
JO!aa:io 11 y loo.:i.S!I.r. ' lllloll . 
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u..J_,. � (.l..:lll) .... � ._..,t...::..'l/1 J fo :o.;,.w �_,.ll .} 
-� �'lll .JF- .;k,Jl'l/1 Ji;ll .;>J (Carriers) J.Jpll 

.....;J_,l;.l .} -u1 ..ulS _,.JJ .:..IJJl'l/1 � <!_,... �'lll u.Ji""'IJ 
.:..1 "· � I>. lA • .. < "  . : .i. ' -'' ' 1'1l .;k. 1111 ,.a " •.I l,.,l.U .-. • I!J .r." .J' � ....... "'"' ... A"" .J' U" • •• 

J;..ll .;k..>�'l/1 ,;,.. <,lLJJ jf.ljill ,;,. Joi,.J ..,... •• ;J J..'liJ .fol ) .....;'f'Ji 

iJ_,... 4J...>. <fi...j UUoll ,;,. � ,;}J '-uJo. Ul.l. UJ- ,;,.. l!'ll :o.,IiJI 
:(�-·) :w .;d Ul\a..ll ,;,.. � 

�G = RlLn C, S c, 
.:.,IJJJ'lll t..:.l l..oj::l.ll (Free Energy) i_,.Ji '-'"UJI .} _#J1 � �-G ,;;1 .!.p. 

.l.;I>J J;,.ll � )  .:..IJ ... '11 jfo_j. <F' c, .<;I!JI .} 4Joi>.J � .}  
.<;I!JI I!JI.>. .}  .:..IJJJ'll! '-:1W Jl ..:..l.l_,.'l/1 jfo_;. � c, 

.1.987 cal / mole. degree c,.<Jl....J Gas Constant � jWI .:..1.... y. R 

.273 + Temp. C c;J\.UJ :;.;u,.n i)� '�Jl � T 

.2.3 log_ IG c,.<JL.; Ln 

10�0 <F' <,WI I!JI.>.J J;..ll ,;, ..:..IJJJ'Jl :fiy ,.., IJ..;.fol Ill.; 

c,.<Jt..:. :Un • .....ll '-'"U.ll � ufoi /'. · � •J� �JlJ 

�G = (1.987) (293) (2.3)log I� 
= (1.987) (293) (2.3) (4) 
= 5340 cal / mole 

--------------��r---------------
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.;.!Loll _,...u.ll '-;c _,. � """" '..;J_,....Il ... i\.bll ....., ,) _,..l;,J 

��� ...,_; ..,..;:.11 <;l:..;l. Jl (Leakage) J1;. '�J i) .b._,J .lil ·0J!�I l.,!WJ 
<) \..1 .:.,L;_,�I ,:,.. ........ � u.l6..Jl fol ; .. \1.1. '-'.r- .). cj'); .ill:> 0t; 
� ...,_; (Plasmalemma) l.J:I;II .t.:;, ot; � <;.._,]_,..ill w�W 
_,;,..; 1�1 (Passive) ;.?- ;JY""! d;J!�I :O.SyJ jli; .;,<. .ul ..,..!¥ <,;t.,;Jl 
.....;....:;; 'i.&o\J.u ·" <.,.i;ll · ;•" U., :0.., -''' :0....:...�1 .:.,L; �I Ji; J � � � Y.J""' � lJ"' � � iJ"'""""' � y,=. � 

.(Active) ......,.. � ufo ,; \o04 

1:.1 :;.., u., _. :;.., '' n :0....:...�1 = .:,L; .,�\ Ji; · I  · ·"' -
-!.Jp. � -.r- � � Jo- .J#. u !...)D..)"-"" J 

w...s <<> l y l.,""\.bll ,;., �� ·•\.. :' - L L •• l.ll..l ''"' ' "·'-I • <jJ • •  --- .; .J � � - � ....,.. _,. 
:i.!>.c'J'\ � U'uj;!\'1 �.?- � �1..l:JI o1l-Jj:Jl Ufi 41�_, Y �1.lJ\ o� �; 

.h.. -' .n J.,WI .b:.r. . _; : . ·- " <."Lbll J.W..; ...;.,s · I ; <., -'"1 .r- · . .. ..,__. . c-J JY""!J -� 

<,.._,l_,..ill w1;J...ll .). J� <;JJ_,..:Jl ,:,. 1�1 Y .:.,L;_,�I Ji; � ...,_; 
l..S · '� 'I · · ·-« ....,.s .on _. .I · · II ""1)1 .:,t;l.ul\ _ _; l.,"\.blL; l,.;lu.\1 U""'""'"' J �� . •  ...)"'"' '-T-J � � . �- • 

.)) '..;l...ol .I_,..;,.;JI .;,<. wlilll �I <) i;JJ.. d;J!�I Ji; .)) u.;J.:.\1 � 
(Organells) wt..;..,J\1 .1_,.;.;..11 w\1.:�1 ...,_; "-""" .:.,L;J!"l/1 Ji; 

.(Mitocondria) ...J11 �JJfo.!IS 

'-"'��4 �..! Photosynthesis _.J_,.;,ll y;Sfo\ � 

· ·.« . •.<\ • _ _. ;L;,JJ :u.u.....J1 '.ru.Il W\i, · I  .<. .n • 
� U'"'"' J U"""'"""" (jO '.I' - • •• l) r-Y"'""""' LJ-6 

· ;>..&I · \4 · ·.< <. ·-'"1 <."Lbll '· ' · • .1 · ·-" 1 · L .-.q � W"' � ..Y'"' I.S"""" � � .)? -� 
wi,.Syo .)) C02 Jlfto.l ...,_; <.""Lbll ,;., J.W.,U1 '-J_,.;...Jl .;,<. wi,.Syoll 
ol _,..;,.;.l1 .:.,t;\;')1 � � 1 (Chemosynthesis) _.,; :i.;l.o., '-!� 
,;., J.W..;1 (NADPH) elJ:,S1 (ATP) <>"J �Ill\ <,;_,..>.!1 <."Lbll ,:,. l>l.i:...YI 

.'-J_,.;...JI <,;IJ,._,.}Sll wi,.Syoll .)! 0J!fll Jlyo.l <) wi,.Syoll 

:fi..!J '-'\.bl4 '-# .-!) = ._,k (ATP) <.""Lbll ..,>yo .;�1 11\ 
:_;Wl Jb,:i.ll ..::)l.c.'W .d.?p; .t!\...b.ll .J?J LJ.:iy·•=•.i _,1 O.l!o.l_, o.J'-A\ y.oS.ij ,:J 

--------------���---------------
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ATP + H,O --> ADP + H3PO• tl.G = - 7000 cal / mole .•. (' -') 
ATP + 2H,O --> AMP +  P P tl.G = 12000 cal / mole . . .  (�-') 

t.. _,. �.>o.l J "-#- � .>-1 � l..ll<> AG ; � Uu.Jl .} p iJ 
>)y>- 4.» .}J (7) _j <jJ� pH J lJ6. .}  7000 cal / mole y);, 

..;_;; u'i <,l>l1 .} � ..msJ �t:...,'JI <li'l � Uu.JI ,:.. ,J ·r"Y• 

1<1 1000 J.>t... w ' . - L;... ., !i. U;J] �b . _; .., - . . < .  �\:, �I '.< • ..,.. 
1 

• . ...,.. J . J • .. ... - "'-'""' "' J<"" .J' 
.l..,l:wl �,w "'"' '""'J J..-

J.,. JJ-'l uiS. .,.l_..:.ll �yn .} � )'-' iJ •fi; J,., t...J 
>_;;>.'1\ �l_,;..ll .} .oJI "'* t.� <;;JuiS.ll �I,S_yll_ U!foJ co, ,·,_,,>;, 
�� w....l � <;;_,.:.11 <."\bll u- �'U....'il ';;,s J.,. u,hl;ll rW.I �'jl 
'-'! .  ·-• <ru.ll . ,;w ,,, �\.i;l\.i . . . • .·.�··' 'I • .  ·-• � ·'" • _,....... ..,.. • <r UH' J � ...... <s' _,....,. . • .>"' 
c;lhl W, Light Reactions • _,.:.11 � � ........, '-;J44 :U"\1. c)! 4-1 .rU J 
�I �� <;,..,.. �t_,S_,.. .)! C02 JJW .Jll �u:.ll :u..J.. � 

:<s'-';IS. •. ,.-,JJ .:&� ;J_,.... � .:fi..;J Dark Reactions 

<;> _,.;.!! '-!l.bll .:,. 1.....§ .:,t; u ... :�•wfoll � • _,.;.!! � l..>l.; 
�-' (Accessory Pigments) �y� u�l_, J;i_u_,!S.ll uti.:- � 

.»"" ui:.J_foM ,;. ul .JflJJfoli Wli,... .:,. ui:.J.fo!"il ���J 17-' 

_J\.J Plastoquinone _J\ � 0--J .. :A�_,.fo.l"ll ��....P" w-o .4.1..J.... J_p. 

