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, 
QJ~ QJ d I

~ltJ,nur-JNm~l~tJ b~tl'>J 	 ~1~tJUtJ'>Jnl~~NltJ~1~tl'>Jlu~~"1'~~Ml1~ 

n~~~l~"tJnl~l~lA~~~btlMAtl~b~ilnd 

m~lAA11m11~1~nlum~~U~'>JD b~m'l~ tlU~tl'>JANtll~'WN1~~'lln)li1l 

llUAcll'>J"bb~~Nlif b~1&11Nnmm~tl~Jl1~5~~lm~~1&~'>JD b~nw~ tl1&lA~nl1tillllUA3U., 
c:i 	 d. c:.J L ~ ~ I d 
'YlU°1J.Jl'YlflNtl'>J bbN~ bl~mlOJ~ lAml'Un'>J m ~~Hrl'>J 

Q 

tl bNn\9l~ tlU~~Ml1'>J~~UUUi1'>Jll ~ 

bb~~~~'U'U"~'>J~ ~ ~'11A'Yllm~utJn'l~l\911maJlh mlAtl~ b'WNn~ 

lum~!btJn't"!11~lA~aJu b mlAmJ b l'INncll~'Ul1tltlA~NnN1A't~~"hAA11~ 
'U 

blJl-JlJU ~o iJil~laJil11 bUUR11H blJ~JlJU~ blnn~i1m)tlm~!btJnAtlJJ bl'INnd~'>Jn~ll 
~ d I c:Q 11 OJ ~ 	 ... def I 

utln"nnb tJtllllN1AtltJA tltll'>J 1 ~n(fmJnl~11li11~ tJ'UtJ'>J m~'YlI'>J lU~u'>J btlU l"!1~J'Y1ntl 

lif d)Am~i1NltJ~1~tl'>J1U~~'w'li b~u PMSF bbu~ EDTA 'h'Jfltllif d)Am~ bU~tJU 
bbUN'>J~tl'>J5\91~1~hum~Ambi1'>J~~ldl'>J'l"!11wlvmJu 563 bb~~Auul~~N~ ~'>Jf'JN 

'U 

~'>Jn~ll bnUm~bbi1A'>J1J1b ~Ul1i11~iJ'Ufi~m~~f'N1U~tl~ btlU'l"!13i ~ntllifb nAm~ 
~~nm)lmN1U~~u~'>J 'hJ~Al13Fn bn1&~tlm~'U1Um~bbfJn1"!11wl\Ol~HU bm~Atl~­

b~andtlunOJlnbrltll'Y1illAuU~ 
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Research Title], 	 Effect of proteolytic inhibitor during 

the isolation processes of cytochrome 

bf complex 

Researcher 	 Mondon Sanguansermsri 

Year 	 1990 

Abstract 

Measurement of electron-transport activities of 

various plant chloroplasts shows that Lactuca indica 

chloroplast gives the fastest rate of electron-transport 

activities. In order to elucidate electron-transfer 

between photosystem 1 and photosystem 2, cytochrome bf 

complex of thylakoid membrane has been isolated. 

It was found that 10 mM Octylglucoside was the 

appropriate concentration for the isolation of bf complex. 

HOlVever, proteolytic inhibitors such as P~fSF and EDTA show 

no effect on the absorbance ratio of cytochrome bS63 to 

chlorophyll in various experiments. The results indicate 

that proteolytic inhibitors are not necessary for the 

preparation of cytochrome bf complex of thylakoid membrane . • 
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• 

U'YI'UJ 

(Photosyn.thesis) 

NADP+ NADPH+H+ 

ADP ATP 

• 

A.4uB'Ub(9l 

BBnb"lJ~ 

'nJli 1 Ui1~'11.lh ~l!i1'111iJn~tnnl~ff'l ~ \'l~l~~~hm~tl'l~'1l ~mif£l'-ln'U 
'lJ• OJ c;:j l,..r a" c.t I 'lI 

lll.rnm11.'llt~&t'l UG1~lDmm11lJ1'llu!N 
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QQ~ ~ ~~ 

lJOn'ltllnl'H1'l t A~l~l~fI1mtfl'l ( Photosynthet ic react ion)
" 

1. 	lJan~U1~lft~'l(light reaction) U~n~~lftt~Un1~LU~UU 
~ L~ Q.; ~ ~ 

l~iN'llHUr;1'l"l:j!H Um~iN'llUbA~J"l,Unl~i1'll'l . ATP nfl~ NADPWW 
I 	 • g., I 

~'l t ~Un~~mUnl~~ LnA~ulirllumN1'tm1A£)fJ~"l,umltJl~wu1i1~ 

~ 	 ~. ~ 
2. 	 lJlln~~lli'b'J"l,'lHLfl'l (dark reaction) L1Jltn'l~U1Um~rmLUfN'lln 

lJl)n~tIl~"l,~LL&1'llHn~~ LlJ~tJlI A1{lJilU1A£)f)n1i.lMih ~Uin~U~~n£)lJ 
A111lJ1f1LA~~lA~"l,'tir~mJ~Vl0l1nlJlJiH~1~"l,'tiuiil'l A£) NADPH + W USl~ 

~ 

ATP £)101 L~unn~~mUnl')'til1nl~(!1~'lA1{mm'tAilf)n1'lJA (C02 f i xa­
~ ~, 

QlQ.;~ QJa <JQ~CjI 

• 	 tions )ll'l£)l/JOJn'lAD1U (Cal vi n cycle) m~1J1Unl~1H nA'IJ'Ul1i1 dU 

i1'~'l~1 (Stroma)"l,UAfI£)l'W~lfl~ 

LtifN>J1n"l,u~lU~'tl'lnl)Amn t ~mvtJ'l Lul'n~nlJUDn~tIl~l~Ui1'l Llhl1u 
~ , ,~ 

~'liAu~.1U~~ t ilU~lJil'lUDn~tIlWhi"l, ~niil'l OI~ 1Jin~11n'l"l,lIliu 
• g". • • 

Q Q ~ ana Q ~ ~ Q Q ~ Q.; 

m~1J1Unl~l1L nAlJu"l,UlJ/Jmtllll"l,lltLiil'l ~ tlun'l~lJl'\.Anl~m nUl'IJtJ'lnlJnl~ 

"l,'ti1'15'l'llUUiil'llUnl~ll'1"l,lh nv101'll U~m!U1JiNl11'l LA~ 11~£) L~~Jnl1 t n~nJDn~tIlllnn­
LA~A~ (Photochemical react ion )~'l£)lOJ£)51J1iflR1flU uU'llm ilnfl~ L~mifD'l"l,u

•• 
n'l~1J1Unl'l t 1)u 3 ~lU AD 

'" rl1t1 Ch. 

3. 	~1UlJf)'l;I1-rlJDL~nmDH (electron acceptor)lll1HA1U 

" 
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(1) 

ol1n~:um'lfl6U1f.J'lA'h t rifl~Ui1-.J A~fl1'l~~~0l::: t UUWliUl'ltl-.J-.J1Ut~u-.J1u 
I • I t" 

~l-.JA~U~ t mn:::~:W1'l"h"'il't'ltl-.J-.JTlU ~:u~u t DUf.m111~h ~nA'lflU1\!1:u t tlmnJfl-.JAtlfl1'lt1il~ 
Q 

• 'l.o Ib ... 'Un; 0" Q. G 
tlf.J1ui1rnlA:::m:::Fm (exc i ted state )Uliltfll lA~U't'ltl-.J-.Jl1!Jnn'Wu fl t i)nA~fl\!"ltl'li;:lAuun

'lJ Q Q 

l'lJonnl:u tiimlilt ~H lAf.JOJ:::~ A t ulA~lmiu~ L~nmuU~lmI'Wun:Ulll'l11' A u~1lA~lJ~~1~ 
q q 'U 1) 

~~.J 9 Q. ~ rj !:! ~ (l; " 

(reduced form)UliltAuu1~'I'I~tl'1l-.Ji1~L&I~flLi)nA'luO)t~llJ'ltOl1J1n ol1m!H D OJ:::LlJmn11'1 
'lJ Q 

~ L~nA~fllAurlAIilDl~~Iil~ 1111l~~mDl'l~Iil~n5u~flmlt LUUml1-.J L~lAL A3J 11!mrn~lh ~n-
19l'l uUflnmdfu utltlh ~nA~ mLl~J't~hmAuun 'llJOJlnlH L ~n~ L~~H tiu-.JOJln lfliul'15-.J-.J1Ul3-J 

v 1 q q 

mn'Wfl~u ilL ~nA'lflUfllOJn5u~-.JA'lUl'IU-.J t ~hJ1u1m ~ml'lJfl-.JA~fl1'l~i;:l~'tAfin lA~nl'nl~fl~ 
..., Q 

'W5-.J-.Jl\!i-.J~ (radiation energy) ~-.JfllOJ t nAlJ'lln£)m'lmm~111Ut1-.J (Fluorescence) 

1\!mrn~A)LmU-.J L~HlJfl-.J~ L~nA~uuml1\! Singlet State l'I~fln1~ t ~D-.JUu-.J (phospho-
OJ 

c:t" Q. a'Q I 

e rescence nUmrnWllUl'IU-.J L AlI'IJu-.Jfl wnmuufl~1u triplet state 
'lJ 

• iI' 'U • 

1uum'Wn d1~nHOJ~-.JUH D 1'I~fli11~ LAilYi11~~ L~nmmmrlAflfll~~i1~ nAm!) 
~ Q QQQ QQ a d Q Q1'l.oQ '1 
'1l-.JOJtLnAlJ£)n'ltlllw1Afl'1lu (Photolysis) l'IflL!lnmflUUn lJ~f!lU UfltLnAOfln'tHOlH 
'" I If
\9l-.Jtl:um~AollJU 

2HzO ----> 2H++20H­

20H- ----> 2(OH)+2e­.. 
2(OH) ----> Hz+l/2 Oz 

~Oll'liU~l'llJ'ltnflU A ~-.J LilUN1~~-rU~ l ~nA'lflUOJlnmw1~t1un1-I1~U O1t 
d ~ a...Q~ I d Q I Qa I ~ 
m11~mUJ1~Ufl L~nA'lfl'UAD llJDn U~t LnAm~rn~'YlDAfl LNnA~flHAfl llJ LlJU'Ylflf!'1 1u 

~d I Q ~ ~ ~ n n 
'lJ~'Yl:um~t:llfJ'YltlAfl L~n((l~DU1!o)t'Yl°111H nAm~if:u (pump) llJ~AflU (W )OJlnmfJHfln 

dhril'Yl&nAflfJ~ LUU~~!l"h'Lf1AL n~ LAm!~'lJfl-.J1'lJ'lAfl'U (proton gradient)~ LrlmJfl-.J 
qJ Lo'VI 

'tlml AflfJ~ us:! t L m LAfJU~1J D-.J 1'lJ~ AflUrlfl111 L nAl'ltl-.J-.J l1!~n~ 'W5-.J-.J 1u~n~n LnlOl'UUU"lt fin 
'II 

