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APX
BSA
Chl
CS
DEPC
DIG
EDTA
NBT
PCR
PEA
PI
PMSF
PQ
PSII
PVP
RC
RNA
ROS
SDS
SFI
SOD
SSC
TBS
TE

Abbreviations and Terms

Abbreviations

Ascorbate peroxidase
Bovine serum albumin
Chlorophyll

Cross section of the sample leaf
Diethylpyrocarbonate
Digoxigenin
Ethylenediamine tetraacetic acid
Nitro blue tetrazolium
Polymerase chain reaction
Plant efficiency analyzer
Performance index
Phenylmethysufonyl fluoride
Plastoquinone

Photosystem II
Polyvinyl-pyrrolidone
Reaction center

Ribonucleic acid

Reactive oxygen species
Sodium dodecyl sulfate
Structural function index
Superoxide dismutase
Saline sodium citrate
Tris-buffered saline

Tris-EDTA



ABS

D1 protein

Dlo
ETo

Fm

Fm

Fo

Fp
Fv

Fv/Fm

I-step

J-step

O-step
P-step
psbA gene
Qa

Terms

Energy fluxes of photons absorbed by the antenna

pigments
PSII reaction center protein that is the product of the

psbA gene

Energy dissipation

Energy fluxes of electron to transport chain

Chlorophyll fluorescence yield associated with complete of
closure PSII centers in the dark-adapted state, equal to
Fp

Maximum yield of chlorophyll fluorescence in the
light-adapted state

Chlorophyll fluorescence yield with all PSII centers open
in the dark-adapted state

Peak chlorophyll fluorescence
Variable chlorophyll fluorescence in the dark-adapted
state, equal to Fm-Fo

Potential quantum yield of PSII photochemistry in the
dark-adapted state (the ratio of variable and maximal

chlorophyll fluorescence)
Step at 60 ms of Chl a fluorescence rise between O and P

steps
Step at 2 ms of Chl a fluorescence rise between O and P

steps
Slope at the beginning of the transient Fo—Fm, maximal

fractional rate of photochemistry, equal to (dv/dt)o

Step at 50 ps of Chl a fluorescence rise
Step at 300 ms of Chl a fluorescence rise
Gene coding for D1 protein

Primary electron accepting plastoquinone of PSII



QB
aN
qP
TRo
Vit

Pro

Ppo

Yo

Secondary electron accepting plastoquinone of PSITI
Non-photochemical quenching of fluorescence
Photochemical quenching of fluorescence

Energy fluxes of excitons channeled to the reaction center

Relative variable fluorescence at time t

Probability of a absorbed exciton moving an electron

beyond Qa

Maximum quantum yield of primary photochemistry

Efficiency with which a trapped exciton can move an

electron into the electron transport chain
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Summary

Seasonal and diurnal changes of antioxidative enzymes, chlorophyll
fluorescence and O-J-I-P transients were investigated using leaves of four
subtropical plant species (Crinum asiaticum var. japonicum, Osmanthus
insularis, Chloranthus glaber and Asplenium antiquum) in the natural
conditions, in order to screen the indicators for the estimation of
environmental stresses and to apply them in monitoring of plant
physiological states such as vitality, productivity, sensitivity and resistance
to stresses, etc.

The activities of antioxidative enzymes and their isoenzyme patterns
were changed seasonally and diurnally in the leaves of the four species, and
the changes were specific to each plant species or to the environmental
conditions. Particularly, peroxidase was ubiquitous with various isoenzymes
to all species in environmental conditions. In the O-J-I-P transients of
these species, the fluorescence intensity were found to be higher in O-step
and lower in P-step in winter than in summer. Particularly in Crinum
plants, the P-step was lower than those of other three species, indicating
that this Crinum species is the most sensitive to low temperature. In winter,
the values of Fm and Fv/Fo decreased in leaves of four species with the
increase of Sm and N, and the photochemical efficiencies of PSII, Fv/Fm, of
leaves of these plants were significantly low in winter, contrary to its high
value in summer. Furthermore, conspicous diurnal fluctuations of Fv/Fm
were not found in winter. These results indicated that these subtropical
plant species were affected by seasonal drop of temperature. This could be
also confirmed by the dramatic decrease of Fv/Fm and changes of activities
and isoenzyme pattern of antioxidative enzymes in winter.

In the leaves of Crinum plants, the most sensitive species to low
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temperature among the four species, J, I, P-step lowered dramatically
depending on temperature drop in winter. The values of Fm, Fv/Fo, Fv/Fm,
ABS/CS, TRo/CS, RC/CS, dpo and dpo/(1-tpo) decreased gradually with the
increase of Sm, N and ABS/RC. The Fv/Fm value of leaves of crinum
plants were significantly low in late winter without diurnal fluctuations,
whereas it was high in the summer. However, the values of 1-gN and 1-qP
were lower in day time (12:00) than at dawn (06:00) and night (20:00), and
D1 protein was less expressed at mid-day in winter. In day time of winter
were found the increase of ETo/RC, ETo/CS and Yo/(1-Yo) and the decrease
of RC/CS.

Of chlorophyll fluorescence parameters in leaves of four subtropical
plant species, Fm, Fv/Fo and Fv/Fm decreased with the increase of Sm and
N in winter, and ETo/RC, ETo/CS and Yo/(1-Y0) increased with the decrease
of RC/CS in day time of winter. This suggests that these fluorescence
parameters could be used as the indicators for scensing of low temperature

stress, which occurred seasonally and/or diurnally.

Key words: Subtropical plants, Crinum asiaticum var. japonicum, Low

temperature, Antioxidative enzymes, Chlorophyll fluorescence, O-J-1-P

transients, Chlorophyll fluorescence parameters.
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radical (SAR, - O2), hydrogen peroxide (H202), hydroxyl radical ( -
OH), singlet oygen ('02) 5 ¥r$Ao] E& =49 FAMNLZE (reactive
oxygen species, ROS)©.2 W3t} (Alscher and Hess, 1993). o5& 7
g As g S 7R AL glo] Alxwr Faf, AF ks, @l e, DNASA A
4 9y, =353 5 A4 AgH ZhE 4o,
S %Y 3t} (Alscher and Hess, 1993; Asada, 1999).
gy, AES SANLFT 93 4hstA 2EY 22 RE NS iifﬂ ]

(Lidon and Henmques, 1993). AAW 37|t 2] ~ Eﬂi’:%_oﬂ
ek NEe] ASHAGAAE 2t SEHSE SAMLTY A4S JAs
A 2" SN AEFTE AAFOEZA st &3S WAD # ATk AA
ol A LA AAA 2" #HASt= EZAZAE superoxide dismutase
(SOD), peroxidase, catalase S92 Atsta49} ascorbic acid, «a
-tocopherol, B-carotene, glutathione ¢ dAkglEZo] 9lth (Alscher
and Hess, 1993; Inze and Van Montagu, 1995). w&tx 74 2E G 20
ofg &AL AET A AR, e o i3k Wor|Fte g FitkstE oyt
grkstaio] g RS EATOEN AE9 A FHE 19

o ey, kst Ee) s 2o Ale]-Asstd 2Ab ‘?3% AEx3
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4 chlorophyll fluorescence analysis), §& 43
F o]u]x] EA] (chlorophyll fluorescence image analysis), ¢ ®MA}&
olu] x| B4 (reflectance image analysis), 18|31 €o]u|x] ¥4 (thermal
image analysis) 5°] AoH, o] &4 #HHE T3l FAZEF 2o o3t
BHAPEE, F2AH g, FEAHY WE 55 AEsHA 48 & do
(Nilsson, 1995; Peuelas and Filella, 1998; Lichtenthaler and Mieh,

1997). 53, 95438 BAYe BUd BP2EALT 48 A9 BT

= R T B
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Z)el WA ge 43 mA BT 5
e LA GSka FHel BA thlME Kautskys) Hirsh
(19317 Aoz Rustgon], oF GRadFe T

3
AzA 5 2EdAZ 4% A9 4YH ol WAL 92 A7
3]

a3l
£& @slslo E/ﬂ,ﬁ}ﬁl Aolt} (Strasser and Strasser, 1995). &3-%
H o] WE vFH FATY Gy d54& £4F (HElY A4, antenna
pigment)52 WolH9A (ABS/RC)E 'g"\é}oq A71H e dE42 23
(ChI)2 Wsgter, F48 AyuA § 4% YA (TRo/RC)= BA TS v
STAHLE o]F3tq QuE %‘f-‘ﬂ"]ﬂi, U A oy x (F)e 33, <13,

tA

= g9 Yz WEsA Foh agla, FANY TR olFH oYy
A F dE (ETo/RCO)= 2He3kd AL 7]L7]d wet ZerEF =
(plastoquinone; PQ)2.2 o] &3l FFAANSS F3y3tA Hoh. o]t 9

YA Aol= O-J-I-P (polyphasic rise of Chl a fluorescence transients)
FA0 g2 EAXsd 4 o T4 3EAZ RS 4 Tt (Barthélemy et
al., 1997). ¥4 O (BGOus)et J 2ms)Z AZAFE= O-J77+e FA T ws
SHolA 27 AAFEAQ Qad ijﬁ]r"‘ﬂ”q g, = Qa QeY FHES 9|
stH, J @2ms)2t I (60ms)2 A= ] —3— BANODY wHgFA A
QA Qs Y FZHE HYgste o= # ]H«] donor #% (water splitting
activity)oll &Js =dH™ YFido] AFHGY. wpAgeE T (60ms)2t P
300ms) =2 AZEE= I-PHitolAe FA DO w-s-FAoA plastoquinone
pool (PQ pool)Z9] HAAGEA, = Qa Qs” 9 =S 9wty FFad
o] #Z&H} (Stirbet et al., 1998). °]# 3 O-J-1-P FH 25 ¥ Fo, Fm,
Fv/Fm 52 WHE+E &3 4 Y (Appendix 1). Foe FA N9 A
quinones& ¢l plastoquinone A (Qa)7}F &33] AsPdejo] JSuie 3
Fog o7ld AUYAZE ALY wgFHo=R o]Fsty] A JAND ey
o] A71E PEL FAE0] WESE Aotk Fme Qa7b €433 49 A
o] FFelw Fpot TYT ouE AEHUh. o]Z2RH Fv/Fm, =
1-Fo/Fm< 2t&d 4 ded, Fv/Fme A7[F A7t ZA T <telvel

r:i r
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o) FH T JAN ¥weFAoa Adyo] J3stutge o]fEHE &
S 9w sith (Kitajirna and Butler, 1975).
FBANY AT FogA), A9 3-89 4

!:1

e K,AEIE \\
[ TR; TFI}.-'I y Eru
—> RC \ %o~ ABS
: &
o () or \ET,
o TR, = Wi
e e f
ET, /
[ -1 ET =4

Figure 1-1. Highly simplified model presenting schematically the specific
energy fluxes in PSII (According to Strasser and Strasser, 1995).
ABS, fluxes of photons absorbed by the antenna pigments; Chl’,
excited pigment; TR;, fluxes of excitons channeled to the reaction
center (RC) at time t; ET:, fluxes of electrons to transport chain; F,
fluorescence emission. The equations express the yields ¢po, ¢ro, and

Yo derived from the fluxes at time zero.



o] <3S HOmw, proton translocation, thylakoid stacking}
unstacking, ionic strength, cyt b-559 %419 potential 5o 2J3] F&F=
Het 1YEE JE4FRY] Hile 3P HItE s & &
ot 293, #% (Tsimilli-Michael et al., 1996; Srivastava and
Strasser, 1996, 1997; Kriiger et al., 1997), &% (Srivastava et al.,
1999; Strasser, 1997), A% (Van Rensburg et al., 1996), 3}s% o3k
(Ouzounidou et al., 1997)% & IAAHZEH X 3toA O-J-1-P F49
Wsts FElsHA yUEhdth mEbA o 7R P ZEg 2 o3 A E 9
O-J-1I-P = 4% o]27H 4t&d JFHTES ol &5l SHF2EH
of thgk AEY AYF oy A T dFcte UE &8st FFEA

