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bdkbZ 6 

ekbVksdkWfUMª;kbZ 'olu  

bdkbZ dh :ijs[kk 

6.1 izLrkouk 

visf{kr v/;;u ifj.kke 

6.2 ekbVksdkWfUMª;kbZ 'olu % 

,d voyksdu 

ekbVksdkWfUMª;kbZ ETC ds 

dkWEIySDl 

ATP la'ys’k.k dh fØ;kfof/k 

vkSj ATP yfC/k  

'olu J`a[kyk ds laned 

6.3 ikniksa esa 'kkf[kr 'olu 

J`a[kyk vkSj lk;ukbM jks/kh 

'olu  

6.4 'olu HkkxQy (RQ) 

6.5 Ikkni ekbVksdkWfUMª;k dh 

fo'ks’khd`r Hkwfedk,a 

6.6 ekbVksdkWfUMª;kbZ vkSj izdk'k 

la'ys’kh ETC dh lkekU; 

fo'ks’krk,a 

6.7 lkjka'k 

6.8 ikBkar iz'u 

6.9 mÙkj 

6.10 vU; lanHkZ iqLrdsa 

 

 

6-1 izLrkouk 

fiNyh nks bdkb;ksa esa vkius ikni Xykbdksfyfll] ØsCl pØ vkSj XykbvkWDlhysV 

iFk vkSj mudh loZ vkSj ikni fof'k’V Hkwfedkvksa ds fo’k; esa i<+kA TCA pØ dkcZu 

ds CO2 esa :ikarj.k ds fy, ,d vfHklkjh iFk gSA vipk;h lerqY;ksa] NADH vkSj 

FADH2 dk ekbVksdkWfUMª;kbZ bySDVªkWu vfHkxeu J̀a[kyk (mETC) vkSj varr% 

vkWDlhtu dh iwfrZ dh tkrh gSA vipk;h lerqY;ksa dk iquZvkWDlhdj.k ATP ds 

la'ys’k.k ¼vkWDlhdkjh QkWLQksfjyhdj.k½ vkSj vkWDlhtu ds ty esa vi?kVu ls 

lacfU/kr gSA  

bl bdkbZ esa] ge Dykfldy bySDVªkWu  vfHkxeu J̀a[kyk] 'kkf[kr 'olu J̀a[kyk vkSj 

v;qXeuh (uncoupling) izksVhuksa ds fo’k; esa i<saxsA bl bdkbZ esa F-ATPase ¼ftls 

F0-F1 ATPase Hkh dgrs gSa½ dh lajpuk ds ckjs esa vkSj fdl izdkj ;g ATP 

mRiknu ¼vkWDlhdkjh QkWLQksfjyhdj.k½ dk bySDVªkWu  vfHkxeu vkSj izksVkWu iafiax ls 
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tksM+rk gS] blds ckjs esa i<saxsA ge bdkbZ dk lekiu ikni ekbVksdkWfUMª;k dh 

fo'ks’khd`r Hkwfedkvksa ds fooj.k ls djsaxsA ekbVksdkWfUMª;k dh lajpuk dks igys l= ds 

dksf'kdk foKku ds ikB~;Øe BBCCT-103 vkSj rhljs l= ds dyk tho foKku ,oa 

tSo vkSftZdh (Membrane Biology and Bioenergetics) ds ikB~;Øe BBCCT-111 

esa of.kZr fd;k x;k gSA   

visf{kr v/;;u ifj.kke  

bl bdkbZ ds v/;;u ds Ik'pkr vki bl ;ksX; gks tk,¡xs fd %   

 mETC dkWEIySDlksa dh lajpuk vkSj buls gksdj bySDVªkWuksa ds izokg dk o.kZu 

dj ldsaxs( 

 midksf'kdh; LFkkuhdj.k vkSj oSdfYid 'olu dkWEIySDlksa dks crk ldsaxs(  

 F-ATPase dh lajpuk vkSj ATP yfC/k dk ifjdyu dj ldsaxs(  

 ETC / ATP la'ys’k.k ds fofHkUu laneudks ds fØ;k ds LFky dks crk ldsaxs(  

 ekbVksdkWfUMª;kbZ vkSj izdk'k la'ys’kh ETC ds laxBu dh lekurk dks crk 

ldsaxs( vkSj  

 Ikkni ekbVksdkWfUMª;k dh fo'ks’khd`r Hkwfedkvkas dks of.kZr dj ldsaxsA 

6-2 ekbVksdkWfUMª;kbZ 'olu % ,d voyksdu 

ekbVksdkWfUMª;k llhedsUnzdh thoksa esa dksf'kdh; 'olu ds LFkku gSaA ;s dksf'kdk dk 