UOl't'lJ1if1Unl~u~1-.J ATP "l1n ADP 1um:;;U11!nl~11nrrI'IOul'lil~ t ~ifu (Photopho­
a...!!~, I Q,c:C 

sphorylation )A'lUU ~~ t mnlm~mUnlc.it:llmmnfl LiilnmilU (electron tran­
• 

sport )Ht)~m~1J d'Hnl'li111'l ATP 'It t iifnmonululiiJJU LtcirI1Shfld}h1'11ilrrnmll-.J
'II 

( 2 ) 
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L L L 

~H~rJufi,flJ-J11~~nl'H:j.yl'l ATP bnfl~'A ~l'fl'nnlh ~Unil~1bbfJnnl)A1UI'i (uncoupler) 
L v 

~1Cl~1'l'UCl'l~1)'¥nnu'lf)uri NH4 +, CH3 NH3 + dJUAU (1,2) 

~ dIU 

t1'lbA)1~'VIfl1mbt1'l (Reaction center) 

a... do 4.U ~ QJ 0: i.f a" ~ I 

)'lAlI9l1:l1umwl)'I'ltllu(IHll'i"1'VIUll'lt1'l b A)1~lWl1mbu'l~~)1:J,Jnm tlumrw• , 
~vm ~un'"h 'VItbUnl)~'l bA)1~~f)1UU&1'l (photosynthet ic un it) ~'lO)~iimml)~tl~ 

btlUAUVnfll'l)1aJ~U'w5'l'llWnm'lAl{<'11:l3u riD"h~bn(ol1JDn~Ull~l(1l bA~ (photochemical
v • 

reaction nflU b~UnilAUUnl) bflfltliJMul (reaction center )'nnnl'H1f1ii1Cl'1'UCl'l
v 

'V I I a... 0:1,., • I d" 

Emerson bbiil~A~1'l°111~1'l)1U11 'VIUlUnl)N'l bA)1~lWl1mb&1'lUVlfl~'VIU1U'Ol~~JAUUniill'l
v 

nl) bflfltliJn~Ul 2 m~'l 'VI~ClCllO)n~11iltl)~nClUf)1U)~UUUt1'l (Photosystem) 2 )~UU 

" 
1. )~UUUt1'1~ 1 (Photosystem I H~Cl PS I)~'l;lm:wl)~fI~-b Cl b~l! 

L 

f)'lAtl)~nf)url1U1'V1~ AH8mn'lnl) bnAl.liJn~Ul'UCl'l)~UUbbt1'lU ACl P 
v 

700 ~'l b1l1!A~Cll)~tl~ - bCl ft~mll~~Jii~f1f1ut1'l 'tAAft&1f1~A11~m11A~U 
• OJ • 

2. )~UUUN'l~ 2 (Photosystem II 1~~f) PS II )~'1~)'lA1Vll:lrl1l!1'V1~• 
dJuAiilCll)~fI~-bCl AUUnl)bnbl.liJiHul'UCl'l)~UUU!1-.J~ 2 ~Cl P 680 

OJ ... • •• I 

~'liiNanJAAmb&1'l1AAl1uAl1A11~Ull A~l!l.l) ~an rn 680 }\,)J.
v • 

• 
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q 

.. , 
fiflnmdlul,~~'W5'l,nu,t1'l biifl 'l~fuUf1'l btil~{htJ'l1fl!Ol~fll,~t11~ fuil b~n~~ (]U~,) 5Wl blJU 
~. ~ 

~ L ~ ~ ~ ~ Q ~ ~ 
'l1flWl "1UfI'l NADP+ 'l1'11l~ P 700 1Jlflfl b iiln~~flU1tJ fl b iilnmflu'I'I1Jl!Ol1tJu"1tflmb'l1u'I'Ilt<ltJ .., 
Q~ ~ iJ ct LQQ! LQ~
fl b iiln~~flUmn"11nn1~bmnu'll,u~tUuu&Htl 2 mtU1Unl~bwnu'-m ~ mllm "1tl,'~fl b~n-

~~flU 1tJWI(]U Uiil~flfln1h OJtA ~'lU~f1'l'llmlll,uiiI~Jn1~ (3) 2W ~'lA"1~'ltJ~lW1U 

• 

NADP+ +2H+ +e- --->NADPH+H+ (3) 

d.a d I 

~~UUbflU1~~'I'Ib~tJnl1 manganese enzyme complex 

"11nu~u.n11'1(~tJ~ 2)"1~d1U'h 01~rl1mlfl~ilb~n\l)~mt d1u'ltJ~lmh 
'" 

I ~ Qci , QJ Q ~ 
redoxpotential ~(]'l~1~ n~11~fl u1~'I'I~A1 redox potential ~'l~t~U(]biiln~~flU 

~ , . 
.r::::Id I I' ~ d Q 

"11niil1~'l1:J.m1 redox potential 1111011 t111~~Umrn~fl'l P 700 Uiilt P 680 llN111l~{l 
IUQ ~ • c1d I I I ... l.I~ ~ ~ ~ dt 

1,'Vlflbiilnll1~fluUnt11~m·JA1 redox potential 1I11011lflUU bUD'l"llnUU bUfl'lo)lnb~JD 

. 1­

P 700 U~t P 680 {lnm~WU1Ambt1'l I'll redox potential ~fl'lu1~rr'lf1fl,n~IilA&N 
~ 

dl I , 'V Q c:;:; a,., ~ 
11ln ~'mm«]1011 redox potential ~fl'lt11~~U(] biiln\l)~flU\l)lU~n1u~~uUbbt1'll'l 1 .. 

(U L c::t. I Q a .... t" 

Uiil:: 2 ~l:J.JUoWI1J 'I'I'll,'lH nt<lnl~mm1flfl[H flnmflU t(Sl (3,4) 

l,um~1J1Unl~t1~l'l ATP 1AtJ(]1~mW'l (Photosynthetic phoshpo­
... 

rylation)1U Choroplast dlt<l~U 2 ~~UU Aflnl~~\!rt'lil b~n\l)~m./.uuu'l~'H ~lA1l)~m 

(non cyclic electron-transport) bW~ nl~~uri'lilb~n\l)~flUbtUmnU1{]~m 

(cyclic electron-transport) 

1. nl~~url'lil b~nl'l~mmUU'l3h nU1[]~m ( N c> n - eye 1 i c 
r.; .J 

e 1 e c t r c> n t ran s pc> r t ) btJU')tUU01~~Ut~'l 

ilb~nmmHbU1JbUfl1AtJ1ifilb~n(q~tJU"11n H20 btiilt~~l'l NADPH2 "11n NADP+ 

http:11niil1~'l1:J.m1
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l:un".i ~ 1J11!Ill".i1Ju.~'lil b~nm D1!bbl1111111 UHll.)~n1 (Non-cycl icelectron 

transport )~U il b~nf'l".i fJU1~mOIl nit°l ~'l~'l~n~11~Jlbb~1 bbil~ OI ~ f1n~'lI~fJ ' tu b~ fllJ'1 '1AiJ 
'IJ 

ii11".iillU"l b11U chI a, chI b, pheophytin, quinone, cytochrome b Hu t: f, 

FeS centers, plastoc~'anin, reductase enzyme bbi;l~ ferridoxin 1UrJ'lNADP+ 
, . 

b~fJO)~ii1-rl'l ATP ~'lii11~1".iflfJ51JliJ1AA..Ji1Hnl".i 

bb~""':) 

NADP+ +Hz 0+2ADP+2Pi-----~NADPHz + 1/20z (~) 

+ATP 

, 
dlfJnUi1'lmn1~~u 1m flmrUfJ'l1)"l 1 1m fln~7.)~'l~'f 

C),(C tu i..~ 

- 2 fJ bflnmfJU bbM~ 2H+ lfliJ"1~ 1U".il~Jnl1 NADP+ 1m uU NADPHz 

- 1~ ATP 2 1m fln~ (b nl9l0l1n 2ADP + 2Pi )~'lQ)~ l UUl~llci'l1Jil'l1'15'l'llU• 
r;; I ~ 

NADPHz bbil ~ ATP Oj~ buHlmiNi1~iiluyw'l'llU (assimilatory power) 

b~fJ1u~~h~ C02 'LA't1Ju Al1111£1iJbA".iR lU~l'l lnflll'i'l~J1ifbbii1'l (dark phase) (~'l 
~ . 
(j c:<J ~ .:v C::I a." ~r.J ~ cJ 

aassimilatory power U bUm~flll'lr~i;lmLU".inmNIll".i b 1JiWU'l'Ifl'l'l1'UUii1'l1lH U1!tlil'l'llHb!'HI) 

,• 
ll.) 01 n".i (non-cyclic electron transport)U".i~nill1AliJ 3 complex ~'lilcil1" 

I L. ~ 

'b~il'lJD'lI'l~fJCt".i'l'l~lii1~d~hA".i~iJ~"l complex ~ 11~11h~W1 (".iuli 1)
'lJ 

- PS II complex 

- Cyt b/f complex bbu~ 

- PS I complex 

, t. , 
~ I d ~ ' ~1 ad v .:v 
ll'l complex blmlVfllHl".iflUiJn'nmiJillfl mn511liill".i'Iln'l'It:Jn(deter­

..l fi~ nc:,
gent) ~I1U (Plastoquinone, Plastoc~'ani ne bbtl~ f erridoxin buumU·1D wn . , . 
R".iDlAfi bf'lfim/,~'lA' (Mobile carr i ers) 1UrJ'lbbe\fl~ complex rlOllYb nl'lnl".i1Jurl'l il b3n­

A".ifJU ".i~Mil'l complex (4,5) (".iuli 1 "H~ 2a)
'IJ 

http:Al1111�1iJbA".iR
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~'nJ nl1'tJu~\la t ~m)1'flHU'U'U1J'1L flul11~ma t ~ml1'mA"l:::nmUJnvflmll';;jln'-,. 1J 

U'l l~m flA1u PS I I ui1\lO)~nntJlA~\lr~ll(luiJ\l AH~mll'ltJfl\lU~n~mi)nl'll u~lil t ~n-
'lI 'lI 'lI 

~'HlU';;j~ nn~'l 'luiJ\l PS I Htl~i1A.;rltJO):::ct\l 'tuiJ\l NADP+ 
'lI • 

2. nl1'tJu~\l~t~nmDUH'U'UdJullJ~m (Cyclic electron 
II-

t ran S p ,G r t ) Um~'U1unl1'ih~D\lm1'Ui1\lHN~Atlvl1'1~i11i1~ 

~lU~i15Vlfi~t ~V\l ATP t 111~U fllo)fl5'UlV 'lfl~lWl 1m] 

bbs:f---:i 

ADP+Pi--------> ATP (5) 

A~Elb"'a'W~Is:f~ 

~ ~ ~ ~ ~ ~ 
nl1'1lmtJv\lv wnmmAU'U'U1\l"l1'Ut nmtJD\l1u Photosystem I t 11111u" 

t i1vli"l~i1-rl\l ATP triD "hlHi1\lttnfmvl1''l'mli1~at~nt<11'mAo)~f1ntA~Dulhv ;:nn P 700 

