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ABSTRACT

The effect of iso-butanol on the electron transport rate of PS I and PS II was investigated
in isolaled spinach chloroplasts.

In photosystem I, the rate of electron transport increased in the presence of 1 to 4% of iso-
butanol but decreased in b to 9% of iso-butanol. But in photosystem II, the rate of electron transport
decreased when treated with 0.2 to 1% of isp-butanol. The inhibitory effect of isomers of butanol
on PS II electron transport rate increased in the order of 2-butanol, tert-butanol, Zso-butanol and
L-butanol. Thig means that PS II activity was affected according to Lhe arrangement of carbon
aloms in butanol. The inhibitory effect of iso-butanol reduced when DPC was added in the solution.
This means that iso-butanol affects PS II reduction side of thylakoid membrane primarily. The
inhibitory effect of iso-butanol was reduced when Mn? |, Ca’* or BSA were added in the solution.
PS5 I activity was restored when 1% iso-butanol treated chloroplast solution was diluted to twenty-
fold or when Mn®*, Ca’* or BSA was added to the diluted solution. However, the SDS-PAGE
banding pattern of thylakoid membranc proteins was similar even in 2% iso-butanol treated chloro-
plasts and the control ones. Only in 5% iso-butancl treated chloroplasts these bands were very
weak.

These observations suggest that low concentrations of iso-butanol releases manganese and cal-
cium jons from chloroplasts and inhibits the electron transport system. This inhibitory effect can
be reversible in low concenterations but in high concentrations the inhibitory effect of 7so-butanol
become irreversible.

M = SFge ZAFHE slulelv(Adkins ¢ al, 1984) T
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4FEL Ry|9) 2H47] OH7I7t e #7/18dEE 4 UAEE o4tz ZrlE 7% zahckdie) S
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=2 Z(Linus ef al., 1980) 21 5o] A & (Lichtenthaler, 1974) 22 o sterols(Grunwald, 1968)3)} 2(Glinka and Rei-
ol EvlE 27]9) 55§ eln EAD A Ryehter ef al., nhold, 1972)¢] =}&z g ZriAzicte B3y #l th
19790 w)zi= <43 ﬂ 3.'"1"_ A17E slodoh 2z ge] 4 d4em o]4he] low aliphatic alcohal2 ] EFZe{o}le]
ol vz gL ghiel OH79) 92 o8z A5 FET JAEE FetA dAEH dAdge dzg
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1965), = AFA gEA Y gYdabslE oAA R o
27 qlriBaltschellsky 11, 1963). A8 x&o] w]x]i=
odghe o729 ghAgrel] v]E s} chaindl] 7FA7} 1A
second OH group& 2 edgke] Zhigivha obed ] lch(Sa-
tler and Thimann, 1980). 58] & & A< [atty alcoholS
Aelslede o) Q=24 wrze] WaHe zhste] Felat
5o} #4o] Halhhyw vz vl ¢lckKonishi ef al,

1972).

o)g zko] kA LF7L AEH o 7 Xz A Gl A
B Edel ¥E %%l Q%A Lel@olz whe A
ol 4 Ca**s} Mr* o9} 753 A%d 34 T4

Smgioh oA Pl A e gleldh ded &
A el = A BiF o8 £52 92 T L T
27} vlmA 71kg butanol®] 4713 isomer=A4 d@ZZ-5
L/\“a]—\‘— R7]s} OH?) F 4128 34 11 4o 9
Ao olzae] R7|el=E Z1& ws) izl stgen, Eat
butanol—q] 47}7 1A T ALk n AEFAE “L%"ﬂ
A28l fsp-butancle] AlFH A Eu|g FE=A ] PS
[, PS II 24 4 Ca, Mn, bovine serum albumin{(BSA)$)
MEdgs FAHE Y 954 eRd HPA wlxE
dgrg zasle] @A FAel vlAE 7)AE W ZA &