lkoZHkkSfed ÅtkZ ?kj@ikoj gkml gS vkSj blesa ØsCl pØ ¼dkcZu ds iw.kZ 

vkWDlhdj.k ds fy, vfHklkjh pØ½ vkSj cgqizksVhu bySDVªkWu  vfHkxeu dkWEIySDlksa ds 

,Utkbe ik, tkrs gSa tks ATP la'ys’k.k dks muls gksdj vkWDlhtu rd bySDVªkWuksa ds 

izokg ls tksM+rs gSa ¼vkWDlhdkjh QkWLQksfjyhdj.k½ ¼fp= 6-1½A  

 

fp= 6-1 % ekbVksdkWfUMª;kbZ bySDVªkWu  vfHkxeu J`a[kyk (ETC)A 
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SDH ¼lDlhusV MhgkbMªksftusl½ ds flok; TCA pØ ds ,Utkbe eSfVªDl esa mifLFkr 

gksrs gSa tcfd 'olu J̀a[kyk dkWEIySDl Hkhrjh dyk ls c) gksrs gSaA ok;qoh; :Ik ls 

'olu djus okys izkddsUnzdh thoksa esa] ETC dkWEIySDl IykLek f>Yyh esa fLFkr jgrs 

gSaA lHkh ok;qoh; thoksa esa varLFk bySDVªkWu xzkgh vkWDlhtu  gksrk gS] bldk viokn 

flQZ vkWDlhtu dh deh dh fLFkfr;ka gSaA  

'olu J̀a[kyk ¼;k ETC½ cgqizksVhu dkWEIySDlksa esa laxfBr gksrh gS ftls dkWEIySDl I 

ls IV dgrs gSa ¼fp= 6-1½A bu dkWEIySDlksa dks lcls igys okbZ- gkVsQh  (Y. Hatefi) 

¼1962½ }kjk xksoa'k ds ân; ds ekbVksdkWfUMª;k ls fo;qDr fd;k x;k FkkA  

buesa ls izR;sd dkWEIySDl esa vusd jSMkWDl okgd gksrs gSa rFkk muls gksdj izokfgr 

gksus okys bySDVªkWu varLFk xzkgh (terminal acceptor) vkWDlhtu rd tkrs gSaA bl 

lwph esa tksM+k x;k ikapok dkWEIySDl ATP flUFksl gSA vkWDlhdj.k ds lkFk gh 

vkWDlhtu ds ty esa vi?kVu vkSj vkWDlhdkjh QkWLQksfjyhdj.k }kjk ATP la'ys’k.k 

ls O;qRiUu ÅtkZ le)̀ vipk;h fØ;k/kkjksa ,Utkbeksa@izksLFksfVd lewgksa (NADH / 

FADH2) dk iquZvkWDlhdj.k ETC dh lkoZHkkSfed Hkwfedk gSA  

vkxs c<+us ls iwoZ vkb, ge tSfod vkWDlhdj.k] jSMkWDl okgdksa] vkWDlhtu miHkksx 

vkSj ATP la'ys’k.k rFkk 'olu ds midksf'kdh; LFkyksa ds chp lacU/k ij gqbZ eq[; 