. 'lI 

~ ~ 0 k ~~ 
'l/\l P 700 1ui1mH~m~{fm (excited state)"l~ct\lvtflnr11'flu'11m'U Fe-S 

. , 
centers 

• 0." C1I G I !! 
Ur-l~~V:lnV\l ferridoxin "Il\l';;j~mnm UH reduced ferridoxin VltJOllmm reduced 

ferridoxin ';;j~~'l~h~nmmAl<1fl 'luiJ\l cytochrome h6 Utl~~'l~lUat~nmvun5'Uct P 
'lI 

700 ~t~nV11'mAOl~v~1m\l';;j1'nl1''l'm:j A\l11Uf'JfiVlNi:lOj~tilU ATP Ul<1tfltJ'lfl~l\ltnm 
'Il 

iJQ co!:! ~ ~I OJ 

f e rr idox i n r11:ln1' n111fl t ilnm vU'l'l\l 2 1'~'U'U 1U1'~'U'U13-H UU1{)"lni
• 

lAtJ1i1un NADP+ L~v~<j~s1-rl\l NA'DPH2 utl~1U1':::uul{)~m1Av1i1Eh ~ml1tJunilu tih ' lu 

1utlnl'llnll' tJlArt\l a b ~nm fl1H ~flnl1'i!1-rl\l ATP nl1' 'lHtltJtJ\l il t ~nV11' mm'U'Ul11~na~ b~vil 
qJ 'U , I I 

';;j~tOA~UL~vL'l/tl&tJtJ\l~"Il~ NADPH v~~lnb~V\l"fl"~l U~~tJ\lnla ATP t~IJ L~f)1~lu
1J 

1UtJlJI~ ~nl1''lJuct\lB t ~nmvmnH51'1'1J1l1~nHAtlfl11'"!;ni1~ t UU"IlllA 'til L~H. 
l£j';;jm (non-cye! ic) nl1'lnt ~mJnfl1~ bOf) l tlulC1~miJfNnl1''lJ1tct\lil L~nmmli!11m1'n 

1ni111'nt AiJUrlld~ 1~tJnl1'11f~1~ t A~I~ t ~tJnil Phenaz inemethosulfate (P~IS) 
J draa... cv 'l"Q. ~ cv I i... C':\ OJ 0.." ~ 
'l/\l~JA111J~lm1'n1um1'LUHV111''UbUl~1lmtimmvU i1'lH1''U PS I 0)~ntJ1HLmnllO)mtlm~J 

• 
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Cytochrome b/ f Ae:l~-J b 'WN n~ 

~ 4 ~ I 

Cytochrome b/f 'tl(lmmm)[)n;;nnAiilf)1";i'l'I!:lluw1ur..Jn1'lJul'l1J11tJ";i~ml'U 
, .. 

~htJ 5 polypeptide :a~~1'hm"in1muntl 34, 33, 23.5, 20 Utl::: 17.5 kD 
iI q 

~d ~ 

niil~1uAam 'WummtJ";i~nalJf11U 1 1m un!:! cytochrome f, 2 1m!lntl cytochrome
q q 

bs niil~ Fe-S center an 1 1mflnu ~~~ 2 non-home irons ~u'l~~ plasto­
1 

+yanin, chlorophyll bbiil~carotenoid n~'jIllJ lipid 1~'n~lJ cytochrome b-559 

fi~LU~i1 3 "lu 5 'lJa~ polypeptied OI~~ heme [)~1UOl";i L~~mJOj~~ plastoquinol
'lJ , 

plastocyanin oxiductase rllJ plastoquinol-l, plastoquinol-9 :a~OI~'ll~a 

~1";i 2, 5-dibromomethylisopropyl-p-llenzoquinone, 2-iodo-6-isopropyl 

-3-methyl-1-2, 4,4-trinitrodiphenyl ether, 5-n-undecyl-6-6-hydroxy 
• iI 

-4, 7-dioxobenzothiazole L~iil~ bathophenanthroline :a~lJl1lJ1'tltJa~nM1nUOl~ 
iI , 

c::g 0,., 1,., 1,., 0,., QI 

'lJUnlJA11~H mJtJutJ[)~ substrate, pH Utl:;:;fI1ntJ";iaU 

"lu mitochondria Cytochrome complex Lnun~aJ1tJ";i~u~i1"ln~lH!:ln
q 'lJ 

1ilOl";i~lU101 tJ";i~nalJ~bu 2 heme b ni:l~ 1 heme c Lbu~ Fe-S-center U!:l~[)l»c.j~ 
'" ~ quinone AltJOl";i"llJ1A";i~~-t1~1l~~"l 'lJ[)~Aam 'l'liiln~{hl°111'Ol";iAmn'lAtJ";i~1mnhnn 

'U • I 2..­

~U~'l~JUOj~ L1h~l'n\6lalJ'Ua~ niil ' tnOl ";i thmlfJAS t ~n\6l";i auni:l~ 1tJ";iVltl1A tW~r~llH FJa";ilHl1--l 

quinnone loop ~1~"l ~~a protein pump (6,7,8) 

.. . , 
1A".i~ ~-t1~~61ilf1A~il~1m iia 'l'tl!:llAatJ~tJa'l A~ a1 ";il'IU1s1~) m i tochondr i a 

Ra cytochrome A[):J.H'l'I!mci cytochrome bl f ~'l t~uvh~llma~s t ~nVl";iilU";i~ld l~ 
... 
~ ~ ~ 

".i~lJlJn~~'tl~~a'l (2 photosystem) c.j1n plastoquinone (I~ plastocyanin l~";iil 

Ol";i t A~aU t ~Ul~niil~J";i alJ'1 ";i~lJlJ photosys tem I 0I1n f err idoxin O~ plastocyan in 
iI . 

c.j1nOlf}Ut ".i1l(1'ttJ1tf1u Slow electrogenic step l~~a branch electron pathh'ay 
... q . • '" 

ll~ 2 step (In t ~~fhtJ611";itJ";i~nrJlJ t ~~1filHlln~llmblill 1lA";i ~u~fu~Ol";il~tJ11!Ol';i~mn
'lJ 

nl";i'tl°~lUtJ[)~ cytochrome AmH 'l'1~n~ ~'nn';i ~ 'tl °l1u5mH~~~(lnutJn L~HSf1".i~,1'l11!';i1J
• 'lJ 'lJ 

micell 1u detegent 1~~a ".i tJ~".ilaJfh1mJ11m~'lmIHfl~mhl ~'l1m~U~l~5'l"l U')::;~lu
'lJ • 

A11~s1°1t ~0I11!Ol".i".ila~ photosystem I reaction center lu liposome tm~1u 
~ J ~ c..t ~ 11.- J ~ ~ ~ ~0.., 

nl'w1tJ'tl1tJ'HlrJU'tl t tJ£wH1A ".i ~i1".i1~1mJf11fJu1".itJ".i~nalJ redox 'r1ii1".i1~1J1! "Il'llIH'Ol;;; L1JH
• 

nU1'tl1~11c.j~".illJ".il]J cytochrome complex 1U".i~lJlJli~1fI1A".i~u-t1~llnJ L111!rlU 
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,, _ d 

111!W£l1!m'fYlo1 cytochrome b/f complex 1iiU~i1'Y16 "llm~nl1J:JJno~iiill•• 51!lmJ'1~ihJ,)~~l16fllm:j..J1J£l..J cytochrome b/f ~if..J1l-'E1°1~ h n~ml!~~L ,)l'Y1')lU ~ ~tJ1 
IV '" IU QQ.; CJ ~ 

nu cytochrome b/cl complex mH mitochondria bLOl m,)l"lmmnnU 

chloroplast 'l'lu'h cytochrome f Ufl~ b ~l:l-n')mUJnf)tJn"llnAflBl,)Wil~"llnWl1'l~ . .,; , 
119HJ Mr. Wessels UfI~ Mr. Vo~rn u~rl1urh 1)u polypeptied 1JD..J complex 1JB..J~..J 
d d 'Loo" ... t , I d 03 e:i Q 

'Y1L~,)EI:JJ119HN hl'Y1')1'UUl!11:JJOJ 1U1Un11lA~ uu:::m'flfN1H1JB..J plastoquinone plasto­

~ 1 "I "",' 'l" d ' I dcyanin oxidoreductase !N allmJn1,),)1E!..J1U1B..JAU')~ntl'UmN LtlU \'1l~J oxidore­
.., d • 

ductase ii'ml'U"h cytochrome b/f ~m')~[)!~ ~ElTIu1Um~'U1Hm,)1l"1111'U~!1116HIl~ d1il 
(4 ~d Ol V c..i 4 ~ QJ' I 

l,)1"lU:JJ,)lEl..J1Hfl..J cytochrome bl f complex 'Y1~mLEln"ll nA1.l£ll"jl'lfn~~1JB..J~mlmn'IU11 
ad a Q"cj ~.t:;:) 

m l~EI..J polypeptide 5 l1UA Hf.l~m'ftl 'N1U1JB..J oxidoreductase EI..JJI1J')~!1'Y15flll'l-
, J 

~..JBEI (8,9,10)(~U'Y1 2b) 
'" '" v 

f 
-6()A 

I 
• 

. 
N _:C 
o 0 U 

Q 00 ... -" ... 
P8aO ~ ::J ::; 

,(fYl'un 

. . 
:c :c 
U U 

a a... ... 
~ g 

l_~ l~ 'OO--"'~..J 

T 
H 
Y 
L 
A 
K 
0 
I 
0 

, 
- .. t fPC!) .1

'~1Jllt1-l'v1 2 cyt b6/f _ ~ ~tuuml-lYi 1 Intrathylakoidal srace 

(PS II) (PSI) 

I iJ I I 

<> 
')U11 2b Uf~lLfnl'j1i..J L1iHU~H bV,mliilA..Jn1,) ~A~l1Jil..J·lYl~ L1JlnllA~1..J1 tI..J 1A~m"i 
v 

~ u a .£Jod 2..1 a,., t (:y,.," iIJ 

\'mjj1Wil~ m ')11"11lm'a i1 Yli5bbi.n lAfHLEln ;;n mm..J 11181 ALlE!ITU D..Ji'I'I1iJHu..JAltJ 
, lJ 

C)d I I 

15A1~"l bl1U Freeze-fracture; electron microscope; 
co d d 

gel electrophoresis bLfI ~ n1')~mn'i1l..J'I11 ~ ml 

• 
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'lJ'YI11 2 

L 

U1J'lnl'Hlfl!lfl'lflflnt Ul! 3 ifUlllfJU 

(?)£)'U11 1. U''ltimnmm chloroplast 1m..ll'fl Homogenization 
L 

I.lh'lwclnVlnlflEl1:if polytron OJlniilm''l:lI1H~n thylakoid 

flflnlrlEl1lf centrifuge ml~ Hypotonic Solution 
a.. ~ t:i ~ ~ a 

ttM~lrlnl'H ~£)flUl11Jf)'1fl t £)nfl~fll!ll!~~uuur;1'lll 1 '1~UUtl;;1'l . . 
Cj ct I a... 