AT T2 R A5 WstE AP ANT + ATk

e B, AvEd dEo AE9 Ay 4d, g Exe AE
SOl 2FFez Agst= 89 F styoltt (Berry and Bjorkman, 1980).
AEAS AT Do e 5 =& He =, HAF2EE 7HAH, o
2EE THOE 12} AL FHH] 2= i A g 2= E
Zket, 27t 4F Al T AESE Aol HAstal, 1 FAE do
AqH 1AEA "ol (Kratsch and Wise, 2000). 28] G 2 old A
AEES Ao 53] WS ¥gate] 10T PRy 2&d =FHW ©
5, B8 ¢ ad Y A, auld o] e wslE xEs o
AR o] do] R FAIZE B Y U AEA 4Ze 33



z#sHAl Hed ol Aol ZtA S wf FAs=E ST
= 2 4849 (Hodhes et al., 1997).
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Figure 1-2. Seasonal changes of temperature, relative humidity of air, and

precipitation determined from January, 1999 to February, 2002 in the
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Jeju meteorological station.

os}l 7]xte] 474€ (IZE, 1~349)oju H3lemn, 8¥o] 26.8C=E 7Hd =

kot A HA 7L ~290] Hi 34T o3tz $3ka, A v 8¢9
o] Hi 29.6C=Z =A eyt Fulsz=s AZd Aol dFEo]

|

60% °]dS FAEINeH, 53] AFE (7~8¥)o €HT 75% ©lF =
o AdEES FASAT. BeA, AFAGY ALH (1228, 1~29) AL
O T ofduld E A& JEgS nE Aoz AlgHT.

antiquum), (Crinum asiaticum var. japonicum), S4Y%
(Cinnamomum  camphora), %5  (Elaeocarpus sylvestris var.
ellipticus), 3+& (Cymbidium kanran), £d'% (Psilotum nudum), =3%
(Chloranthus glaber), Y33 (Euchresta japonica), AW (Paliurus
ramosissimus), & (Hibiscus hamabo), YE%x (Osmanthus
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e BE8R] AEA Wl wet oy 7HA AYH WHEE Aod
A ARSI, A Eo] 4F SAHAEYAE o AAY A (0= HESA
o] & =49l AAAZE (reactive oxygen species, ROS)C. 2 W 3}H

(Alscher and Hess, 1993), °]|&2 73 4bsg S 7FA| Qlo] &4k, o9
4, AA T WA B oA T A4S e FAE oy, Aw
X EA S 3AVSHA W=t (Alscher and Hess, 1993; Asada, 1999). 13
U AZA7 AAHeE A

=317l 715 2t 7] WEolth (Lidon and Henniques, 1993). &4
Abao g AES Wo]r|Ae G FAS A AY A" &4
MAE A AsE AQdH, SOD, peroxidase 59 &Aoo o3 HWo] &
ascorbic acid 9 #AEEAH g Wor|Hoezm FEF £ Uok
(Alscher and Hess, 1993; Inze and Van Montagu, 1995). 124 |23t
AE9 W 2Ed 29 AR 77 Rbo] ofygl A EF wHAME FF
Akt A F isoenzyme HEo] HItE HE 1HE W, $PZEHE

of tigh A=9 FFAZA T AYF AHE ddst=d AHEE = Ao
a] A

AY & e Ae B4 BYNLTL

a8 a, BFREY 20 YE 5] A =
FTHT WskE E48te] AT = Aok 53], E454FF EAWS ¢
Fet FAAEY 2L AE Ao FFA Tl wAe FdFS H w2 A
A 4 glon, oy 7HA @AF~Ed o] didh A8 A wkgoly
WA 55 dFstedE &8sty Y V1Y & 9 V)5 HEE A
FHoz AAT & Aok FALODE FRHE 717 FolA FAF=Eg = 713
N7rste] $A2Ed 2o gt ARZE o] &HI Jlom, AN &4 4
24P E SAFoEZHN w21 ¥y Fo R AEd 5 vt (Ball et al,



1994). 542 FS ol&d JAND BP9 dAF=e Y g3 oA
(Osmond, 1994), dF714 - AAZ W3l (& F, 2001), 2= BFHe B4
(Lovelock et al., 1994), +3& 5439 #4A (Kamaluddin and Grace,
1992) so] o, &AaQl W] i3k FI+ RS Y zto], A2 7A@
BEEd 2o tigk A= AEF whgoly WA F& dFstedE &8

I Sl

rlo
Ht
il
tz
o
=
Yy
o
e
=
i)

ol
2
o
(3
2

o o 2

dAEES AL oFs A, Aol Ztell xS wf 2o 2-&3h
A Fata SAY Ag Fol s v, ol Ao e es wW LAst
= 4R T FEH 98-S e Aoz dEH e (Hodhes et al., 1997),
FAdsdE Fe T

et 2 dATe AFE , 244
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2. A % UH

2 AFdge EAFT 73 st BV (dx) oY siHAR
AAYELa Q= FF (Crinum asiaticum var. japonicum)3 A|F%= 4
A4k W ASst Ae HEEAN  (Osmanthus insularis), =
(Chloranthus glaber), 329493 (Asplenium antiquum)< AH&3}%t}.
T2 FH AEAE HAASY gFEE =EHo AAFS we o FoAA
dao] MszEtal SPADZEe] 50~609] Welel s Pets w3 e <]

AANEE ARESI T 22a WrEEA, SHE, dxdgL
PAD%ol 27t 60~70, 40~50, 40~502] H ¢ o]
AANEZ A&

(DA mz
0p]

T H

T
FRacosE 4BAYY 57 P 28, YUEE, BFL 2R
A

At x99 AEE+= TR-72 Thermo Recorder (T&D Co. Ltd.,
=, &

AR A= A Ul 99 =ole ’%xls}?iﬁfq

3. gABRELE FHEY

3.1. 254299 AZX
AEA e 9L 1.0 g A FHst] 0.1 M Tris-HCl &=89 (pH 8.0; 1

mM phenylmethysufonyl fluoride (PMSF), 25 uM
polyvinyl-pyrrolidone (PVP), 0.1 mM ethylenediamine tetraacetic acid
(EDTA), 0.5% Triton X-100 &) 10 mie} &4 E5 A9 FolA vt

A3 5, 4ToA 10,000 rpm o= 30F7H ﬂ%"ﬁ:ﬂg}oq A AAAE =8
Aoz ARESHY. Ut APX 48 E45tax o= 0.1 M
sodium phosphate &+%£€< (pH 7.0 1 mM PMSF, 5 mM ascorbate,
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0.1 mM EDTA #1)S AH&3te] ksl

3.2 A719%

71982 Laemmli (1970)] WHS W33t native gel 3hollAl A
stttk A719E AR E49S 7Y AE8 4589 (125 mM
Tris-HCl, pH 6.8; 0.005% bromophenol blue, 40% glycerol, 5% B
-mercaptoethanol) @ &3}3te] AFE3t3T. A7|9 5L SOD9 APX+=
10% polyacrylamide running gels, catalase®} peroxidase= 7.5% 2]
polyacrylamide running gelS AFE3 oW, stacking gel2 3%
polyacrylamide running gelS AF&3lth. A]8E vertical slab gel9l
loading3}] stacking gell A+ 50V, running geldl A= 100VE A79%
sttt

3.3. 49 A¥EFH
3.3.1. Superoxide dismutase

Superoxide dismutase (SOD)¢] 32 Beauchamp® Fridovich
(1971)¢] WHS W33 riboflavin/nitro blue tetrazoliumy™H-S A}-8-3}<
AABIAY (2 &, 1999). =, d7|d5°] € A5 2.45 mM nitro blue
tetrazolium (NBT) &l o] 20&%t ol F& ol & F, AefolA 15
7 vk8-89 (36 mM potassium phosphate, pH 7.8; 28 mM TEMED,

28 pM riboflavine)ol do] X&3ta, WS ZASHAA] 5-1087F ¥H2A|A

Uelde WM=E ZA1E T SOD isoenzyme SAEAS s A7
o] Ed A< 3 mM Hx0:9 2 mM KCN &l &7} 3087 153 &

oft

VP PO SODE AE3e] 2AISHA

3.3.2. Catalase
Catalase? #H=<2 Woodbury 5 (1971)%] ferricyanided S Al&
sl AAISEATH =, A7|GEo] Ed AL 3.27 mM H:0x7F E0+ FF
|

[e) il
Fo ¥ AAdEfANA 1087 HESAIZ] & wkg8 (3.7 mM ferric



chloride, 3 mM potassium ferricyanide)o] ¥¢] 5-10&7F ¥F3AA e}

e WES AR

3.3.3. Peroxidase

Peroxidase®] A=< Rao 5 (1996)¢] HHHS W] AA AT =,
50 mM potassium phosphate $+%8< (pH 7.8; 10 mM H202)°| 7]
Fo] Ed 2L 108 B ¥ & 449 (1.4 mM 3,3 -diaminobenzidine
tetrahydrochloride)oll ©7} o5& XA HEEAIA Yelhys =S AL
At

3.3.4. Ascorbate peroxidase

Ascorbate peroxidase (APX)= Mittler®} Zilinskas (1993)2] =&
AFE3 ERIstgth. &, A7|9Fo] #d ZS 50 mM sodium phosphate
#ZF8&A (pH 7.0; 2 mM ascorbate)ol] ¥ 30% &< Igsta, tAl 50
mM sodium phosphate %89 (pH 7.05 4 mM ascorbate, 2 mM
H202)oll 2o 207 X&siant. A4S A & oA 9384 (50 mM
sodium phosphate, pH 7.8; 28 mM TEMED, 2.45 mM NBT)o| Yo ¢
el A WHSAIA UEtde MEE AR

4. §E2FF 54 2 £4
4.1. O-J-1I-P &4

O-J-I-P (polyphasic rise of Chl a fluorescence transients) 3|82
Strasser®} Strasser (1995)2] ®Ho] uwgl Plant Efficiency Analyzer
(PEA; Hansatech Instrument Ltd., UK)E ©]&3} =Asla 4353
O-J-1-P F4& w3 SAA] 20 vt o2 A5t EAsAT SHS 9
St time scale> 10 psolA 1 9 HAZ HAsIF oM, 10 gsolA 2 ms7t
A 1 psEHHE A3 e, 2 msollA 1 s7tA= 1 ms GHE <
2t s AASAT. 2VIFEFAL 15687 FE Adste dd3AI7 §

1,500 uymole/m'/sece] F#HS 1x37F ZAFste] ZAAsA oW, 50 s (O-¢

_13_



A), 2 ms (J-EA), 30 ms (I-2A]), 300 ms (P-©A))olA F=

g W43t (Srivastava et al, 1997). O-J-1-P I3 Exo= 97 9]
7122 §33H34(Fo, Fm, Fv/Fo, V], VI, (dv/dt)o, Sm, N, Sm/Tmax)E
< AANERH. 2 olE EWE wA] FxF ¥ (structural
parameters; RC/CS, ®po, Yo, deo)2} 7|52 W (functional parameters:;
ABS/RC, TRo/RC, ETo/RC, ABS/CS, TRo/CS, ETo/CS)ES At=3}¢]
AAetF o, o]59 A4k 1 owl= Appendix Io] AAIsta )t

I ua
g3 49

FELFFS 158 FS AT dFSA F PEAS o] &3t
1,500 pymole/m’/secs] %L%k% 1% 7+ ZA}stal Fv/Fm, Fo, Fm 55 2=
3. vZ3stA 3342 (non-photochemical quenching; qN)¥ 33}
8% 334 (photochemical quenching; gP)¥ #&Ho] &= 1-gNFH

1-qP< Fig. 2-19] light-adaptation transient® EZ 3}o] two strong
light pulse®Z Z=A3}a 2F=3} Y (Strasser et al., 2000). Fig. 2-1A&
FAgH EF&Y Yo +7+F< 1,500 ymole/m'/secd] E3}F-S H|Fo] 3
ATY HNEES 54 T ASA 100 umole/m'/secd] A&5FE v S
WA w 10% FASE ¥ 3FS H|Fo] FALSH light-adaptation transient
A= A= FEdA £3FE HIFH Fme
‘Fo Bt} =olxt} aAw, ALsA A&
T AF4H =284 Ho] Fmd 'Fos 4 +
, )15 ‘Fm, ‘Fo, Fm, FoZ °]&34 1-qN, 1-qPE &8 = A =

il
AW
iul
Y
s

30
o

2 light-adaptation transientE Uehlo] Ho} d& HAFAE ] o]2A I
o] A& 'Fm# 'Fos ¥4<S 4 JA doh ole} 2o EFdo 9o 2
HE EYE B AFNME Fig. 2-1BolA AAE 333 A%3S ALE

3lod two strong light pulseZ 'Fm¥ 'Fos =435}
£ o|&3t 1-gN# 1-qP< AH=3k3lth (Strasser et al., 2000, Appendix
[).
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1-aN = (Fv/Fo)/(‘Fv/Fo) ------- (1)
1-gP = (‘Fs-'Fo)/(Fm-'Fo) ------- (2)

3 =3 n
g -
“Fmy 82 I
i 3 I o5
.