=
AME Y e
Mz W Hal X 22| (Spinacia oleracea L)S A%

ol 4] Falstel AT oz 4o T AE AR A
sl o] A|FH 4 FE3 GFA o iso-butanold A4
S 1087 A sk

HER F£=. PS4 FE2 Obokata(1987)2] #&
Aol A3 old 4 WA FREZ AHT Fel
STN buffer(pH 8.0, 04M sucrose, 0.05M Tris, 0.01M
NaCl) 140 m/¢} 1M ascorbate-Na 14m/ & deix ¥zt
A7) blenders] 20&7} uhalld F 279] slolAR oz
stadch o] ol 300X gelld 1E7F f4l&a]ste] 3
HEL oz AEAL T4 600Xgel 4] 1083 LAE
2]gk & A" Eef STN buffer(pH7 8, 0.4 M surcose, 0.05
M Tris, 0.01 M NaCl) 40 m/E EF35le] =3 & 1,000
Xgell A 1087 44 3343}9\11‘»}. 7931% HEAHE STN
buffer(pH 7.8)2 #=tx|A o7& dEA F& Ha=T 4
falgen, BE FE4AL 04T A gsjsich

Hitde| @4 4. PAde] FA =} 34 19
AAAG G4 Clark¥ o) 4 o] &3lod 25T of 4
Azt b wggeld £R@e FHsgod 3 I
ARpdg 4L 50mM Hepes buffer (pH 7.8, 20 mM
NaCl2} 2 mM methyl-viologen, 2 mM NaN;, 1uM 3,(34-
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dichlorophenyl)-1,1-dimethylurea(DCMU), 0.1 mM 2,6-di-
chlorophenol- indophenol(DCIP), 5 mM ascorbate-Na, 2
mM NH,Cl, 25 ug/m/ gE47} 2% whgfez 44
AxEks 22319t Fu and Gibbs, 1988). A 112 A
242 8402 50 mM Hepes buffer(pH 7.8, 2 mM NaCl)<}
0.5mM p-phenylenediamine, 2 mM K[Fe(CN)sJ, 0.05%
BSA, 2mM NH,CI, 50 ug/mie) 1547} 238 ukgo
o8 Ak2e) wbyeks Z33he] o, Whole chain(PS T+
) #AAE %48 50mM Hepes buffer(pH 7.8, 2 mM
NaC¢} 2mM Ki[Fe(CN)s], 0.05% BSA, 2mM NH,(],
50 ug/mi®) 9FL7h EUH WA R 4os) WAHS
22 sl cH(Critchley, 1981). =% DCIP a8l 8o o]k
B4 118 a+4=3L 50 mM Hepes buffer(pH 7.8, 20 mM
NaCle} 30 uM DCIP, 20 pg/m/8] §E47F £3H 4
Aoz 257 o4 &4 s)9cl(Terashima, 1989). o]u] =
A TERE Arnon(1949)2) whHe] wlel 80% acetone o Z
652 nmell A A dE4L P S A 10 F
b FedAls) diphenylcarbazide(DPC)}= Vernon3} Show
(1969)7} A4 dhy-g o]dslgion] whgole) HF ¥
Z+& 015 mMe] E=E sHgich

Elgta0|E o chME9l F& 3 SDS-PAGE(sodium
dodecyl sulfate-polyacrylamide gel electrophoresis).
delso] e ab gpulde] F5.2 Mayfield and Huff(1986)2)
wl g W sle] Bl @A 3087 1%, 2% 275
5%3%] iso-butanol =] F 7}EA WAL 235 1415
sled A5 F o] ALl 0.06256 M Tris buffer[pH 6.8,
10%(v/v) glycerol, 5%(v/v) B-Mercaptoethanol, 2.3% SDS
E3F] 05w Arbstel BLAR F o] AR 01miE

#slo] 80% acetonz} E3E 7S Arnon(1949)2] HhHel
Wel 934 ware Aeln LW dL RS 95
ek 1087} #A SDSE A 7}Eh(SDS : Chlorophyll=
10:1) 1087 7Hasta]g] 3 4T, 4,000XgellA 1027}
HAReE AEdg g2 4l B Feden
AHgstaicy.