[kkstksa dks tku ysrs gSa ¼lkj.kh 6-1½A  

lkj.kh 6-1 % eq[; vkfo’dkj 

[kkstdrkZ ;ksxnku 

vksV~Vks gSufjd okjcxZ 

¼1913½ 

;hLV ls ,d izksVhu (atmungsferment) dks fo;qDr 

fd;k tks vkWDlhtu }kjk vkWDlhdj.k dks mRizsfjr 

djrk gS( vk;ju dh vko';drk gksrh gSA   

MsfoM dsbfyu ¼1925½ lkbVksØkseksa (cyt-a, a3-b-c) vkSj 'olu esa mudh 

Hkwfedk dh [kkst dhA ckn esa okjcxZ ¼1928½ us fn[kk;k 

fd ‘Atmungsferment’ ¼'oluh fd.o½ esa lkbVksØkse a3 

gksrk gSA 

gSufjd vksV~Vks ohySUM 

¼1932½ 

lq>k;k fd ltho Årdksa esa vkWDlhdj.k vkWDlhtu dks 

tksM+us dk ugha ¼tSfod vkWDlhdj.k dk fl)kUr½ 

gkbMªkstu dks fudkyus dk elyk gS]  

vksV~Vks okjcxZ ¼1934½ fn[kk;k fd c) gkbMªkstu dk fØ;k/kkjksa ls vkWDlhdj.k 

ds LFky ij LFkkukarj.k vipf;r NADH ds :Ik esa 

gksrk gSA  

gSUl ,MksYQ ØsCl 

¼1937½ 

ØsCl pØ dh jpuk dh tks tSfod vkWDlhdj.kksa esa 

NADH ds mRiknu dk eq[; iFk gSA  

gjeu dSydj ¼1937½ Okk;qoh; ra=ksa esa ATP dk la'ys’k.k vkWDlhtu mi;ksx 

ij fuHkZj djrk gSA  

;wthu ih- dSusMh] 

vYcVZ ,y- ySfuUtj 

¼1948½ 

ØsCl pØ vkSj vkWDlhdkjh QkWLQksfjyhdj.k 

ekbVksdkWfUMª;k esa izpkyu djrs gSaA  
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6-2-1 ekbVksdkWfUMª;kbZ ETC ds dkWEIySDl  

vkb, igys ge ikniksa ls Dykfldy 'olu dkWEiySDlksa dh lajpuk vkSj lacfU/kr 

jSMkWDl lgdkjdksa ¼dksQSDVlZ½ dk v/;;u djrs gSa tks lHkh ok;qoh; thoksa esa 

lajpuk@ c) lgdkjdksa esa dqN fHkUurkvksa ds lkFk mifLFkr gksrs gSaA vkxkeh Hkkxksa 

esa vkidks fodYih dkWEIySDlksa ds ckjs esa crk;k tk,xk tks NADPH dk vkWDlhdj.k 

djus esa l{ke gksrs gSaA ;s 'kk[kk,a v&QkWLQksfjyhdj.kh ¼dksbZ ATP la'ys’k.k ugha½ 

gksrh gSaA  

Vkbi&1 NADH MhgkbMªksftusl dkWEIySDl ¼dkWEIySDl I@NADH-dks,Utkbe Q 

fjMDVsl dkWEIySDl@NADH ;wchDohuksu vkWDlhMksfjMDVsl½ ekbVksdkWfUMª;kbZ bySDVªkWu  

vfHkxeu dkWEIySDlksa esa ls lajpukRed :Ik ls lcls tfVy dkWEiySDl gSA orZeku 

vkdyu crkrs gSa fd blesa de ls de 40 mibdkb;ka gksrh gSaA dkWEIySDl vkaf'kd 

:Ik ls dyk esa varfoZ’V jgrk gS vkSj 'ks’k Hkkx eSfVªDl dh vksj vfHkeq[k gksrs gaSA 

ifj/kh; Hkkx NADH dks c) djrk gS ¼fØ;k/kkjksa ds vkWDlhdj.k ls O;qRiUu½ vkSj 

blesa vusd jSMkWDl okgd ¼FMN vkSj de ls de rhu Fe-S DyLVj½ gksrs gSaA vU; 

