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Antioxidative Enzyme Activities and O-J-1-P Transients
of Crinum asiaticum var. japonicum Baxk. Leaves
under Winter Stress

Soonja Oh* and Seok Chan Koh

Department of Life Science & Research Institute for Basic Sciences,
Cheju National University, Jeju 690—756, Korea

Abstract — The diurnal and seasonal variations of antioxidative enzyme activity and the O-J-I-
P transients were investigated from the leaves of Crinum asiaticum var. japonicum under winter
stress in natural habitat, in order to diagnose quantitatively physiological states of plants under
stresses. The activities of superoxide dismutase and peroxidase increased slightly in winter.
Especially, peroxidase acitivity was higher at dawn and night in winter and some isoforms were
detected only in early winter. In the O-J-1-P transients, the fluorescence intensity of J, I, P steps
decreased significantly in winter season, contrary to its high value in summer season. Of the
chlorophyll fluorescence parameters derived from the O-J-I-P transients, Fm and ®po
decreased with the increase of ABS/RC depending on temperature drop in winter.
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o2 gejA gt A Ee] Ao x2d W $AHe
2 334 AH o] s WA HH, FEAL2 HEAHE
o) 7bg 228 GAHY £ shiza BRd G
w9 wizbslA ub-s-sho) (Hetherington et al. 1989). &
o o) BPAF Far A GH D w2 4
Rawe] A%, el 92 Az ), dekmel =
% Ad W A 249 W8 5& sk el
= Aoz d3A ok Powles 1984; Oquist et al. 1987).
AFEr o4 99 = ofddA AEo] =23}
3 9l BusHA e sigEly] difel, AL A2
i) o]E AEE L WL 4 U EFH(Cri-
num asiaticum var. japonicum)= B, = Sl B3}
T Qe ol AEolH, elelol e AFEd T
o2 Sk EFel A4Sk 2o L ohde) A
e AR e FASAL AFEIAE ALE A
Sk ARTE wAshe] AgH A gol Brae] 4
o A7k oJahe wlAE Zoe uodh B A
Aol ulEA 0 2 Aol x=ZF o224 catalase 4] 9]
4 2 superoxide dismutase®} peroxidase Al o) Z7}
v A e B m8s efulshe FvFmo]
Aoz wmd ub Yol (29 3 20040), FF
o) AgH Bl WA WLHT UeT T 4 9l
o v o], A 18] F3}bd wae] sk DI )z
—Er% o} Fo] Qe Aoz deiA 1 = Rintamiki
1995). &3 Ao DI A o]F ¢z
i}?‘f} A psbA AR ¥ o] ol Hoz B
2¥ v} glof (29} I 2004b), Ao} F3AB2] A
o} =k g e] #3kE 2 FTE o 4 Uk 53] F
Yo Rat 4523F pAew dEl T 4
Sliel, #2 Fo. Fm, F/Fmzte] wshz ehlz gl
O-J-1-P FA (polyphasic rise of Chl a fluorescence
transients)-2 FoollA] Fme 29] u|M g 3 3lEL e}
W Aoz o] A8 Wsts AW EAFToEA IS
EF A sl B A A E sotd 4 Qi
oA 2 AT ASAeA AEQ E2EbE A4
2 ALA 27 stellA FAakstase] A3 0-J-1-
Pojjele] W3} g vl - BAFo =M ALH o]
Al 2Aol wiX e AFH oz ep A} st
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2 dielMe FAFT 7S sk=E =7 (dE)
Ao WAL st 9= BF (Crinum asi-
aticum var. japonicum)& Ao g E9 AEAEF A

Aalgdon, R wEFe] AdFE P 4 FolA
Qo] H]esta QF4A (SPAD-502, Minolta Co.
Ltd., Japan)& A}8-3}e] 248 SPADZLe] 50~602] #
Aol s dg AN 82 ALE-sl o

d=24yF 27 A9 ZAAY BAgde
= AdeE, FFE ARG 229 A
TR-72 Thermo Recorder (T&D Co. Ltd., Japan)Z-, %
LI-250 Light Meter (LI-COR Inc., USA)E o] &3}
Bk o) % 714 2 ANE 24 B 99
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3. A EL: B4 B