2 |F
2

S Fo,
! Z Time (ms)

Chl a Fluorescence intensity (rel.?>

A
(f)
0 : -
0 100 200 300 400
B/ 4
T |
g
2z g1
2 4
] 24 Eo
£
[0
o
c
[0
° Fm
o H |
o H I Fm
2 1 . II"IIIIIIIIIIIIHIIIIIIIIlllllllllI|llllll|l|||ll|||||||
e A IO
© :(5) m"
(E) 9ol o
(f)
0 T T T T T T T
0 100 200 300 400 500 600

Time (seconds)

Figure 2-1. The light-adaptation transient of a dark-adapted leaves of
Crinum asiaticum var. japonicum. The light-adaptation time was
10min and the actinic light intensity was 100 umole/m’/sec (A) or 150
umole/m’/sec (B), provided by the light source of the PEA instrument.
Every 10sec during the actinic illumination, a light pulse of 1 sec
with 1,500 pmole/m'/sec was applied which provoked a fast
fluorescence rise, measured and digitized between 10 us to 1 s by the
PEA instrument. The inset shows the fast fluorescence rise of the
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first (f), second (s) and last (1) light pulses. Each vertical trace in the
main figure corresponds to a complete fast fluorescence rise [Fo (or
Fs), F;, Fi, Ful. The two envelope lines of the main figures
correspond to the fluorescence transients under actinic light of Fm
and Fp, respectively. The latter reaches finally a stationary value
labeled 'Fs.

T, 3, AUsE)He dHdAe A5EHY ALHA S8 4w A
E 7}A 31 SPSS 57 package (SPSS Inc., Release 7.5, 1996)2 ©o]|&3}
o EA43tAT
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AFzo] Aot E5H, BtERA, FHZX, dxdy 5 ofgdA A&

2 | Aoix el SOD, peroxidase,

catalase, APX?] isoenzyme H¥HE A7|d 5o 2 FolH T} (Figs. 2-2~
2-5).

SOD isoenzyme 3 ¥HS #7]%

—

o2 AvEy (Fig. 2-2), &5¢, ¥

195
25A, dxdg 3T A wEt 2 FA4F isoenzyme I H| o] A
ool o7t Slov HAEHASH el SHxE A5EHA ASHA #A
gleol SO AZH A it EFT Ao AAFHoE 7749 isoenzyme©]
°]E isoenzyme< 1702] Mn-SOD<} 6702] CuZn-SOD=E

D7} %
A=EHAoH,
TEg F UMY SOD= it e 559 F70 wWE CuZn-SOD,
Fe-SOD, Mn-SOD¢] 3F/FZ UFolX = HZOZQ]— KCNo| ¢]3+ Hensd
A Z2HE o5 FEZ 4+ AT (Fridovich, 1974). =, SOD isoenzyme?]
H2029F KCNell 93k A3 =& AR 23, ET%A SOD 12 H,0.%}
KCN oj- Ao sz A% ¢omg Mn-SODE, YA 6742
isoenzyme (SOD 2~SOD 7)2 H;0:2} KCNo| 93 =5 A5
CuZn-SODE F4% + Udvh. AFEH AZHd oA FE& zol7t
=)

S W oyl dsle] QoM ®E F AolE HolX] LTt vfEEA Qe
SOD isoenzyme< 5719 CuZn-SODZE FAHo] glon, oEHAE A4
o

S A9 YehA kot AL Hole =4 veElyt. a2y ALdd e A
9 (06:00) 2T B (12:0003 ¥ (20:00)0] =2 XS Bk fRIdge
AAFo=z 349 W= #AEHJOH, 171 Mn-SODS 2709
CuZn-SODE T35tk drigte] oA AFH s FAI tha &9
d, & 2709 CuZn-SOD &/o] PA|zte] Egktom, Agdde A
ghol g4o] Egked 53] Mn-SOD &44¢] =7 UrE‘r”E}. QAT
zdo Slojx SODE AHAEARFE 3 e APyt SdEo] A=

superoxide anion radical (- 02)< A A= FE (202 + 2H — H0:

rlr

y
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<4 MnSOD
T &2 888

< CuzZn SOD3

Cuzn S0D4
tgum Sobs
uZn SOD6

CuZn SOD1
CuZn SOD2
CuZn SOD3

CuZn SOD4
CuZn SOD5

<—Mn SOD

tCuZn SOD1

CuZn SOD2

06 12 20 06 12 20

summer winter

Figure 2-2. Isoenzyme profiles of superoxide dismutase from leaves of
Crinum asiaticum var. japonicum (A), Osmanthus insularis (B), and

Asplenium antiquum (C) at dawn (06:00), mid-day (12:00) and night
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(20:00) in summer and winter.

U e 59 25 2EdZ, g A, o F, AxA, FE 2EHEE X7
e Y SAZEG 2o WS Hole AEoA SOD &4 F38A 5
7bshe ACE HiEa ok B AFdA wragAe ALHd F3si F
7Vehe s Hola Qo] AH $7 Wsto] o3 FFS v USFS &
T o, & AE M ASH AL € WU Aew HAY, 1
3 Z4zke] dwWisle] QlojA AFHde @Az, AZHdA e A v o
A = ) P

9
2
jus)
O
;9:
o
2
0p)
o
o)
mi&‘
O
_\‘L
ol
2

o™ (Lee and Lee, 2000), €th4d
21%21 Coleus blumei 10°C9] T A B Ygsl RS W SOD &4 F7F
St Bare)l fARSE Aoltt (Peltzer et al., 2002).

3, SODE ZHgo] 23] 0290 4o 73+ hydrogen peroxide
(H202)7} A= (McCord and Fridovich, 1969), A" Hy0.t
catalase®} peroxidase©| ¢J& EajEct. 18 A Eo|t}; B FF9
£ ascorbate peroxidase (APX)7} H71#& o2 EAj3H, £33 o] a4
A 7170 GEA A Ho0. A A F23 IS 3t} (Asada, 1992;
Tottempudi et al., 1994). w24 SODe 43 tEo] HyOs A Aol
3} catalase, peroxidase®t APX A4S AHE o 22X 37dH3l 293t 2

=9 A4 dHE J4E + vk

ot ol Fl

_‘

|
‘} 12 E=H, 25 Ao A5Ho]l A&H vls) < Hoj
=d whef BtEgEA 9 xAdFS A =2 S Ao 28 44
o] dwslo] Qlojx FFH| catalase F4 AFHoe & AolE HolA
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FARE A2l

gt s

L —
| .

Heo} dwsl Aol

)
3=

g @

|

=

&

—
s

7A
o

S &8 BAY. Catalase T4
telet= Aol & &4

S

HH

ol e

Av Agzd, a2a 713k mHaMe @

o

HolH,

o Aols

¢t} (El-saht, 1998; Feierabend et al., 1992).

Ho=Z

2

Cat 1

%
O
v

<4 Cat1

20

20 06 12

06 12

winter

summer
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Figure 2-3. Isoenzyme profiles of catalase from leaves of Crinum asiaticum
var. japonicum (A), Osmanthus insularis (B), and Asplenium antiquum
(C) at dawn (06:00), mid—-day (12:00) and night (20:00) in summer

and winter.

Peroxidase isoenzyme #H|H-& A7|FFoz AHRHH (Fig. 2-4), Tl
w2} isoenzyme FNE I 1 Ao zol7F oy 4F EFA AEEHE A
g F AU EFT & AAHOE 4R METE AEFHAT. 0]
peroxidase 1& &4 AdE 2o|7} YA oS4 3
Foem, 3709 isoenzyme (peroxidase 2~4)& AL Hoqt Eo]z o
= Ae® yeyt. a8 AFHos WA gA Ee
AsHd e SAIEGE AAHF do] 52 A4S Bt BtEEA
AAqHo g2 579 MErE HEHANH, FF oA #zd A 2
AEHHO = ALE =2 €48 BT A&
24s HAA, AXHd= A¥H
peroxidase 4%} peroxidase 5+ AL ¥

5 S
Q9] peroxidases T WE=Z HEFHJoH, 4FHI ALEH 5T AEIG
H 1

o

2L

M ofN e

e

-

O 1o 2 oY
o |o
H W

b

rlo

e 84S HYed, Asdol= Wl A =2 €48 By a8 v
%Y A9 peroxidase isoenzyme ¥F2 LFTo|L}; HIGEX 9} FALSHA o
EHROE ALHY & A4S HA3, FAFoZ 379 MErt HEF
ATh 2 AFEHR ALH Wit SA4S AuEW, A5 e 2A
Hl i 2 F4S B3, ALHAE EA gi Edoy disl
NOJA F Aol E Ho|A& FUTH o ARE AuEH, 5, g
A, xdge dEHEOE ASEd 52 848 Bior AZHAW &
o]F o2 YElH+= isoenzymesExE #HET 4 AUtk Wzt EAdo) Qo]
Me 38 gtgEA s GA e 0] WA 1, 3xde RigE v



Al & A4S YT, 283, S8xs AFEFH ALE 9T
peroxidase &Ao] W E X gttt FdE (Phaseolus vulgaris L. cv.
Contender) X0l oA #&9o Age EEdAd wet tid Zjole
AATE 10T AL 2o 93] peroxidase &3 1 7|22l ascorbate &
ZFol F7lstAt (El-saht, 1998). 18]l ofgdtid A=<l ixora (Ixora
coccinea cv. 'Big Red')oAE A& ZE# o] 93] peroxidase 4] o]
Z7betdths Bavh lo] (Michaeli et al., 2001), £ oA Anel
Abel A th. 18]3l peroxidase isoenzyme FE-S A|x o] Wity w3}, 3

R 3} Ol w2k H3}3}7] w2 ol

—
< POD 1
47
A m roo1 B T ' PRy
< POD2 <« POD3
<+ POD3 < POD 4
< POD 5
< POD 4
C D j _ < POD 1
<« POD 2
" < POD3
i— — - - <€ POD 1
06 12 20 06 12 20 06 12 20 06 12 20
summer winter summer winter
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Figure 2-4. Isoenzyme profiles of peroxidase from leaves of Crinum
asiaticum var. japonicum (A), Osmanthus insularis (B), Chloranthus
glaber (C) and Asplenium antiquum (D) at dawn (06:00), mid-day
(12:00) and night (20:00) in summer and winter.

peroxidase isoenzyme W8 W35 XZEH 29 X % 74 o Fd vk

AxE ARt E A7 AP vk (Castillo, 1992; ©] 5, 2000). &

AFo = AFH peroxidase isoenzyme WA AL FEEIF xjo]E H

olE, A&A EolFo 2 AZHE isoenzymeELE #FT £ Ut
=]

JdEoz AHHYW (Fig. 2-5), SI=gEA 9}

APX I Hs A7) ZHzE
APX7} AEHA @skern, £5dd Rxdde 474 8749 W= 5749
My HEEAY. EFE 99 APX isoenzymeS o EFHo| dW3tH EA

2E 4FE o2 SOD, catalase, peroxidase, APX
isoenzyme®| AGW, 121 4wty syHS AHE A3, Fo wg} 2o

g Byov], PAo Aste BRI NDEAE ANHOR AT BPE

f
b £
[
(m
v
[>
2
2
<
1>
o
lo,
Y
of
A
-
N
i)
rlu
s,
o
fru
_|>:
fr
)
=



AAs e 715S 7HAI Ao, iz dastA e} nprbA 2 2Ed 2 8
A A& AE xe WAEH %%ol Atk (Foyer et al., 1991). 183
SOD, APXE ZI% 2Ed 29 9 FEdAY e SUlsles A= B
a1 9t} (Walker and McKersie, 1993; Anderson et al., 1995; Hodges
et al., 1997). &2tata s JHS FFR}S ul, peroxidase?] Az}
isoenzyme | €o] AEFo|u} FAxA wet - gFEA veEgon,
4% RFoA AFHETG AEH &40 Utk B9 £5, HEEA,
BzAdPNNE ALH EolFoz AZEHE isoenzymes:s TEHIT F
ATH. SOD$} catalaseT &, WIEA, Bxd PG HEEHIJOH
3] BtgE o AHo SOD &4o] =tth. 183 catalase= +
Ao e AH Hs| AEH & 52 G4 BioH, BtgdEx e} u
AXE ASHd =& A4S el 221 &5 vtgEA

N AgAel Aol vt BA

=
S

)
=
T

Ko

2
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06 12 20 06 12 20

summer winter

Figure 2-5. Isoenzyme profiles of ascorbate peroxidase from leaves of

Crinum asiaticum var. japonicum (A), and Asplenium antiquum (B) at

dawn (06:00), mid-day (12:00) and night (20:00)

in summer and
winter.
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u] SOD, peroxidase, APX &4jo]

199t (Lee and Lee, 2000). 121} ©]

S

o
=

il

K

o

Hj]

7VetAthe ®aiek AL

=
[}

o

4

o
ﬁo

Bo

Fv/Fme] H3slZ o=

L

T

iz

ao
wr

2 A5E% Ad A
FFA 7

S HwsRA (Fig. 2-6), £ wa} oix
o O-gA MY

=)
=

2.1. O-J-1-P
(06:000¢] O-J-I-P =

of

el

of

i}
B

N

AN

P-gdAdA Y FFAH 7= HAa

=

2 A

[e]

g AL

o

35

=

99tk (Table 2-1). 1 Z

[

2 eyt gxzdo=z 7

-J-1-P

4 0

s

=

s ueg o
- 26 -

S

8 WsrES 4E

=

Al
gE Aol A J-wAl e o] A&HAWL, J-I71L,

Ao R H. o
AE ol Hlsf tha =Sk

.