� .l.o:S.}.!_, uU_,jlS.l'J� J� � JS,_, Ferredoxin _JI_, Cytochromes 

.;,.., ui:.Jfll JJ>' .1:.\IJ :u..J..J\ .:,. _p.';l _,.;,..\1 .)! ui:.J.fo!"il .U\hcl 

_l\ � ufol (A TP) :U"\bll ut; ul:. Jftl = Jl J.l _,. u-o 'J.J..l 
.(Amon, 1954) (Photosynthetic Phosphorylation) 

.>1 ui:.J.fo!"il ul 4JJI UJ'ii,;b '»J � .:,t:.Jftl _,..... t..l 

<JYI' � .»-" wi:.Jfo};l ul <ii �';1 � ,_,.,J JilJJ_,JS!I .)! C""Y 

--------------���---------------
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rlkll .;i (Photosystem I) -ll, � l.. .:,...0 wu J�l .s y,- ufo.J 

uY.J-> .�i _,;J (685 mu LJ:o J_,bi) \;,..; :u,_,bll '-.-_,.ll, �� .,l_,..;.l\ 
(Cyclic Photophos � � ATP .....ll �.);>. ufo d.JJ.fol"l'l 

u- Jo.IJ C:Jj JSl ATP u- (2 moles) U;l_,.. U!.A � 1...S Phorylation) 

.(n r!� JS.:) ;_,;!.ill Ju, l.;�l,Jl .:,uJ.fol"l'l 

..J! wll J�l J_,.:; J � _,.; .:,t; J.fol"l'l ,;;-! .;;511 t3J.).ll L.l 
�y.\1 '-"'-" Amon ,.W � <l\_:,:.;.1 f' LJAJ ;.>...&:,.. :uL.. ..,; yS.JA 
LJ;l.L;; '_,. .>! � � (Photosystem) � j'..., ..,; (Reductant) Jy;...ll 

(1-1 rl� JS.:) wllJ�I L&1.; u- <l...l..,. '-¥.>-J :0.,.1..:;. 'Jb. ..,;  ,_,..;.JJ 

(noncyclic Photophosphorylation)� '-Jl-! .s_;;.l ;.>- :t.1bll ufoJ 

.(Fd. Red) Jy;...ll (Ferredoxin) ...J\ .,A.>- U!fo. l.;_,...,.. 

hv 4 Fd.ox + 2ADP + 2H3PO'* + ZH20 4Fd.ll:d. + 2ATP + 02+ 4 Fi 
chloroplast 

..... . . . .... . . . . (r-•) 

..J! LS_?.i ;.>- wllJ�I t>".Ji \1 J_;:;;...ll (Ferredoxin) ...J\ ul '!! 
J_,.,. .ill.> ()<> \1 '!J (Photosystem I) ...JI ..,; JWi _,. I...S J,; J�_,JSI 
_,; Jiy.;..\11 �-" r_;., <,<:,]! (NADPH) llfi.. (NADP) ...J\ ulJ wllJ�I 

(NADPH).:} ,_?; Y.,.JI LJAJ (Biosynthesis) <.<_,Jl ,ll,JI w:kli; u- � 
.w...)l;J�_,JSI uk ''-"" J _,; j� ._,.,IJ l.;W\ ()<> LS.P-1 ,!.;,..1 _,; 4.>! Ji 

wll J�l uli (cyclic Photoposphorylation) 'Jb. ..,; fo 1...S J 

(non cyclic ...J\ 'Jb. ..,; W, <;!! t>-Y ,; J,;J�_,JSI LJA � 
wll J�l ou Photosystem II ...J\ ..,; W.lo.j <,<:.II Photophosphorylation) 
wll ·""'\ ' · ·'- · ' J,;  -'<' J ·�- 1 • 1  ,..,_, � NADP ...JI J ·· .. .J..J"'-'"' "' t,j-I...J""' t..F ("Y � .JJ_,.,...., ..r-- LH � � 

.�WI tJ4 4...o..ltill 

----------------���----------------
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"Jl1.;lll Jl��'il .:.- ���_,lSJI J..;.. l.oJl<> �,_, Hill � .>il 
�� .;,1 Ji ��'lll Ulfo� .....S.)oo J.W ufo. <} 4 .. u.r" � COz c)l  Jl!� 

• .....S.)JI J,.WI �Jl <j>)l .>i <!J>�ftl rl""J .r\ll....i .,.S.Jo' 
hv 

4Aox. + 2lh0 -:-:--:---+ 4 A ""- + 4H' + o, 
chloroplast 

.... (H) 

�� d <;_•-•� ._,.>.�� �10! .} J_p.ill <i�u:a u4 co, .:) e�l 
�10! <S.J>5 ; ... J�'i -.:,'i .;_,.>.�� YP.fl <;too. .} t...,. u� .,;; Hill 

� ,\.JI ;....&� Yi"'4 ._,.>.�� <) .,..� .>il • .:.l;ll r-"' 1!):.. .;_,.>.�� YP.P. 

hv I mr -:-:-=-:-- - o, + 2e­
chloroplast 2 

:.r"'JIS Photolysis .,.._.l 

.... (•-') 

.... ,, .. ,) 

,,u, J� 4;.:>\.lll .:J.:.J.¢;1 J Hill J<>L;:; .} .ul •fo .>">l L..� 

.; _,.;.!! � p. l.h .} ,..� � � Y..) _,...; 4S Jo' u4 � .rl.ll....l .,.s Jo' 
J1 _;:;;.1 .} � (Photosystem II) ....ll .} � .:.u�.fol'lll ,;. uli 

(NADPH) -.:,1, ""! uy .p)_,..; .,.S.Jo' 
hv ,� 2NADp+ + 2H,O -+ 2NADPH + 2n + 02 . . .  (A-') 

chloroplast 

NADPH ATP <sA � >I_,. � ,_...:.11 �..,t.;:; .:,. ufo J�4J 

NADPHJ ATP �.;.Jl W;, or-"'Y I!�� �:::.?-; <1;,)1 ��'lll� 
Jlhl nadph� ATP �.;.Jl W;, or-"'Y � �:::.?-; <,<:\11 ��'lll� 
..,.ll C02 J1 _)1;.1 .} � lo>'i (Assimilatory Power) 4;!<. 

. �� �t.;:; .,; .:.I.Jo�J> _,uiSll 

----------------���---------------
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- 0.6 

- o.4 

- o.2 

0 

+0.2 

+0.4 

+0.6 

+().8 

E' o (\·ottl 

\ 
\ 

2 cytb-55St 

Ps II 
200chf 

T bv 

hv 

.) o'-""" ..,..SJill � .) .:.\.UfoNI .Jli'-'1 ..,..,..., I""J -(H) tiJ .Js..l. 
� Photophosphorylation�J jlo� �W U. d.JtJ -�� 1!1.1� 
.) �_,>�l l.,l..._,ll .:.\;S_,.l\J Cytochrom"' --1 .!ll� � Los  l.sJpll Woll c:HJS'! 

