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The diurnal changes of chlorophyll fluorescence and antioxidative enzyme activity were investigated in the
leaves from four subtropical plant species (Crinum asiaticum var. japonicum Bak., Osmanthus insularis Koidz.,
Asplenium antiqguum Makino and Chloranthus glaber Makino) under the natural habitats -in summer and winter.
The intensity of chlorophyll fluorescence was lower in O-, I-, J-, P-steps of O-J-I-P transient in winter than
summer, and prominent diurnal change was not found in the fluorescence intensity of four subtropical plant spe-
cies in winter. The activity and isoenzyme pattern of SOD and catalase did irregularly change seasonally and di-
urnally in four subtropical plant species. In contrast, the peroxidase activity and isoenzyme pattern was different
depending on plant species and growth seasons; The activity increased slightly more in winter than in summer
in four subtropical plant species, and several isoenzymes appeared in the leaves from C. asiaticum var. japoni-
cum, O. insularis and A. antiguum in winter.

Key Words : Chlorophyll fluorescence, Antioxidative enzyme, O-J-I-P transients, Subtropical plant species
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Fig. 1. The fluorescence transients recorded in leaves of 4 subtropical plant species (Crinum asiaticum var. ja-
ponicum, Osmanthus insularis, Asplenium antiquum and Chioranthus glaber) in summer (A) and winter
(B). The presented transients were measured at dawn (06:00), midday (12:00) and night (20:00).
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Fig. 2. Diurnal chnages of chlorophyll fluorescence parameters of PSIT from leaves of 4 subtropical plant spe-
cies (Crinum asiaticum var. japonicum, Osmanthus insularis, Asplenium antiquum and Chloranthus
glaber) in summer (A) and winter (B). The presented transients were measured at dawn (06:00, white
circle), midday (12:00, white triangle) and night (20:00, black circle).
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637



L2 il

A} -

e

Tha e, & 2709 CuZn-SOD &Ao] A7t
o A vehgth ALHde Aea o] Ao
==t 53 Mn-SOD &Alo] &4 Vel 24
Zre}l d71H wsgle) ol oE A e YA,
AgLFs A8 v g 2 F48 Bk
olgst Aie HLAFA AEQU 205 4T AL
oA AR w SOD FAo] Zrlstgen? @
A AEQ Coleus blumeis 10T 224 A ol
FstRS W SOD B4ol FrEdtte Rus} &
A,

¥ 5u3n §3R)
CSZR SQD3
e

CuZn SOD1

CuZn SOD2
CuZn SOD3

3

CuZn SOD4
CuzZn SOD5

1: CuZn SOD1
CuZn SOD2

06

12 20
Summer

06 12 20

Winter

Fig. 4. Isoenzyme profiles of superoxide dismutase
from leaves of Crinum asiaticum var. japoni-
cum (A), Osmanthus insularis (B), and
Asplenium antiquum (C) at dawn (06:00),
midday (12:00) and night (20:00) in summer

and winter.
Catalasew &5, BE25A, 2449 AoA

L
L

gai=g Yesoy, S3zdME HEHA &
$t (Fig. 5). 1 98 ¥4 Fo wet 2ol X
Aed, #5358 ddMe AL vE 53
L 84S RoFoy, udEAY Bxrdge
ALAd £ TS Byt Zzte] AdF717 ¥
3lol] QlojM EFH 9 catalase AL oESHd=

o3

638

-1 4 2
Z AolE HolA ko AgHde AEa
o ¥& 48 Hrh HEEXY xYFS o

ol ¥ AL BAoU dF71A wg Hd

Aol7h G 2By AgEd WEEXE

06
Winter

Summer

Fig. 5. Isoenzyme profiles of catalase from leaves of
Crinum  asiaticum var. japonicum  (A),
Osmanthus insularis (B), and Asplenium an-
tiquum (C) at dawn (06:00), midday (12:00)
and night (20:00) in summer and winter.