AY Fae FFHAA FA

o) we tiael Aol

[

s
=

oAl J-A

DAY FFA 77 oA ol AN J-9AS P-BA 7t

P-TA A FFA 7=
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Figure 2-6. Seasonal changes of chlorophyll a fluorescence transients
O-J-1I-P of PSI from leaves of 4 tropical/subtropical plant species at

dawn (06:00) in summer or winter.
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Table 2-1. Seasonal changes of experimental expressions at the JIP-test

derived from the fluorescence transients O-J-I-P presented in Fig.

2-6.
Cnvnaz;mj;;(z)%lg% Osmanthus insularis Chloranthus glaber Asplenium antiquum
Parameters
summer winter summer winter summer winter summer winter
Temperature(C) 26.4+0.09  7.8+0.45 24.1+0.29  0.13+0.30 2354028  1.2+0.23 235+0.33  1.40.17
Humidity (%) 97.3+0.44  85.6+1.60 97.7+0.18  90.7+1.29 98.7+0.09  90.0+1.06 96.0+0.45  84.3+1.23
L e ) 9.3+1.15 0 46.9+0.88 0 13008 0 0.440.02 0
F extremes
Fo 395£6.8 425+9.4 369+9.8 381+5.4 S17£5.8 652+9.0 449+3.6 547+9.3
Fm 2516+46.5 1093+66.9 18744435  1496+81.7 3271382  2682+94.3 2907+15.9  2690+68.2
Fv/Fo 4.9+0.05 1.4+0.11 3.9+0.10 2.8+0.2 4.9+0.05 3.0+0.17 4.7+0.04 3.3+0.14
F dynamics
A% 0.83+0.005 0.51+0.008  0.84+0.009 0.25£0.005  0.97+0.001 0.41+0.006  0.97£0.001 0.62+0.009
Vi 0.97+0.004 0.79+0.005  0.99£0.002 0.64£0.007  0.99+0.002 0.67+0.003  0.98+0.001 0.78+0.010
(dv/dt)o 1.01£0.021 0.58+0.013  0.88+0.025 0.18+0.005  1.12£0.022 0.36+0.011 1.38+0.026  0.77+0.025
Areas
Sm 39.9+0.95  65.6+2.35 54.7+248  93.4+1.76 20.2+0.46  65.1+0.82 17.9+0.39  39.0+1.21
N 4824127  74.8+3.04 56.2+2.26  66.9+1.56 23.2+0.67  57.4+1.96 254+0.52  47.6+1.21
Sm/Tmax 0.09+0.004 0.07+0.002  0.07+0.003 0.09£0.002  0.03+0.002 0.07+0.001 0.04+0.001  0.04+0.001
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parameters provided by the JIP-test, calculated from the data of Table

2-1 and the fluorescence transients O-J-I-P presented in Fig. 2-6.
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Crinum asiaticum
var. japonicum

Osmanthus insularis

Chloranthus glaber

Asplenium antiquum

Parameters
summer winter summer winter summer winter summer winter
Temperature(C) 26.4+0.09 7.8+0.45 24.1+0.29  0.13+0.30 23.5+0.28 1.2+0.23 23.5+0.33 1.4£0.17
Humidity (%) 97.3:044  856+160  97.7+018 90.7+129  98.7+0.09 90.0+1.06  96.0+045 84.3+1.23
Light e o) 93+115 0 46,9088 0 1.3+0.08 0 0.4420.02 0
Fluxes—activities per
RC
ABS/RC 1.45+0.031  2.43+0.17 1.31£0.04  1.03+0.05 1.39£0.03  1.23+0.06 1.73£0.033  1.63+0.040
TRo/RC 1.20£0.024  1.13+0.019 1.04£0.03  0.72+0.016 1.15£0.02  0.88+0.026  1.42+0.026 1.24+0.028
ETo/RC 0.14+0.007  0.55+0.014 0.16+0.009  0.54+0.013 0.04£0.002 0.52£0.017  0.05+0.001 0.47+0.012
Fluxes ratios = Yields
TRo/ABS = &0 0.83+0.001 0.53+0.018 0.80+0.003 0.72+£0.016 0.83+0.001 0.73+0.013 0.82+0.001  0.76+0.009
ETo/TRo = Yo 0.17+0.005 = 0.49+0.008 0.16£0.009 . 0.75£0.005 0.03+£0.001  0.59+0.006 0.03+0.001  0.38+0.009
ETo/ABS = ®ro 0.14+0.003" 0.25+0.008 0.10+0.012  0.54+0.013 0.03+£0.001  0.44+0.009 0.03+0.001  0.29+0.010
Density of RCs
RC/CSo 296+6.8 223+13.5 294+8.4 399+18.9 403+10.2 581+20.7 298+7.2 389+6.0
RC/CSm 1758:502 6261666  1455:442 1624:1343  2380:536 22001 17024376 16834705
Fluxes-activities per
CS
ABS/CSo 425+7.6 439+10.5 381+10.5 386+5.7 552+5.4 679+8.7 509+4.8 630+8.7
TRo/CSo 353+6.3 240+12.0 303+7.9 279+8.9 459+4.4 496+7.6 420+3.4 477+6.0
ETo/CSo 61+3.0 113+5.0 46+2.3 209+6.9 15+0.6 294+4.6 14+0.4 181+4.5
ABS/CSm 25164465  1093+66.9 1874+43.5  1496+81.7 3271382 2682+94.3 2907£15.9  2690+68.2
TRo/CSm 2090+£39.8  654£59.5 1493+34.4  1110£77.6 2718+34.4  2003+98.7 2398+134  2060+71.5
ETo/CSm 355+10.2 304+26.8 230£11.6 832+59.6 88+3.5 1185+57.4 79+2.3 791£39.8
Vitality indexes
10%SFIpo 0.93+0.030  1.35+0.099 0.98+0.066 5.63+0.322 0.20£0.001  3.85+0.231 0.16+0.006  1.84+0.097
- 31 -
(RC/ABS) 0.67+0.016 0.49+0.022  0.78+0.021 1.02+0.041 0.73£0.017  0.87+£0.039  0.59+0.013 0.62+0.016
Ppo/(1-Gpo) 4.88+0.050  1.40+0.109 3.94+0.060 2.83+0.181 4.92+0.047  3.00£0.170 4.72+0.040  3.31£0.142
Yo/(1-Yo) 0.20+0.006  0.99+0.034 0.19+0.012  3.01+£0.076 0.03+£0.001  1.48+0.036 0.03+0.001  0.62+0.024
Plro 0.46+0.023  0.54+0.087 0.60+0.048  9.40+0.930 0.12+0.005 4.08+0.394 0.09+0.004  1.37+0.130
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Figure 2-7. The fluorescence transients recorded in leaves of Crinum
asiaticum var. japonicum, Osmanthus insularis, Chloranthus glaber
and Asplenium antiquum under the narural conditions in summer (A)
and winter (B). The presented transients were measured at dawn
(06:00), mid—-day (12:00) and night (20:00).
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Figure 2-8. Diurnal variation of environmental factors (temperature, light

density, and relative humidity) and chlorophyll fluorescence
parameters (Fo, Fm, Fv/Fm, 1-gN and 1-qP) from leaves of 4
tropical/subtropical plant species in summer. The values represent the

averages*SE of 60 independent measurements.
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HAE BERon, FFde E59, HEH5A, SH2E 1% FTolA 282
F2AGE 5% FEoA o ARBAT AGHUh For 454 =¥
FYIHE 1% 52N 9 Azt 9FFRo, LEG FhEEse

Table 2-3. Relationships between environmental factors and chlorophyll
fluorescence parameters of four subtropical plant species under natural

field conditions in summer.

Chlorophyll fluorescence parameters

Species Environmental factors

Fo Fm Fv/Fm 1-gN 1-gP

Temperature 0420™ -0459™ -0622" -0.768" -0.689”

Crinum asiaticum Humidity -0423" 0437 0621 0.740" 0.720"
var. japonicum ” . . . .

Light intensity 0.486 0448 -0.689 -0.807 -0.792
Temperature 062" -0.488"™ -0.7%" -0.884™ -0.609"™

Osmanthus insularis Humidity -0676™ 0529 0.861™ 0915~ 0638
Light intensity 0.683” -0513" 0862 -0.930" -0.648”
Temperature 0.270° -0.607" -0.703" -0817" -0.749"

Chloranthus glaber Humidity 0225 0.453™ 0.560" 0.869” 0672"
Light intensity 0.277" -0622" -0.752" -0.798™ -0.834™
Temperature 014 -0.391™ -0.445™ -0.870™ -0.809"

Asplenium antiquum Humidity -0.218" 0180 0.345" 0671 0.892"
Light intensity 029" 0.218 -0.254" -0.262" -0.660"

“ significant at the 0.01 level, * significant at the 0.05 level
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Figure 2-9. Diurnal variation of environmental factors (temperature, light
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g BAwte BEe, R, 22N fAR 2BBA S4S nd
ARG Eshe Ao FuuAL, BFAE £ FeuAt QP9I 1-gP
t 4% BF RAR B4 2ol eEU BFAe 1% FEAA 2o Juw
A7, ARG 1% 204 g FuuAzt QFHA. e Ast
g Euz A4se Ade 43 Fol mer $P209 Wl U 4%
9 W 7)ol

Table 2-4. Relationships between environmental factors and chlorophyll

fluorescence parameters of four subtropical plant species under natural

field conditions in winter.