1) =2 Ao Xz

Al EA el 98 1.0g4 FH3le] 0.1 M Tris-HCl &4& &
o} (pH 8.0; 1 mM phenylmethylsulphonyl fluoride (PMSF),
25 uM polyvinyl-pyrrolidone (PVP), 0.1 mM ethylenedi-
aminetetraacetic acid (EDTA), 0.5% Triton X-100) 10 mL
s @ e 919 SAAPRolA wR 3 4°ColA
10,000 rpm ez 3087 {AlBe)sle] g2 AlAANE =
ai oz A4l el ascorbate peroxidase (APX)
A& BEAslaal & doj: 0.1 M sodium phosphate
2229 (pH 7.0; 1 mM PMSF, 5 mM ascorbate, 0.1 mM
EDTA)E AHgshe] mhal skt

MINES

719 %2 Laemmli (1970)2]) v}¥-& W33} native
gel 27 A AA et A7 F Ame 2498 F
2o} A4 gkZ 89 (125 mM Tris-HCI, pH 6.8;
0.005% bromophenol blue, 40% glycerol, 5% B-mercap-
toethanol)3} &§sle] Al&-3lgdv} 7] %L superox-
ide dismutase (SOD)$2} APX% 10% running gelS-, cata-
lase®} peroxidase= 7.5%2] running gel-& A}4-3}g]oH,
3% gel & AHE-3l9ith A|B& vertical slab
gelol| loading3}ed stacking gelell A= 50V, running gele]]
A= 100 VE A7 skt

stacking gel2-

ff(,“ll-il-:é‘_ﬁ\_—‘: SOD, catalase, peroxidase$} APXE Z
= HsgT SOD B4 FAe
Beauchampi} Fr1d0v1ch(l971)-4 w8 w33l ribo-
flavin/nitro blue tetrazoliumBE-& Al&-8led A Al3}dch
(& S 1999). A7|d50] ¥t A& 2.45mM nitro blue
tetrazolium (NBT) £¢]] o] o]FE$ Feof 2087 F



208 Soonja Oh and Seok Chan Koh

& vk-2-g4 (36 mM potassium phosphate, pH 7.8; 28 mM
TEMED, 28 uM riboflavin)el] Qo] StAFeollA] 1587
Aeslar, We ZARBIEA 5~1087 vhe-AlA Jeht
Wl =8 %zA}El9I o). SOD iscenzyme EA] & HAE}7)
Al e A7l Fe] Bd AE 3mM H0, = 2mM
KON golo] 57} 3082 Alsht % 549 wgos
SOD¥E 7 &8}l Catalase 242 %22 Woodbury
5 (1971)9] ferricyanide FHYHE AHE-3le] AlA| 3
F71ed 50l Bd AL 327mM H:07F Bl FF7
geoll ol hatejellA 1087 wh-A1Z] & ukg-84 (3.7
mM ferric chloride, 3 mM potassium ferricyanide)el] o]
5~1087 WeAA vehtr W=g zAsde.
Peroxidase 4] 7322 Rao 5(1996)2] Hiy]-& w3y
3led Al X]8}edch. 50 mM potassium phosphate $+%-8-o4
(pH 7.8; 10mM Hy0p)ell A7]%dF°] £ A& 10 F
¢t TG X Aol (] 4 mM 3, 3’-diaminobenzidine tetra-
hydrochloride)el]l H7} o] F& FollA] ¥hg-A|A et
= =g zApElevh APX 84A1-2- Mittlers} Zilinskas
(1999)9] W& Agalel AEsiet B dEel B
718 50 mM sodium phosphate $+Z=& (pH 7.0; 2 mM
ascorbate)oll Qo] 3082 F<oF xlerslr, t}A] 50 mM so-
dium phosphate 2+%-2-9 (pH 7.0; 4 mM ascorbate, 2 mM
H0)el Po] 2087 Aeksgiek A AT F oA
WS-8 (50 mM sodium phosphate, pH 7.8; 28 mM
TEMED, 2.45 mM NBT)ell do] SHAtefellr wh-g-A1A
el =g =Abslg o