Hatsh et al, 1971 :0'" .,:.U,J..j.SNl J1i 

Respiration u&ll1 
J,w....; ,;II (Chemosynthetic Bacteria) ;t.....JI 4fo<l1 •tm.-4 
,l_,..n ,u, ._,.;._;OJ � �_,..n ._,;..., ;.....SI .;,. :O.,..,illl �\!411 <.iU.JI 
lJ...J"' ;.iP.-1 � .:,t,.s_,..!l ..1> """ \,ilLiJI ...,.. ,J=-.. .;,a � 
w\.;\ -··'1 ;,� .:,I,S .. I\ ,;, •-· •• ... L • . •.n u& ·'"· <...'\lll t.:llJ1 r.- . . _,... "'""'""' ....,-J '¥' _,...... . - _,..� -

• JJ:,..J\S w� '-""' ._.; .1� � <, .... hi .;,. t-; J 
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i-"'"il � �_,:,.JJ w, u\:4!1 .)<> "-#�- ft # """" _,.,.Jl � 
� <J� ....,;n {:" .J.;i.:, 'J6. .} ufo '-""4lll .} .I_,.;.;JI ff- .,_,;.\11 

� . .a . • · •• " ,ut;... .. .-1 • ' -. ' . . " •.1< I� • � ,n ....,s _ _, . ...- � �.J"'"- .r U"-"' � ....... U" U'" • "'.,..... • •  J"" 

'.....\>.� "-il�Y.�\SII .:l_,.ll .;!!:, .;,. 'i'! rh--'� ···;-;.!� .w., <j_,.:.;J 
r�y;..,J .} � wl;_fo..ll r"' wl_,.b;.. .)�1 L) r_,J..l .;,.J wl;_fo..ll 
.;'! � � wl foll .:fol � l;fo _;:; 4lo J...-,1 w\fo yo ul! wl;_fo..ll � .!>p. 
...,...U A • no .i,oo '-¥' J:!.;Y, .JI wt..;..,. .} � Ull.1l "'fol �Y:, 
.} I.J" _;.> <j;J .; � y;S _;;!I .} JWI _y. loS J .(Mitocondria) 
J · .ll<. .::,; .>! •L.n . , .. 11 � · t; '  -'• n · '-.! ... n � J< n J=- JC- IF' J!""' IJ"'L""" � � � L.l � lJ"' .J..r- .J.J.r-
J,.\1� .:tki.. ;�J""'! Mitocondria ...ll ,_;,;U;_,JI '-"�'J Mitocondria ...ll 
uu.n .JI� {:" co2J .t.. ul! '---� ;,.s\ wi;fo.ll ;,.si� ,_;_,.JJ _,..;rJl <�.& 

-�_;;!I .,.,...... ... � ....... wl _,!.;. � w J'"- .;,. "1'1 

.Glycolysis (1 

.TCA cycle ) Krebs cycle (T 

.Oxidative Phosphorylation Ji Respiration Phosphorylation (r 

rJ:Ai� .} W-'>.JJ ,_;_,.)l.ll _,..;rJl ) Glycolysis ..,1}11 ;� .)i 
;k ·... ..< ., 1 t,; 'I ;, �\;:; ;;,w... . """" . �" " . \;;, .u; 

� y- 1;; ·-""' .li" ,..--'.J �.,.....� .. • " 
· ISll ""' · 6. · · <,. ..... (i,_ a, · · .. .. < �" 1 �'II ·'"-) 

LJY..J r.,r--- � l)l� � J . L:. .)? � .Y"' <!. • r-UJ.. <,lt:.ll ; ybll ) '-b. _,.ll L.l (CH3 - CO - COO H) Pyruvic Acid <S""'l 
.).1 C02 <JI,U, JA (' (Mitocondria) ...ll ..,1! Pyruvic acid ....JI � 

J,.L;;, <J:,)I (CH, - CO - S  - CoA (Acetyl CoA) "'""" uY..fJI .,;::. ..,>->" 
._,..1,. '-""""6. u� Oxaloacetic acid <S""'l UJU\S.I\ <s"4� '-""""6. {:" 
JS,:., "'-""' �t;:;J wl-"" ;><. .,.'l., '-""""6.11 1;.J (Citric Acid) uY.�\S.I\ 
U!fo ,�.,� Acetyl Co A JS.:. ; ��" � ut:;lll uJJ}'>l! � _,.> ,;;:; J <i Y' 
� � � Kerbs cycle Ci JJ.)\1 o1\ � �Jh\J Oxaloac etic acid 

----------------���-----------------

o b e i k a n d l . c o m



_.:.L...';I :J i..uJ Tricarboxylic add cycle (fCA cycle) .....-J Krebs 
Dehydrogenases J ..:.t..,_;,;l :u..J_,. �� � Krebs iJJ'l .Jo � 
Prosthetic group j NADH � lJ_;:;;....II Coenzymes J ufo .ill:>! 
,...sb; .:,.. = :U..yJI � � iJ_,.:>il ikl J,..'JJ FADH, � <.!_;:;;....II 
�Jfoil ;,;.t, �..J W.,l (Mitocondria) ....II .Jo FADH, ) NADH ....II ,;. 
.r'4Jll � ..;=. Cytochromes __liS ..:.t.; Jftl lJl\.l J..i _,.. '""' J,; il" 
� �� � J Terminal electron acceptor � J'il � J uU J_jlS.W 
Electron Transport ) Respiratory Chain -! ..:.\.;Jftl l..l>"'\.;11 ..:.t.,s yJ1 iJ" 

.(r• r!J �) Chain 

� .» J5..1 J.? 'XI J o.lo.Sil � 4.L.J...J1 o:,.,. � wtl.,�l JJ.Y' u1 
..:.ll Jfol'J �4oll � u.IJ ;� ..:.ll Jftl JJJA Yi"'IJ :U..l..ll ,;. .Jo 

_II · . . . co. oii; · "" 1.>'U.II · W ·\i ( · ·- < �I) � :J U� c.JoA U �J 

ADP + P, --+ATP, ATP . 
Photosynthetic ....II <.,k ,;p I _».:i Oxidative Phosphorylation ......,. � 
""- o\JI •fo J'eo: L...J -�_,.-.!\ ..,Syll .Jo ,,_,.._,.� Phosphorylation 
.:,; GI)COiysis J <.,k wli �J'JI <)- �� ... :Lill.ll 4,..;'}1 u4r> 

�..J 1::. .t;::WJ r-" �J :;,_,.,JI ..:&\l;ll �,> r51_;; u.1J <jl)J L... ,hi; 
� J'JI .wL Electron Transport chain ....II u.J.. iJ" �4oli ;-.ill ,j 

,,WI u.IJ �J.Jl!!ll ..:.t.;_,l Jy;o:;J <i� 

� O, + 2Wze· -> H,O .... (H) 

� J.>... lJi u.1J <j> )J Oxidative Phosphorylation ....II u'>l.il..ll ul 
ul ,._J � w.) � �J'JI � J LoS Substrates ....II olll!..\; .!lflJ 
j H3PO,....II l.,;oS ._,.,;;, � Oxidative Phosphorylation ....II J.>.,. u'>l.il..ll 
,ltl ATP � P;J ADP W!i Coupling ....ll � J ,._J ,;J 1::. ADP l.,;oS 
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:l _,.JI � .J.;r. ,; electron transportchain ....II -"' wU �ftl J.i;:l 
(DNP) 2,4 dinitrophenol_,. Uncoupler11 ....II .;.,:l .:,. � Uncoupler ;L....ll 
Oxid. ....II � .!..� .:& �J'il �� u.in1 Jo.,. .:,. "L>! <Jll 

....II ulf.yo ,:h [tll..lll <fi.u..J -� <i.bl1 uy.:; l/ 141� Phosphorylation 

.<i.bll � ;,.;..,) � ut,kl .l.;r.  Uncoupleill 

....., ; • .  ·-• ...,s ·'' u..J <..&... . ,�. l...l.=. 
• •  ll J;. - J>'"""l 'I' .r- . .  _,.. - ..,...... - .»'"" � 

�_,..;.!1 .ru.l1 ._,..l.-l.l, :tilwl1 .)�lll J,J_;Ji .; � ..m;.lll LfJ� 
U lll :U "·" ·' " • .<� t...ll<. • . ·-• .....S ·" · .l.ii "-� ""-WI ,;,. � -' ..,-.- c£_,... UF .J �� . .. � � .. J 

• . . ' �'· L.. 4c. dl .«NJ Jl "" .!, L J  �- �\;;B .l,;, ·\! U..>=" U"': l.j .J: � .J.r-• .)J .. �........ '7": U 
.� # �l£>!1 -<;; t.J� ATP..JI ulf.yo C»fo� .l.i'\bll 

oi.J"'>'l JF- � ,_"lll .} �lll 
;,..sl u- '-"b ,1� JF- �"lll ._; .:.u..,lll Jill ._..PUI :;.."l.bll LJ 
�� u�.). ,;;l, k._,l .lil� (Metabolism) '-;_,.!1 w�l _,... .w �_,..!I 

. .:.ll_,l/1 Jl; .l.;r. lA?� �_,....n� :;,;.�)1 
wll lll "• <&>IS... '�' · l,;'\bll lOll t.1..=. '.DI.c t..l -"' -" '""' • - - C" '-"'"""� [ -

,-.1 .. 1 I ,; :;,."UJJ Wy ,;c.� .ojSyo .!..t.-,1 )::.. wlljll ..,._; '-;_,J!..ll ,, ·�'JI 
• . ·- '1 ...,S .111 � .I<B . _. :\J..,iW1 t. ·' ' II wt..,.,ll ' · · �� . ..  � . .J.J� r.r.J .. � .. . l...)oAI LJ:Co,JJ 