II 2 t~£)~~~UUtt~'l11 1 tW~ 2 ~ "mnu 

, 

2. tt~n Cytochrome b/f complex flflnOJlnL~D thylakoid 

1~mlir~1~llm~fln (detergent) (detergen t ~1irAB 
Oc ty19lucos ide )1flfJ1irA1Al1aJ b ifnuuvn'l"l nUfnm15'l 

L 

nl~;;1n~U'"UnVil Ratio 1Jfl-':)Al OD563/0D652 1l1~lU\1'l 
~ I did'" 
mb;;1~Nl1JI cytochrome S1nfl[)flmn~ln b~fl'hmlAflfJflmn 

(563 Afl~l;;1'lt1f11Jfl'lnl~flAtl~'1'Ufl'l cytochrome b 563,cu q q,J .. 

652 Afl ~hnl~flflbtf1'11J[)'1 fl~fll~~mi)
'lJ 

il proteolytic enzyme LI~mn fllOJl1rlift nflnl~~~lfJ 
'lJ 

~l'lJfl'l prote i n ltt~:tldl'lnl~ttl.JnfhfJS11~ifmlfln t ~JJ~l 
~ ~ 
fJUfJ-.:) proteolytic enzyme b~U P~lSF tbS)~EDTA ~'11u 

lunl~bbfJn cytochrome b/f complex OJlnb rifl'll1~lAfl~~ 

PMSF = plienylmethylsulfonylfluoricie 

EDTA = Ethylenediaminetetraacetic acid 
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, 
1 . 15fl"1~ UUnl"aAmn t UUnl"a'YIAilf)'1 ~'1f)l';)uU'll~t ~U 2 'llU~)f)U11~~"l ~f)• 	

~ 

d 

1.1. 	nl"atw"aV~ thylakoid suspension 

2.2. 	nl"alA5w"alnl"a~U~'1~t~n~"af)U (electron 

transport activity) 

d 

1.1. nl"at~"aml thylakoid suspension 

~ 

'llHVlflUnl"a'YIA&l f)'1 

d~Ut~lf)~l'li!lll~Wf)'1nl"aAmn ( 1 )~lvi'U1~~~ b8VA ,;)lf1~ihvn"i:mJ"a~m!l! 25 gm/90ml 

, . . . 1 

u"1~luunU~1"a~~~lVn'lD"a~nuUA1V 0.4 M,sucrose, 10 mM NaCl, 0.17 

tris/HCI buffer pH8.0 U&l~10 mM Sodium ascorbate lA~1~tA~f)'1 
'L a,., d QI ~cv ~ I ~!::: 

polytron ~W~~~t~lnUA (t~f)n11lf)~"alt"al No.10 UU 2-3 A"a'l Ad'lD"a~~l!l! 

HIMAC lAU1~5w"alt~1 5,000 rpm U1U 5 ulfi 

. . "1 . . t'YI~f)'1tmn1~tlm()\9l~nf)U'YI'I ltl\9l~nf)u'YI1A (3) m~d~mu 10 mM tricine/NaOH 

1~ Stirring rod ~~~Din~r,hmn~ t~v1-}j~u
•

buffer pH8.0(4) OJlU1U 60 ml 

• 	
.. 1,." " H"11D 	 centirfuge ~rWtA"af)'1 HIMAC bAV1nf)\9l"alt"al 15,000rpm. U1U 10 l!.Tl'l 
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, 

l'YI1Jfl~ll~~11~ll~Ufl(l1~nflH~--1 UOl(l1~nflU~'lA (5) e-J~:WllJ 10 mM tricine/NaOH 

buff pH8. 0 <>j°1UlU 1-2 ml 1~dhnu lA81l~ electronic mixer 

'l~ thy I 91<0id suspensif1(A'w11"i11~~ .liAU." J 

.. 

suspension :In 50 ul r"jfl~lnU 

80% acetone 4.95 ml 

. 
A~U 652 mI. lfl811f 80% 

cj 

5000 rpm U1U 3 Ulll 

c.i 
Chlorophyll 'I1Al1WJli 

c;; 
aceton llJU blank 

1

AOlUlrnAJlaH ir~I1fU1Jfl~ Chlorophyll 1u thylakoid Suspension <>jln~3lnl'~ 


Chlorophyll concentration (mg/ml) = absorbance at 652 nm x 2.9 


Al13H lfanJUlJf)~ Chlorophyl ~'tAU"l'llJ11f1Unl'J~ltJ~mrn1JiN thylakoid sus­. . 
pension b tlfl111i1 Chlorophyll lHlJ1:1nrnnAtl~nl'J 
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~ <U I odI 'V J~ C;; I e,jejl BJ d <U 

( 1) nl'a ~ n1J~lBm~1'I1fm'allI1HWBU b111 bl/,B~ 011 n b 1Ju111"lm11£J~3-Jnl'a i1~-• 
~ A'al~lhb~~UB£J 'tI°ll~l1J~bbU~ ~~ l i1ul1o:)'~m~rt~~'a1JmWJ&lnl'a'tlrl~B" ~ nA 
t....., ., 
1JUUtJ£J!9l1t1 

(2) G11'ai1~i11£JA~n~11'Y1°11~ Ce 11 membrane bb~nOtln bb~~ 

chloroplast ~~ABBn~lQln cell 
1 

• t.. t.. 

(3) ~l~nBUl1 'l~lHifU(Q1BHUAB Chloroplast 

(4) 10 mM tricine/NaOH buffer pHS bilu hypotonic Solution 

O:)~llI1'j.'f membrane 1JB~ chloroplast UVlnmm 

. ., ., 
.. (5) ~:::nBl/,11'lA1UifU~1Bl/,U AB thylakoid 

t.. ,. 
cJ 11:51 ~ 1(1 'Lo i" I iJ c:;J I 

lHnl'a'tlAi1tl~U i11"iil~~lm~[l::: bA"iB~~1B'tI11l (ClB~r·nunl·nloI11" ~ ~umnm& 

Ui-l~~~~bll1~u~m&~'lA Chloroplast BtlnmU~l (11il~0)1ndu1HW11nml1"ifl:::~1£JihH l'IB~ 

• 




p - \ ~ 

"etUJROn1~ t1;11 "i' • l;: n17 
, J ~ ... 

'Yf1M n'H\I:l~ .' r:1 , • 
• 
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• 


. ' . > . '" .... . . - . . ...... 
•• •••• • 10 

, ... 
-- L f11 u . .JlJ fI 

v 

L.......____ 


, 
.... 

l1u)Ju~lUffi1n"lu~ll"l 
v V9 " 

-' - . lI::n"jlUlll'lf~ 

• 


, .., 
-lJi:llfitl"i"i:"'lll ",,18," 

~----~ , 

, 

bPl~£1'l bender 

b nl'am£l'l'!J£l'lf.JQlJ~'l01~lnnl'aifu1H a 
<.i ~ 

c nl'a centrifuge Ql'a~ ~ ulUl11Ao)lnnl'aWH)'l1U b 

'" ...d nl'a chloroplast ~An~~n£lmJ1N~~nU 10 mM tricine/NaOH
• .,: ~ 

buffer pH8 bl'1D11~ membrane 1J£l'l chloroplast UCllO£l£lO 
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a... a... ,....l a c;; 
1.2. nl'10Dn~lnl~~lhl~~L~nn~DU (electron transport activity)• 

Q ~ ci ~ cJ ~ Q ~ ~ L 

~~mH ~1!'l1l tJiiI~'UHtJfI'l1tJ lllD3lui1'lmm~rnW ~ iilnfl~ m!lJ~'lj ~'U'Uw.1~ IN i10'l t;)nm:;;(!'lU
• v • 

bn~n1,~u~'lB L~nmm!'ltJif'l NADP+ 1'h d1D11'fB L~n(!'l' D1JlL~1 Q)::;t1fl1~1fl~tln'!h ;mtltlmn . , 
QJ,(jI...... ...... C;;OJOJa~ ' .. rJl 

~'lf1nr.::llILLm 1:Hn1'f1«1f,ltl~b'111j FeCN ttJlIJn'J'U[HflnmD1!mm NADP+ tVtl'l"llnHAl 
I OJ.. L Jcj ~ c.;

Redox potential u~Llfl~ln tfl'lliJ (i11'Jf111 Redox potential i1'lQ)::;';j'UmnnmDH 
v IU 

.~ 

v 
Q A 

11'1«1) LLiiI::;1Hn1'JY1~f1~'lL'Jl'l::;lml NH"ClLuiA uncoupler 1'l'11.ifn11ct~fhi!\ nA1~~1JH 
lJ' e:c; .. <l,.ev ~ 
Al~ e.J~n1jY1«1&1~'n::; LIn! tAllA L~HmA 

L'J1Q)::;f1°1n1'J~mn1fl~miQ)lfl acti vi ty ~tl 'l PSI ILfl~ PSI I 1'l11Jft 
'lJ 

nU'ltJ onm1uMmn Lmn::; PSI ((&I::; PSII llfl.t;j::;'U'U ~~f1·1·lA1A~n1jmi.'11'l LAJJfJ 

b~UVll1~il L~n(!'l'J ~'iA ~~ ~ Lllm911uD l ~nm iJH~il~11J 1~'lll'/l::;fIitl'Ul~'U~ Llm~~~m:;;'U11A 

n1'J~'lf~11ID l ~nflj DU'Jlln1'l ul 'J~:tll'iJA~ 11~ if1!nm~n1'mld'l il L~nm ~H(illlltJnn 

HzO--->M--->PSII--->Q--­

--->PQ--->cyt b/f--->PC--­

--->PSI---> Fe-SA--->Fd--->FNR--- (6) 

---> NADP+ Fe-SB 

M Manganese enzyme complex 

PSII Photosystem II 
QJ 'lJQ~ .~ 

Q Quencher (('1i1UtlLflnmDUfl1lL'lnlltl'l PSII) 

PQ Plastoquinone 

Cytb/f Cytochrome b/f complex 

PC Plastocyanin 

PSI Photosystem I 

Fe-S Non-heme iron sulfure center 

Fd Ferredoxin 

FNR Ferredoxin NADP+reductase 

FeCN Potassium ferricyanide 
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i.t iI • 'U 

1U1JUfIBUUt lhm1 '1 ~ntl1m J 1J1!i~~S t ~nA "HJU li Ln\S'l~U1H chloroplast• , ... , 

1(9lV~~lJgnnJ~U1Um'1li dlA~Ut ~U 3 rllURfl m'1m!~--JS t ~n~l'H)'U'1U'1 ~ 'U'Utt~~li 1 1u 

'1~'Utt~~~ 2 tt~~1UE-1fl~'1~'U'U~ 1 bt~~ 2 WiJtUiJ~nU 
n1'1~nM1n1 Jnud~atanA'1flU1u PSI 

(primary acceptor 'tJiJ~ PS II) 11.JiJ~ PQ (plastoquinone) ttil~"lif TMPD/Vitc 
Q.I ~Q ~ 'i; I ~ 1 d~ dQl '1..0(), c:;; " 'L 'l" 

tUU19n1'j.jfltflnmmmrnm'l ttA TMPD Afl~fmlHG1ml'mnJm'tl 'N1vm t~nmflU ll<1 t "j1'1tl 
1J " 

de). 0 Q..r QJ £::) c<: ~ <L 

isoascorbate m'1m'tl ~lH(I11'1'Ui)fl t flnmmmu ~ '111:u MY mru Fd (Ferredoxin)
• c:t &3f <L 0,., <L 0,., Q..r C.:t. c:;; ~.~ tJ I 