¢

Lo

4. O-J-1-P &4

0-J-1-P =4 (polyphasic rise of Chl a fluorescence
ransients) & 1587 & Awale] LA Alge)
e Plant Efficiency Analyzer (PEA; Hansatech In-
strument Ltd., UK)3 o] &8}ed 1,500 imole m2 sec™!2]
B 127 Ao §-=58}g] o (Strasser and  Str-
asser 1995), A9 (06:00), < (12:00)3} W (20:00)¢] 203
HlE-3}e] &3]3} v} Time scale2 10usol|A] 1s2] HE
2 ARSI, 10uso A 2ms7AlE s =, 2 mso|
A 17 Ims @92 JABt=S AdA3telen, 50
ps (O-=+A]), 2 ms J-5HA)), 30 ms I-4)), 300 ms (P-5+
AoM d2430 Uxs BAM3L9 Y (Srivastava et al.
1997). 0-J-1-P Z4le] ¥A oz o) 7led
<= (Fo, Fm, Fv/Fo, VI, VI, (dv/dt)o, Sm, N)E-& A A3}
o} 283 o]& x| tiA] FF2F M4 (structural par-
ameters; RC/CS, ®po, ®o, ®eo)2} 7]%2 w4 (functional
parameters; ABS/RC, TRo/RC, ETo/RC, ABS/CS, TRo/CS,

Table 1. Short description of chlorophyll fluorescence parame-
ters used in the text, according to the JIP-test

ETo/CS)E-& AF

Abbreviation Description

Fo Initial fluorescence in dark adapted tissue

Fm Maximum fluorescence in dark adapted tissue

Fv/Fo Ratio of photochemical and non-photochemical
de—excitation fluxes of excited chlorophyll

Vit Relative variable fluorescence at time t

(dv/dtyo Slope at the beginning of the transient Fo — Fm,
maximal fractional rate of photochemistry

Sm Normalized area

N Turn over number of Qa

ABS/RC Absorption flux of photons per active reaction center

TRo/RC Trapping of electrons per active reaction center

ETo/RC Electron flux per active reaction center beyond Qa~

Dpo Maximum yield of primary photochemistry, equal
to Fv/Fm

Yo Probability of a trapped exciton moving an electron
beyond Qa~

®Deo Probability of a absorbed exciton moving an
electron beyond Qa~

RC/CS Active reaction center per cross section

ABS/CS Absorption flux of photons per cross section

TRo/CS Trapping of electrons per cross section

ETo/CS Electron flux per cross section

SFIpo Responds to structural and functional PS II event
leading to electron transport within photosynthesis

PIPo Ratio of the two structure functional indexes

(SFIpo and SFIno)

Z3}o A A8l w} (Table 1).

4 o

1. A= 37 2ele] W3]

52X AeA &= AgE, Bk 9w
g 2Rl 82 AR v ®EFgH (Fig. D).
ALH B3 YA Y 7)e FAAA oy v &
o= Q3] 1 W3tFoe] F olrlh o] A
o35S s “ﬂ—‘r"ﬂ gkl oJ3FE wlA FAI7H
x drHoz FFo| AEE oprlEsdt ALEHY
A 1246 7 BA vebde A Aol we} ze]
7F QIAIRE A= @Azt w500~ 600 pmole
m2 sec”'2 Yeh} 8¥x A7kl 750 umole m2 sec”!
o vla] wolth AL £x: eko] we A]7bd|
i B3, A gl d7tele] dmAaprl & Aoz
ehdth &, 24 (129%)0 = A 2LE vl o]27]
747 Awbg oz 10°C o4 =& Bglow, WAzt
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Fig. 1. Diurnal variations of temperature, light density and relative
humidity in the natural habitat of Crinum asiaticum var.
Jjaponicum in summer and winter. The values represent the
averages of 10 independent measurements.