W� e� A;�·t\ Y.C- WU_t!"il Jij W_;J .l£J .� Mitocondria ___l\J 
tj.l}.! G�\ o� Jjc .llc. ..UI l....S �I w�� LJ-4 l.l:._jJ W� .ill 
wL -- -• · t. . .. • �l£>!1 •t... t.i. u • U;,ll wu .< . t.;, ut • -�· \..)A'j .. � _}l .. .  �J .. � .. . u-'; 
� t.�6.lll wll �I · ! .'- · ' '-"W!I l,...;l/1 · • JJc .ul 

· ';1 .. � I.JA l...l::'� �S; .. . . �jU 1..5..?-
... __,J!..ll ,,,'.clll Utl J;hJI ,;,. ,;;1 k._,l ,;; �_,..J\Sll y\;i, KCl ,].. 
.,Jc <;_,WI J;hJI ,;;l, Epstein cfol I4!J wu_,l/1 Ji; < • .Sf·� u;_,;J 

Physiological saline _, C5"""'i W ...;�lll .».ll SW �_,.JJ.S.ll .:,. o..,biJ jfiy 

�_,.J\Sll y\;i., .:,l;_,l/1 F ,;;l, J_,;JI �J .�L,lll �lll .)c ,_;;,b .} 
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L >..lW . � '-' .. � _, ' :t,!.., <;U.J _,N _, l tl � <L' U& .,.. - .>-""' u-- - . -........ J I! - ...,... - . 
Electrochemical Hypothesis :Y..,. _,; -\ 

u-ill :y._;._,; .:;,.... _,; dJ_..�I � � � -4J J_,.. :t..IJ' JJI ul 
:U.. Lundegardh <i_,_,..n .!...4Jl 1., rl!J Anion Respiration :o..,LJ1 ..:.t.;_,�l 
.WI .) <,..l.lll ..:.tlfJI c:) "J-¥\ .) .b.) _,; J ..:.ly__,.; 'J...l.. �IJ \ I  r • 

JS,.: Steady State Respiration Jl Groond Respiration � J.>.... � 
J.>.... '-"""' wl,lll J' .;4ll1 � ul ,_..J .Wl c:;l.JI <ll.:.l .a,J (Y-') riJ 
'4-S t:" ""'"'\.;:., � .) ;,\;jll J>.. ul .b. _,J J Salt Respiration .t.... J �I 
Anion � �  Cyanide ¥;t....Jl i�L.. LJI �..t lAS �  � UUJ:!)II 
F' .-1!; J .Ground Respiration ...JI � � .»bJ uF Respiration 
� .)  Cytochromes ...JI rll;;J C)L.�I ..,..t...,;.� U!! :l.ill.c ,P-J .)) .»l" 
e1ru .._,"U.ll ;c-'" � � ul t..,J � .; � J.l<. _,. Cyanide _]I u� 

. ..,..t..o.�IJ .._,"U.ll U!! :IJ:ll.c .;1\JA ufo 

.:,.. ..:.l;J.folYI Ji; _,. Cytochromes chain _,.JI .:,.. ..,.:..;all J t..,J 
.,04-Jll � .t,.o�; Cytochromes ...JI rll;; :U...I-" Substrates �llWI �_,..n 
oWl · -< · .;!!;! U!J1 .t..:;, l.i.. . _; ;,1<. ""' • ;,]1 ( •... < "I) ..:.\.; .o<N < . u.r; • I!J ..- . -"' <i ..,.,.....J, JJ'""" 
:o..,LJI ..:.t.;_,'il JiL <il ..:.t.;Jys.t;l Ji;l l..SL... Anions :o..,LJI ..:.l.;_,.'il Ji; 
;_,.. ;J_,...., .!!? t,;.._,..ll ..:.t.;_,�l u4 Lundegardh ..,.:Oyil _,;J � ot,.of; 
.!l_rU .;n ly_,l,411 '4ll!..>PJI .._,"U.ll .:;_,; /?J � J;.b ..,.1) Passive 

.:o..,LJI ..:.\.; _,.'il 
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1 

ground 
respiration 

0 0.5 1.0 
Salt Concentration (mM) 

1.5 

.;,s_;; iJI.o..J! ...,.iZJ J:... eli:i} Jl Salt Respiration ...II i_,oW (T-') .-'J JS.l. 
. ........., r;l..l 

iJ_,..,.. dJ-"�1 Ji;J ._,.,;;1 Uii WlJ J..undegardh :;.,..o_p �j> �J 
eM .)1 _,.ll '""""' l.b. <). ...:l Jll Y,. Robertson l,p..;.) t.S Stoichemistry 

� J�\ .:,. .»> J o.;.. JSl Cytochromes J <.Ll... .Ji" _,.:. dJ Jfl �) 
02 + 4H' +4e- 2H,O ... .  (1 · -1) 

· J.;l moles w� ,_..,) ...:L · • \.ll · -·-�·-·' ill...� ,;. "- ,u, (jG _,... • • � .  � �- � • .J 
� . .i ··- < �\ • 

.>.! 

J 

J.w.., � 
"" ' '.h..:� ��\ ..:ll "� ' � <.r �.J U"' J _,... � � .. :.r.; 

/•!"" ,.! WW ,:., J �.J Salt Respiration � � 
Wo.l;ll Cytochrome Pump --'-! ......, L. �-" (rt) r!J J>.IJIJ 
..,.. _pll o\.la.l\ y _}. � wJ .). j� o.JJ J_,.:;, ···;� Lundegardh 

C)<ochrome J � .Ji" ·'b•,l o.J Ji:,:;, ;, Anions J ...._. J=..J '-;l>ll 
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WJ1 .:J.j ,.<NI ..).;, � J '<.Co l<l.li 0L:iJ\ • lJ •·  ;.>..S• lJ6., . J�4 . � ·  ..r--7 � � �J .yo . 

j ":Jt....li ; _,.;11 �' .). Anions -.!, �_, dehydrogenases ..J �u; .:,.. 
� � -1� ' ,L:.ol . .i Fe'3 • Fe'2J · · '  P-· <.hi · , · I . .PJ- �- "' !J"-!1 <SJ"' �J • <JA fi' t; 
J_,.. JS j_, .w � �_,';1_, .:J.j_,;� ....! ..,.,.:, .;lll .>J_, .:u.J&II l.il....ol 

.). Ji;L ._.:.I (Anions) '..,) Jill ""-'.J&II '..,) .). �� 0.. �_,';1 .:,.. 
.(salt respirntion) ..J., � � � �_,k.l .:,.._, .'i;I>J �' 

(r-1) ,.;� JS.:. I �1A Robertson 4'--J <i'i .illl ""-""I J;l, � .. 
ufo W.. � (Charge Separntion) .:..lh.ll J....i .:}., Robertson ">-_, .>il 
._.:.�_, .:J.j_,fo!'JI_, U!>-JP.fl "".>J U!fo .).  .:J .li (Substrates) � .:l_,..l 
Oxid. -" Ji� .} ""_,fo!'JI .;. �_, ·tiYI .} � CE- lJ__,. ufo 

. 
.} 4- ol.:&ll .:,.. .sY,.'il '4<J\ .). Carrier _\\ JlOlJ (' .:,.._, Electron carrier 
carrier-" ;,.& .W W.. ,t.:.JI .:,.. .sfi.'il '4->-1 ulo J;..S_,P.fl ""J} U!fo 

(r-1 ,.;� JS.:.) 