~1 t l~ (I1'Y1 t '11 t flfln1. 'U[!]11.HUil~(ll11'Ufl t fln(l1') flH ll~~fl~ llW'lm"ll n1PD JIA11 ~Fn t ln~(9)i)
• 

PC ttfl ~ MY 1'n1~J~ 'lb ln~~fl Fe-S t uuvh 1'1't1 

NY "I~-r'U~L3nm£m Non-heme iron sulfur center ~b!llcl~Afl"ll~ 02 

'YIi'1lr 02 fl~1.U1 1.J supe roxide ~~0)~ '1 11111'Ulhl ~1A H202 uvn tifl~~ln H202 G11m'1fJ 
" " 

~fl1Villnfl1V t ~1A 02 'l~Dn 1flV enzyme catalase "lu thylakoid l '11~~1.if NaN3 

block t ~fl1.1~m1l1.J~ml.Ll1.JrN 02 ~1fl 'lA bUlmfl~ 02 ~[ln1.h1.Jt li1~U 5(i']'11nl11mrl~
1J 


C). ~ ~ Q.; "' i" Q, e;; ~,

fllflnl'l'1[]u1.'U1~'U'UU G11m'1rllA lA~ln1.J 'w1ru 02 ll1.'f1l1J 


DCMU 

PS II--->Q--I-->PQ--->cyt b/f---> 

PC--->PSI---> Fe-SA --->Fd--->FNH---> (7) 

--->NADP+ Fe-Ss 

1 
MV 

1 

Isoascor-bate - . Oz (Super-oxide) 

HzO 

HzOz 


NaN3 


Hz Oz --I--->HZ O+Oz 


http:ln1.h1.Jt
http:11~~1.if
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• 0010 3-(3,4-Dichloro[)henyl)-1,1,Dimethylurea 

TMPD N-Tetramethyl-p-phenylene diamine 

MV ~Iethy 1 v iologen 

PQ 

DmBQ ~~~~~~1~~~ PQ (Plastoquinone) 
~I I'Ll I" QJ

Cytochrome (~l\I)1~311'l1 Redox potential i1~ml cytochrome) lt~lu~l'l~ hJfN 
'IJ 

~ Lt::l. c;; ,0, 'L "Lr I I ~ (U

FeCN '!J~~~lfl'11m~iw~'Hnm lrrnnU'l r-l1U PSI! l'tllHl! 1mJ"l~'lj'Jf:J1l!'ltJiN PSI 
~ ~. 

s\tl'nn1)'lJurl~~h ~nf!l)~ll 1U~~1JlJUi11~Il'jn1~'lA~lntJ~mOl 02 TI ~ nfl'UWnnn1~f1ill[J 

• 
02 

H20~-->M--->PSII---> 
--->Q--->PQ--->Cyt b/f (8) 

DrnBQ 

1
FeCN 

DmBQ Benzoquinone 

FeCN Potassium ferricyanide 

, 

n1)Amnn1'jlJllrl~D \~nmmnH PSI l ~!l;t PSI I MeH nLl 'lfll1 

. ~ 

B \ ~ nC)"~ ~1!~~nn8'-lf·'nHm \~Im£)fl'l ('l1,lJ~ diAih!~~~1BflJj~un'-l Non - heme 
'IJ• cC "1." 

iron sulfure center t~ln~~l~ FeCN Fd 
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" 
(Ferredox in) A'l"atl tlA"alnlTlJUct'lS t ~nVllDl!i11m"ar:llA 'lA'nn ntl~mru. 02 tf1A1iwnn.. 'l.I 

02 

H20-~>JVl--->PSII--->Q--->PQ---
--->Cyt b/f--->PC--->PSI--->Fe-SA (9) 

--->Fci--->FNR--->NADP+ Fe-Sa 

1
FeCN 

• 
o 

to1CltUu'lnU 

Reagant ~1J(" u 

1. 20 roM Hepes/NaOH+10 mM NaCI (02free) pH8.0 0.9 ml 

2. Thylakoid suspension (30 mg/ml) 30.JIl 

3.0.1 mM TMD + mM Isoascorbate 10 )ll 

4. 10 uM DCMU 10 )11 

5. 30.)lg/ml MV 10 yl 

6. 1 roM NaN3 10 yl 

7. 2 mM MgC12 10 )11 

8. H20 (02free) 820/ul 

'"' 1d reagent {i\1'l'1 Vllllil"lfllJiN1u chamber btnTYlifll?'tH'1f1£J'l t ~UU 
"' "' 0

2 A{~ 1HA{~~ 3 Uflt 4 'tIAflCl~ l ~1H ~tJlnU UP11ct 25 m~1 NH4 Cl 
• 

10)11 g~~1~Wl 810 yl 
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PSII 

1. 2 mM Hepes/NaOH + 10 m~1 NaCI (02free) pH8.0 0.9 ml 

2. 1 mM DmBQ 10 ).11 

3. 1 m~1 K3 Fe (CN)6 10 )11 

4. 2 mM MgC12 10 )11 

5. Thylakoid suspension 30,lul 

6. H20 (02 free) 840 )11 

" -L

1£1 reagent ~1'l1 mw:nfi'uil'l1.u chamber'lflnl'Hll'lflD'l t ~Hil 2 f1~''l 
... ' 

1.lAAt'lli 3 Wl~ 4 '11mHNb~1HAtJ1rlU un1rl 2.5 mM NH4Cl 10 ul 

bw~,tol 830 ul 

, 
, PSI Ui-l~ PSII I11DL UeNrlU 

1. 20 m~1 Hepes/NaOHdO m~1 NaCI (02free)pH8.0 0.9 ml 

2. 2 mM ~lgC12 10 )11 

3. 1 mM K3 Fe(CN)6 10/ul 

4. Thylakoid suspension 30 )11 

5. H20 (02free) 80 )11 

- "­

1~ reagent rh'l'l ~lJJil"lAUfl'l1U chamber m).'H'"lnl'Jl1flilrJ'l b'tlUll .. t.. i.t. t d ~ 

2 Aif'l 11\Aif'l~ 3 Uil~ 4 'tlAilfl'lVIl1HfltrmU u~1ct 2.5 mM NH4Cl 

10 ul bbil~11f1!?1 840 ul 

a ~ iJ I a.... • 

'lJ'mlm':il~nln~l"H('lD'l bmnu 1.8 mI. 
q 

r;; 
2.5 mM NH4Cl : NH4+ l'iJH uncoupler agent 

~ a... I ...l C), e;:j 

2 mM MgC12: Mg2 + b'lJUfl1 b'J'lm~mltnl;;lJU~I'lf) l i-lnmrl1t 

10 mM Hepes/NaIH + 10 m~1 NaCI (02 freel 'lJ~1J pH 

1.1' l ilu 8 l '1'171 ~ l nm1mlll~! mn~[nn~lJnl'J t nflnl"l1J1111'l ~ b3nm DH 

• 
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.. . . 
~A~fl~~v~llJlum 1 1'1fli,lfl~ 

I : 
d u I ocI d 

l~~~fllu1~~uU1,J~lUU~11~~~nu,J NADPH
2... , .. 

ll~!: ATP l'r'mn111l f)'j1::11 

• 

( 1 ) 

~ll~,J 

L 

. ... u'"f)'j C)\JU tM n . 

If I! III 

R 

\ 4) 

n 1::1) 11:HlC'l1l,J~t'l 

n11U~lIU~uUuunnl~U 

1U~ 4 Oxygen el ectrode 
'" 

• 
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, . 
.. 30- "If r,hm i~ilR1UFUmmlU1ii1111'1'-ln fllu1u chamber ~ magnetic bar ull~flJii'1~ 

q • 'IJ 

bb~~f,.JuJJ1«~btJbOJ1A~~1'-l1 b'ihrlU dli111~ electrode dlAm;;btl~mmtl~N1utl~mrniJil'-l.. 
flflnll b om O)dj~t)!lVl m'l'th b nfl~U 

3. b(il~ il'-l'lJUlU~t)!t)!l m 'j.l~ il Amp I if i e r (A) 'YI'lm'h~'lJrJlufft)!t)!lrn'l'l'll~h 
~'-l~'-l~l'u,.lJlo)ln oxygen electrode 11'fihnnm '1UJl~i11J bW~rl'-l~il1tlEJ'-lri1Huulim'JfI 

4. ri1uUUTImm ll~il recorder (R) bL~fNf-J~iltJmll1.mtl'lJtJ'-l b&1U 
'" 

Curve 

, , 

'ttl djflm;; OJ~ btJ bOJuAn1'liN'l'MfUlUii~~'H)U tN1H~11~ Chambe r oxygen
q 

electrode bl11UU'l (1'lil~lbjjHI~l1al'-la'-ltl~mnmflnllbo)H 1~HJ1,'if Na2S204 'l~ tJEmll bo)lA .. .. 
~ ~ Q Q ~ ~ q ~ 

fltJnOJlnUI) ~1'M;;Utl;;~lrniltJn"U bOJUl1 btlrHJHUtlfl'-lU OJ~lnJlUn'-l tl~mnmilnllb 'mnnn 
'" 

1-if'ltl (02 consumption) ~'H1fUm~U1Um;;ml~'-la b~n\!lJmtl.m~UUbli1'l~ 1 Uil~ . .. . 
'MmUO'-ltl~mmilflnll bOJUTI dll'l~u (02 evo I u t ion) ~'ltlflJm~U111,m;;1m:;::lJUbUl..]f1 2 

U~~i1t1'-l;;~UU~il b nil'-lrlU iim1 m;;'tlHrl'-la b ~nm filA OJ~f'Ylmu!iltlnm1mlJ'lJil'l1.l~m!ll 
'" 

ilflnllbOJU~b tl~mAUtl~N'ltl I!itli1~~nfaJI'1NtJl;;~fl~Mil 1 1111aN 

2.­

ifU~EJUbUn'~Y1A~EJ~ 

I I a... 0'1.1 
~flbA~()'lililfi1'lil11'1'I-rcm ltl reagent NI'j.l;;m~Uill1(i')tJ'lm;;'YIf1r;:ltl'-l WI 

m;;~1H Oxygen electrode chamber (i')lJ-Jtl~mrni1nlmAA 

(Thylakoid suspension, NH4CI,MgCI2 A1;;lctml'-l reagent 
, 

aUl) 

- bDA11'11;~ui1'-l~hbl;)'-lcttJ'-lr,hH electrode bum (il~t1'-l11' recorder 

'1fN1H 
. " 

- Almm5mlnl;;'lJ1I.ct'l~ bOnM;;m~o)lntl~mW()ilnll bOJufi b flAlhmiDl-u'ttl 
, 

1i'-lU~f)'l tJilnm1u;;tl

'" 


• 
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... 

