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ABSTRACT

In Tris-iso-butanol (TIB; Tris huffer pH 8.8 and 1% iso-butanol)-treated chloroplasts, oxygen
evolving activity was more inhibited than Tris-treated chloroplasts, but restored highly by 2,6-dich-
lorophenol-indophenol (DCPIP) and photoreactivation. To understand the mechanism of this result
of TIB in photosynthetic electron transport system, oxygen consumption and evolution of PS I
and PS II were measured and protein of the chloroplasts was analysed. In Tris- and TIB-treated
chloroplasts, oxygen evolving activity was increased according to the light intensity, Under 48 W-
m~? light intensity, the oxygen evolving activity in both chloroplasts were similar but as the light
intensity was increased, TIB-treated chloroplasts showed higher activity. Under 240 W-m™2 light
intensity, TIB-treated chloroplasts showed about 25% higher oxygen evolving activity than Tris-
treated chloroplasts. Oxygen evolving activity was increased after photoreactivation in both Tris-
treated and TIB-treated chloroplasts. Addition of NH,Cl increased the activity in both chloroplasts
but in TIB-treated chloroplasts the increase was 30% higher than that in Tris-treated chloroplasts.
In PS I, oxygen evolving activity was not inhibited by both treatments whereas in PS II, significant
difference was observed between two treatements. Addition of Mn?* and Ca®* enhanced oxygen
evolution in both Tris- and TIB-treated chloroplasts. Though enhancement was higher in TIB-trea-
ted chloroplasts. No difference was observed in protein analysis of the two thylakoid membrane.
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Fig. 1. Effect of alcohols and acetone on photoreactiva-
tion in Tris-treated chloroplasts. O, (TIB-treated)DCPIPH.-
treated and photoreactivated; A, (TIP-treated)DCPIPH,-
treated and photoreactivated; O, (TE-treated)DCPIPH,-
treated and photoreactivated; +, (TA-treated)DCPIPH,-
treated and photoreactivated; M, (TIB-treated)DCPIPH,-
treated; A, (TIP-treated)DCPIPH,-treated; @, (TE-trea-
ted)DCPIPH,-treated; +, (TA-treated)DCPIPH.-treated.
Oxygen evolution activity (P5 II+PS I) was measured
in a standard reaction mixture containing 50 mM Hepes
buffer (pH 7.8, 2 mM NaCl) and 2 mM K;[Fe(CN)s], 0.05
% BSA, 2mM NH,CI and 50 ug Chl/mL. Photoreactiva-
tion was performed by adding Mn?*, Ca®' and DTT to
the reaction mixture as described in Materials and Me-
thods. Oxygen evolution activity (PS II+PS I) of normal
chloroplast was 241+ 10 pmole O,;-mg Chl™'-h .
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Fig. 2. Time course during photoreactivation in (Tris-
treated)DCPIPH;-treated and (TIB-treated)DCPIPH.-
treated chloroplasts. Measurement of oxygen evolution
activity and photoreactivation were performed as explai-
ned in Fig. 1.

(Tris-ethano)DCPIPH, d 28] ALAwrAl &AL etha-
nol 15% #2]Fell4 77 pmole Qp-mg Chi~!-h~lz FHE
#gou (TIB)DCPIPH, <324, (Tris-iso-propanol)DC-
PIPH, 324 2 (Tris-acetone)DCPIPH, &4 &2
7e) 3%« e¥ghch. eh} (NIBIDCPIPH, $484), (Tris-
iso-propanol)DCPIPH,; <& 4), (Tris-ethanol)DCPIPH,; <
24 U (Tris-acetone)DCPIPH, FEA S HoA] &4
FA 7R bt gado] ZA Frlslgen, o] F (Tris-
acetone)DCPIPH, =24 2] &4 FEo] 7l vk I
2] 3 {so-butanol, ise-propanol % ethanol> A2 =7}
zZrzt 1, 5 W 10%lA] 174, 173 % 167 pmole Oy mg Chl~!-
W2 gradd BAdo] Hulz F2w)elc) Treistman S
(1987)8] 4 &4 butanol, propanol ¥ etanol?] o=
oo AFHalg Frkalicle §F Bael B AN F
ARAAEA AL g o] BHo] w2 w49 LA 3] 99
Az2% ¢ (TIB)DCPIPH, o ZA% 4k @4de) 744
sorout FARAHERE haedAl gae] 7l mhe] HE

goerng B AddE TIB Az JEA2 A
A2l shof ofat AFAE AFE Fastc)

(Tris)DCPIPH, <2} (TIB)DCPIPH, =42 el
o7t AL Hejajzie] 207 W Hole 4L v
elljgled, sbaatay g4 42 1137 145 umole O,-mg
ChI"**h™'24) (TIB)DCPIPH, {=Ae] sty ZA4o]
o 0% kP 2 B4 5elel 2ol (71
DCPIPH; s 2)2] €4o] Hgtov} 2 o] 2E = (TIB)



] l ] | ] |

0 10 20 30 40 DO O 05 10 15 20

262 Korean J. Bot. Vol. 36, No. 3
— I T T T I [ - =TT T T 1 L
L 200 . L 200 -+ =
I = Ca(CH3CO0J2 (MM | Mn(CHsCOO 15 uM
S H 5
T g 180k - -

1

e 160 E 6 O
5 :
o
E 3 120~ - -
3 120 — -
T >
29 —
b zZ BOf ~- -
* 8o ] =
"G o
o 2
e = 40 T n
= 40 . s
ey @
- =
o @ oM _L .
c 2
S ) > Ledat 1 1 | L1 1 i 1
ey [
-
[}

] 20 40 60 80 |00
(°/s)