'1£ + Y, o, +H,O 2 0ft 

ulJ .!l P -" J;..S _,P.f) _, U!>-_,YJ;ll ""_,} u4 Robertson �_,..;; .>i1 _, 
� <h..l L.. <.hi . _; ; �- '.5...:. :u..J . ';I :;.,w I . I � Y. ,._)J • r.,r � . Y. r.Sp • " .,P-J  
.:J.j_,}_, .:J.j_,";_,J!II J....i .:! .;;,.Jll,_,,.,l l.S,.!.\1 .:,.. ufo (Vesicles) 

��• ,l.:&JI J.\lill (H') .:J.j • .. n )ll.; .:.,\; �I 'iS '--'"" J;..S ·"· ' l.j� .5F . 'YJ.r.> ".J;! _p. . . .. J� ' 
'-i\bJ w_,..,; '.lWI .::. ._;_, �fill t" J.>\;0, J;..S_,.J'!<ll_, r,.J:l..,l .:..ll_,J r:-

.,w U!fo J J;..S _,_rl!<Ji t" """JJ'!<-1 � J?-'1' 
' - - �'1 , •. "1 '' '- ' - "' ' · '- ·" o.I • •  .. U 1 · •  • I  � O�J J U'..Jl='-J � � �.?'" 01-" 0� LJ<L• 0">.J! LJ' 

. ....n "" I . .  ,._ I " � J....i u.., "" M "' "-'· � J� �.» � Y. r.r J .. . !.}.! Ua.1 � 
l,_, .bl \iJ. lJ..oil.. • .L . .i • �\.i;.l\ .:j .. I • WJI .:J.j .o<NI � . 'J 1.-'..J"'"' r.,r J:'-'U .,.,- (.)4 • '.)��< J 
.Z., Robertson uiA U!>-JYJ;l\ .:..ll_,J """" ATP _\\ Ulfo. � Mitchell 

A1P -" 0>fo] :u,_, '.i.__;b ..,.! t;')l � J....i Y!-'! ""-"'Ill Ji; J, 
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J ..). o\;l>"'lll �� Robertson <;.:...) J �.J ADP+P; ATP 
ATP J U!fo� .:!>_,�1 Jil U!J 'JlLJ� Chloroplast J� Mitocondria 

-� .,.JL .. h_,, ··•., . .,, ,;. .u...� ... 
ATP J .:..A '<i!.U•.llJ·,; _;il -Y 

� .>1 ATP J J .>l;, ..nll W.l J.6. yS J" yo A TP J J Y!"'! 
� � _;.,. earner J.6. :u..J-'l � Jill JS. ��� .:JJ_,�I Jill .w.J 
J � .l.:al df,.. .s.>J .} � � J,.bJ llo J.. .>a .fo .!ll.il 
,;,... ySJ" � .:J.i.._,il Jil I"J ;,.,�� U-'l�l Jil •l::l phosphorylation 
.} � .:li.._,il .:J� 1.._,...... .l.:al o- .,_,;..�1 '-f,J .} uJl'l/4 ui\! f' L>"J 
� � Lll'Y..'lll Uii� J <>Y JS.:I llo � ,:,.� ·(�-') i>J J>-1 
J.6.l Phosphorylation J � .,n:;;;� ATP J ufo� Phosphorylation J 

ADP + P'.-, -+ATP + H20 

ATP + R.-- ADP + R - P  

Sum P; + & --- R - P  

:.). � ATPi.>o� (R) .:l..l-"'l/1 

. .. :(' ,_,) 
. . .. (1 Y-,) 

J .J� ul •fo .3J�l l.)a.J .... . !o .. '"...J .J\ �.)'-"' .3! �"1.1J1 ,:;1 � 
,;, -.Jil .fi.o, ATP . ..JI ,j � ..:...::i;�Jfoll � Mitocondria ..JI ,y. ATP 

- �  I ,_, ut;_. .. p. .r." 

....l\ U-> · "'-' · .J . \ · "·'' · "" '  . ..i ATP...JI -"-.. ·' t... .. . u-- 0"' � � � � ""':t"W' 1,10- r-- U' .:J 
(Oxid. ....ll � � ..,..;>ll .J.iL � '-'\ ..nll Oxid. Phosphorylation 

• .:l..l _,'l/1 Jil � .J.iL .:J 41 e Yl Phosphorylation) 
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2 Ir 

i!.!U..JJ':il � J.IL;..i 
4_,..!1 

l\tcnbrane impermeable to ions 
Respiratory substrate 

1 
2 H atoms 

2 e  

oxJlzed Oxidized 
Electron ·----
carrier 

Electron 
carrier 

! Reduced 
Reduced electron - - - - - � 
electron carrier 
carrier 

� J.lli" 
� ..:..U.,JJ':il 

t 
zmr 

j 
zmr 

"'-'.>! ,J..i �\ Cha.-ge "'parnfion .:.c...ll J..i ;_,.u; �.Jj � /""J (r-') ,IJ .J<.l. 
� �'11 .) ""� "' "".,l)-\oiJ 

Robertron, 1968 '"' 
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Exterior 
M ,w.a �J.i. 

M 

Membrane 

. . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . 
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- : - :- : - : - : - : - :�R : - : : - : - : . . . . . . . . . . . . . . . .  

· > :  . . 
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.
.
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. 

: : :  R. � p:::: �: : : : . : : :-:: : : : : : : . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . 

Interior 

M 

M 

M 

' .Ui'J�JCarricrJ,bl i)....ollATP...l J..i:U ��.JJ� I""".J (t-' }�.J� 

UJ(11 J' M 

Un phosphorylated rorrier 

Pfiosph<lrylated curler 

JO R  

J' R-P 

1-hosphorylated. carrier io complex Jo..:;;..J J.bf � UJtlt -. ,.. MR-P 

"""" ... .:11.. .. "' p 
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.:A._,.';I � ..,&ill � ;..,_).ll <Jhl 

"""l.... J Robertson ;...,; wl:. _,/;I J;;, ..,..;LII .l.t.,:; J ..J.. JJ!.> J_,l ,:;1 
U"J .l..\'\J.ll c:t.ll ..J.. (DNP) 2,4 dinitrophenol .J _,;1:, J_,.. <l..IJ-l � 
l..i'\J.ll c:"" w..t' wi:.J_;sf;l J;;, � .JAJ uncoupler Jil..J DNP.:,I r_,l..JI 
�J'JI �I JJ... � .l!Y. DNP J, Robertson !i...'J t..S (ATP) JS..:. 

.J ';k J, uP-41 � , _,...; l>tJ J KCI u-ot..wl .!._,.,. w..t' 

t..S wi:.Jfol'jl Jili l.ilU.D � wl:. Jfol'jl .:,\;.» � J Phosphorylation 
J!..l-"' '' l...u ·' n ol � �' · " J,t., .:..,\:, f11 Jt1;ll · 1 · I  :llil "" • c.r' � _,_, � .» Y. . � J:! LM t.S..P-J , .Jl 
l.J.};I ,;,.. .:,1 .ATP '-'1.l.l �::t.ll u;_,; 4'>1J wi:.J_;sf;l Jil t"' i_#; ) )41! 

Bledsoe rl! t..S .A TP .J w.fo Jll wl:..,/-11 Jil t"' ..,.;lll1 .l.t.,:;) .lJY 
.JJ4 J:i t)& � wti...._,ill ·.::.}uJ::\ ��� w� , , , ,  -4... �4J 
,y..fo � cjjj (Oligomycin) � o� �b l.k)l.._, (Zea mays) o�jj 
we) U""L-.l.l t"' ATP .J .:,_,5:; \_,l�\!J (Mitocondria) .J ...; ATP.J 
Oligomycin _j] J.?.JJ y� Jjtil �) Oft J:',ti. �� _;# wl.i...._,i.l\ 

� �� w..t' � ........, ATP .J WJfo � Oligomycin .J .:,1 1_,.,.._,; 
� Oligomycin .J .:i !i..._,J '--!.»'ll � J_,.l.i '"" J)l;.J wl.i.._,;JI ... �1.-0..1 
_r.t. wl.i.. _,;J1 wl:.) u-oi..Wl t"' J.;.l,;, <!ill$ J fi. ........, A TP -11 ,y..fo 

ATP....ll '-;.oS u!l .,).,.:;11 .:,.. o� wlfoll ...; •.11 �I l>tJJ .� 

wt,.S ,y..fo ook.l wJ' � J wl.i.. _,ill U""� 'J ..,.;s, ._.:.4;1 c:_,..;ll � o.) _,;.!I 
0>\.U..\ _.]] ci'Y. 1.... Inhibitor .btwJI 'J>J lJh ..,_; ATP ....!1 .:,.. <>Y..i 
"'�4" �J wl.i.._,;JI wl:._,l U""�l J.>.,. l.llJ (ATP) '-'1.l.l .:,.. WJ�I 
·<>Y..YI :;,;1;.J� y.otJ.ll wl:._,i U""�IJ JiJ � ATP ....!1 � !i..._,l <>Y..I 
� L. ofo »..Y l.;..o.) 1 1 1 1  '-'-' Cram ,._,; ,1��1 ,;. u¥J �J 
_r.t. Cram ;:J"' wo\SJ wi:._,YI JilJ ..,..;LII 0Ji l..l.,;yJIJ (Redox Pump) 
Polya t.l .ATP .J l..l...J_, wi:._,YI <>.?.-" ciftl., l....WI � t"' l.m • 

.). �_,JSJI J r-"' _,..,11 J r _,..!:;_,,I u-o�l I 111 '-'-' t... �' ,;; and Atkinson 
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jfo_?. �lS a.:�»yoll wU��I �}J (Beta vulgaris) � .JJ� ..Y' � ...\,:! 