Fe-S DyLVj dyk foLrkj {ks= esa ;wchDohuksu ds fy, ¼,d NksVk fyfiM ?kqyu'khy 

bySDVªkWu vkSj izksVkWu okgd½ ca/ku LFky ds lkFk mifLFkr gksrs gSaA  

dkWEIySDl&I ¼uhps½ ls bySDVªkWu vfHkxeu O;qRØeh gksrk gS ysfdu ;s izkFkfed :Ik ls 

ekbVksdkWfUMª;kbZ eSfVªDl esa fufeZr gq, NADH dks vkWDlhdr̀ djrk gSA NADH  ls 

nks bySDVªkWuksa dk CoQ esa LFkkukarj.k gksus ij ekbVksdkWfUMª;kbZ eSfVªDl ls pkj izksVkWu 

vUrj dyk vodk'k esa iai gksrs gSa ¼lfn'k vfHkxeu (vectorial transport) % ,d 

fn'kk esa½ 

NADH  [FMN.   Fe-S ¼,dkf/kd½]   CoQ 

usV ifj.kke % NADH + H+ + CoQ  NAD+ + CoQH2  ¼;wchDohuksy½ 

;g uksV fd;k tk ldrk gS fd NADH flQZ nks bySDVªkWu LFkkukarj.k esa Hkkxhnkjh 

dj ldrk gS] tcfd FMN vkSj CoQ ,d ;k nks bySDVªkWuksa dks xzg.k dj ldrs ;k 

nku ns ldrs gSaA nwljh rjQ] dkWEIySDl III esa mifLFkr lkbVksØkse tks vipf;r 

CoQ ls bySDVªkWu  xzg.k djrs gSa] flQZ ,d bySDVªkWu vi?kVu djrs gSaA blfy,] 

FMN vkSj CoQ nks bySDVªkWu nkrk NADH vkSj ,d bySDVªkWu xzkgh lkbVksØkseksa ds 

chp bySDVªkWu LFkkukarj.k dh e/;LFkrk djrs gSaA  

dkWEIySDl II ¼lDlhfud MhgkbMªksftusl dkWEIySDl( lDlhusV( ;wchDohuksu 

vkWDlhMksfjMDVsl½ ETC vkSj ØsCl pØ nksuksa dk ,d ?kVd gSA vkius TCA pØ ij 

fiNyh bdkbZ esa bldh lajpuk vkSj Hkwfedk ds ckjs esa i<+k gS ¼fp= 5-7 dks nsf[k,½A 

ikniksa ls SDH esa vkB mibdkb;ka gksrh gSa % (SDH 1-4 lHkh llhedsfUnz;ksa dh 

Hkkafr½ vkSj pkj lgk;d mibdkb;ka (SDH 5-8) tks cgq jSMkWDl okgdksa ds lkFk 

ikniksa ds fy, fof'k’V gksrh gSa ¼FAD vusd Fe-S DyLVlZ vkSj lkbVksØkse b)A 

lDlhusV ds ¶;wesjsV esa vkWDlhdj.k ds nkSjku ¼TCA pØ½] FAD, FADH2 esa vi?kfVr 

Fe-S izksVhu v&ghe 

vk;ju izksVhu gksrs gSa 

ftuesa Fe-S DyLVj 

¼,d bySDVªkWu okgd½ 

flLVhu vof'k’Vksa ds 

}kjk izksVhu ls tqM+s 

jgrs gSaA  

DyLVj Fe ijek.kqvksa 

dh la[;k vkSj jSMkWDl 

foHko esa fHkUu gksrs gSa 

ysfdu budk Fe-S  

vuqikr 1%1 gksrk gSA 

DyLVj ls lYQj 

vEyhdj.k gksus ij 

H2S ds :Ik esa fueqZDr 

gksrh gS ¼vEy vfLFkj½A   



 
 

bdkbZ 6                                          ekbVksdkWfUMª;kbZ 'olu 

 
 

125 
 

gks tkrk gS tks Fe-S DyLVlZ ds tfj, jSMkWDl LFkkukarj.k }kjk iqu%vkWDlhdr̀ gks 

tkrk gSA SDH ls ;wchDohuksu esa LFkkukarj.k ls jSMkWDl foHko esa vf/kd deh ugha 

vkrh gS vkSj blfy, ;g ATP la'ys’k.k ls ugha tqM+k gqvk gS ¼fp= 6-2½A  

 

fp= 6-2 % dkWEIySDl II ls ;wchDohuksu esa bySDVªkWu LFkkukarj.kA 

dkWEIySDl I vkSj II ls bySDVªkWu  LFkkukarj.k ls ;wchDohuksu] ;wchDohuksy esa vi?kfVr 

gks tkrk gS tks fQj cy tb/c1 dkWEIySDl }kjk iqu% vkWDlhdr̀ gks tkrk gS ¼dkWEIySDl 