Gel2 Laemmli(1970)2] w8 HEsle] 12% separa-
ting gel¥} 5% stacking gel& o]&s}glem HA7HFL 10
mAZ 9z 7oA 124 %F §F 5 0.2% Coomassie Brilliant
Blue R-2502 8 Ah&oll 4] 2441 7F A 451e] gelo] T34
2 ow7hx] 2Ag & Az siAle] Bste] oA Az
Histedc)

2 ¥
7| || #ooll Olxl= butanol®] HE  wagE 7

21} OH712) #9147} ©}& 1-butanol, sec-butanol, tert-bu-
tanol, iso-butanole] 24 1] AAlxzd 24938 50% <Al



250 Korean ]. Bot.

Vol. 35, No. 3

Table 3. Effects of dilution and Mn**, Ca®" and BSA on the DCIP photoreduction activity of chloroplast treated

with 1% iso-butariol

Treatment Addition Dilution DCIP photoreduction
(iso-Butanol) (umole-Chl™'mg hr™"
Control - - 120(100%)
1% - - 30( 25%)
1% - 20 fold 94( 78%)
1% 0.1 uM Mn®* 20 fold 114( 95%)
1% 1.0mM Ca** 20 fold 113( 93%)
1% 1.0mM Ca&*, 0.1 uM Mn® 20 fold 117¢ 98%)
1% 0.5% BSA 20 fold 156(130%)
Mn*": Mn(CH;COQ).*4H:0, Ca®': Ca(CH;CO0)s H,0.
RS o FA I8 TAo] 90%2 o] AA=aFE B
ek g AEA defzel=whg o1A]3a]7) BSAE e o D g
05% HE=ES A2 o 24 11 $4e 103%=2 55 ' ¥ 52Kd
giuk(Table 2).
is0-Butanol®] of gke] 7} A QA& Lolry] 918 1%2]
1so-butanol g 25T ol 4 104z A2)&k H 50 mM Hepes
buffer(pt 7.8, 2mM NaCDZ 208 FH4sle w A 1I
BAL 78%2 BEEHtHTable 3). oluj el wpike T e g 29Kd
ANAE of 77 93%9} 95%= 3 E-Egjon ol
Bk I AEE o 08%R EHEwe] Azt ups I
7FE W Kol we] 3% =g9lon BSAS #rlEle g \
130%2 FrtHsickTable 3). sloletel Jelr] gla] o
24}, SLET(5%)Y dso-butanolg 25T of| 4] 1057+ #z]gt \
% 50 mM Hepes buffer(pH 7.8, 2mM NaCD=E 100%] 3]
ez #A = 34 1 G4 525z ekelch
SDS-PAGEO]| 2|3t SElE0(= of SREES| HEL - b d
a [+

Butanole] ®elste]= ub cha Aol o]w W3ls ol o A4
A LI Ao dke £ AQAS deldr] g6 34
I 2Ade] 25%E vIehlli= 1%2) iso-butanol=} o] Hu} =2
Tx3 2%9] sso-butanol |3 FA] [ BAle] 3%
4agt 5%2] iso-butanol2 A]FA|e| 4] EEaF o Za o]
302k 2§ F SDS-PAGER} polypeptide bande] =3}
pattern: & Abshd cHFig. 3). 2ebzo)= = b9 A band o)
A 5L Chua(1980)8) A2E 32 sheic) 1%2)
iso-butanol 2]l 4| & | Z7-9} 8418} band patterne
yeldlglem 2%9] iso-butanol Ha]T-el| M 52 Kd 2=
A4 mAg band®] A£Me] glerd 5%) iso-butanol 2]
BTl Az AAHeE e band7t 24=S 1%9) iso-
butanole] #A 11 &4o] wjxg ojgke dafzo)r =t
bl o] Fxa Wil 7lalele] wEn(5%)e] iso-buta-
nole] A I FAol] v]x & ke gafzoe| s ut ghul 7 o

ZAel AAFE & 7 dekFig 3).