Species

Environmental factors

Chlorophyll fluorescence parameters

Fo Fm Fv/Fm 1-gN 1-gP

Temperature 0401 0499™ 0509 -055" -0.056

Crinum asiaticum Humidity 0.002 0.112" 0.179" 0363 0637°
var. japonicum
Light intensity 0.138 -0.011 -0.059 -0.529 0572

Temperature -0.066 -0.067 0.044 -0.006 -0722"

Osmanthus insularis ~ Humidity -0.002 0.332" 0281 -0.208' 0966™
Light intensity -0.013 -0.19 -0.0% 0.209° -0.845"

Temperature -0125 0.020 0.112 0.127 _030744

Chloranthus glaber Humidity -0.252" 0515 0431 0566 0.879"
Light intensity 0.127 -0421° -0.357" -0593" -0.792"

Temperature -05%" -0.340" -0.099 0.022 -0.658"

Asplenium antiquum  Humidity 037" 0500 0.440" -0.016 0694
Light intensity -0.287" -0.343™ -0.276" -0.04 -0.820™

* significant at the 0.01 level, * significant at the 0.05 level
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2. 48 2 I

1. A7A&8

2 AFoMe BAFT 735 st=d E7A (dx) diie] sfwiatTto
st Qe 5D (Crinum asiaticum var. japonicum)< AH&3}1$1t}.
EFade 89 A2AE AAso FE =EFHo AARS e o Fo
Al GAo] Hls=3tal SPADZEC] 50~609] Wl siFdste L3 Ay
= AFAEE AHESIAT

2. A3AE 24 % B389 24
Brd A4Ael ARF AAE Aol PR (20019 7 1QFH
20024 29 28A7HA) F L=, FUEE, F5Fe] WakE BASAG (P4

[¢]
ARZE AR). 20 G5EFY Z4 A9 2AAY B89

X 7] = S} o=
© 25, JUEE, BEFS 2ARIASH, 53 BHe 273 Tsg dHd
stk

JAksla A~ SOD, peroxidase, catalase, APX9] A3 isoenzyme
A719%5 S B3] AyHgon, 24N AZF, AV|AF, 4429

[
o
= faa
Aggae 240 /& o AASAh

3. §54%¥% &4 ¢ 4
3.1. O-J-1-P &4

O-J-I-P (polyphasic rise of Chl a fluorescence transients) &2
Strasser®} Strasser (1995)2] WHo wel 27 oA 7]&3d WY O Z Plant
Efficiency Analyzer (PEA; Hansatech Instrument Ltd., UK)S ©]-&3}¢]

248 ¥ 952380 27 FEFHOR P

H= -
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1. 73809 AdH ¥}

obdr) EE AU ASel JFS vAE BFL Fo eIt F
QA Agste] 7)ol 10T 016}7} HH Aol HFa 0CAAE A 2
t} (Allen and Ort, 2001). ATE FP3 717 FUg AR FH 2
o] WslE AAstA (F1g 3-1). 483 (7~8¥)2 9H 25T o]39

N,
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(@]
r oz to
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g P

Ao HuerEs T 30C WS, AL 9T 2
stk 28y 9 ] ]
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odEFo 0.839 <tgdE MY ;S HPou, ALHE 0.53
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Figs. 2-2~2-59 A|AE ksl gse] S s &

of o3 st 2EH X AH es & F AU

&3 AerEdzd 9% JFS v UL

¥, o
ﬂ.l-lO % XL

. r{o

b

b

i
>
rlo

)

2. FAstaso AAA w3

Superoxide dismutase (SOD), catalase, peroxidase, ~12] 3l ascorbate
peroxidase (APX)9 AldZ wWis A7gdssiedo=w AyHgtt (Figs.
3-2, 3-3).

M2, SOD isoenzyme HE-S R AAHo =2 7/ W=yl HAEHS
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Fluorescence measurements

AA A% A S

(0,) aimesadwa|

7
5
9.4

n o
(%) Aupiwuny

Feb

Nov Dec Jan

July Aug Sep Oct

Month

Figure 3-1. Seasonal variations of temperature, relative humidity of air, and

2002 in the

2001 to February,

precipitation determined from July,

Sungsanpo meteorological station near natural habitat of Crinum
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asiaticum var. japonicum during this investigation period. The arrows

indicate the days of fluorescence measurements.
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sSoD 1
sop 2 »
SDO 3 -»
SOD 4 P
SDO 5
SDO 6
SOD 7

Con H,0, KCN wi w2

Figure 3-2. SOD isoenzyme profiles from leaves of Crinum asiaticum var.
japonicum, at dawn (06:00) in summer (S) and winter (W). The
isoenzymes were identified with/without 1mM KCN or 3mM H2Oq.
Seven isoforms were detected in leaves of Crinum asiaticum var.
Jjaponicum, as indicated by the arrows. S, early August; W1, early

December; W2, early February.
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o, Ho022F KCNoll 93 Adel3d AFZHE SOD 12> Mn-SODZE, YA

671¢] isoenzyme (SOD 2~SOD 7)2 CuZn-SOD=Z FH& —’F— AATH

(Fig. 3-2). 1 % 2709 isoenzyme (SOD 33 SOD 5)2 &484, S W

Eof Zofedl= Aol7b UARE AZHARE FolHo g HEHAUL,

AEH Soldo=m HEHE o= YEWH. SODe $HEd X

gt A9 Wy g2 Aoz BHuyE3 9t} (Yu and Rengel 1999). &
& oA AHE SODEA LS AFHRTE AZH,

SOD%t H»0, &4do] F7kek AolA Fo]z<l SOD
isoenzymeS©°] vl wr AZHT= Hue FAFEE Aottt (Lee and
Lee, 2000). 1¥]3l Fagus sylvatica®t Coleus blumeiS 118 (35C)3 A
2 (10C)llA 2d3F wjgAS oW AdA FF EF SOD7F =& 4
B3, E3] Coleus blumei& A WWoA 2et=d A 2oA4 SOD &4
o] 38} F7tetAt (Peltzer et al., 2002).
Catalasex= @Y WME=Z AZHU=H AFHd vl ALHA &40
‘;%% Aoz YelEth (Fig. 3-3A). A2WA AE9 34Uy &%, ag8a
A AEQ 255 (Zea mays L)9F 20] BFolA e e] Ao
Al catalase 4ol ZA JFS W] &t} (Feierabend et al., 1992). 3}
A Lee9t Lee (2000)= 20]Z2 4T2 ALolA wjYd3S u catalase &
dol  ZAstATha Hiaste B APAFR}  fFAFETh Peroxidase
isoenzymeS AA|FA o =Z 47)¢ Wert A& A (Fig. 3-3B). dutdo =z
=& FX4S A4 peroxidase 1& &AFA s zto|7} YA A-o] A
glo] A Aoz A=HPon E3 ALHo =o FAPS BT 18 3
Eojd oz gy, A
EA A peroxidaset viol#lZ, W ABE, FFo]o e o3t AESHE =
Efzo 1FEY 4, AH, 25 T HAETZ ZEf 2 g 1
o] F7tele AoeE HuE v Atk (Van Huystee, 1987). ¥ Ao A
3}

=
T TFH 99 peroxidase @442 oEFH HlF ALH ¢ =2 S

=
o2
o)
o
ng

_>.i

N9 isoenzyme (peroxidase 2~4)& A& d gt

d
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Uetiigleon, AEHovt Sol&q o2 UEte isoenzymes: Slo] AEH
S ~EdY 20 o

<« catl B“PODl C

<4poD2
<4-POD3

4-POD4

S wi w2 S W1 w2 S Wil W2

Figure 3-3. Isoenzyme profiles of catalase (A), peroxidase (B) and ascorbate
peroxidase (C) from leaves of Crinum asiaticum var. japonicum, at
dawn (06:00) in summer (S) and winter (W). S, early August; W1,
early December; W2, early February.
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Hor|ztoz B 4 . #5349 AEE APX isoenzyme

He 29Rd, dAHes 849 WErE HAEHAY (Fig. 3-3C). 2
2 AZSHAA, Uy A 7719 isoenzymes -2

= JAT A" BAGle]l el e, =2 A&

s BEL F YAk ol 20]E 4T AL ZEHZ

=
A el S W APX @43 APX isoenzymes2] EAdEHo] oAM= 2

et fol ol &

o5 FusE2TL 2F 220 s FrheAl AAHE BALE
22 AASE 7152 T Jor, AR FUAS vhtAR 2Ed
22 Slo A A& A= e AT Ad ] 9tk (Foyer et al., 1991). 18
i SOD, APXE Z4F ZEdH 20 Y FEHAY e S7htes 3=
HuEa Qo (Walker and McKersie, 1993; Anderson et al., 1995;
Hodges et al., 1997). Figs. 3-2, 3-30A X & uv}e} o] AdYE Frk3gla

29 s FTHMEUS W, TFTY oA YEYU= catalases HAE3E
o], 18]aL SOD, peroxidase, APX+= &do| H|3] ALH thax & &
e YEAAL, AEFHdWn Seojow YEue isozymeE® #ET &

AATH  olHT Aze 20]F 4T Ao widPS @  SOD,
peroxidase, APX #A]-& Z7}3}%3l, catalase A4S 7HAsIGd= B9}
At (Lee and Lee, 2000). wW2}A catalase= 129 #-8-3}7] $13F 4

Eo] Wo]71Zo 2 AztEn, SOD, peroxidaset A3 B#Ho] A& AHO
2 HAt Iy ol jtstaie] &go] oFH HlE| ALHd &
A4S Hva siHgts S4AAE S830E &AAY F v A
7] E& AZzAb dFES vA dHad, =3 9 AZEAE 5 AGT

.?L

&4 M 5 9 Ao Az,
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3. 0-J-1-P A9 AAZA w3}

Aed Ao 9% ¥539 O0-J-1-P s A5ds wwsHd
(Fig. 3-4A), A& A9 29 wet J, [ P-dAAMe] F347]7}
AAHA Aaddn. 58] P-wACAM ] FFA7] (Fp)e FALE] WHEF
4o LA

A 3000
B0 , 1
g ;/,
2 2000

2
1500 S

g z" 4 FviFo
% mﬂ“’/ 3
= —
© oo
&

Figure 3-4. Seasonal variations of fluorescence transients O-J-I-P and
spider plots of selected parameters quantifying the behaviour of PSI
from leaves of 4 tropical/subtropical plant species. (A) fluorescence
transients O-J-1-P, (B) Extracted and technical fluorescence
parameters, (C) Quantum efficiencies, activities per reaction centre
(RC) or effective absorpton cross section, (D) Vitality indexes

(structure-function and performance indexes). Abbreviations used are:
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dpo, the maximum quantum yield of primary photochemistry; ABS/RC,
TRo/RC, ETo/RC, are the specific energy fluxes (activities per
reaction centre) for absorption, trapping and electron transport,
respectively; ABS/CS, TRo/CS, ETo/CS, are the phenomenological
fluxes for absorption, trapping and electron transport, respectively;
RC/CS, number of active reaction centre per cross section. 1,
summer (long dash); 2, early December (circle); 3, late December
(triangle); 4, mid-January (square); 5, early February (hexagon).
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4. B2 F9 AL #H3
A A M o] FFLFFLS AFH (T-89)% A=d (124, 1~-2¥)9
A (06:00)°1 SASt] 2E=Ws7F FAEE VA= dEFES A

S A2 BHolAY BIZEG A =28 A A=

2t} (Bolhar-Nordenkampf et al., 1989). &2 EF% 4o Fv/Fmo]

=
0.849] 7 Heol, REY AT AT 2EHAS WAGE FAHI
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Z700 A& <ol ZE WY (0.80~0.85)5 YEMIAJT (Demming &.
Bjorkman, 1987). Z1&jy 7AgHo= 12€ X0 0.739 #S BRI Fool
=

0.51, 1€ =<9 0.61, 18131 29 %o 0419 TS Ho ALH & 3}
Fol9} FARSE AEFS Yehfo] Lo FFAHAEE FIFE IS &

AL 2EH2e £27]9 2% o&39 ¥4 (primary injury event)

2k ¢l &4 (secondary injury event)
t} (Raison and Lyons, 1986). 7] &% &2l &4+
o] AR olste] =FHAS wl YEhT] A FekH, AR FF
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Figure 3-5. Seasonal variations of chlorophyll fluorescence parameters (Fo,

Fm, Fv/Fm, 1-gN and 1-qP) from leaves of Crinum asiaticum var.

japonicum. Chlorophyll fluorescence was measured at dawn (06:00),

and the values

measurements.

represent the averages+*SE of 20
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5t e GELEAEY W SFEHES AAaAZY (Flagella et al., 1994).

v 33}eh2 YagAady FsteE Faaadyd #do] e 1-aNF 1-gP
o] AMA WstE FHEUT. WA 1-gNo| #2 AFZE T ASHd v
0.90~0.92¢] & e

i, AZEAAE 0.96~1.09 =2 #E Bt A5EF AE Ao HF
& g Ank 2y o] AFH= gNo
= Aol==Z (Demmig-Adams

and Adams, 1992; Russel et al, 1995), &3 AL A o] 7}l S
o] W& A¥E #Bort v a2a 1-qP= 952 0.76~0.809] 4
A% WAL, ALHAE 0.90~0.97¢ WAL Ho 2Er} e AL
o] AFH H& i FUbete FFe EAT oldd A2H}= 2=7F JA
Hog wold ul 1-gqP7} F7}3tHE Sonoike (1999)2] Ao} FAFSHH,
Agdo] AN vr3sAEc] FFo=E ggFo] Uss Yriget. A
o] 7] AAFEA] Qad A E*oﬂ ]7\1«] 2bsh-3kel AHle ohds Ag

dold 7hsAdol A7 FolAAl ¥t (Huner et al., 1996). webx F53
2 A" vlE ALH FAND wEFTAEC] Aoz sdF 7]
el Wol Zhfi Tt F&Edo] dojd = Ut ol 5 49 Fv/Fm
ol AHo] AFH vls| o, AH 7|29 Wslel #Adste] dAA s}