l.il'\'1 wl") .) }i' 'N·IS:-JI J!J. "' '-'"'1..-:l.�l wfo. .$""- (o.s rnMl 
,J �- � .} (AlP) :i.iU.Il .s.JhoJ wu;;'il '-'"'t..,:,.� J ,,._JJ (� 
mwJ � 4.--lQ 1 _,..; <)Jhl,ll .:,;;.. <J1.i 141 J ;..u >� _,.!1 w- ..,t., � 
�J . .:.,uJJ'ii '-'"'1..-:l.� .)}il �J dlJfolil .s.»-- W;� ·� 
<..S � .b . _; wl.!i <.. ·-"' · I t.S wu ., ,, , "·· · \.:., '\:UII :.;. •• -' .J � ,J <or . ..Y."-'"" c.J �.)�.U. lJ'U u . � y ("" 

0 \  · • , ' ·- · loS wu ''I t..;;..l • .·.n - ····'' • <.JS1 A:1P ...J1 <.r J."' � J � -"' '"'"' C:" ......,.. . .,-- <.r • 

-� ,:,..:.AlP ....ll w.P- .JSI..I 

<,<:ill AlP ase ....ll l"yl J.)<> ._5.�W:] Skou t�l \ �ov l..l.. .jJ 
�JJ .,,;:.\\ ..,J! (!:� I"Y�I 1:.. wiJ H,PO, C:" ADP ..,J! ATP t.,l\.. Jh; 
�.JP_,...Jl U"'L.U..I � :.,\ .liJ �W wfo. ,) J,.'i �_..,..U_,JIJ �.JP_,...JIJ 

.'.;ll � ��� .} (Na - K - Transport ATPase)C:" �JJ""w;;IIJ 

� wu;;�l Jil! ��J wlll� .} ATl'ase ....ll !".Jll wl ,._J .ill 
: '4\Wll ._,.,lL...o.;.li 

. .w; '-;ll� �'II .} !".Jl�l >_p..J (' 

.<.. '" ' �'it.. .b:l . .  , . , (' ,_,..... • . . Y. I"Y u 
-�_,...u_,JIJ �_,,_,...Jl ·�J .)c "'JJW ..,. ,.,._, (r 

.(Quabam) ......,..n Glycoside ..Jl., '-'J!W � ( t 

'-' A TPase _I\ i".Jll d--! J_.:;.,.., ili (to) ;i _,..Jl JS,hll �I_,.. "'"-J 
Ji:., l,...,t;J\ (carrier AlP mediated) _II <,s,-,�.S;.o .} rl)Wl ·�J• � 
W!fo I:=' H,P04J ADP .)) AlP _II Jh; ..,...., .li i".Jl�l w� u\.l-"�1 

(MR • P) Phosphoryla ted canierioncomplex -! ._......11 .li..oll � yJI 

�'II .} ull_,�l Ji:., � A1Pase I"Y-'�1 'J _;<-.! Jlbl'il U,..,.OI 141 J 

""'- -' wll �t.. � �\.. AlP _I Jh,J\ ··�\ · I  ' - -'1 · . <..ui..>ll . .  .r-'' -'= . #-' # r=Y ..J r r-- I..JA-' - · 
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iJ� Wi.. ,fo ,J y�l;.oll iJS.!J <,;L,lll �'JI .} )W _,.J .ll <:u...:.ll '='b.'JI 

,.:,t.;_,')ll Jill � ATPase _ll _,. ("'.J:.'JI I:.. 
.} .._,L!U _,._, ,;; (Biochemical basis) .,;_,.Ji l,..n ..,.1..1 � iJS.!J 
"-'·t.. L.L;., u'"W .:,t.;l · ·- 'I · ,._, '' ' :WC 'JI .:,\.; 'JI "' � J . _J � � �� � _;:=. ..JJ (.JILl 

.;,. ,.C� � .:,t.;_,')ll <J<>t.......l Jl J;>J ATPase r;y'JI "-;;W :U...I_, 
,:c..;l ·-- 11 '-"W :t......;')ll · .:,t.., ·;'}I ...nt.;.l � � .J  � . . DE :!Jl 

_ll "-;;W w4 u _;;];I ,;; Histochemical Studies _n u\..1_;.> t..! 
(vesicles _JI :0....\.;.,J �J4ll � � � ,,_,.._,.. iJfo ATPase 

�� _, Plasmalemma J u,.. �l:JI Plasmalemma) or (Plasmalemma) 

(Plasmalemma vesicles) _Jl D� ,.) �..J �-' �.:.AJJ:!':/1 r.)A yfo 

li;\.. t.;_;S; l.S '-;kJI ,;,. � .;JbiJ .:,\.;_.,)11 ��J �yt,_,;,\..11 .} YJ:,; 

ATP - l.llhlt, � '"""" (Pinocytosis)_JJ � iJIJ (Pinocytosis) _n 
.(Plasmalemma) -'1 ..,l ATPase 

.,.....JI • fiJI .;,. A TPase r;Jl'JI Jjc <;=t....J Hodges t � ,;] 
(';l.Jl'll LJI .l?-JJ (Avena sativa) LJU_,.!Jl .JJ� L;A �� (Particulate) 

iY.! ;_,.:t,. � ,_,..J r-"'- .;,.  ,.Cyl � KCl eJJl �J �J! .. ,,,.11, b.:.'; 

-¥-!1 _;;'u .b)!, ,J l..S ATPase r;y'JI '-;IWJ l... NaClJ KCI ,_,..J 

�� _)J4 � ' "'V ·  � �.P-:1 �-' .ill �4_, Fisher LJ (ouabain) 

Wjl..S._, (Hordeum vulgare) �1_, (Zea mays) ojlll.J Triticum vulgare 

.(Jon activated ATPase) �J .:,t.;_,')ll J;l iY.! l.ilW1 1;;-u -'iJ' �l:il 
�)II � .:,t.;_,')ll Ji; � t-" 4.§ll.IIJ ..,.;r.J1 ul;k. l.l)lc iJ1 �IJ 

. ..,:.lilJ 6\o.! )-4 Jlj:'; .I_;..:.,;Jl J#- �"t,;ll �'JI ..,i '.;);JI 
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tJ.- th! J�l �J o� �_):. ' 1\i t.  � EpstemJ Smuh�l 
� � Ai;i., '"':-I.J� "l_p..":l (Leaf Slice TechmqueJ��� ,jiJJ'JI 
._,.J .:... �.)1 ..,Jo.J ...... yn u>-.;"l/1 .)c. :;.,...\;l1J <.,!1_,JJ ..:,l;t,.>l1 J1.;J1 

,:,. Wy .:,1 "l/1 <.,!l_,JJ ..:,t;t,.>!IJ wU.:."l/1 "" .1� ;;.,......;">11 ..,.; ..:,\£,1;;.1 
wl;l-JI t"" ..:,t.; _,"l/1 LJ-"�1 :>.£W y..W J;l.>l1 r-""' _,; �4 ;;.,......;"l/1 

<.,...ll4J . ..:,L;_,"l/1 Ji> ..,.; 4-o""li�J '..111.!4 JlU; l. ;....�.;..J '-;_,...11 

.._._,... .;1 � <.,!I_,JJ ..:,\;4>!1 ..,.; .1� �"l/1 ..,.; ..:,I:.Y."l/1 L>"�"ll 

_; _. \..c � ,I · ._, "  <� •• ;"l/1 . _; ..:,t.; �I �I ' .< ··� · 1 J> '-r .., - � . '-r � � �  u 
_; L,t..:U.o t...l."l/1 �� ·I  · ·"  ,;! .( :..11) , 1  · ·-'" ""- :;.,_..;"l/1 I.F -a-: (.)D .. .. .. LJ � J.J . ..r---· � . 
rJ �.J \ '\"\ t  � EpsteinJ Smith CJ":l "'� JiF-J c:.l� �'JI 
'-;IW <5.>..) <:.bl)l j,S.Iyll •Jh ..,.; �..,..t;.,ll wi:.Y-1 '-'""�1 J.._. 
·� JI.;JIJ � .)J;,.. .:,.. JS ..,.; ('-;!W1 '-il"l/1 ..:..1; �J"l/1 W!S;.J1 