III : CoQH2: lkbVksØkse&c vkWDlhMksfjDVsl½A ;g vksfyxksesfjd dkWEIySDl 10&11 

laj{kh mibdkb;ksa ftlesa jSMkWDl lewgksa dks /kkj.k djus okyh rhu mibdkb;ka 

¼lkbVksØkse b c1 vkSj Fe-s izksVhu½ lfEefyr gSa] dk ,d lEeqp; gS( buesa ls ,d 

¼lkbVksØkse b½ ds vfrfjDr vU; lHkh dsUnzd dksfMr gksrs gSaA buesa ls vf/kdka'k 

mibdkb;ka de v.kqHkkj dh (7-14 kDa) izksVhu gSaA  

dkWEIySDl III lkbVksØkse c (cyt-c) dks bySDVªkWu LFkkukarfjr djrk gS] tks Hkhrjh 

ekbVksdkWfUMª;kbZ dyk dh ckgjh lrg ls c) ,d lpy bySDVªkWu okgd gSA ;s 

dkWEIySDl III dks IV ls tksM+rk gS vkSj ;g ,slk dkWEIySDl III ls bySDVªkWuksa dks 

vkf.od vkWDlhtu ij LFkkukarfjr djds djrk gSA tSlk fd vki tkurs gSa 

lkbVksØkse ,d bySDVªkWu jSMkWDl okgd gS vkSj vc nks bySDVªkWu ls ,d bySDVªkWu  

LFkkukarj.k izfØ;k gksus yxrh gSA bls lgdkjdksa vkSj dkWEIySDl III ds Mkbesfjd 

¼f}ydh½ laxBu }kjk izcaf/kr fd;k tkrk gSA bySDVªkWuksa dk izokg ;wchDohuksy ls 

varr% lkbVksØkse c ij gksrk gS%  

CoQH2 + 2 Cyt c [Fe(III)  CoQ + 2 Cyt c [Fe(II)] + 2H+
 

Cyt c gfjryod esa izdk'kla'ys’kh ETC ls lajpukRed vkSj fØ;kRed :Ik ls cyt-b6 

/ f  dkWEIySDl ls feyrk tqyrk gS ¼iqu% BBCCT-111 dks nsf[k,½A dkWEIySDl III 

ROS ¼vfHkfØ;'khy vkWDlhtu iztkfr;ksa½ ds mRiUu djus ds fy, izeq[k LFkku gSA 

dqN mibdkb;k¡ iwoZ&izksVhuksa ¼vxzxkeh@iz.ksrk izksVhuksa½ ds iDou dh vfrfjDr 

Hkwfedk fuHkkrh gSaA dkWEIySDl III esa pØ ,d bysDVªku vkSj izksVkWu vfHkxeu pØ gS 

dkWEIySDl III ftlesa  QH2 nks pØ esa iquZvkWDlhdj.k djrk gS ftlesa varr% 

lkbVksØkse c ij vusd jSMkWDl LFkkukarj.k gksrs gSa vkSj lsehDohuksu ,d fLFkj 

e/;orhZ ds :Ik esa curk gSA bl pfØd izfØ;k ds dky esa dkWEIySDl eSfVªDl ls 

vUrjdyk vodk'k esa ,d dkWEIySDl@tfVy jSMkWDl ywi fØ;kfof/k ds }kjk pkj 

izksVkWu@bySDVªkWu tksM+ksa dks iai djrk gSA  

dkWEIySdl II ds 

vfrfjDr lHkh 

'olu dkWEIySDl 

izksVkWu ds 

LFkkukarj.k esa 

Hkkxhnkjh djrs 

gSaA 



 

 

[kaM 2                                                                                                      'olu  

 
 