Fig. 3. Polypeptide bands of the spinach thylakoid mem-
brane protein was separated by SDS-PAGE from #so-bu-
tanol treated chloroplasts in the dark for 30 min. a, coni-
rol; b, 1% ise-butanol; ¢, 2% iso-butanol: d, 5% ise-buta~
nol.

1]

a

Butanol®] 4714 o]44lel4 OH 7|& F4l2 2 g9
wfde] FAdardd o) 24 1 42 2sls 9o o A7)
738t A& 1-butanol, iso-butanol, tert-butanol, sec-buta-
nole|t}(Table 1). ©]73-2 Satlere} Thimann(1980)e] #.=
T L2 e OHNE F4L2 "7}t A4 qf 4)&e]
protease<} chlorophyllase ¥¢4< A#sle] NE=3
AdAekz g A3 o] gick olzle® Hol af

il
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Table 1. Concentrations ol each butanol needed for 50%
inhibition of PS II activity

isomers of__ butanol Concentration(%)
1-Butanol(C-C-C-C-OH) 0.6
sec—Butanol(C-C-(%C) 1.0
OH

T
t—Butanol(C-(E-C) 0.9

OH
iso-Butanol(C—(I:—C—OH) 0.8

C
L e o .

s
00“‘<‘--_.____‘

Activity( %)
| o

0 0.2 0.4 0.6 0.8 1
Concentration{%)
Fig. 1. Effects of iso-butanol on PS TI (A) PS 1 (@)
and PS T + PS II (A) electron transport activity in isola-
ted spinach chloroplasts.

b

1712 Ztzte) Ex= 06, 10, 09, 22| % 0.8%= OH7I=
Aoz § wie vlade] Y43l Lbutanole] 743
Ayl 4 oA ateivh(Table 1).

A | AT A 1| &Ao|| iso-butanol0] O|x)= Heh
A|ZH oA 2E2e A iso-butanole 10¥-7+ A2t
Qe o A 9 " BAe AHeyert Sl
wpe}l 7pasirirl 1%9] dse-butanol B FEelA 25%2
ZraHg At ole) qha B4 [ AAHG 24L 1%
iso-butanol X&) x el 130%2 @4o] F7islylem PS
1+ PS II(Whole chain) ®xpzdd #4.& A 11 &4z

ofi
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Fig. 2. Effects of dso-butanol on PS I electron transport
activity in isolated spinach chloroplasts.

Table 2. Effects of DPC, Mn?*, Ca?* and BSA on the
DCIP photoreduction activity of chloroplast treated with
0.8% 1so-butanol

DCIP photoreductmn
(umole-Chl™'mg hr™h)

Treatment Addition

(iso-Butanol)

Control — 120(100%)

- 0.15mM DPC 156(130%)
0.8% 0.15mM DPC 112( 93%)
0.8% — 66( 55%)
0.8% 0.1 uM Mn?! 99( 83%)
0.8% 10mM Ca?* 95( 79%)
0.8% 1.0mM Ca®* 108( 90%)

0.1 uM Mn**

0.8% 0.5% BSA 123(103%)

2 Mn(CH:CO0)4H,0, Ca’': Ca(CH:COO0)H,0.
olF &)t 7o g Rol jsp-butanold 13tz e g B4 II
gA4-e A Fig D).

iso-Butanole] A [ Al m]x
Ae FA 18 ArAGEe] o359 Zrldal S5 =G
%)l = T o rhFig. 2).

etz 7ol 4] 0.8% iso-butanolZ GFEA) 2 )3l L o)
B4 I B4 55%2 vrelstct 0.8% iso-butanol 213
A=A wrgdel] A I olF AAF3Ad DPCE 015
mMo] HE= 117] ]oq DCIP #le-& &.x—]a—].g&& i
93% =2 o) 3 E= <tk so-butanole] FA 118 ZHt
wH7kel] ] F= olol R 7] 2% 0.8% iso-butanol 2—]
el |44 vh-s-Ao “J‘ F0.1uM# 2 1mMe] Jis
HAzlshel e u oA 1 &Ae bk 83%= 79%E HE
Helow, g 1 M‘q- w7k 0.1pMe] HEZE 34 3ot