o 1z 2x9l 18.2°Cx velydtl 18l3 =& AL (2
dz)ele A3 Pl 10°C o) L8 Bile
o, A 15.1°CE Yeihelsh sdx ARFLE

7} 25°C el A8k le} A x5} A 2
oleE & 4 od, AL W9 e QA
A 10°C QL) Aolg Balvh ALY e
Aggel Wsl 2 Foz Fasidm el B B
7ol obAE el e A 27k ke wse

2. FAstEE EA9] Wil

ALA Ao EF% uAx L AR 9
8 2AE(1292)7 & AL QYx)d 253 49
PAFEL RS isoenzyme HEE& FARSle] o EEH (8U%)
o] Az vlwsld o} (Fig. 2).

SOD: AAMAH o= 7/ Mert AFFHG oH, o]F
< Hy0:9} KCNej| 2J8t A&l x] s 2328 17§¢] Mn-
SOD$} 6702] CuZn-SOD=Z FE& 4 9lslv}Fig. 2A).
7t 224719 G stell 9leA] ©]E isoenzyme] &S
84L& T3 Ao]E Holtd, 53] Mn-SOD: 24
Z &, 52 ALl #Aol Frisisi. 1A%k CuZn-
SOD 3& A& #2=RA ¢t} 28]z & isoen-
zyme?] BA®= A7 wet e dF7)d ot
2po)l & Hojed AL AW v, a3 vl
Aol 52T FAE A Bold i), =& A
2ol= Mn-SOD2&} CuZn-SOD 42} 52] #Ajo] o]

«MnSOD

CuZnSODI
oo

il

06 12 20

06 12 20 06 12 20
2 Dec. 2001 3 Feb. 2002

5 Aug. 2001

Fig. 2. Diurnal changes of antioxidant enzyme activities of Crinum
asiaticum var. japonicum leaves at dawn (06:00), mid-day
(12:00) and night (20:00) in summer and winter. A, superox-
ide dismutase; B, catalase; C, peroxidase; D, ascorbate per-
oxidase.

Z7}slg o). Catalase= e W=z ZHAEEHgoew, 1 &
e ALA ta Aadte FAE Bedvh a8l o
Walel] M E AF-NE FHE Aolg HelA &
o}, ALA-d e A2 ¥ 7‘3' >Z&3 #Agle] ¥
A7kl B3R} -ﬁ-’\]"?l > 84E nelow, A}
wrol| = 3l (Fig. 2B). Perox1dasel;;- AR oz 4719
Hert #2E g o Fig 20), 12926 2 S48 v
gl o} 2 ze 7HAste AES B on, peroxi-
dase 33} 4+ ZA LY BolH oz HEHLL o) F
isoenzyme2] UdW3lA BEA)& AlsjEw 8§YZel = pero-
xidase 13to] FAHM X 7he] Tt ¥ AL 1Y
ol b, A e 12929 293 25 e v]d)
A el 22 FAS Boloh APXE HAAHo=m 7
o] et AEEP e, 2ALdE ¥ Wl ¥
< 84S Bl 12 Agels Yol ¥ A& B

oJc} Fig. 2D).

3. 0-J-I-P &4

FFY el FFAAAAS Age] JdwsE O-J-
I-P Moz Jehlgo Fig. 3). = A}, A¢H I, 1,
P-tA M FA7]7E AFA uls] HAsHA
23tedwt. 22l3 Zzke] EH Aol gleir Ayt wt



210 Soonja Oh and Seok Chan Koh
3000
A B C
- P
e
> 06:00 am -<=— P
§ 2000 4 I 20:00 pm | |
£
8
=
§
g 1 12:00 pm
=] o
= o
S 1000 g 4
=
O 12:00 pm 06:Q0 am p
I
o 0 0/ W 26:00 pm
12:00 pm
0 T — T — T T T T T T T T
001 0.1 ] 10 100 1000 0.01 0.1 1 10100 1000 001 0.1 1 10 . 100 1000
Time (ms) Time (ms) Time (ms)

Fig. 3. Diurnal ch'anges of O-J-1-P transients from leaves of Crinum asiaticum var. japonicum on the natural habitat in summer and
winter. (A) 5 August 2001, (B) 2 December 2001, (C) 3 February 2002.