1...01...0 r.; 'Lo Q <Lo- Q Q ,ci 
nlTI'lAt1fl~ 111U'lt 1Jl&itl<Hll...jfl~ lUn1"J1A1J;ia-Jltll. 02 (nl;i!1mm) (Y1

1 

30' '[j )1&°1 1. 8 ml Y1°11ilmll'lt A~[m~'l1J'lA 85 'l1iN (t TIUnl'H1lIJJ~)
• 

= 0.445)Ug atom of Oz/ml 

= 0.223/u mole of Oz/ml 

= 0.223 x 1.8,p mole of 02/ml
• 

85 

lllmllHA~ilU~11J1A a ~[)~ma-JHnU x = 0.223x1.8xa P mole of Oz/ml
7 

85 

!1~m~ t A~il~f1fl1lfm~Al'tH A~m!~ma-Junu y-2. 5 cm/min (fnlaH ~11lfl~ chart 
,,: ... 

recorder) 1 1131. 0)~lA!lflU1«l 2.5 x 60 
L c.:. tl i" ~c:l 

mn;i~f111H ANUUYl1«l b cm A\9H 1JUt lin = b 'll~1. 

2.5x60 

Slope =X= 0.223x1.8 x ax 2.5x60 u mole of Oz/hr 

y 85xb 

5mlm;im!ct~a t ~n~l;iflUAfl 5ml~1l&;i~1r;h~ml t 1J~tmmJi,N Oz 
,• 

1l&Vii'l~mbm l~ll1ifl 1J1~J1tl1. chlorophyll t TIt! mg 

Slope 

1J~~ltll. chlorophyll 

mbmTIu/u mole of Ozhr- 1 mg chlorophyll-l (t;i11] Thyla­

koid suspension 30)-ll) 

, 

2. nl;iHun Cyt.ochrome b/f complex flfln~lnt~fl 

Thylakoid (10) 

sample
• 

d)ui1lJu7nnlfl1J11}JmiH11ifl~t8EJfl 180 g UU~t1Ju 3 umnu{ 
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I ~ 4 ~ a" c,i ~ 

-. u«l~::;lJn! ntl11n1JllJ1tnlJti1'm::;~ltJ "lI'ltJa::;nalJA1tJ 0.4 M sucrose, 

10 mM NaCl, 1. 0 ~1 tris/HCL buffer pH 8.0 UD::; 10 mM 

Sod ascorbate "I,UlU 90 ml -lmJ1~L A~v'l polytron f-Jii1W 111 

nU~(l~£ln1lfilfl11L~ 'n No.10 1111 2-3 A~'l"1 ~::; 10 1Ul11) ulh 
~, ~I ~L ~ L ~ ~ 

m£l'll)v'lt~&-1HY11AmUnl'imv'l (1"l1f.Jl'U111Jl'l1'llJ'YllJ"lImmU 4 illl) 

- U"l~1~::;tl1tJlhJl"llnnl1mtl'l JJ1'tI,'111flnfl::;nvUlrltJ centrifuge 
iJ ~ L a... c:<i d 

(illtJlA'W'l HIMAC lf1tJ1iltlfl"i1L11 5,000 rpm UlU 5 Ul'Yl 

- L'Yl1Jtl'l Llm ~1i1llrii,tlfl::;n£lU~'l UOlR::;mJu~1f1mf.J!13JnU 10 mM 

tricine/NaOH buffer pH8 ~"llnH 60 ml 1lf stirring rod ~iflJ• 

coside ~11~1U 1-2 ml ltllt 10 U1Yi• 
1~ thylakoid suspension 

- tIL tJfl Suspension m 50)11 f·mJJnlJ 80% acetone "l°1UlU 4.95 ml 
, 

'L Il'5I La.... cc; dI 

centrifuge (illtJLM1V~ labofuge l(iltJ1il£l~"i1L11 5000 rpmU1U 3 U1'Y1 

- Vl::;naU~::;fl1tJ1u detergent (1lf Octy 1 glucoside) 

• 

"' "' - AOlUlll1Al1lH l):lJl)U1Jv~ Chlorphyll 1u thylakoid suspension 

;Y1n!1:IJnl"i 

"' 'Lchlorophyll (mg/ml) = absorbance at 652 nmx2.9 Ml1ml):i-Jl)H 

l)£l'l chlorophyll ~'Iflul!TIniNm11'l~ 1 'in'hnlf"lUnl'iH1tJ~mrnl)tl~ 
, Clo c..: 'L 

thylalwid suspension l ~[J"lim chlorophpyll "llLtl'imrnl1V1il'lnl'i 

- adjust '1~'tAA11m ilnuu 2 mg/ml 
9 d ~ 

- lllbi:hnm-I"lI1 H"l ' ltJmmnH 30 lI.111 (l tJHnl'i extract l tll
• 

Cyt b/f complex) 
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- centrifuge ~ 17,000 rpm 20 Ul~ (1~LH~a~ Hitachi, Rotor 

PRP 18-3-1122) 
1­

Lal~~naUtb LLll~1'h1i1 'l1Jlf1 spectrophotometer 1mJ'l:if Octy19­

lucos ide LUH blank LM~01Ulh Ll1ntllJAU LLu~ dilJl~o11~~~mJA1u 
l'luaAl1Aufl~~Um~l Ll!l~ label 1~L ~tllJ~mJ d~1J111U~L~H 

- ~l Ratio nfl~ absorbance 

OD563/0D652 1f1m1J~tlHAll~JdhrumJfl~ Octylglucoside tUH 

20 m~l, 30 m~1 LW~ 40 mM fll3-J~nAlJ U1!~nr~flu~'1u~111 1 LLfl~ 2 

WlB'l'!''¥1 3. r,m1Jfl~ proteolytic inhibitors nDm~1.I11tnl"iUtln 
,,; 4 

cytochrome b/f complex ~lnt8flll1B1Afl8A 

1/1 

.0 c:j I 'L 

u~ultll13-J Octylglucoside fltlfl1t1 
'l.I 

• 

, 

• 
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cO 
'LIYlYl 3 

lN~nl~YI(9l~£).....:J 

. 
cu d "''' I [!,I d d .J. c..t. co

'lmnm'Hl£Jnflfltll'll'lfllr1(t]UD-.JtIllVll-.l"l ll'ltH U'liJUl 'YI£JUnl'lm!~'l-.ltlwn«1'li)U, . . 
1m:::'U'U~1-.l"l ~-.liJ'lln{Jm~1ufll'l1-.li1 1 

Botanical Name Family 

OJ 

A:::l!l Brassica oleracea Cruciferae 

~mdu ~tarsilea crenata Marsileaceae 
OJ 

l'I!\!lAl I m2e rata c~lindrica Gramineae 
~ 

l'--InVl'U'tl1 1 Eichho rnia crassi2es Pontederiaceae 
OJ OJ 

lU~nUmJ Croton S2· Euphobiaceae 

B-.lm'U~{-.l Ruellia tuberosa Acanthaceae 
~I~ 
e.Jnmm~mJ Lactuca indica~ Compositae 

• 
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m'";il'l~ 1 	 !,J£lnl'";i t 1..l~~Um'";ilJl!~'l~ t ~n(!)'";i vu'1U'";i~UUUU'l~ 1, ~ 2 USl~'";i~U1JU~'l~ 1 fI11J 

A'l1..lnm :::1J1JttN'l~ 2 11 v'lASl vl'";il'l!11u~11il'l-W1!1Jn~tlil'l1
'I) ­

,------------.--------------.---------------------------------------~ 

I 
BI'l'";ilnl'";im!~'liit~nVl":iDU * I 

(1aJ1I'l'";ilam11v'l 02 ~v am .l'lilvl'";if1Sl~~m 1131. ) I 
I 

~--~----~-------I 
'";i~1J1JUi1'l~ Ht~~~ 2 I , 

I+NH4Cl + NH4Cl I 

120.8 -180 120 

10.252.00 0.20 -10.0 

-123.31 15.38 	 , 
,I 

2.02 9.31 

~----------~--------------+_--_4----~------_r------r_----+_-------

!19.5132.94 -128.201. 32 
I23.2325.55 -111.481. 32 

f--------------f-------- ------+-----+---------1'-----+-------+------+------ - - I 	I 
!

29.56 -178.37 25.340.91 
I 

-94.74 27.8.:1 I 
I22.300.91 
I 

~w~----~r~~~~--I 
~n(!)1J1!11 0.30 80.73 -103.58 113.29 

!
0.30 181.27 -492.02 116.53 I 

~----------~--------------+----4---------1r------+-------+__----T_------- ! 

14.59-52.346.312.80 I8.01 -43.762.80 
I 

1---------I--------+---+-----+----t----t----t----- -1I 

5'lnl1J~J~'l 2.21 32.32 -14.51 16.90 i 
!2.21 31.13 - 11.88 i 

~___________L______________~ ~ 	 ~ ~___J______L_____ ______ 

• 
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. 
Vll~l'ln 2 	 n~A'l1\,h ~Un'lnl':iULln'l'lll\911A'm lh ml A£lm 'Wi1nd ;;nnb ~£l 1't1i1lA£lLl~ 

(r:Jn~l'lJ'llll) 1~L11-n Octylglucoside 1'\.Il'l1lm if:i.J'ifu~l'l1 nu 

• 

'b 'b ~ 4 
AlllJ t 'lUJ1JU1J£l'lAtm1.~l~~tl OD6S2 ODS63 ODSG3/0D6S2 

+Octylglucoside (a-J~ •~ili1tl~~m ) 

10 mM 1. 12 0.20 0.14 0.70 

20 mM 0.42 0.33 0.21 0.64 

30 mM 1.00 0.72 0.24 0.32 

40 mM 0.34 0.75 0.42 0.56
" 

d 	 'bfGdi 'b cJ ~ 
\9Il~l'll1 3 	ml~'l1V1b lmfl'lnl11'll Octylglucoside 11!nl1tWn 1'll1~lA':ia-J 1.H m'l A£lm l'l~n . 

~lntUB111~lA£lLl~ (~UV11'W~l~~1Jil'lr:Jnnl~Vlila-J) 1UAlla-Jtifa-Jifu~l'l" rlU H£l~U&1\il-\l 
, 

nl1 b'IJ~fJ1.H iifJ1.Hirv1-n PMSF ~l :J.ln'lJ EDTA 

t rl£l 'l't1~lAflfJA* OD6S2 ODS63 ** 
+Octylglucoside 	 ODS63/0D6S2 

10 mM 0.73 0.53 0.73 

10 mM+EDTAtPMSF 0.71 0.50 0.70 

20 mM 0.83 0.54 0.65 

20 mM+EDTA+PMSF 1. 00 0.52 0.52 

30 mM 1. 34 0.94 0.70 

30 mM+EDTA+PMSF 1. 32 0.86 0.65 

40 m~t 1. 49 1.1 0.74 

40 mM+EDTAtPMSF 1. 48 1.1 0.74
• 



c 

35 

~ ~ 

PMSF LL~~ EOTA Al1m 'lJmm 1 m~l• 

dI' 
(Ill~l-3'11 4 LLt1f"'lnl ~ L(Il~tJl-Jl't11Fl1A'nl ih £)11 mal Ll'ltm~~lmjnnlAl1tnlOJ'1U11mln1mJ 

, c:::::t. aQ,~ ~ L W4dl
bVlAl1m mJ'lJU'IJf)-3Ar;HJ1~1 ilfUJA-l 2 :lin. (Ilmm~il(ll~ (10 mM Octylglucoside 

+PMSF+EOTA) 

II • 
... ct 

A~-3'11 1.J1m!lll'~nnl~mmJ 1.J1mw~ml1tJ 00652 00563 00563/00652• 
'" "''''n1~n-r3-J ~Jr;1t1il~~ 

1 0.3 4 0.68 0.48 0.71 

2 0.3 3 0.50 0.37 0.74 

3 2.4 30 0.36 0.25 0.69 

4 0.6 10 0.90 0.60 0.67 

5 2.87 60 0.29 0.20 0.69 

.. 