S 819 wislel] ofsf AEA|7F 2EH S W
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4. 8 ¢

5% (Crinum asiaticum var. japonicum)< iAo 2 A&
ogt A& A A HHE IGd F de ARE AL, Fatkst
24, 9542383 0-J-1-P #E 9 WHiE ARSIt dstase
d A9 T o3 SOD #4d°] v F7Hsk ™, peroxidase

EHd vl ¥ EolFo g2 HEFE isoenzymes: #HET 5 9l
SAIRE catalase E/do] @& ZO =T Hol Ao o) AHH LA
AEFHCE AAGA Eete AOE HolH, o|2 ) AE9 AFo] o

© ZAog B a8 ALd A9 F3HH " ], I, P-9A
Aol FRAZIZE AASA FAEAT. O-J-1-P 34 #4485 Faf
B3 HTE Fm, Fv/Fo, ABS/CS¢ TRo/CS, RC/CS, %o, dpo/(1-dpo)7}
AEHE Aol g3 Ha Fasten, Sm, N, ABS/RCE FElatA S7t
StATH £ 4 BANY B3l a8, 5 Fv/Fme 52 0.849]
#He Holwd W, AgHoe 22 Folof FAgE FES Ho 12€9
zo 0.73, 12€ Fol 051, 1€ Fo 0.61, 283 29 %o 0.419 &
< B, Ao FFAPEE FFES vHS ¢ F Utk ol ALHY
Fv/Fm® ®Wsle %7} A3t wel Fmite]l §438HA Hoixl o=
Hld

folr 2
ko
o 1o 2

ox
)

%2
Y

flo
= of
i, 2 o

[y
e
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2. g % OH

ofy
offl
ol
1o
1>
(e

A st = F5F¢ (Crinum asiaticum var. japonicum
AE ARt FRE =EHo AARS e o FolA o

SPADZ%Ee] 50~609] Mool st T4 FeHo S 2 AIAMER A}
g3t

JAksl a4~ SOD, peroxidase, catalase, APX9] A3 isoenzyme
A795S S Ayugton, 2a4A N Ax, AVGEF, a4

[}
eN
=
ARG 2304 /&% Yo AASA

4. §542%¥%4Y FF 2 4
4.1. O-J-1-P ¥4

O-J-I-P (polyphasic rise of Chl a fluorescence transients) &2
Strasser?} Strasser (1995)¢] o we} 2730 AAIgE WHOZ Plant
Efficiency Analyzer (PEA; Hansatech Instrument Ltd., UK)S ©]-&3}¢]

FEALFFS PEAE o]&3sty SAsReH, 1587 FS Adsto ¢
AZAIZ & 1% A2 23] A4 SAsAh 2% AAIS THS AE
st S Alol= 1,500 umole/m’/secd] FFS 1x3F ZASIAL &4 Apold
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+ 150 umole/m/sec?] W& FHFS 10x I+ ARG (£ &, 2001). ¢
E2FFZHL 06:005-E 20:0071A] 2417 tAo® ZHEP o, v =4
mhoh 208) wiE oz =Hsle] HAEAT

5. D1 @A HFFE 4
1. FAA=

D1 @A FAE Axst7] A% FHES 55 Zea mays) D1 &9
29 DE loopel U&= 236~247HA Y olr| =2 Ed GYKFGQEEETYNS
PeptronAt (thA)el] & sle] 4352 KLH (Hemocyanin-agarose from
keyhole limpet)®® A3}  conjugationr|#  AF&3tHTh g ade
Freund’'s complete adjuvantE 37}ste] dAEA| 7l & E7|o] 35}x 29
FAFeA . 109 %o Freund's incomplete adjuvantS 3 7}ste] AEA| 7
SdS 5 7tAo =2 33 FAS}A] boostingA AT HEZ S Z boosting
injectionA| 7] 109 o] %o EAS FH3l 4ToA & 54 FAAZ] &
4CoA 2,500 x g2 303 st H3 FAA S -20Te Hasta
D1 @ Ao A =2 A& At

5.2. @A =&

A& 95 1.0 g ¥ #H3F 0.1 M Tris-HC1 &= (pH 8.0; 25
uM PVP, 5 mM ascorbic acid, 0.1 M p-mercaptoethanol, 5 mM EDTA,
1% Triton X-100 ) 5 mle} A €5 A9 oA vpdsk &, 4T
sloll A4 8,000 g2 3023 AAHEYst e FAAS diid £ NE=E
AHE-3F AT

9.3. SDS-PAGE

Sodium dodecyl sulfate (SDS)-polyacrylamide 72 #7]9j
Laemmli (1970)2] ®HS wsith A7|9F A8 8498 539 A
458 (125 mM Tris-HCl, pH 6.8; 0.005% bromophenol blue, 50%
sucrose, 5% p-mercaptoethanol, 10% SDS)¥} &3tsle] #+= EA 102

offt
flo

il
o
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2 Fgetel wwde wAAZTh WMAN 9dMd ARE 10%
SDS-polyacrylamide running gel¥} 3% stacking gel® T4 % vertical
slab geldl loading3d}l®], stacking gelolA+= 50V, running geldA<

100VE 719535

5.4. Western blot ¥4

Western blottingg Towbin 5 (1979)¢] ®Hd uzt AA s =,
SDS-7 719 %0o] &4 gel slabol nitrocellulose ZEE ¢lo] 8t ~¥H gorid
Z I AHAZl & electroblotting kitell ¥ 400 mAe] AFE =274 3t 5
A1z &<t electroblottingS A A|3A T Electroblottinge] &4 %
nitrocellulose ZEE ZA2=HA S0l TBS (Tris-buffered saline)=
1023 A3 0.05% bovine serum albumin (BSA)E *23%3t= TBSZ 30

£2F blockingA A . 1t 10008] 3|4 H A& A] 1A F2A ¥

AlZE FoF Yol 2z 3AES FERA|ZH T 221G A S B ZA| 7] nitrocellulose
o

A (2.5 mg 3,3 -diaminobenzidine tetrahydrochloride, 0.03%
H2027F 010+ TBS)o| ©7F o5& oA SAA| T dao] F7-3]
o] FoAAH Aol B2+ Eo A AR ol HAXRA|H T

6. psbA FAzte WAPY 24

6.1. Total DNA &g

Total DNAYE Murray®t Thompson (1980)¢ wWHHS w33}
Dellaporta & (1983)8 W¥Hoz FE3I9dh. Al deHY 53 "
91 gol AAARE Jhete BaE FA vk, 0.1 M Tris-HCl 9%

£ (pH 8.0; 50 mM EDTA, 500 mM NaCl, 2% SDS, 1% PVP, 0.1%
p-mercaptoethanol ) 10 S #7138t 60TColA 3087 eSS
Agdo] F2ko] phenol-chloroform (1:1) 43 H7}sle] @l A A
3}al, 5 M potassium acetate (pH 6.5)= F7}5te] DNAS I AA AT
" DNA+ 5,000 rpmol A 2023 dAEst FsdS AAsATG. A

i
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HAES TE &5 (10 mM Tris-HCI, pH 8.0; 1 mM EDTA)S. 2 &3
217131, RNase A9} proteinase K (Sigma, USA)E Al&3te dolll+=
RNA¢} gulds Rajstct. £31¥ RNAS ©@9ld 52 0.5 M Tris (pH
8.0)2 E3}A7l phenol-chloroform (1:1) 40“0“2 g st A ASAT. F
THoZ AAE DNAE 70% e+-&=2 AH3 & TE &4F&do] ZHojn
AAE DNAY 4z AL ZAAE 7] 98] UV/VIS spectrophotometerE ©]
838k A2603F A280°14 OD#-S FA3k3dtt.

6.2. PCR probe A%+

psbA (gene bank X15901)¢} 16S rRNA (gene bank 11957)=ZHE
PCR  primers design 3} A T} psbA 2] forward  primere
5’-gaaaaccgtctttacattgga-3’, reverse primer— 5 -agttgtgagcattacgttcat-3"
2 AFE3FtE 16S rRNA forward primer= 5 -tctcatggagagttcgatect-37,
reverse primerv 5 -ctttgtcccgeccattgtage-3 S ARG oH, oAEHE
primer paire] PCR product size= psbA = 942bp, 16S rRNA = 1200bp
o)t

F&9] total DNAZ templateZ 31 PCRE 3353 tt. PCR wH$-
<2 template DNA 10 ng, 0.4 uM primer, 0.2 mM dNTP, 50 mM KCl,
1.5 mM MgCly, 10 mM Tris-HCI (pH 8.3) o] EFHEF st F ul
SENS 20 wrt HA AT PCR W2 94ToA 287 43 F, 9
5C 1%, 55T 1%, 72T 122 olojA= H4g5 303 wEFs. &
= DNA F3%2 GeneAmp PCR System 9600 (Perkin-Elmer cor., USA)
< /\}%0}04 A3} T
ZARE ol 7] I 1% agarose gelolA H7|HF3t] taget

sequenceA FZoRE 3Ql35la, %% PCR products?HS geneclean kit
(QIAGEN)E o] &3l F=3F3t. psbASt 16S rRNA probe= Dig-DNA
labelling system (Boehringer Mannheim Biochemica)®] AF&X| %ol whz}
T8kt

|
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6.3. Total RNA g

Total RNA ¥+ Danyluk® Sarhan (1990)2] WS W st A
stRomn, RNAYS 260 nmd FFE=E S5t A 0’3}931‘3}- =, 5
A 1.0 goll AAZDLE 718t EZE FHA vl o5 7] mg] 80T

A 2183 RNA extraction buffer (4 M lithium chloride, 1 M Tris-HCI,
0.5 M EDTA, 20% SDS, pH 8.0)¢} 5%°] phenols 37lste] & 4olF

Aok, 1 & F%2] chlorofome-isoamylalcohol (24:1)88-S F 7}l o9y
A& AAS AL, 4TAA 12,000 rpmo] £E2 1587 d4ARs L 2 45
AE FEstRT. 1Al o] AAHE ¢ ¥wrESIAT. A7 FFY 4 M
lithium chlorideE Yol & 412 th& -70CdA 227 ®R#so, a8
O]AS 4ToA 15,000 rpmo = 20837 L4AEHSATY. I 3 pellet2
70% ol¥eS o] 83l 3xle] washingd & JAFAX 314 S 4
3] A AT, ag]a Ao DEPC watero] =291 3 3M sodium acetate
(pH 5.2)9F 95% &S Yol & 42 tF -70CAA 1AZF o] B
th. 283 o]AE 4TCA] 15,000 rpmo.E 2057 AR sATE 1 =
pelletS A¥F AZAZl & DEPC water o =] -70TCo|A HAsAA AL
&3 AT

EI>“

6.4. Northern blot &4

273 total RNAE formamide®} formaldehyde &S #H7}3te] 65T
oA 15%7F o] RNAS WAAZl ¥ loading buffer (50% glycerol, 1
mM EDTA, 0.25% bromphenol blue, 0.25% xylene cyanole)S %o &
13l 1.2% formaldehyde-denaturing agarose gelS AF£3le 1x MEA
2= (20 mM MOPS, 8 mM sodium acetate, 1 mM EDTA, pH 8.0)%
AbEEl] A7 GEsATh W79 50] B agaroseZS DEPC AHgld 44
FE AE3St] x4 A3 3t formaldehydeES A 73 3 Sambrook %
(1989)2] HHod wz} 10x SSC (1.5 M NaCl, 0.15 M sodium citrate, pH
7.0)E AF&3}e] capillary blottingS 433l RNAE (+)-FA3E ¥ Sl
= nylonZte. 2 Ho]Al At} Blotting®] €% nylon®<2 UV-cross-linker
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2 cross-linkingA| ZAth. £43}4F2-S Sambrook 5 (1989)2] HW ol ulz}
100 crd 10 m¢e] AEASE&H (6x SSC, 5x Denhardt£<, 0.5% SDS,
100 pg/m¢ denatured salmon sperm DNA)o] Eojd+ HIE o] nylon®
S %ol 65TAA 4A3F F<t AEZSA . 43NS FAE 49
EA43tgdo] DIG labeling (DIG-DNA labeling and detection Kkit,
Boehringer Mannheim)¥® psbA FZ A4 16S rRNA2] probeE A}E-3}¢]