Table 2. The values of experimental expressions derived from O-J~I-P transients presented in Fig. 2

5 August 2001 2 December 2001 3 February 2002

Parameters

06:00 12:00 20:00 06:00 12:00 20:00 06:00 12:00 20:00
Temperature (°C) 26.1 36 279 10.5 18.2 11.6 6.6 15.1 45
Humidity (%) 99 77 98 79 65 82 67 48 75
Light intensity
(umole m-2 sec1) 0.71 7285 0 0 495.4 0 0 591.5 0
F extremes
Fo 413+85 615£53.1 40358 443+19.0 482+316 465+139 404+£173  436+39.5 358+10.9
Fm 2662+£69.1 2020+48.6 2591%50.0 1814£202.3 182711654 2076+100.8 785+103.9 741637 678429
Fv/Fo 4.9+0.08 24+030 4940.05 2.8+0.35 27026 32+£0:15 0.8+0.13 0.7+0.06 0.9£0.08
F dynamics
Vi 0.90+0.008 0.86+0.013 0.83+£0.004 0.52+0.012 0.37+0.020 047x0.010 0.50%£0.019 0.38+£0.020 046001
Vi 0.99+0.002 0.92+0.013 099%£0.001 0.77x0.008 0.67+£0.013 0.72+£0.013 0.81£0.010 0.65+0.022 0.77+0.013
(dv/dt)o 1.13+0.034 1.15£0.077 1.17x0.034 0.54£0.039 0.411+0.020 0.44+0.010 0.58+0.024 0.45£0.020 0.47x0.020
Areas
Sm 385155 33.0x1.87 40.1x1.37 56.9+340 50.3%475 564+243 68.2+5.67 98.5%£20.7 83.1%6.67
N 4494150 439+£398 56.4+2.03 59.9+£6.59 56.2+£5.83 52.1+1.62 79.0+£6.70 119.14+24.1 853+7.63
9] O-I-1-P FH & A9l FAR ARE volxd s, & LLP-2AGN 4F23F A7t 248 vl
AT ARos deigodd 531 AN LA 2] AeHRon, Ysel oM E Zolg melx]
o) 7 s«gza} AeHe) 35 x-ao Aoz ek ke Fig. 30).
o}. y%(lzg 73 9] 0-1-1-P %Ad-g— A Fig. 3¢] O-J-1-P Aoz BE] 22y Be] e
stel FA I 742}?%-11]«1 A& FAAAE v s HeES AFEST (Table 2). 7 A5}, ALH BF=h
B (Fig. 3B), P-A el A 9] ‘%***4171 (Fpx 4ot 48] Fmzhe o534l wla] A=3] dom, & AL
uh wtell fAe] A AR, A we) §3 o 2 e & Foz2 43w 133 Fv/Fo #t=
717 22 ALl Bisl A2k 3w o U 53] A AR A Aasdw 22y o]E WEES 2A
{3t qhe] 27234 AY A H1e e 3 %2 ALY dwded oM e ulsle Aele

A, we] 27 F=3A2 Ayt e 27 fEAds Holx] kgket. #pA|qt
T e Aelg Bylnt WA 0-173e] 27 717 A = A e

7b @l 25 welxlth 12l J-I—?ﬂﬁl Hale= A4l AT R, o] E

o, I-P72e WEte fARRE 22 A& QYER)9 HHE ouste

HolHFE AT v
M4EOm NS AL8e) 27519

Fos} Fmatol®) J-sbA|s} [-%t

# o] 8% (VI, VD 7147 dvido s

st
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Table 3. The values of the structural and functional parameters calculated from O-J-1-P transients in Fig. 2 and the data in Table 2