.(o-1 r!.J �) �t.:u. 
-�;WU ; .;;J\ JI.;JI ._,.i r _,..1.; _,!1 U"'� "l/ � J ">II < .6 )¥JI .;1 ,_ J t..S 
u .. o;"J (Kinetics) J '-;o.l:. .:,.. ..._...:Jl .JJ;,.. ._,.i >•_,..,.J1 .ill; C..fo 
�J .A ;,i.;,; .. l\ o)_;=JI �\.:o-_;.3 _?'uJ � ..:.:U�':/1 foJ (Selectivity) 
LJc. jJ Jy..Jl ��� wy!.-ll 04 .U:.4 J Epstein �� ...>"1.....'11 �� 
JI.;J1 ..,.; :O...,t..:U.o (Carriers) J,.lyJ4 �l. ;....�.;..J r.>!"'t;..,l1 U"'t...o..1 
,ljc. I.A.ll.i.t � •• :.A_,..\::w .... mJ W�":ll w.......u1 .ill� �J � .JJ�J �Jill 
oly.'>!JI ;;.,......;"l/1 iJli. ( lmM) C... JSI �.>!"'\;j!ll U" '-;Jl<. j?1y Jl<.U...1 

� O.l...P.'"_,.J\ .ill::! �L!i:iJ (dual Pattern of mechanism) � L... � 
""'�I 'N·\5;-o ._..; -�;w.;n �! .;.; 1:..J .JJ� ,1_,..;,;,11 � �"l/1 

ul J> J" U,.,..IY. <j;n �I JI:,..J1J ·<S.;i."lll ..:..J:.Y."l/IJ �J!-1;..,11 ..:..1:._,1 
J;l .:,.. ,�1 <.!UJJ ..,Jo. ,.,., ,1_,..;,;,11 �"l/1 ..,.; ..:..uY."l/1 Ji; W�S;.o 
e;... Substrates J � 'a'.:·o"loi � .l.4lLI � Mitocondna _J\ 
l..l\bl1 ._.lo. o�4- ""'"' ,1_,..;,;,11 ""'-'"l/1 ..,' .:,\.;Y."l/1 ji; )  Jl .:,..,)LJ __ JSJI 
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Ji; '-'' JA .,; Mltocondria _]I �J , _,..Jll UJ.l .:. •• :::Lu�_,IS.ll J,l u- i)P.-Jl 
"" ; 1 ; "!... u..;,u '" •- ,.;., ,1 - ._, " �'il _; ull �'il _r.- J� J _,.... . ..J.J� IS""' � ..)"·"''"'"'" • -.r � 

.:..IS J ( .:. • ..:�l.u�_,l5.l1 ..,.Jc. _,.,.. .?' mitocondria J ..,.Jc. �) ; �4-
- l.l "I .. - - ._, • _; 1 - ._, , �"I · I  'I - ·� 1.-l .>J.I � c;.� .,P-o.J y>.J II �  . 1,1 r.J (S", � � 

J., • .. ;u.n c;:\;;1 '-!1= ulJ �WI iJ.JO .:. •• :llwfl ..,.Jc. ; _;!�..;. lA•t..:.cL, 
A U,YI .:..IS J Mitocondria J .) � .?' (Oxid. Phosphorylation) 

• = 0 "" -
e � .. -
-§ = 15.0 c 

!0.0 

5.0 

' ' 

, ""' "" "'-- - . 
.,.' &;}il 

o.to o.ts o.2 

K. mM 
,_�_,., U"t...:...l o""'..,lo K" ,........,_,., .:.u_,.i Jl KCI :,S,j. _;/X. '('-') ,.OJ J<.!. 

.i).ll JI.J.Jl.J ..J:!Lo!J1 J.J4 � u.a (v) 
�..si......U Vmax, 0.03 mM .,;J� Km. Michaelis Menten Wl.t...l �_,....i J4 � Ul 

Epstein et al, 1963 .c.:p .13.0 mole / hr. / g. F. W. 
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�..lS. J .; .,....o:JI � _;J.l Acuon Spectrum � �u ��_;.l ( " 
. Ul:.�'ll ��'J 

lj.... lookeren campagne W" _;..l .lil .(Inhibitors) u� _;/J'u .i........\ J.l ("' 
(Vallisneria .;w ul;lll � <!�_,II ..._.,1 J.l .:,.  �foll ..,..t..u.-1 \ � ov 

� ufo. �� J.l .;,. �foll _,..t..u.-1 ...k co, P.b ,._ JJ Spiralis) 
N �  . . . 1 i •t,. . .  < . • . .  _, •b · L  ·- I 1'·-' • .  ·-•1 , -""-� IJ'"';t'.J ...>'-" . u� ,._, JF u .  � ""'t"J � .»J 

>I . •  < • -• • '" '-"1 ,,,, \SJI j n n CO w,;;; I Jl .. . ':11 U... .:�""'""" � t.r"' � ....�-:- Y..J _,....., IS: 2 �- J Y::.. � 

,;. yl#! .;JI J (Mitocondna) _II � �I <.,L..J (Substrates) cFu:.Ji 
�t.lll t.l .(ATP)..,"Lbll -"_;» (Mitocondna) _ll � ':1 >1_,..!1 
�_,]Sll .yo,_,.':! Action SpeclfUm __!L �1.. � .,._; .s_;>.YI 

Lookeren campaganeb. ':1 J ..,.; _,..,!1 ..,.,> yll � J • _,..,II � ,.;...�� 
.:;1 •.fi' JJ,..ll .Y.J ·('-' ,.;� JS..:.) o_,..;,ll >foJ <S' �I .;jlf' 

l.JWII ... • _,..;,11 .:i:llclli �I y .:) .;1 u":llcllill JI�J> .y. J,jl .li C02 
j\ � w:fo _, co� _j �� � .!.a _,..b. ._j.J.l J)S.l' ._ra�' � � 
un a.:.:;.,l\ ..b,tw.ll jl.u:l....l �.JL:;o,:i _M! _p.';l J;hll L...l (Substrates} _JI 
w\..hiw �� �4 Lookeren campagne� J .ill (Selecuve Inhibitor) 

Valhsnena sp. JI�JI <.' �_,]Sll ..,..t..u.-1 ._,. L...d .hi; � �I 
� ,.;...!� �_,]Sll ..,..t..u..l ...k Jt.b .;1 u J.lo. iJJ> � J1U.ll 
_ll · "Ull ATP _ll \.. ·- I .ill:>! • • · ·-11 ...,s ·"I I • · ·.n ._,. � <.) • � "'r- . . .r J .r-· 
J.l .y. �_,]Sll ..,..t..u.-1 i.>cL..l J.,U..., ..;.>II y. PhotophosohorylatiOn 

cyclic � _;_;ill �..)A O.l�'ll y. J y..i J:b 4....:i.J Jl ..J_,'}1 
� non cylic photophosphorylation ..ill� .J photophosphorylation . "·-'1 •- •bn · , i ';I t "I '· •!:J1 · , �_,.\ J..W:; ·.< - ·  ......,........ � J;!-1 UJ J ...?" .>"" lS"""' J;!-1 UJ ,-- •. � 
� ..:.tJ.,l..JIJ o_,..,!l Jt.\:, c-"'-" (V-') ,.;� JS..!.!IJ .(Ram, 1968) 
J"J DNP _ll ul ,._J ill (i�.l!l ,jl�) ._);; ._,. ,_,...u_,ll J-"',_,.1 j,.. 
Mitocondna _J\. � Ox1d. Phosphorylation ...J\ :yl...c. .} uncoupler 

• _,..,!1 � • Jt.b Jfo. 4 ,)J;.ll "' '_,...�:; _,11 ��t..u..l j-'<.o i fo _JiiJ 
.;-"1 (DCMU). dJchlorophenyl - 1 . 1  - d1methylurea -">_,.II t.i )lfo 
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cyclic � ._.k _»;hn UJ� ._,.l_,..;.ll .,Syll :Y.., �J':/1 J_p:. � 
·�Y-"'t;_o;ll ..,.,L..WI ._.k  .))I ':1 oUI ,._J ,;; photophosphorylation 

A TP __li JJ' .). _,.:.; , _;;�> J Rains t..,._ Jl ,;Jl �J:ull ,;. � ul 
..,.,�...WI u'o _;il l..o'U.ll y.....S Photophosphorylation _n � u- � 

•• _,..;.!1 �»J!J .l_,..a;.ll �\11 � wuJ!';I 

2l 
"§ 1.6 
8 1.2 

"' 
� 0.8 
=: 

0.4 

0 
= Q 

:� 4 
= 

8 � 

L2 -@ 16 
� 
� 20 

24 

A 

-

B 

400 500 600 700 800 900 1000 
Wavelength, run 

:('-') r!J us.: 
. ;.,tlSJl (.,,"''l..Ai..'-1' Action spectrum ..JI -"" :A 

.Vallisneria sp. � �.J.J i) �� �Jill Action spectrum-� .Job :8 

Lookeren campagne, 1957 :uc-
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cyclic __11 � ...J\.5 C02 ..JI yyc � d � fo �� IJA J 
L.l ATP '-'-u.ll ._,p ..' \,...,;� i�J' .,_...J; .;JI <>" photophosphorylation 

non cychc .JJ cyclic photophosphorylation J � JS ,jlj C02 .lp..Y. 