)
obo]'_‘—:'.
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<2 OH7I7} #4344 24 4%& £ 7t F2 &
F4al R7)7} datFels wfel] AEdle] f3s & AL
4 4 ovh B A¥dAME butanol?] 47)}7] o)A &
Yt e = AF APl we] A48 dso-butanole] AlF
2 AEA "eleo)= 2o ARG FAe v AE gL
ZAFElQIk 108-7}F dso-butanol X2]§t AlEx] gE4<
FA I 4L =7} Z71eel we} grastm, #4 1
AL 1% A e EAx= 22319 PS 1+ PS II(Whole
chain) ZAde) A 11 &= FARE Aoz (Fig 1) 2o}
oFFe] 1 Ak e 2 A 1T AT HH 5 Aslg Hez
H2alr}, Konishi F(1972)-2 fatty alcohol2 2o
BT A% AFzdAde 34 0 8492 94279 2%
=7 Hd ApEeld Frig B4 1 S0 Haddohs
BUE § 8 ¢lizd] B A9 jsp-butanol lEk A 3)e)
dA etk AxzelA FA 1 A4 F7)9) 1wl A
FA 1 o] 223 (Fig2) olfe 4T &8 4254
F-io] "depmel= vk ATl gyZelm Wy zE
HAAAZ7] el Aoz W) Golbeck S(1980)-2
Hhaks Mgt 45AY A% A4 1
ZHe) Frlsled o)7le aFHAFA <) DCIP 7} pla-
stocyanin@He] WH24& E35IEE o] FxE HAA
7] d-Eeleiz Bt AT Pl 9e AR 4R
o HEzF A I gfAge{de DPCE A7Fdg of
a7 wls] A I FAde] 30% ZHrhate) v 08%
iso-butanol Zw]Fe DPCE A718S o= 0.8% iso-buta-
nol #a]+ Brcl 70%14- Z7helgeh o]zl e 2 Bol fso-bu-
tanol®] 12p4 gl oA 9= BA 112] 4k3} 28)8hes 7
& 3 glekh AwkHoz wi7te Zhge) BE H4E ool
B7] 918 Argshs w7y de sEv 47 1M
10 mMe] HES AlgshMGolbeck, 1980) £ Ado) A=
olBr} 108 = 4sle] Ag-atgchTable 2). dlo]efelle
vehel 9z ¢iAIRE o)Z& 1 uMS] =ik 10 mMe] 2
ol A= Mn(CH:CO0),4H05- Ca(CH,CO0).H,0 ¢ CH,
COO~7)&} butanole] 4+5zHgaled osle] F4 Il AL
A+ F 7] wfFe)t} 0.8% iso-butanol 22+ Mnz}h Ca2
o] 2-g Arte of A I BAo] 247 58%e] 54% B&
=l =d(Table 2), Ghanotakis S(1987)-& A I+ =
ol wWhge] dejulr] Aside BA el A" g
o]l 8ol %= Mn?', Ca’t 8|3 Cl- Zals o]&e] mas]
ol B walgol el =& ise-butanol #]g]A] & Re) A
b e A7kl of A 11 BAle) 47 58%)
A% REH™ b s 44 w2 JrE W v
A 7S W ZHo] 65% 1} BEEE Hog del
iso-butanol-& A II ¥-3-FA419] Mn#}l Caell 9&-% o)
HNe Aos Azpgch 2 Ao Ay whg4el Hepes
bufferel] 20 mMe] NaCle] £& o] glemg Cl- o]
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ek el ZEE(G-7%)9 ise-butanol =2
g =5 200 4L o PS 1 AL H¥=EA] @
A= 1% dso-butanol A2} FEAF ZOHH sl s
w ZA I #FAe] 54% FE=E9oed o ol d A e
2]z BSA H7LA] 68%, 70% % 105% 3 —‘E-E] 1=} (Table
3). ¢o]7leZ Mo} jsp-butanole IEEe|E wrjedAe]
AA g2 st A FEedMe rledH el oA zgg i
=g g ghzle] 0] 248 oA slr, dejFe)m o
24 7)= BSAd] 28 34 11 Z4e] 2413 558
oF 4 slvh 1%9] iso-butanol =8k JEF ) A II
o] 25%=2 A4 wis] 1% iso-butanol z)Et <
E49] band patterng thE=72} falsbe] 2% iso-butanol
#]2] 74| band pattern-2 52 Kd Y2l 4] o) 4k 2}o] vle]
g Ao 2(Fig. 3) Bel 1% o)5te] Al defz
olt mighuld o A I TAA by ze] 7%
L Fo] Mn*ta Cat~ o] IsEg AdA)7)=
Aoz g
olell mebA] jso-butanole] AlF# FF4 ¢ delze|=
Thofl vl 7)EHE so-butanole] R7)7) Welze)z dhe
FFeid ArmellAe rldAew g sl @
A Il EFs AL Mn* 2 Ca®" o] el 3-8 Fof A4
I &4o] AAHT FA [ &4 F7pEAT, TE=e
Ae w7l Ao B delze|s te] JalAds-g& oAt
= Ao = AE®th