126 

QH2 + 2 Cyt c (Fe3+) + 2H+ ¼eSfVªDl½  CoQ + 2 Cyt c (Fe2+) + 4H+
 ¼ckgj½ 

lkbVksØkse jSMkWDl lfØ; ghe izksVhu gksrs gSa tks yxHkx lHkh thoksa esa ik, tkrs gSaA 

ghe vk;ju O;qRØeh :Ik ls vi?kfVr Fe(II) vkSj vkWDlhdr̀ Fe(III) voLFkkvksa ds 

chp ,dkarj.k djrk gSA vi?kfVr lkbVksØkeksa dk vo'kks’k.k LisDVªe rhu fHkUu pje 

]  vkSj  ¼lkjsV cSUM~l( Soret bands½ iznf'kZr djrk gSA &pje dh rjaxnS/;Z 

lkbVksØkseksa ds chp ifjorhZ gksrh gS vkSj bldk mi;ksx muds chp vUrj djus ds 

fy, fd;k tkrk gSA vkWDlhdr̀ lkbVksØkseksa esa &Pkje vuqifLFkr gksrk gSA 

ekbVksdkWfUMª;kbZ dykvksa esa rhu izdkj ds lkbVksØkeksa dk gksuk Kkr gS] lkbVksØkse a, 

lkbVksØkse b vkSj lkbVksØkse cA  

vIk?kfVr lkbVksØkse&c ¼/kukRed@ikWftfVo½ vkSj Hkhrjh ekbVksdkWfUMª;kbZ dyk 

¼_.kkRed@fuxsfVo½ ds chp vkos'k dk vUrj cyt c dk dyk ds lkFk cyt a/a3 

dkWEIySDl ¼dkWEIySDl IV; lkbVksØkse c vkWDlhMsl( COX½ ls gksdj folj.k lqxe 

cukrk gSA ;s 'olu J̀a[kyk dk vafre dkWEIySDl gSA eYVhesfjd dkWEIySDl esa nks ghe 

dsUnz gksrs gSa (cyt-a; cyt-a3) vkSj nks /kkrq dsUnz ¼CuA vkSj CuB½ gksrs gSaA laj{kh 

mRizsjdh dksj esa rhu mibdkb;ka ¼COX 1 ls 3½ tks yxHkx lHkh llhedsUnzdh thoksa 

esa ekbVksdkWfUMª;kbZ dksfMr gksrh gSa rFkk vusd vfrfjDr mibdkb;ka ¼10&14½ gksrh 

gSaA dkWEIySDl esa cM+k tyjkxh {ks= gksrk gS tks vUrjdyk vodk'k esa fudyk jgrk 

gS vkSj lkbVksØkse c ds fy, ca/kudkjh LFky iznku djrk gSA  

COX2 esa mifLFkr Mkb&dkWij dsanz ¼flLVhu ik'oZ Jà[kykvksa ds nks lYQj ijek.kqvksa 

ls lac) CuA½ vi?kfVr lkbVksØkse&c ls bySDVªkWu xzg.k djrk gSA ;s bySDVªkWu 

varr% Cox1 esa e/;orhZ jSMkWDl okgdksa ls gksdj vkWDlhtu ij LFkkukarfjr gksrs gSa 

¼lkbVksØkse&a( f}dsanzdh dsanz (Cyt-a3- CuB)A vkWDlhtu ds fy, ca/kudkjh LFky 

Cyt-a3 vkSj CuB dk NBoka leUo;u LFkku (coordination position) gSA dkWEIySDl 

IV yxkrkj vi?kfVr pkj lkbVksØkse c v.kqvksa ds ,d bySDVªkWu vkWDlhdj.k vkSj 

,d O2 v.kq ds pkj lgorhZ bySDVªkWu vi?kVu dks mRizsfjr djrk gSA lexz vfHkfØ;k 

gS %  

4 Cyt c [Fe (II)] + 4H+ + O2  4 Cyt c [Fe (III)] + 2H2O 

ATP dk la'ys’k.k F-ATP flUFksl }kjk mRizsfjr gksrk gS ¼F0F1  ATPase@dkWEIySDl 

V) tks llhedsUnzdh thoksa ds gfjryodksa ¼DyksjksIykLV½ dh FkkbySdkWbM dyk vkSj 

Hkhrjh ekbVksdkWfUMª;kbZ dyk esa rFkk izkddsUnzdh thoksa dh IykLek dyk esa mifLFkr 

,d lafj{kr eYVhesfjd ,Utkbe gSA F0F1 –ATPase esa ,d tyjkxh eSfVªDl vfHkeq[k 

(F1) Mksesu ¼'kh’kZ½ gksrk gS tks mRizsjdh LFkykas dks vkJ; nsrk gS vkSj izksVkWu 