wll_,J u<>t...>..l .} ",; .... !\ (ATP) <!\.bll ut,;;; photophosphorylation 
J\Lill ,_ i . . . < i •1:, • •  DNP _jj ·L J .:n · .< . .  .�1 W cs- ..r.:- J;!J y _}.! lJ . .r"' �.J � � 
ATP _ll .:, iJ.t,;) 'P-J .)) _,..:., .,; L.. �I � Jfli:.JI uJ' wll�'il 
wll�'it JLU>IJ �� .:, � J .;.>I ;�_,....,J .wll�'il J\Lill �J 

. u�'il J\ill J A TP .:, :i.l)W1 U<- ; }«-
r..Y"�'i Kinetics __ll .:;\.5 Rains yj� � o.fi� J� L....J 
'h·1.S.,. u� ._,_;w (c)J�I 'h·\S,..Jl) l..\1.1_,!1 .>folyll 'J"" ..,; �_,...t._,.ll 
J L.,J ;_,\bl] �,_. J"' 4\e .;_,i!IJ � �J ,_,..oll .} u<>��l 

.illll Mitocondria _l\J w...')l,J�_,JS.ll .} �I ufo (ATP) '-'-u.ll w\f.,� 

Ji; ..,; �J,n � t.,., mttocondira _liJ w...')l,JJ_,JS.ll "" J5  u� "';·,;,., 
. A TP _jj · • .!lli wl.l ::II � J � 

'-\� <.::..!W\'1 � UU_,;";ll ��\ t} U�J'I � �y 
.'-'li..ll l.l.ll ut .. �.mt . _; u=�1 � :U\)1 w�Wll> <..; li. 

� � · � � · · · �  . .  .) 
� <,<Jb.ll J_,J....ll ..,; \,lS <....btt. ufo wW�I ul t_,!..Jt W"J 
u<>t...>..l <_;,�;.., t_,;, <,�lll .Y' �l,Jl uli ""1)1 w�L,lll ..,.; L.1 .:ot,li..ll 
'.II JS-'! � J4ll y:;..;.. ..,; 4-J\.i,J wl.l��� u<>�l tfi.IJ <,_;.11 "" u't.....ll 

. wll ::II ""I t · l.l,;..;, <.....; � U......., � (.)"'  .. • 

----------------���-----------------
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4 .------------r-'-:u7·gh:;-t:-i------, 

Dark 
'""'"' 

J.i (.>' ,_....u_,ll .,.t..:..l J,la. '-'""' anUmetaboUtes .:.\¥ol _,:l:. (V-,) ,iJ J<.!. 
� �� l..i 0.5 mM JA CaS04 j#.�.J 0.1 mM J' KCI � .i.;lll rJIJ.J\ 

.J!.!J! <} �:,..; 
Rai.m, 1968 : v-

iJ'o.lJ .:,t.;JJYI j;, t_,..;._,.. .j l..,.. iJJ' .:;t;.J, JIJJ':/IJ Jt...ll u\ l..S 

._l ;,.,._..n <>ltl l.;,.fo ..... L:... l.lJ)I 1;)1.0. .j wl.;JJYI Ji; < • .SJ;\S;-o 1};£1 

Scott and Hayward u-J' .>ill wll.!.YI ._l .:,\.;JJYI Ji; '-""�J ._;hll 

Sea Lettuce (Ulva 'i.;_,...,JI WYI .j f-"""t.;_,.!IJ rJJ-l_,..JI '.5_,.. l �o1" ;.,_, 
._l '-.b _,b.J\ �YI .j e _,..L; y!ll wi;_,h.. ul � .j I� JJ lactuca) 
,_,.,_,..,R; .illo � ,.kJ ._,..;,.11 .j U._,;.,....JI ..,._.,"'il ._; t.... Jll ,-)Lbll . 
, _,,_,....!I .;s _,.. _, )! _,.:., L. 4 _, )1.; .illJ co J ;;,.,..s.n """' 4J.fo '" jl 

----------�c:J�-----------
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. '-;;1 _,.l. �'; 1 ._.. .li..)W _,. W> ;_,.:., e;t:. P.. ,.- �LU..ll r-"""' _.,!I J 

.ill:i �)l U�_, Ul.l&..":/1 � t..J-1..-:U..'J\ � I.SJi.":ll W�'J\ V'"J 

(Ionic Selection and Mutual ion :wt;..D 4-'l.»h J uU _,'Ill J'#-4 � 
_,.,, r-"""_,!1 .:,u.J i_,;s ....,t.:; rY-l;!J)l wUJ) L) r_,!..ll .:,..; .effects) 

U . . n '"· .,,,. )l • • .lil · · �I - .;,, · · • 'II Ul)l wUWI ·-• r � � U"':' r .r.;-:;:.J; � WF .J:! u::- � J¥U � . U' 

...• ;. -'·· :W, · • L·.• >u ·· ·' wll.!.'lll <...V.. ..:,W';I · _; .c.. Lw. � u:: • ..)l-&J ..... � J � r.r . J �· 

1...1 ·r_,..U_,JL, :UJ!i.. i_,. '-lfo � r-"""'')1 ..:,U_,I '-'"""' oF'J <Jl� 

wU.."'III ,y..., � .b.) .lil Mutual ion effects wU.*U '.1>4'-JI wl_,\b!i 

"""' ,_,..u_,!! '-'""t...:l..l L) Tolypella intricate 4-l-J '..,;.] .t,;.JI � :ul.WI 
� c.]¥. .;J1 Chiarella pyrenmdose W'lll � W, Jfoll '-"'t...wl ""' 
.ill.l> J Jfoi ._,..1....1.1 � """' 'II r ..,..u _,!1 ._,..1....1.1 c,l _,., :c,:,.JJ .� 
ii...:,. .!. . .  n ' - Jl "  ::U Ul)l wUL.lll _; L..l • •• , •• )I 1....1.1 ' - '  � .J""'"!"' u� J � . <.r r�.J LJ-"' U'""""'' 
wlili.A'III ,:,. .:,.. rr-)I ""'J . ..:.U #] :U>t,:..ll .:.I �\:.!1 J� � 
Jb.ll ·• w; ;;.,  ..• n d.J ... Jt, :u,..; ..:.U �I Ji; U..C l.Ucl · < - - ;  <;,.n J" � � .  , ..}4  � � J .  u--: J.r 
,1_,..:.;..!1 ..:.ll.!.'lll � ..:.U_,'l/1 Jil c,l JA ,..._..!1 Ji_:,.JIJ .<.,ll)l ..:.UL,lll � 

··' .ill !ATP ....lJ "' '1 .>o.l.. .b.:... <>I I ..:.U -"NI ""·· o 'l.... .>..,; t.S...J'"!"' u� t.5 . � _, .J...J"""""' 4 U""':' .>""' . . � 
(Netella .1_,..:.;..!1 W'lll ""' �1, ._,..:.!1 ._; ,.._,j.� u_.l.>.t.,ll 
� .J WU_,jlS..I"il U�..?.- Jlij � � L.ll:...!wll 1"1� translucans) 
W, wU,p;l d;J'>-' 1.,;.>.! Jfoll Jil c,l &"-IJ phosphorylation ....lJ 
,_,..:.,1 � r-"""'J)I ..,..t...wl c,l -'e-J \...!> .ATP ....ll ""' """' ,_,..u_,!! Jil 
....lJ '-;!= ""' """' Chiarella pyrenoidose 

.!._,...,Jl e;\l '-;il)l wt.t,;ll �� � Jhll -"' W>J PhotophosphorylatiOn 

. 
L.J.i ,•,!\! ,J ATPase r;y'IIL, 1..:.Wi ,_,,_,....JI - ,_,..t;_,ll '-"'1....1.1 J_,.. 

.i..,l ..:.U.."'III � 
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_j! A.: ':cl � � 6J_,......:a;l Ji,:i.:U UUJ:�I � ,.JI �J Jil 
""" �n_,!Sll •,·•1 Y." .:,L;-"YI Jil � ,:) _,.J t..s Mitocondria 

i>_p,._,..JI .!It "-!i..:l Y Organelles _l\ .j wl;-"YI Jil � ,:J .l.!l..bll uk 
.). 1:: � J phosphorylation _li � uk """" lt'l ,._�!.; .fo J l,i:6JI .j 

.Mitocondria _l\J �JJ_,!Sll o- JS lAJY""' .;JI l .. l\J.ll 
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