Py O.u..

S| 2

zso-Butanole] @EA2] st AAHG LA v
BEE A7 At grAst AFH 2] g2 )
iso-hutanol& A2 & =74} v)xste] FA I g4
BA 1 AL zabslel ev. w4 iso-butanole] Fefzo]=
T A mAE o f%% afel® ] 98 HrldFo=w
defarels winiwlael Wt 2 .gsigdvh

FA4 T L2 iso-butanole] FEE(1-49%)4 o= =7]
shel ov} MR E(5-9%) oAl ki) A I B4
iso-butanol®] EFX-} 0.6, 0.8, 1%+ Z+zt 75%, 55%
o 5% E 3'3'/‘4‘:’] 7+4Etg ok Butanol FellA) ghaee
Zov} OH 714 #x]7} o} 1-butanol, sec-butanol, tert-
butanol, iso-butanole] Z7A 119 AR ZA ) =X <3
Fg viws] 2 23 OH 715 2402 5hdhy wide)
A4k od o AsErl Ios AL 4 £ Pk dso-
butancle] 1z}A o2 A Ile] o]x|E <z Bt 0.8%
iso-butanol %)&]-Fo DPC #r}3]L- of DCIP #<1-g-o] 93
%= FrlEte AoR Mol 44 119 4bs R99e &
= gleh 0.8% so-butanol 28] Fel] &R =zkz) =z
T2 H7ME of BA U g4e) 2zt 83%s} 79%=
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B3 Ao xop 34 II 34 dAle 47ke] 2dd
A gje Zloz A7 & 1% dso-butanol A2
HEHE 200 FHHslgE o) o) BRE HEF g}
iso-Butanol2 1% °)&9] AHFkeld A II 4L 7t
A42]Z1d ¥]F 1% iso-butanol Az delzel= =
9] SDS-PAGE«] £]3 band pattern t)27< &
s 205 F &) Tl A 52 Kd F-ell 4] v)Al3t band pa-
ttern®] =}e)7) 9lem™ 5%2] iso-butanol A Helm
ol updla pande HA AT Wol AAFc)

s]FA e 2 Kol jse-butanold rlgxe = FA 119 4
ool Beddhz Gl GF& Fof Ca¥*s) Mn™
ole9] A3} & AstAA A I 4L JAAY L =g
4329 Rgroupe] "eliie|s oo Fsle TpxE
WA 7R BA 1 o] Z71Em 25 5(5-9%) 4=
H7pdd oz wyzE HAste] A 1 §4do] #H2d
Acs Azdo.
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