5 August 2001 2 December 2001 3 February 2002
Parameters
06:00 12:00 20:00 06:00 12:00 20:00 06:00 12:00 20:00
Temperature (°C) 26.1 36 27.9 10.5 18.2 11.6 6.6 15.1 4.5
Humidity (%) 99 77 98 79 65 82 67 48 75
Light intensity 0.71 728.5 0 0 495.4 0 0 591.5 0

(umole m~2 sec™)

Fluxes—-activities/RC

ABS/RC 1.51£0.05 2.00+0.18 1.70+0.05 1.52+£0.17 1.59%+0.09 1.23+0.03 3374049 3.16+£026 2484022
TRo/RC 1.26+0.04 1.33+£0.09 141+0.04 1.03+0.07 1.12+0.04 0.9310.02 1.17+£0.04 1.19+£0.03 1.02+0.03
ETo/RC 0.21+£0.01 0.17£0.01 0.25+0.01 049%+0.03 0.70+£0.04 0.49+0.02 0.58£0.04 0.75+£0.04 0.55+0.02

Fluxes ratios (Yields)

Ppo 0.83£0.01 0.68+0.03 0.83+£0.001 0.71+£0.03 0.71£0.02 0.76+0.01 0414£0.03 041£0.02 0.4540.02
Yo 0.17£0.01 0.14+0.01 0.17+001 048%+0.01 0.63+£0.02 0.53%0.0t 0.50+0.02 0.62+£0.02 0.54+0.01
Peo 0.13£0.01 0.09+0.01 0.14x£0.01 034+002 045+0.02 040+0.01 0.20+0.01 0.25+0.02 0.24£0.01
Density of RCs

RC/CSo 300126 330£262 2484182 346+£39.9 319%+194  403+8.1 160227 153+18.7 165%14.1

RC/CSm 1788+95.6 1116+£139.71542+64.8 14274263.3 1200+ 145.3 1695+85.2 3454822 270+37.0 326%394

Fluxes—-activities/CS

ABS/CSo 4494100 636%£527 437+6.5 474+198  501+329 495+157 410197 437+399 359114
TRo/CSo 373+84 423%19.6 363+5.6 336+£219 355+228 375%129 176224 172+15.6 163%11.5
ETo/CSo 67+3.0 59£7.01 62%1.1 160102  224+175 199+9.0 82+7.6 104+7.4 86%5.1
ABS/CSm 2662+69.1 2020+£48.6 2591£50.0 18142023 1827+165.4 2076+100.8 785+103.9 741+63.7 678429
TRo/CSm 2213£62.1 1384+71.6 2154+442 1340+193.2 1326+151.1 1580+90.8 375+£86.4 304+334 3194344
ETo/CSm 375+122 187X£16.1 366+84 6351893  844+108.3 8451614 166+304 1824175 168+16.3

Vitality indexes

10*SFIpo 0.95+0.05 0.50%£0.06 0.84+0.04 26£033 2944025 331016 078+0.10 092+0.10 1.14%+0.11
(RC/ABS) 0.67£0.03 0.54+0.06 0.59+0.02 0.73+0.07 0.65+0.03 0.82+0.02 0.374+0.03 0.35+0.02 0.45+0.03
Dpo/ (1-Ppo) 493+0.08 239+0.30 4.92+0.05 2.80£035 2.66+0.26 3.19%£0.15 0.82+0.13 0.72+0.06 0.87x0.08
Yo/ (1-Yo) 0.20£0.01 0.16+£0.02 0.21+001 093x0.04 1.72+0.12 1.14x0.05 1.04+£0.08 1.79%0.16 1.20x0.05
PlIpo 052+£0.05 0.21+£0.04 060£0.03 204038 3.15£0.50 3.06%+0.30 0.31£0.06 0.50+0.11 0.50x0.07