.. 
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25 


1.J~anUlm'HJ~~1.J~f)U 20 

"'~f)f)n~t~U(13~A~-

1:J.J~ 'lJf)'lf)f)n~t~U 15 

~f) am. A~f)l~~~~~f)• 
tf:J.J. ) 10 

5 / 

o 5 10 15 20 25 30 35 40 

.. ) 

MgC 12 (1:J.J1A,1J-m 11) 

~1.Jli 5 ut1~Ne~~'lJf)'l Cation (Mg2 +) r.lf)m~'IJ'I-A~'l~h ~nf1"if)'U'lJf)'l~::::lJlJUG1'l~ 2.. 
~ q !UI:!I 4 dI ~ 

(~nTIltfAf)A~f)l,~a'~~'lJf)'lf)'l'l'lJN''l) 
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,. 


r 

OD 

HQ - FeCN 

540 550 560 :; 70 
I 

.. C;... <' 
H11~811~~U (Ul~U~L~al) 

• 

• 

l:IQ = Hyddroquinone 

FeCN = Potassium Ferricyanide 
tr 

Na2 S204 = Sodium dith~nite 

1tn~11'l'W til1'j (HQ-FeCN) t~i1~1'1f1W11'l'HJ U 563 (Na2S204­

HQ) 



• • 
---
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.. 
'lJ'YI-Yl 4 

'l'tl1(911wwu b tl'l'll'lrm L ,\,Iun~ btll~n~mJtl...J1'1.l~ L'I.l1fltl~ ~e1...JVlltl~mtJ1H---. 
 ~ r ~ IS 'l" t::i~ n ~ a ci 
Wtll'tlulAtltJtlfltl°11mll'l)UU~~d...Jtl b~n(9l)tlH)~UUUr1...Jll 1 u~~)~uUUi1'lll 2 1Jtl'lm~UlU 

, ~ 

O1)a...J L A)l~~~1tJut1...J (5) l'IU"h l'111(tllA)J/U L mWmm 1·I~n~lil'IU1UAfltll)1~~lt1MU.~ 

~n'jj1ll!:A~ltJl'11~l\l11A)3-JU~-1ABJJ L1'1~ n~~1'lu1ul~J1rlA[)H b~~tJ ~tl'l.l)~ ntlu~htJ'l'11~lfol-
'l <>d 'l 1 <>d 6 do,;;
LA)~JllH~ U 2 Lm ilnil 1'11 f.llm3JllUfI '11 1 13-1 b flnfl Ufl~tl...JAlJ)~ntlU'11...J bllulm ~--. . 
nil~...J~ blI~n bUU[)...JAlJ)~n[)uuvl'1~1~~3JDm~ti...J13-1 bflnfl~ bl~1iflOl~~ 'l1J~ b lJlJ'llH4 bbil~ 'l'UlIH 

m)l3-1~lrlm uUAflm 'Wflno (4) 1'111~lA)JJiJb mlAf13n 1·lfln~ii01)ll...J\I1°1bbmA...J11~fl~ 
~ 

·h~)~UUbLiit'l~1~ti...J Uil~)~UUUi1'l~t1fl...J~'Un brt[)'lOllninmm~llH~n~~~lfln~ (Standard• 
redox potential) O1)t1°1...JlU~uYfo)~...JmN'l'111(911A)~JU b flHAfl3H l'lfln~~ul1o)~...J~'l'h·J 
bUH~'I.l)~~nM~~'lAiiA1lUl'lmm3Jtmn 'l'111(911A)lJAm I b 1'lflncl1AtJ11Jiitl)iitrlA (10 )bbrl1ifAll3J 

I • , 

U~i1'tl5vhiiAfltlt)Wtl~Uil~1'1.l)f.iuihA"l b UUv
0

1'UlmJln 01) blJilm~iitl)iitrlflb uU1B01)BH.• ~, 

lIu...Jl'U01)-rmniitm'l'ml)'tlI...Jl'U1Jfl~AmJb 'W&'lnri bfll11 Vtln;nnU01) b1ifln1iv'fl1Jtl...J~ll~Hlm 

'tlAflfl...Jnb uurll1mti,...J1U01)~0l~utJnAflm ,\,liln~~il[)...JA'I.l)~ntlU~t11JU'H~ Utl~iilJ)~~llBml'I1u.., 
Lo Lil • 

O1)-ruu~~~'l~flil b~n\l1) tl'U'l~fl A'lUH11ml)t1°101)1~tJ1HA.-r...JU~'l 0)01 bUU{~tl...J b1iflntl1i~ln 
iI • iI , 

'l~~ltJ nfl~~Ufl~~l 'l'tJ 11~ tlt;llliVll~fl'1~&f~A1nm'tl°101)1~tJ tAm ~3Jnl)'tlAflil...JAfl~~01'a..,
A 

lA'I.l)~~t15ml·l1Jtl...J01)'Uurl...Jih ~nmflu'Utl...Jiii1i1jv'Al'll...J"l r\m~b ~[) LlJ~tJUb lltJunH lf1fJuo
l1l1.1 

bl~~l~mn b(9I~m,JAilfl1)'W~1&f~1.1v'mb\l1n i'ill~Uo13JlllA~fl...J'l~bbr\ i4nAdb, i4mdu, l1~lAl, 
a" 'L9J Q.o d, Q.o I ~ d d 

~n(9lU1l11, blJ~lH[)tJ, [)...J01uf~1...J, e~nnl(\mm~ Oll nnl ".il1Af:ltl...J'WUll b~Jf) b t1)tJUb t1tJUnl".i 

'Ul~rl...JB b~n¥1) tlulu)~uuuit...J~l...J"l 'UfNA~fl1 )l'INl~~lu~j1i~l...J1lv'Anunnl1'lUilf~nnlfllm~J 

u~~i4nVlU'1l1l1~B~)lnl) 1JU~...J Bb~ n~) tlu~iit...Jm nlu'tl n".i ~uuut1...J lAtJ b l11'n ~~nnl A1Jll~...J.., . 
t" ~ c:Q.c:i d 45, 'V I ~ " tt 11:9

111~~nl)1Jud...Jtlb~n(9l)tllm~...Jufl~ nl)b(9l)tJaJA~tl1)~ali1(91LA...JltJbUfl...J~lnl~bUfl)1Jfl...J'W1l 
~.., , 

tlv,flu1ah lIUtJl t1°1V1-rui4nVlU1l1l~illJt1)",jAmh...Jmnlunl) b~~mJAiltlt",jl'l~l~{~ b ufl...JOlln 
• 

45 d d Q.o~c::II"'l,, . 45 Q.o cj 

fl...JAlJ",j~nflU1Jf)...J1U3-IAll3Jt lI'Ummn ~NUWN lflHIA~fll".i'W~l&fVl'Uf)...Jf~n01A1Jll3-1l bV'i)tJ3.J 

britl1'tlillAflmh ~i)'tl'01)bwfl1'11tVllA",jaJu bmlAtllH l~fln~ bb~~'tl°1nl)'tlAN[)...J 1Unl)1~tJ 
A.r...J~b uU~11nl\ty ~lnr,m1J[)...Jnl)lAnl)1Jud...JB b~n{t))m!'l.ui4nnl~1Il1 'lA~u Afl 120.8• 
1aJ1A)bamfltlnih ;;m~flil~fin-raJA~fll,)~il&l'lmt-l1lJ...Jlu",j~'I.JUbbr1...J~ 2, 180 'lH1ml~J~flun-



----
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• iit ~u~fliltlfin~m~iilfll'j~tl~Afli113J'l1u'j~UUbtGhj~ 1 bt(;l~ 120 'llJ1A'j13.JfI'lJfI'ltlfln~b ~U 
I I I t, I 

~fliliil~n~~JA~W1'j~!1~toimj11H'l 1U~fI'l'j~uutoifl lilfl'l nu (fill'j l'l~ 1) uflnonnu b11f1 bflu 
I I I • 1 

nl'j~t1~11rh b nf) 1'Y1iillAfllJ~11 b\<1~mJ1Abflut nfl'l'YIiillAflmini1~Ju'jrn~'l'YIAtlfl'l1fllAlJnl';i bA~J 
~ ~ 

NH4 Cl ~'l b DUi1l';ibblJnnl';iR1UA (uncouplers) ufl~lWilnl';i'lJuct'l~h~n(ll';iflU1u'YIm ~uu 
I q" qJ • I L I I q 

b~JJ~Ufl~l'l b~u'lAl1«H OJU (\<1l~Jm ';il'll1 1) U'l 'lllnllUU bflfl~OJ~1lf~!lnl1'lJU~'lEh ~n\<1';i flU 

, l,H'YIm~UU'lJfI'l nl';iir'l bA';il~1~A1mLii1'l bflu'ltJfI~l'l~'lh~~'YIlhn'l'nnn~i1A~'l 'LA11"1nl';illflil ll'l 
q • 

1~bR'YI1f1f1f1Uiil'l111(cation) ~'l~!lnl''YIAA~fI'lbHunl)~uffi~1';ibA'YI1f1f1f1U L~U Mg2t 

brifl 'LA b rlfl 'l'Y1iilll'lfIlJ~OJl nfll1~~'IJ';i~~'YIBm'W'lJf)'lnl "j ir'l bA';i 1 ::;l~A1lJU~'lii1'l
'II 

bb~1~'luI3.n'YIlnl';iii1nA'l"l11~lm~u bm'lflmlb l'ltlncllfllJ11l' Octy19lucos ide b UUii1l';i 

iin'l'1f1nlAlJ'YI°lnl';i'tlAtlfl'llAlJnl';i11fi11';iiln'l'lfIn1uw.l1:IJ b ~JJ~U~l'l'1 nUAfl 10 mM, 20 
d.I ~ L Q.I 

roM, 30mM bbtl~ 40 mM \<1l~molAU (A~l';il'l'YI 2) OJlmJ~'lJfl'lnl';i11fi11';ii1nA Octyl­
~ " , 

glucoside 1U'lJH1I<lA1l~Jb ~lJ~Hl'h'l'1 nUU1'IUll£l\<1';ilrl1t!1JfI'l ODs 6 3 /OD6 5 2 ~'l bUH 