o

i

AE

o) gitslaiEL 7+
A AdEE 4RLTE AASE 715E 7HA
o 9o, HAEA gatsiA| 9} rlA7lRE 2EY A
oA A2 A& m= YA #do] Yo 2
AoA gatalase] HiEe AWrEY SODe
catalaset EF, WFEX, HxdddMe #E
HAoY FHxMe HEHA gsto, AAR
dF714 Wl e Fhe FHEFHU AGAHS
2717} o# 2ok Peroxidase® 24T isoenzyme
sjElo] qEFo BAZAN wet JHF A
e o, 4% BEFoA AFHRT ALH &

gl 2o 9s) 2t



ki
(o] ;g
ay

]
o
o

el weEA, sl d gl
o=z

AZFHE isoenzymeEXE

Mg

Ly

T B, HEF] we g
122 O-J-I-P %4

=

rr

vl

o] dAZ

T Slth

el 4
g 229 el ol & A Ex
Zol 7&H peroxidase B4 isoenzyme©]
ooz ety wdEAs}t xIdEH 2
catalase EAJo] ALA Y1 SODE =3
ol Holx gro} ALH A wWald afH
2 A stA] Eshe Aoz Bl o wlha) w
et 32dEE O-J-1-P Fi9 wslEo] 2
Rk ol dport A2 digk 0.739] H Yl

, °I= SOD, 'peroxidase, catalase 4
of ol ®Fo] vis] ALH AL o)
UE AHeE AEG 2 97 £AS A%

Bihs Z23g Atggr

JL

wobA)E Ao

il

<y

O i e all (o 2 2 m

o zH

51
£
A

A7 A Wl FAe

Holx] gkgktl SOD$} catalase?)
enzyme HE L 4Fd ] AFA 1em
gl AoX FZRHIA TEHQ APAHS Ho|X
ok, W o), peroxidase® EA# isoenzyme ¥
e 4% BTl Add wel F93 A4S 1}
Bt} &, peroxidase? BAHE 4F B A oE
FRo ALFe) ti Frlelyon, B3, ug

A, dEddde ¥ isoenzymec] A
Eol]z o2 ey,

WAl 2
of =2 2004 FFTGeNEAGY AU
ol =3 ¥ Q1 0 B (KRF-2004-003-D00164), o]l 7t

A=Y,

AREE SN MBI EE]
# 32 E

1) Alscher R. G., Hess J. L., 1993, Antioxidants
in higher plants. CRC Press, Boca Raton,
1-174pp.

2) Asada K, 1999, The water-water cycle in
chloroplast: Scavenging of active oxygen an
dissipation of excess photons, Annu. Rev.
Plant Physiol. Plant Mol. Biol., 50, 601-639.

3) Lidon F. C., Henniques F. S, 1993, Oxygen
metabolism in higher plant chloroplasts,
Photosynth., 29, 249-279.

4) Inze D., Van Montagu M. 1995 Oxidative
stress in plants, Curr. Opin. Biotechnol,, 6,
153-158.

5) Ball M. C., Butterworth J. A, Roden ]. S,
Christian R, Egerton J. G., 1994, Applications
of chlorophyll fluorescence to forest ecology,
Aust. J. Plant Physiol, 22, 311-319.

6) Osmond C. B., 1994, What is photoinhihition?

Some insights from comparisons of shade and

sun plants. Baker N. R., Bowyer J. R.(ed.),

Photoinhibition of photosynthesis: From mo-

lecular mechanism to the field. 4BIOS

Scientific Publ., Oxford, 1-24pp.

&2l 18T, A, L84, nAR, 2001,

et FEUE Q9 f9EAFRe duio)

Ad# gl FxBRFAEFIA), 19(1), 43~

48,

Lovelock C. E., Jebb M., Osmond C. B., 1994,

Photoinhibition and recovery in tropical plant

species: Response to disturbance, Qecologia, 97,

297-307.

Kamaluddin M., Grace J., 1992, Photoinhibi-

tion and light acclimation in seedings of

Bischofia javanica, a tropical forest tree from

Asia, Ann. Bot., 69, 47-52.

Hodges D. M., Andrews C. J., Johnson D. A,

Hamilton R. I, 1897, Antioxidant enzymes re-

sponses to chilling stress in differentially sen-

sitive inbred maize lines, J. Exp. Bot., 48,

1105-1113.