A= FFsAH.
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1. 872209 AW

ZAA G ALH 2%, FulFE, T gHsE 2AbeY oA5H
A} ¥wdth (Fig. 4-1). ALE 5 ABAY 7132 F829 9
U v Tog &) 1 WEFo] & Holth oy rdHIE HIEES T
st7] wioll FEFel TS vH AR dAIFHOZ FFFe] AJHE oFY)
At ALHY FHFS BT 1249 71 E=A YEbgth SA Y wet A

B3

ol7F AAIRE A=Hel

+ SAIZE (10:00~14:00)°] = 300~600 umole/m
/secZ UEN} 8¥x YA

Fe] 750 pmole/m'/secoll H3] ol t. -

N

A 2
BEol B WA g mopAl =, A whole shdstel duArh 2
Aoz Uehgth 12929 195w M ol oj277tx] dAwtHo=
10T ©]39 £55 Hon, WAzt 242 H3 259l 18.2T¢ 22.5T
2 Ueyth 8¥x dHd2ETt 25T o3-S #AS Slo] AH 2xvt
A 2RSS & F Ak a3 12990 L5 W3 Ay

%%91 EEE %21‘8}%11 Bol 7kl wel JLol 14T=2 S7hsto]

A

e s fAIQAT. ALHY FuFEEe AdFoR B4 FAHIJOY, F
Fol B ATt wol it vl thA] Frtete AES B AT whebA
T A A A e S eRle W3t Fol 257 ALH & FoF A
stgdon, E3] 12923 29 %4 10T ©]dte] L£xo =250 9ol I
EE oldUld AEY AR dFS vHA ZeE AlsdEn. o= Figs
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Figure 4-1. Diurnal variation of temperature, light density, and relative
humidity, and on the natural habitat of Crinum asiaticum var.
Jjaponicum in summer and winter. The values represent the averages

of 10 independent measurements.
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peroxidase &4 F71ste] 7 wWsle] TgstA WSSt Ao A|AISH

HE Aot

rlr

2. Fitsta s
of

AFA G0 A EFHLE ALLHY 23 A o ALl =&5
o, dF712 HotE we A de] AL (0~12C) =& 2 (0T olst
2l

Alolol A dojyt+=d (Lyons, 1973; Wang, 1990), ©] 2

s
-
{250 HAES 493 #FadE +

o
9
N
ol
o
R
rr
52
A
o
i=
o
i
1>

AR 93 12939 29 %9

=
TH Y9 g2t aAs isoenzyme HEES FASHY o532 (8€x)Y A

AAA o= 7709 METE #FEHGUOH, o] H0:9F KCNel
9§ ez AHZRE 1712 Mn-SODS 6719 CuZn-SODZ T 4
ARG (Fig. 4-2A). ZF ZAA|7]19] A stel QoA o] & isoenzymed &
28482 FEE AolE HoledH, 53] Mn-SOD<t 29% =, =2 7A=el
7Fetd et SR T CuZn-SOD 38 72 3%

3 UE isoenzymed FAE FAA VO wEl == dF7)9 wEl 2ol
o 12d=xol= A, a2 vol] #AIgle] o 2
A& Boled uhel], 29%0= Mn-SOD$} CuZn-SOD 43 59 &4do] vt
o F7tstdth. o2t Aie AT A= LolE 4T A2ddA wF
S @ SOD &4do] F718te™ (Lee and Lee, 2000), €4 2E&<2I
Coleus blumeis 10T9] 2EA 297 wjdFatdS = SOD &74d0] 5
3= AT FAFSEE (Peltzer et al., 2002). 183l Fig. 2-204 HE v}
o] HMdEAY SOD &0l ALHd Frhste A= YEy Foll wet
Aole dou AL JFE B Ye Ao AZHT 181 AuAdd

Fagus sylvaticas 10Co|A wjdal S wf SODE X3 ditslaso] &4

ik
oX,
o
olN

s
el
rr
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o] A Ejol A H} Bt THAZAY (Peltzer et al., 2002). 53], 82
AzE ) do|AY Mn-SODS} €A CuZn-SODY FHd e

A& R paraquat©l| ol st &2o|ut 2] & 3}

Figure 4-2. 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, superoxide dismutas ; B,

catalase; C, peroxidase; D, ascorbate peroxidase.
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o] Aol o3 EFOCERE WolRgs vl Hugk vk 3l
(Bowler et al., 1991; Gupta et al., 1993). & AFANE =& AL YA
Zkoll Mn-SOD<¢} ¥ CuZn-SOD &7do] F7tste] A9 HbEAHQl =
I Ho) S Yf HEo] ZEHZE WA UASS ¢ T
g o

Catalase= @Y == HAEFFHJOHW, 1

rb

= s

A oy, Agddle AL WEZR] =Ed dARlo] WAt AFH T
AR =2 245 Blow, YA Y= vdn (Fig. 4-2B). A3
4 AEd STt 2ole PEEHAAN 229 Aol 2% catalase 2739
W3te gloy, 520 ymole/m”/se] Fdloll A £=7} ol whel catalase
g4 HAAHo =z 71439 (Feierabend et al., 1992), ¥ <59 ZAyje}
g ZolE Btk AT 520 umole/m?’/se) Fslol A AL e 7|7to]
578l wel catalase®] Ao A gole FasHAHIE BAl S7bsk= A

o7 yehd A AEolgtal stets Foll wEt Wl g Wi Eo
NI o7t Qe AoE AtgHEY.
Peroxidase= HA|Fo =z 4742 W=y} #EHJoH (Fig. 4-2C), 12

xol e BHL Umigon 29%d it 3Fe ngow,
]

peroxidase 33 4= AE&H XA TF Eo|F oz HEHAY. °]& isoenzyme
o] dWistd 545 A4¥EW 8dxol= peroxidase 1%to] #ZHD SAIZE
o i =L S HATH v, A e 12€%9 29% EF 99
Hg |83 gho] & @48 B olds daes ATFA A= &
T 2oldlA 15T o]ste] A 2o)|A] peroxidase &/do] Tast= A4

AFstth (Feierabend et al., 1992). stA|wh, A=2Zo| Ao wrEZxHo g
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flo

o2 Ho} (Fig. 3-5), &AL 7|40l &5 AFd o= Bx JF
| Au AZ4g S E 7AAE F= AOeE HolH peroxidase &/do] o

g BAHPo= ®th 1}
ot 10T ©]3le] B L2 B Byt ol Lo wEFog
o] Fv/Fme] 0.419] #& Holi glo] (Fig. 3-5), peroxidase &4 9]
= A2 o Iyt vehd 2o 2 Al APXE A FH o2 87

=7 AEEen, Aed Zole AT vl & SA4S Holn A
I

=
=
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FUFELTS 4% 2Ed 20 o8] ksl BYHE BHREFS
AAFE 715e AAL dom, GAFEE BHY F7He BHLE L
1 4%

At a8, =AY E
¥+ isoenzyme=°] o] A
!

I A CL

3. §54%F 39 9w
3.1. 3FAHELY g3}

A&dY 45423 F] Idust FFs 2AbE
t+ (Fig. 4-3). ALE &5¢ 4
Fv/Fm2 43 o @A glo] A9
Me 2 gol ZA ¥kt S, 12€ %90 0 7
R, 12€Tol= 0.39~0.519 HHE, 1€95Toles 0.58~0.702] HIE,
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agla 28 xo< 0.36~0.48 MY @S JEhfo] 8¥x AHF W &5
& 9] Fv/Fmeo] 0.83~0.85 & Hole Ad Hla) =24 743 o=
Agdd 59 A9 A9 RIEZAQl =Fo| FFT 9o JFAHAEE
IS i

Summer Winter
early August early December late December mid-January early February
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Figure 4-3. Diurnal variation of chlorophyll fluorescence parameters (Fv/Fm,

1-gN, 1-gP) from leaves of Crinum asiaticum var. japonicum on the
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olx EF& 949 Fv/FmZE 0.39~0.51 ¥z 34
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energy dependent quenching; qE), FAI oA FA 129 AyA A&
Hjoll o3k A EE AE Aol #HE"E A9 (state-transition
quenching; qT), 282 F A3 23 A~ (photoinhibitory quenching;
aD)& ¥®33ta 9t} (Quick and Stitt, 1989; Walters and Horton, 1991).
aN& FA43te o5 8452 oY 2E# 2 o3 484 = wet o
24 Yehyesd, F2 qEd 93t 9SS wo] W=t} (Briantais et al.,
1979). 22y, ALH 59 doAe €9 FHE WEste dyAY 3
0~45%7F qE°lH -2 al}l A= Yehy, Ad 2Rk #1730 3

[‘

£}E oIt ARE =eal A&HHY de WES T vekstAurL %%}’t}
S SAIE Ao Addnh. AEE 1-gPE AHF Wle o5dE 3 vt

, SAIZEe] ek 0.50~0.60 H
A olHAR ABHe] M3 1 gaZe AU F, ABAR ALE A
g Q

p2l A 7F A =™, FA

finf
e vkgF4lo] 28 ZHE gt & 4 Aok Qast Qs9 4tHs)
7} A"t AL CO, wARRSo] oA Eo] ATPS NADPH/} %35

A A
2 Fl= o]FE Al dA= Qaet Qurt BAYHE FAEGE A
S yehdth olo] wha BiAzbole AulH o2 Qa9 Qs AHEEAEIV)
*
]

FHEL o731 o] AYFH S Qu EE Qurt ANFHHUA The wA el
AAAGo] o] FolAm 91gS w Aok SAT 2 ulE Agdo] Re Ao
= vehgt

3.2. psbA¢ D1 # ¥
FAAE BEY FE7F EFsEEY HE o Ohﬂ%x] dojd = UL

= 7 #8 Abold ’%i zh-& °ﬂ wet FE 717Y &
dukH o7 W ¢fo] AES FEFHET WS W FFA
14 FAT %5}51}31 259 Fv/Fmgto] 7HAstA H
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Figure 4-4. Immunoblot of D1 protein of PSII and RNA gel blot of psbA
and 16S rRNA genes from Crinum asiaticum var. japonicum leaves,

at dawn (06:00), mid-day (12:00) and night (20:00) in summer and

winter.
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Figure 4-5. Diurnal changes of fluorescence transients O-J-I-P from leaves
of Crinum asiaticum var. japonicum on the natural habitat in summer

and winter. (A) early August, (B) early December, (C) early February
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Table 4-1. The values of experimental expressions of the JIP-test derived

from the fluorescence transients O-J-I-P presented in Fig. 4-5.
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early August

early December

early February

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
Lighfuim“g?en/srg}’/sed 0.71 7285 0 0 495.4 0 0 5915 0
F extremes

Fo 413+85 615531  403+538 443190  482+31.6  465:13.9 404+173 436395  358:10.9
Fm 2662+69.1 2020+486 2591+50.0  18144202.3 18271654 2076+100.8  785+1039 741637 678+42.9
Fv/Fo 49+0.08 24030  49+0.05 28035 27026  32%0.15 0.8+0.13  0.7#0.06  0.9+0.08
F dynamics

i 0.900.008 0.86+0.013 0.83+0.004  052+0.012 0.37+0.020 0.47+0.010  0.50+0.019 0.38+0.020 0.46+0.010
Vi 0.990.002 0.9240.013 0.99+0.001 ~ 0.774#0.008 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 1.17+0.034  0.54+0.039 0.41+0.020 0.44+0.010  058+0.024 0.45:0.020 0.47+0.020
Areas

Sm 385155 33.0+1.87 401+1.37 5694340 50.3+475 56.4+243 682567 985:20.7 83.1:6.67
N 449150 4394398 564+203 5994659 56.2:583 521+1.62  79.0+670 1191241 85.3+7.63
Sm/Tmax 0.070.002 0.13+0.007 0.07+0.002  0.07+0.002 0.10£0.009 0.07+0.004  0.07+0.005 0.14+0.021 0.08+0.007
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& WA St AFgS B
Fig. 4-52] O-J-I-P 343} Table 4-12] WHEE2RE o8 71x 3%
A Wt 7]5A WMFES AESAT (Table 4-2). AL Hde ¥H-&F4
ks %‘r*é (activities/RC) 5 ABS/RC7} 74324 ZHRO= =2 AL 24
KeX Bz