LFkkukarj.k ds fy, ,d tyHkh: VªkalesEczsu@ikjdyk pSuy (F0) gksrk gS] tks ,d 

dsanzh; vkSj ifj/kh; oàÙk (peripheral stalk) ;qDr gksrk gS ¼fp= 6-3½A lHkh 

ekbVksdkWfUMª;kbZ ATPases dyk esa f}r;@Mkbej cukrs gSaA vf/kdka'k F-ATPase 

thu dsanzd dksfMr gksrs gSaA ,Utkbe ATP ds la'ys’k.k vkSj tyvi?kVu nksukas dks 

mRizsfjr dj ldrk gS] tks izksVkWu LFkkukarj.k ds LFkku ij fuHkZj djrk gSA  

orZeku izek.k Hkhrjh 

ekbVksdkWfUMª;kbZ dyk 

esa nks ;k vf/kd 

'oluh dkWEIySDlksa ds 

fudV lacU/k dks 

bafxr djrs gSaA ;s 

fØ;k'khy dkWEIySDl 

jsfLijkslkse 

(respirasome) 

dgykrs gSaA  
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fp= 6-3 % ikni F-ATPase dh izLrkfor lajpuk  ¼fo'ks"khd`r ATPase dh laj{kh 

mibdkb;ksa ij vk/kkfjr½A 

ikni ATPase dh lajpuk iw.kZr% Kkr ugha gS ;|fi vusd laj{kh@letkr~ vkSj 

dqN ikni fof'k’V mibdk;ksa dh igpku dh xbZ gSA F1 Hkkx vfuok;Z :Ik ls rhu 

 Mkbej vkSj ,d dsanzh; o`aÙk dk cuk gksrk gS ¼ mibdkbZ ,d eYVhthu dqy 

}kjk dksfMr gksrh gS½A izR;sd Mkbej  mibdkbZ  ij ,d mRizsjdh LFky dks vkJ; 

nsrk gS vkSj dsfUnz; òRr (central stalk) (γ-subunit) dks ?ksjs jgrk gSA lHkh 

llhedsanzdh thoksa esa nks vU; mibdkb;ksa ¼ vkSj ½ ls lac) gksrk gS vkSj flj dks 

c-oy;ksa ls tksM+rk gSA F0 Hkkx dk ifj/kh; oàÙk lHkh llhedsanzdh thoksa esa thok.kqvksa 

dh vis{kk vf/kd tfVy gksrk gS ysfdu dyk esa var%LFkkfir c oy; c-mibdkb;ksa 

dh vis{kkd`r de izfr;ksa dk cuk gksrk gS ¼ikniksa esa okLrfod la[;k Kkr ugh gS½A 

c-oy; mibdkbZ  ds laidZ esa jgrh gS ¼fpfUgr ugha gS½A F0 {ks= esa Hkh ikni 

fof'k’V mibdkb;ka tSls 6 kDa vkSj FAd gksrh gSaA mPprj ikniksa esa mibdkbZ-h ds 

vfrfjDr ifj/kh; oàÙk ¼F0 dk Hkkx½ dh izR;sd mibdkbZ ds letkr~ Kkr gSaA  

lkekU;r% vf/kdka'k LFkyh; ikniksa esa F-ATPase dh ikap mibdkb;ksa dks 

ekbVksdkWfUMª;kbZ thukse }kjk dksM ¼dwVysf[kr½ fd;k tkrk gSA bu lHkh esa tfVy 

ifjiDou pj.k fo'ks’k :Ik ls vuqys[ku Ik'pkr~ RNA ,fMfVax gksrh gS ftlls 

:ikarfjr dksMkWu@u, vkjaHku ;k lekiu dksMkWu okys ifjiDo VªkalfØIV ¼vuqys[k½ 

curs gSaA foiFkh (aberrant) RNA ,fMfVax de ATP la'ys’k.k ds dkj.k dqN izdkj 

dh dksf'kdknzO;h uj ca/;rk (cytoplasmic male sterility) ds fodkl ds fy, 

ftEesnkj gksrh gSA  

PS-ifj/kh; oàÙk % F0 dkWEIySDl 

lajpuk dk Hkkx] ysfdu blesa 

thok.kqvksa dh rqyuk esa vis{kkd`r 

NksVs oy; gksrs gSaA 

CS-dsanzh; òaÙk (Central stalk) % 

F1  dk ?kVdk@ ;s ]  vkSj  

mibdkb;ksa dk cuk gksrk gSA 

IMM - Hkhrjh ekbVksdkWfUMª;kbZ 

dyk  (Inner mitochondrial 

membrane) 
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6-2-2 ATP la'ys"k.k dh fØ;kfof/k vkSj ATP yfC/k  

