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