Hetherington S. E., He ], Smillie R. M., 1989,

Photoinhibition at low temperature in chill-

ing-sensitive and resistant plants, Plant

Physiol., 90, 1609-1615.

2 AAE 2005, ALAEHA AF A

= 9% obdul A HE 4%F9 O-J-I-P T4

7

8

g

L

10

=

11

~

Es
B
R

12)

639



(e}
-

e

A, $=82333], 14(4), 389-3%.

13) Strasser B. ]., Strasser R. ]., 1995, Measuring
fast fluorescence transients to address envi-
ronmental questions: The JIP test. In
Photosynthesis:  From Light to Biosphere,
Mathis, P.(ed.) Kluwer Academic, Dordrecht,
977-980pp.

14) Srivastava A., Guissé B., Greppin H., Strasser
R. J., 1997, Regulation of antenna structure
and electron transport in PSTO of Pisum sat-
ivum under elevated temperature probed by
the fast polyphasic chlorophyll a fluorescence
transient: OKJIP, Biochem. Biophys. Acta.,
1320, 95-106.

15) Laemmii U. K., 1970, Cleavage of structural
proteins during the assembley of the head of
bacteriophage Ta, Nature, 277, 680-685.

16) Rao M. V., Paliyath G., Ormrod D. P., 1996,
Ultraviolet-B and ozone-induced biochemical
changes in antioxidant enzymes of Arabidopsis
thaliana, Plant Physiol., 110, 125-136.

17) Beauchamp C,. Fridovich 1, 1971, Superoxide

dismutase: Improved assays and an assay ap-

plicable to acrylamide gels, Anal. Biochem.,

44, 276-287.

54, DAT, VA, 0B, 1A, 199,

FEUEG AE9 SODEAH FA 1 #3t

83 & vAe 2E2E# 29 paraquatd

FE, FXBANEE A, 17(2), 199-204.

Woodbury W., Spencer A. K., Sthamann M.

A., 1971, An improved procedure using ferri-

cyanide for detecting catalase isoenzyme,

Anal. Biochem., 44, 301-305.

20) Bolhar-Nordenkampf H. R, Oquist G. 1993,
Chlorophyll fluorescence as a tool in photo-
synthesis research. In Photosynthesis and

6Bo

18)

19)

ot

640

Production in a Changing Environment: A

Field and Laboratory Manual, Hal D. O,

Scurlock  JM.O., olhar-Nordenkampf HR,

Leegood R.C., Long S.P.(eds.), Chapman and

Hall, London, 193-206pp.

Long S. P, Humpries S. Falkowski P. G,

1994, Photoinhibition of photosynthesis in

nature, Ann. Rev. Plant Physiol. Plant Mol.

Biol., 45, 633-662.

El-saht H. M., 1998 Responses to chilling

stress in French bean seedlings: Antioxidant

compounds, Biologia Plantarum, 41(3), 3%-

402.

Michaeli R., Philosoph-Hadas S., Riov ],

Shahak Y., Ratner K., Meir S, 2001, Chilling-

induced leaf abscission of Ixora coccinea

plants. M. Enhancement by high light via in-
creased oxidative processes, Physiologia

Plantarum, 113, 338-345.

Lee D. H,, Lee C. B, 2000, Chilling stress-in-

duced changes of antioxidant enzymes in the

leaves of cucumber: In gel enzyme activity

assays, Plant Sci., 159, 75-83.

25) Peltzer D., Dreyer E., Polle A., 2002, Differential
temperature dependencies of antioxidative en-
zyme in two contrasting species.. Fagus syl-
vatica and Coleus blumer, Plant Physiol. Bio-
chem., 40, 141-150.

26) Foyer C. H., Lelandais M., Edwards E. A,
Mullineaux P. M., 1991, The role of ascorbate
in plant, interactions with photosynthesis and
regulatory significance, In Active Oxygen/
Oxidative Stress and Plant Metabolism, Pell E.
J., Steffen K. L. Current Topics in Plant
Physiol.,, American Society of Plant Physiolo-
gists, 131-144pp.

21)

22

=

23

=

24)