A= Z7I8IA T olv & ALl A9 WEAHQ x=Fo 9| AEAI}
Z2EHAE B S-S YEE AR gz ¢ wheFAo] iR 2
dgteo e 23R sHEr. 18y TRo/RC9 ETo/RC= AZH %9
o] Z Aol HolA gEd ol ALH Lo ABS/RCY tjfio] AE
Aol 45 vHS FFeE HoFe Ayggtn & 4 o 183 AL
2 dwstel SlojA ol WFES WHIFES Plusd] B9, ABS/RCS
TRo/RCY dW3l= A9 %i 1 ETo/RC7} WAIZEe] Z7bste HEs B
Aok, ZF gAE YA Hole HE  (flux ratios) & TRo/ABS$}t

ETo/ABSE Ago] =25t 7)zke] Qojol meh et 509 wastsich.
223, TRO/ABSE Z7he) auislel QJoAE Hols molx A \Jr‘ﬂ
e wad. 1ex

A MFEL ARF o7 vxztd ti Fhete A

554 X (density of RCs)E UE = WS4 5T RC/CSo<t RC/CS =
AL HEAQl =& o8 742 50%, 256%=2 Hastgor, Zhzhe] Ui
stoll oAM= Yol i HAsrt Wl Srkske FdE Bt $4,
dud F FANZA (activities/CS)S AFHEY, open/%ﬂ}oﬂﬁ-‘l] pER RS
g AU HelE Yrlste HEsH Closed”ﬂ%"ﬂ’ﬂ«] FHA T Aol
£ Yrlste WFE BT ALY R =Fd o8 FAasden, zhzhe
dwstel] SlojME Yl o Frlste AFS Eid. npAHoE d@¥e

7)
5 2=

(vitality index)E UEU+= WHFES A9 ¥HE s & Fo=z 7435}
A<=, 53] 10:SFIpo, ®po/(1-Ppo), PIpo= 22 30%, 30%, 15%= A
stth Z4zte] duste] oAM= & uE HolA kot Yo/(1-Yo)7t
o] oA Frtsle AdFS B

o]} A#E FHMEH, EFTS ASH FF LAY W3, 53] AL
o] WEAQ w=F9] 93| Fm, Fv/Fo, Fv/Fm, ABS/CS, TRo/CS, RC/CS,
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dpot po/(1-dpo) T2 WFE9 F33 4L E= Sm, N, ABS/RC 5°]
S7he = 7 JAT. 28 AE W oAM= RC/CSe woll va

A

Table 4-2. The values of the different structural and functional parameters
provided by the JIP-test, calculated from the data of Table 4-1 and the

fluorescence transients O-J-I-P presented in Fig. 4-5.
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early August

early December

early February

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
nghg Intensity 071 7285 0 0 14954 0 0 5915 0

pmole/m”/sec)

Fluxes-activities per 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 3.37£0.49 3.1620.26  2.48+0.22
TRo/RC

1.26£0.04  1.33+0.09 1.41+0.04 1.03+0.07  1.12+0.04  0.93+0.02 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 0.49£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
TRo/ABS = ¢po

0.83+0.01  0.68+0.03 0.83+0.001 0.71+0.03  0.71+0.02  0.76+0.01 0.41£0.03  0.41+0.02  0.45+0.02
ETo/TRo = Yo

0.17£0.01  0.14+0.01 = 0.17+0.01 0.48+0.01 + 0.63+0.02° 0.53+0.01 0.50£0.02  0.62+0.02  0.54+0.01
ETo/ABS = teo

0.13£0.01  0.09£0.01  0.14+0.01 0.34+0.02  0.45+0.02  0.40+0.01 0.20£0.01  0.25+0.02  0.24+0.01
Density of RCs
RC/CSo

300£12.6  330+26.2  248+18.2 3464399  319+194 403+8.1 160+£22.7  153+18.7  165¢14.1
RC/CSm

1788+95.6 1116+139.7 1542+64.8 1427+263.3 1200+145.3 1695+85.2 345+82.2 270370  326+39.4
Fluxes-activities per CS
ABS/CSo

449+£10.0  636+52.7 437+6.5 474+19.8 501329  495+15.7 410£19.7  437+39.9  359+11.4
TRo/CSo

373+8.4 423+19.6 363+5.6 336+21.9 3554228  375+12.9 176+22.4 172+15.6 163+11.5
ETo/CSo

67+3.0 59+7.01 62+1.1 160+10.2  224+175 19949.0 82+7.6 10474 86+5.1
ABS/CSm

2662+69.1  2020+48.6 2591+50.0 1814£202.3 1827+165.4 2076+100.8  785+103.9 741+63.7 678+42.9
TRo/CSm

2213+62.1 1384+71.6 2154+44.2 1340+193.2 1326+151.1 1580+90.8 375+86.4 304334  319+344
ETo/CSm

375£12.2 187+16.1 366+8.4 635£89.3 844£108.3 845%61.4 166+30.4  182+175  168+16.3
Vitality indexes
10+SFIpo

0.95£0.05  0.50£0.06  0.84+0.04 26033  294+0.25 3.31+0.16 0.78£0.10  0.92+0.10  1.14%0.11
(RC/ABS) - 86 -

0.67£0.03  0.54£0.06  0.59+0.02 0.73£0.07  0.65+0.03  0.82+0.02 0.37£0.03  0.35£0.02  0.45+0.03
dpo/(1-dpo)

4.93£0.08  2.39£0.30 4.92+0.05 2.80£0.35  2.66+0.26  3.19+0.15 0.82+0.13  0.72£0.06  0.87+0.08
Yo/(1-Yo)

0.20£0.01  0.16+0.02  0.21+0.01 0.93+0.04 1.72£0.12  1.14£0.05 1.04+0.08  1.79+0.16  1.20+0.05
PIpo

0.52+0.05 0.21+0.04 0.60+0.03 2.04+0.38  3.15+0.50 3.06+0.30 0.31£0.06  0.50+0.11  0.50+0.07
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AELS F99 FForRH TS LA XS 5 glon HHo A
Fo duete 2%, FE, 98, B 5o 9% 2EHXE o= Ax A
% T 8tk 2 oA 2EE E3] dojd ¢ e 2EHL 89 T sy
2 HE 2XE AL A AaATE &Rl HYIE Ih. 53,
L Ee AL A e f78Rl0] teiA™ 1 dde A HE
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catalase, peroxidase, SOD, APX 59 4tslas EAS S7IAFHOEZHN
2Ed 2o A3A H} (Foyer et al., 1994). ©o]&dF AlE=E
Yol SAlste ditstasol &3 = A2l wee 2 E9 A

Hrgsittar & 4 Sl
B AFoMes ofEUAd HE 4% (%, Crinum asiaticum var.

japonicum; B2%5X, Osmanthus insularis; 4%, Chloranthus glaber;
2993, Asplenium antiquum)s HACE A 3732219 M3 3
a3t a 4 (SOD, peroxidase, catalase, APX)9] 43 isoenzyme I|¥
o] W3lE H7|dFToR AT (Figs. 2-2~2-5). & AFoA AR

GrslarEs FTolA= peroxidase? A isoenzyme | Eo] A EF oy

2~
@@z wet 7HE tdstA UEls T Peroxidases 4% E5olA oF
FHY AEH ZAc] %L, 5, 28, gxdgdre ALH
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g9}t 220 E5F Fost FmAtolo] J-a7A ok I-GAIAM 9] mAg Held
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Appendix I

1. Quantum yield in illuminated steady-state

1) gP (Photochemical quenching; fluorescence yield is lowered because of
use of excitation energy for photochemical reactions)
1-gP : Coefficient(values range from 0 to 1) of photochemical
quenching.
1-qP = ('Fs-'Fo)/('Fm-'Fo)
'Fo (= Fs) : chlorophyll fluorescence yield with all PSII centers open in
the light-adapted state
‘Fo (= Fo) : chlorophyll fluorescence yield with all PSII centers open in
the dark-adapted state
''m (= Fm’) : Maximum yield ‘of chlorophyll fluorescence in the

light—adapted state

2) gN (Non-photochemical quenching; all mechanisms that lower the
fluorescence yield apart from photochemistry, divided into qE, ql and
aT according to their relaxation kinetiecs)
gE (Energy dependent quenching : requires the build-up of a proton
gradient; relaxes within seconds to minutes )

al (Photoinhibitory quenching : this quenching 1is caused by
photoinhibition and shows very slow relaxation Kkinetics in the
range of hours)

qT (State-transition quenching : the major light-harvesting complex
separates from PSII, thereby reducing the amount of excitation
energy in PSII that can de-excited to fluorescence; relaxes within

tens of minutes)
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1-gN : Coefficient(values range from 0 to 1) of non-photochemical

quenching.

1-gN = '(Fv/Fo)/(Fv/Fo)

2. Fluorescence parameters

- Fundamental parameters

1) (dv/dt)o (= Mo) : Slop at the beginning of the transient Fo—Fm, maximal
fractional rate of the photochemistry (i.e. difference between the Qa
reduction rate and the Qa oxidation rate after the onset of illumination)

Mo = (dv/dt)o = 4x(F300us-Fo)/(Fm-Fo) = 4x(F300us-Fo)/Fv

2) Vt : The relative variable fluorescence V at any given time

Vt = (Ft-Fo)/(Fm-Fo) = (Ft-Fo)/Fv

3) Sm : Normalized area
Sm = Area/(Fm-Fo) = Area/Fv

Area : area above the fluorescence transient

4) N : Turn over number of Qa

N = Sm x (Mo/Vj)

5) Fv/Fo : Ratio of photochemical and non-photochemical de-excitation
fluxes of excited chlorophyll (Chl’)
Fv/Fo = dpo/(1-dpo) = (TRo/ABS)/(1-TRo/ABS) =
(TRo/ABS)/(DIo/ABS)
= TRo/DIo = kp/kn
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kn kp
DIo/RC + Chl «<—— Chl" —— Chl + TRo/RC

kn : non-photochemical de—excitation fluxes
kp : photochemical de-excitation fluxes
Chl® : excited chlorophyll

Chl® = (ABS/RC)x(1/Kp+Kn)

- Quantum efficiencies of flus ratios

1) dpo : Maximum quantum yield of primary photochemistry, equal to Fv/Fm

dro = Fv/Fm = (Fm-Fo)/Fm = 1-(Fo/Fm) = TRo/ABS

2) Yo : Efficiency with which a trapped exciton can move an electron into
the electron transport chain

Yo = 1-V; = ETo/TRo

3) dgo : Probability of a absorbed exciton moving an electron beyond Qa”

o = (Fv/Fm)x(1-V)) = ETo/ABS

- Specific fluxes or specific activities
1) ABS/RC : Absorption flux of photons per active reaction center (RC)
(measure for relative antenna size)

ABS/RC = (TRo/RC)/tpro = (Mo/Vy)/ [1-(Fo/Fm)]

2) TRo/RC : Trapping of electrons per active reaction center (RC)
TRo/RC = (TRo/ABS)<x(ABS/RC) = (Mo/Vj)

- 105 -



3) ETo/RC : Electron flux per active reaction center (RC) beyond Qa~
ETo/RC = (TRo/RC)-Mo = (Mo/Vy)-Mo = (Mo/Vy)x(1-Vy) =
(Ro/RC)=(1-Vy)

4) DIo/RC : Energy dissipation per active reaction center (RC)
DIo/RC = (ABS/RC)-(TRo/RC)

- Phenomenological fluxes or phenomenological activities
1) ABS/CS : Absorption flux of photons per cross section (CS)
ABS/CS = Fo or Fm

2) TRo/CS : Trapping of electrons per cross section (CS)
TRo/CS = dpox(ABS/CS)

3) ETo/CS : Electron flux per cross section (CS)
ETO/CS = CDP()XTOX(ABS/CS)

4) DIo/CS : Energy dissipation per cross section (CS)
DIo/CS = (ABS/CS)-(TRo/CS)

5) RC/CS : Density of the active reaction center per excited cross section

RC/CS = (ABS/CS)/(ABS/RC)

- Vitality indexes (Structure-functional-index and
Performance-index)

1) SFIpo : Responds to structural and functional PSI events leading to
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electron transport within photosynthesis
SFIpo = (Chlgrc/Chlior) xProx¥o
Chltot = Chlantenna + CthC

2) SFIno : Refers to the energy that is dissipated or lost from photosynthetic
electron transport

SFIno = [1-(Chlge/Chlio)1x(1-dpo)x(1-Yo)

3) Plpo : Ratio of the two structure-functional-indexes

Plpo = (SFIpo/SFIno) = (Chlre/Chlantenna)* (@po/1-dpo) x (Yo/1-Yo)

4) RC/ABS : Density of reaction center per chlorophyll
RC/ABS = tpox(V;/Mo)
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