Fh£lml~1U';i~1-Yll'lAlnl';iAmbt1'l'lJfl'l 'l"l11\<11A';i~JU-563 ~£ltl'W1U1JH (0<... -band) 
~ 

nmhnl';iAmbt1'l'lJll'lAiilfll';it1~~ (Aflul'j~il& b fI Uiil~{j) f'Jiilnl';i'YIAiilfl'l1um';i1'l~ 2 1,~ 
, ~ 

Lnfl'L'YIiillAfltJAOJlnr~n~1J11111lfAlmlm ~JJ~U'lJu'li11';ii1nA Octylglucoside A11Hb llJJ 

llU 10 mM 1m.IA0j1nAl'j1'l~ 2 Fimh ODS63/0D6S2 ~A1Lflu 0.70 aiHDt!Alit'l~A 
'IJ - 'II • 

'bJ11OJ~ L~~JR11m llHifmlfl-.Jo ctyIglucos ide mAli'1 L 'l'h11'1 (1Unl'j'YIAf)fl'l11f~-.J 40 m~1) 
, 

bl1U LAmnm ~fl'YIA!1fl'l nUf~n(1U'jj11bb~11A'YI°lnl';i1'1AiW'l nUf1[1nlA'lJl11A!Jnl'jllflflfl'l"lu 
Q.; d OJ CSI t::i I L t" Q.I 

tlmm~ LAmnt~Afl b tJiillJUA1A11m 'lJ~J'lJU'lJfl'l octylglucoside 1unl'j~n(;l1"111~lfl'jlJ 

Ubfl'WAfI~J Ll~fln~OJlm rlfl 'L'YIfll AfllJA'lJfl'l Afl fl 1 'jl'/fll i1~'lJf)'lf1nnl A'lJl1 (A~1';i l'l~ 3) r·m, --- ~ 

I ~ I c! t" i." ~ 
nl'j'YIfl~fl-.J1m 1-YUA113HL(!)nm-.J'lJfl-.Jnl'j bl'/~Jfl11m 'lJJI'lJU'lJfl'l Octy191ucos ide l Ull'l 

OJln ODS63/0D652'liH'IJ~m~utJiNiilAFifl 10 mM Octylglucoside L~mnAlVlfl"Jl,ll 
LiJ~J1fu~ L1-YJn~~aI1Unl'jLLlJn '1 '111 t'llA';i3JU L m1Rfl3H l~tln~ OJl nr1nnlA1-YfI~' 

t11l'i~Unl 'jUfl'l nUnl 'j ~~l l1fl1 'lJfI'll 'IJ'j ~ul,U'lJtlI~ ~l1"1nl 'j LLlJn1 "I11InlA'W 

Ul mlAfI:IJ t 'I'/tln~flfln'nnL rlfl 'lllillAfllJA'lJfI-.Jf1nnl A'lJl 111H1AU
o
l b fll i11 'j bA~~nlJ:lJ11fnu 

L • ~ ~ 

:lJln1unl1iJUEI'l b flu'1"l1~ilinfl111L nAnl';it:JtlllJ(~I1'lJ.fl-.Jll1';i~H~f) PMSF ~btl::; EDTA ll'lU 

Ltifl-.JOJl n~r,J(;lnl';i'YIfl!1f)-.J~f.hlun~-.J~r~';i l~N lHl1'IJ'j~~llBrn'l'l'lJfl'l'1"lllA1A';i3JU L m'lAml­
~ --­

, ' 
j~ i.t I C\I ~ a. £J 

.. Ll~tln!;l'YIbLlJnmlJ Octylglucoside OJ~\<1lb rmfltJ'j~mru. 40 % 'lJll'ltJ';i~u'YIi5ml'l'Y1A1~ 
• I t" t" • 

L~Ut11lll'l~~j'Ufr'lVl1 fl~lu l flfl'llmlAfllJ~ ( 6) 'I1'lUt ~Ut11 L1-Yl'lm OJlnnl';i~'l"l11f11m~J{j 5 6 3 
'II .­
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• 	 iin~m~~t1illtJ~h~lUb nil'F'Il nb llu'l '1I1~lA "m'tluli1n Hi)OJlnm~'tl~ilil'l~'l'iJ~ lnll1.u~l~ l'l 


~ 3 WU11nl'H ~~J PMSF Hilg: EDTA 1.U~g:1~11'lnl~!c1ri~ '1'1l1~lA~3-JU ~ m~Af)m l~&ln~ 'lfltJ 


1.11 Octy19lucos ide 1.UR113H if~JifU~h'l1 riUllu1iJiiHil~il5~~1~1U1Jil'l OD5 s 3 IODs 52 
" IU 

U~'iJ~g:nl~1.~ ~ tltJ~'l ~ i'Jil ~ ~H~ lluunnt1~'l11 P~ISF Uil::: EDTA 1iJ~Htll'1ilnl~HtJn '1 '1I1~lA~aJ':' 

ABaIL 'Wtln~U~'iJ~g:nl~1.~Fh OD5 s 3 IODs 52 ~'l~lAnl ~t1riI<lAilm l\li)n~fJfJn~nnb rifJ 1'tltllAfJtJ~ 

, 	 ~1tJ Octy1 g 1 ucos ide ~'l1~iOJol~ llUWfJ'l ~ R3JW1iiuli'l ~ fJu1'11~~rifJ1.~ ~ r1f1n11!1i11tJW11JfJ'l 

l'iJ~~U ~'lHtlOJlnm~l1Ail fJ'l1'1fJi1~'iJ1A"h nl~ ~ V1~mJ'l'1I1f)lA~aIU ~ in'IAfJ~H l'li)n~~ln l ria 
q 	 -- ­

1 'tltllAf)tJ~lb~OJ::: lllum:::U1Unl)Utl:::~UVlf)u1.1ml )'iJDU~nl ~ AfJWfJ'l'tlim) lttlnfl1 tJA11JJ , 
~ 	 11 I a I 

)1fH )1'iJ)lAOJlml~'l)UmHni):::1.1ml)'tl~ufJ'lf)tJ1.munwl tJUfltJWtlf)(9H 1tll 
OJ OJ 

b~m lhml~~'ijiiu11~'ll ~~mJ~ bt'I~mI1r.lb D'ij'liJl~11A1aJU b mMfJJib 1'Itln~OJ~'l 
~'l1r.hnnl)m1OJi1fJUt1L 'iJn(I'J-rJI1Jf)'l'1'1l1(1}lA)mm~ (554 mlu.nbt'lfJ1) U563 (563 l!l ­

~hAii L~fJ~ )~'l'iJ)ln~.n'ij)'iJ~ 6 nl)l1ib 1lU11uQ)i~ llU~"ldlfJ'l bt'I~mJ!11)tl:::illtJ'lJfJ'l1'111f;)-
OJ 

lA~~IU b fJl'lAm I b wtlncl d)UOJ·1H1HA11~ b ifmJui1'l (t'll~l'l~ 4)• -- ­ ~ 

l~tJ!1~'iJl'lu·hm)~ttln '1'1l1t'11A)~U b m'lAmJ ~ 1'1~n~OJlnfl'lllfltJ b 'i!l'n:::mll'lfl'l 
q 	 - ­

• i1f 	 J., • L 

OJl niJnm~1J11 ~'l~mnmOJl nt'ltll m1UAfJuifl'liiA11H t 'iJ~mAH 'iJiN f)~l'lm n1.UU~tlg:A-r'l1JfJ'l 
I 	 • " I 

m)'tl~tlfJ'l ~ UfJ'lOJlnr~nm)1J11fi~Ban;nnt'ltllA1.ufi~1'l1 1aJt11m){)A1UAjWl!Wl1'i'11~~
q q 

~n'M~ L~tJ1riUR13JliWfJ'lnl)1t!1tm:::'iJ~m!Uui1'l~'l bUUfl'iJi11)A1um) ~ (ll~mJ brifJ '1'tltllAfJtJA 
q 

Ul'lA~'ln~OJolu1~nn m)t1r1f1t!11tJ Octy19lucos ide ~ ~mttln'l'1l1t'11A)~U bfJ'l'lflfJJH l'lflncl 
'"' 	 IU. ~ IU 

UUt11~n) flutJnAmJ ~ 'WtlnclfJfJmn 'lAU~t1'tlB~U nl1liOJ:::utJn1.1"fu~i1'tlBmn~U"lg: ~ l}ur,JflrifJf.l!lI 
• 	 q q 

I 4 • Q., 	 4 

t1~U~1JfJ'lAf)~J ~ l~tlncl~'l OJ ::: flfliNmHA11~IU~t1'tlBfi~fJ'l nl~mn~U ( 1 01 ~Utl:::nl)tLtJn1ifu~ t1'tl5 
• 	 J q 

~ln~U~UOJI~ UU~Q):::WfJ'l1{j ~ A~fJ'liifJ~'l1Q)t1fJ'jJ~iui1fJumn~u5u'lAnn Electron Paramag­

, netic Resonance Spectrophotometer nil::: Dual Wavelength Spectrophoto­

meter ~'lln 'l~tJln1.ll1J~O)uU fJ~1'l1)nmaml~ l ~~tJ~1'111\1l1m~u ~ m~flfJm l'mnclollm~n 
q 	 --­

• 	 I I I t 

nlA'l-WaJ'Yi ~ t'I~mJ1t<lUU l Dul'1l1wlmllU ~ m~Am~ ~ 'jIltln~fiu~t1'tlB1.U)~AU~U'l~'liilJ 'l ~lrl1nl1unl)-- . 
An'Ml nl~'tl°l'llU1JfJ'lflf)m l'lil n~~'l m )'tlAil fJ'll1UfJl OJm~'tl°l' lA'lf'itJnl )U"'lAma l'l~n~i1fJA1rl ~ ifl 

, . , 
'1'iJil'lA'iJ~~nfJu1JfJ'l11JiiU~'l'tl°l~ibfiA~1 tJ ~ ~ il ~ TItJ~JUil:; fJl o)OJ:::fJ~1.U)'iJUUU1JfJ'l L i po some 

... OJ 

~'l~Ul rifJ1'111f!l1A)~RfJ~ ~ 1~flncl ~ ifl '1'iJfJ~1U)'iJ1JfJ'l L i pl)some Ht11 OJ~'tl°l1.nnl) Amnnl 'Hli'llt! 
II 	 q,! ~ L • 

1Jf)'lAfJ~H 'Wiln~~ltJ~u1aJilOJg: ~ UlAnl~1J1!rl'l ~ ~ ~nt'l) fJU nl)ul-Jl'iJm m~A11]'J ~ ntJ1irfJ'l1JB'lflml­

~ 1~iln~r1U1{]~n1A1 (Q-cycle) (9) ~'lif~O)UHii'l1ah1'nu~ib~m~UBU"h~1i'llu1.v~n"tlfl!~1.A 
q

IU 	 , 

UfJnOJl nUii'lH'l 'wrlnl) 11'lW11JEI'l ' l '1I1CllA) llU ~ m1ABaJ ll'lilnrl1. U ~ UfJ1 'tl~ 1 AfJtJA' lt!1A"W . ... 	 -- ­• 
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q 
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