onf, 27482 Qaskol slel W Al E ek
A Qskeh AT we Aol olF Wagel RAZ
o Z7hsteich

Fig. 3¢] O-J-1-P =413} Table 28] &9 Wz HE
o 74x] F24 - 7|5 FFULES Ao
(Table 3). v}-2-FAl o} A 1T A (fluxes activities/RC)
S omj3l: W4E Fo] ABSRCIL 2ALRTE: &
2 AL 2v] Ax Zr}slgdtl TRo/RCE ETo/RCE
Z2ALH & ALl £ Ao]E Rolx| it 179
1t} o E4- e ¥]3] TRO/RCE AL H4 7F4hdlge
=, ETo/RCE Z7betdst. 22l AL sl 9l
A o]lE WES wsleFAS vlws) B9, ABS/RCe}
TRo/RCe] dW3}= A9 ¢ler} ETo/RC7} A 71
Z7)3te o) B4 11 8 Z4=-8 (flux ratios == yields) &
oujsl= WEE Fofl Gpor ALA A2 x=EH:
717ke] AeiAel wet i 50% FasHe 18,
®po ZH7te] dulsle]l gleiM zbolF RolA| oA
9 A e AUk oz WAzt A Frtst
E AsE ook A 3 FANE Y HeEA 2=
(density of RCs)E YelE= ¥4 & RC/CSog} RC/

CSm: A& wkEaael wzo] ola] 27t 50%, 25% 2
Zradlgdom, 7247kl WSkl QleiME ol ohi 7
A5t} Wl Fr1stsih &, AeA oy 2 #
Al 11 4] (activities/CS) S Ar#iR™, I3 AlefolA]2] ¥
25 (ABS/CSo, TRo/CSo, ETo/CS0)3 gl Abejel Al )
8 4~E (ABS/CSm, TRo/CSm, ETo/CSm) 25 %2 72
of £ Zoz Ziaslgon, A47te] duistd] SleiM:
o) oA 2715l v e g 33  (vitality index)
£ Uehit M4ES 2o ASH 2 Zoz asy
o, E3] 10*SFIpo, ®po/(1-Ppo), Plpor Zt7} 30%,
30%, 15%2 ZAssieh. 24742 duistel gleiMe 2
ou & ®elA] kot YWo/(1-Vo)7} Fell vha F7}
S Aoz ARG

&

K

o on W ol Agel AT u
A S G4 A 9 ok ABES A Lol
AAe A AgaA 2akn Bt AT HelE B

9, ol ALz s WS 2L}



212 Soonja Oh and Seok Chan Koh

28317 wFe Aoz °‘=_}a]7<]:]7_ st} (Hodges et al.
1997). AR ELES AEH 2 3 A5 YA
e FAAREE AASe 71%E AT dlen, A
B2} A 9} whriR 2 AR A FeAe] Ao
A& wx= WA #Hel 9lv}(Foyer er al. 1991). Fig. 2
oA Bi= uie} Zro] & AL Mn-SOD$} CuZn-
SOD 4} 59 &4 o] o] ZF7leteith. Catalase B4
AE&Hd Ti Fadhe e nydAR dHste] gl
AME 2ALTH £ AL BT WA 54
AP & S B A¥a Hoe ‘%‘%l";}-
Peroxidase 412 o 23] 8|3 AL o =

A& Vel a1, ALHd] Eo]AQl isoenzymeE-o| L}E]-
v gled. el peroxidase isoenzyme?) w37
EAS A Hm 8YZxe: peroxidase 1%ko] T
WA B4 2 84S 2yded v, ALH e
12929} 292 25 Yol vjs] At el 22 84
<+ 2ok APXE AAH oz TR st AEFe
o, 2A g AEFG el 2 A4S Holu 2
Aol ol ¥ S Bt oj8d A A
Al AE]l 0)E 4°C A 2elA wlok3l& o SOD,
peroxidase, APX &Ao] Z7}3lal catalase EAJo] A
sl ve B9l fAFske] (Lee and Lee 2000) #-Fgo)
AeH AL e V3 U8 & 4 Ak 23w
Fig. 1614 33 vhg} o] 29 B Fol &
=9 A g=e] Wspr) a9, 53] L2+ ALH A9
3t wlel] A E2] AAfell ofgkg nlA