Light
Fig. 3. Effect of light intensity on oxygen evolving acti-
vity of (Tris-treated)DCPIPH,-treated and (TIB-treated)
DCPIPH-treated in chloroplasts after photoreactivation.
Measurement of oxygen evolution activity and photoreac-
tivation were performed as explained in Fig. 1
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Fig. 4. Effect of Mn(CH,COO), and Ca(CH,COO); conce-
ntrations on pholoreactivation in (TIB-treated)DCPIPH:-
treated chloroplasts. Measurement of oxygen evolution
activity and photoreactivation were performed as explai-
ned in Fig. 1.
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Table 1. Effect of photoreactivation on (Tris-treated),
(Tris-treated)DCPIPH,, (TIB-treated) and (TIB-treated)
DCPIPH.treated chloroplasts

Activity

(umole Oz mg Chl™'-h7h)
Treatment

Control  Photoreactivation
(Tris-treated) 0 55
(Tris-treated)DCPIPH, 32 126
(TIB-treated) 0 70
(TIB-treated)DCPIPH; 16 177

Measurement of oxygen evolution activity and photoreac-
tivation were performed as explained in Fig 1.
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o]z|gk e]|R-& FWABAHA 7)Y 2z 1239 180 umole
0,-mg Chl~'-h~!2 Z7}s}9icH(Table 2). o] Zo2HE
TIB &3] DCPIPH, &84 A7}el iso-butanol$] ©f
ske mn| &R ul Tris XA £FH isp-butanold] o ¥ko]
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Table 2. Effect of photoreactivation on (Tris-treated)DC-
PIPH;, (TIB-treated)DCPIPH., (Tris-treated)DCPIPH,-is0-
butanol and (TIB-treated)DCPIPH;-is0-butanol treated
chloroplasts

Activity
(umole O;-mg Chl™'-h7%)
Treatment
Control  Photoreactivation
(Tris-treated)DCPIPH, 32 126
(TIB-treated)DCPIPH. 16 177
(Tris-treated)DCPIPH;- 32 123
iso-hutanol
(TIB-treated)DCPIPH,- 8 180
so-butanol

Measurement of oxygen evolution activity and photoreac-
tivation were performed as explained in Fig. 1.

29 AAARPS [+PS 1) B4 F71e) F4lebde} DC-
PIPH, - MV$} PQ—>MV=ze AXHAHPS I) #A42
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A AMFASSAE AAAE BAe] FUIekA wWh
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F) T Fefl g ABABAIZ S o 27 199} 4 pmole
Qprmg Chl™'-h™ 12 4bAukd #gAde] oA|5 gl e} Mn?”
o H7EeA sk e 27 302 10 ymole Op-mg Chi™-
h™te]d, Ca®* 2t H713kA] ook & 242 503} 28 pmole
0,-mg Chl"'-h~'% (Tris)DCPIPH, 487} (TIB)DC-
PIPH, §&Alel vls) ozt kot Mn* 3 Ca¥* & ¥71
FH7}sbsd (TIB)DCPIPH; 54 4] #4]°] £9teKTable 4).
(Tris)DCPIPH, &4 ¢} (TIB)DCPIPH, ¢EA& #5&
Hzlsla we AR e ArieA g B8
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Table 3. Effect of photoreactivation on (Tris-treated)DCPIPH:-treated and (TIB-treated)DCPIPH,-treated chloroplasts

Activity (umole Q. evolved or consumed
Op;'mg Chl -h Y

Expts Treatment Addition —
Control Pholoreactivation
H,Q — FeCN (O, evolving) (Tris-treated)DCPIP + NH,Cl 32 133
(Tristreated)DCPIP — NH,C1 0 65
(TIB-treated)DCPIP + NH,CI 16 170
(TIB-treated)DCPIP — NH.CI 0 60
H,0 — PQ (0. evolving) (Tris-treated)DCPIP  + p-PD 25 140
(Tris-treated)DCPIP  — p-PD 32 133
(TIB-treated)DCPIF  + p-PD 8 170
(TIB-treated)DCPIP — p-FD 16 170
DCPIPH; — MV (Q: consuming) (Tris-treated)DCPIP  + NH,(CI 325 330
(Tris-treated)DCPIP — NH,CI 130 110
(TIB-treated)DCPIP + NH,CI 325 340
(TIB-treated)DCPIP — NH,CI 125 130
PQ— MV (O, consuming) (Tris-treated)DCPIP — 865 850
(T1B-treated)DCPIP — 900 900

Photoreactivation was performed as explained in Fig. 1.

Table 4. Effects of Mn** and Ca?* on photoreactivation
on (Tris-treated)DCPIPH;-treated and (TIB-treated)DC-
PIPH -treated chloroplasts

Incubation Activity
Chloroplast treatment (20 min) (umole Oy-mg
Chl~*-h™)

(Tris-treated)DCPIPH, - 19

“ Complete 108

% —Mn?** 30

2 —Ca?’ 50
(TIB-treated)DCPIPH, - 4

% Complete 145

“ = Mn?* 10

“ —Ca®* 28

Measurement of oxygen evolution activity and photoreac-
tivation were performed as explained in Fig. 1. ‘Complete’
means all the necessary factors for photoreactivation
were present and ‘—Mn®* or —Ca®"’ means Mn2' or
Ca?" was omitted From the reaction mixture of photorea-
ctivation. ‘—’'means Mn*' and Ca®’ were omitted from
the reaction mixture of photoreactivation.
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Fig. 5. Polypeptide bands of the spinach chloroplasts thy-
lakoid membrane separated by SDS-PAGE. A, (Tris-trea-
ted)DCPIPH,-treated and photoreactivated chloroplasts;
B, (TIB-treated)DCPIPH,-treated and photoreactivated
chloroplasts.
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