F o= ¥ 25,
Z 10°C o9 &=E JYeplia 9le], dAtstaso
L3

g4 P DEGAS AgzA Y e oS
fobx & 4= 9lch

53] O-1J-1-P ZA Hrls Asjud, A4 I, 1,
P-A M2 FFA7]7} - vl FAsHA 7
A3k} Fig. 3). o] F P-dAAM Y FBA 7= 34
18] ukg-FAlo] 2% 23 AAp44 quinoneo] 3
3] A el ql& we] Az onisty] wEel A
4o 5ol AEH A Ao o LS e
F3 9 283, 24 AHH i) 0-J-1-P T4
el 19} P-2HA|oA] cha ZFAIIARE A9 fAME H)
W ey gol= J-gA oA YolzlvlFig. 3B). o}&
A& A ol vl 27k #U0AEL] Qa(F
Qa7 Qe e AAPHGo] UFsA o] FiR T QA
ASE Yt & Agele I, LP-DACAM Y Q=
283 A717F 2A L w8 ZA zrasigen dW
ol gleiM e zlelE ®olA] ¥k} (Fig. 3C). Table 2
s} 3] O-J-I-P FH o 2R A& F8 JPiLE
%ol Fm, Fv/Fo, ®po, RC/CSm, ABS/CSm, TRo/CSm,

®po/(1-Dpo) F2 oFH ul3] AA iR
), Sm, N, ABS/RC, ETo/RC, Wo/(1-Wo) 5-& Z7}sle
e Bed AEY A e AFHoz A3
d o842 4 U& Aoz BT 53], FmE AL
Aol yrolr 2AEH R ALl 47 68%, 30%=
A Fasidet ol ALHd §HA 2F(CS) FA U
Qeltell A dFaEAEe] HelA et
Aztetn & 4 e Fig 29 datsdas 84 9 %
APl Lt uhg) 2ol AR Aol o) £
dol 2EHEE P Y-S Avlgigz # 4 -
BA 1T 8 34F (flux ratios == yields) g 293l ¥
$E F9 dpos} %*“:‘]E(vnahty index)& YJehl= 9
£ Foll Ppo/(1-Dpo)yi= ALH Ao x=2HE 7]
o] AdojRlel wet 247t 50%%} 17%2 7345t o
AEE Aol g3l A 12 WgFA el 48 o
v AEHA 7‘74°ﬂ A3 &S deplin, 12 AL
o & Foz ATy A /\17“] 73t el A E
Aol 7HiAl e 22 A7 2199 Az HHT £ <
1:]- 283 ¥4l o 34 11 4] (fluxes activities/RC)
& |3l W4 E %‘—"ﬂ ABSRCE 2AgXRHE &
ALl 2v) A% FrlstgE, ol 9 3 s
FA o] dRE BB gle Aoz Bad

e &

X

}I rlo ml

it
ko

23249 B, 4 A4 A2 4%

e A I P I L R B e
4 A8 Brde dhes AL AR Lo
FAEL YAF 0-1-1-P F4) Wele zAskich
A& 2] superoxide dismutase®} peroxidase2] ZA]L-
o 2A-d u|d] i 17]-8}931:]-. £ 3], peroxidase= A
4 A} el ¥ AL uglow AT B
o]F oz A&ELE iscenzymeEE TAF 4 9yt =
g ALA EFH Y9 0-J-1-P FAA 1, 1, P-4
o HYA7I7 gl s WA Basde 2
2]3, O-J-I-P FH o2 RE A&l Fo FFHSE
%ol Fm3} @por ALH Ao x&FHE 7|7te] A
oJ Ao wa} 2+t 30%9) 50% 2 FrAstg e, ABS/RC
+ ARG 2 Agel 2 A= Zobstch

A AL

2 A7 20019 FFeEAEAR A 2o] o5}
o] 315 98 (KRF-2001-043-E00002).
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