fØ;k/kkjksa ds vkWDlhdj.k ls O;qRiUu gksus okyh vipk;h lerqY;ksa (NADH, FADH2) 

esa lajf{kr ÅtkZ ATP esa bySDVªkWuksa ds varLFk xzkgh] vkWDlhtu rd izokg ds :Ik esa 

ATP esa ikf'kr gks tkrh gSA ekbVksdkWfUMª;k ATP dks izkFkfed :Ik ls lkbVkslksy esa 

Hkstus ds fy, cukrk gSA 'oluh dkWEIySDlksa ls gksdj bySDVªkWu vfHkxeu ds le; 

,d VªkalesEczsu ¼dykikj½ izksVkWu foHko fufeZr gksrk gSA  

F-ATPase ¼dkWEIySDl V½ ds }kjk vUrjdyk vodk'k ls okil eSfVªDl esa vanj dh 

vksj ATP la'ys’k.k ds fy, izksVkuksa dk izokg gksrk gSA ETC }kjk fØ;k/kkj 

vkWDlhdj.k ls lac) ATP la'ys’k.k vkWDlhdkjh QkWLQksfjyhdj.k dgykrk gSA 

,sjschMksfIll ls vkdyu lq>krs gSa fd F-ATP flUFksl ¼Hkhrjh ekbVksdkWfUMª;kbZ 

eSfVªDl½ ds yxHkx 8.4% Hkkx dks vf/kx`fgr dj ysrk gSA  

F-ATPase esa rhu mRizsjdh ca/kudkjh LFky ¼izR;sd  Mkbej esa ,d½ ADP ;k 

ATP ds fy, gksrs gSa tks mudh ca/kudkjh ca/kqrkvksa esa ,dkarfjr gksrs gSa ¼ikWy cks;j] 

1977½A ;s LFky L (Loose) ¼ADP vkSj Pi 'yFk :Ik ls c) djrk gS] mRizsjdh :Ik 

ls fuf’Ø;½] T (tight) (ADP vkSj Pi dks n`<+rk ls c) djrk gS( mRizsjdh :Ik ls 

lfØ;] fufeZr gksus okyk ATP ǹ<+rk ls c) gksrk gS½ vkSj O (Open) ¼,d eqDr 

:Ik( ATP fueqZDr djrk gS( mRizsjdh :i ls fuf’Ø;½ gSaA  

uo la'ysf’kr ATP ¼n`<+rk ls c)½ izksVkWu foHkoZ esa ljaf{kr ÅtkZ dks iznku djus ij 

gh fueqZDr gksrk gSA izR;sd &mibdkbZ esa fHkUu la:Ik.k gksrk gS tks bl ij fuHkZj 

djrk gS fd mlesa c) ADP/ATP gS ;k og fjDr gSA ;s L ls T, T ls O vkSj O ls 

L esa ifjofrZr gksrk gSA mRizsjdh LFky tyHkh: {ks= esa gksrk gS ¼ty dks vyx j[kus 

ds fy,½ vkSj bls ADP vkSj Pi ls ATP la'ys’k.k ds fy, ÅtkZ dh vko';drk ugha 

gksrh gS ¼fp= 6-4½A  

 

fp= 6-4 % F0-F1-ATP flUFksl dh F1 bdkbZ ,d ?kw.khZ vkf.od eksVj dh Hkkafr dk;Z djrh 

gSA F0 bdkbZ ls gksdj H+
 dh xfr F1 dh mibdkbZ ds ?kw.kZu dks bZa/ku iznku djrh gSA 

blls  MkbelZ esa la:i.kkRed ifjorZu izsfjr gksrk gSA ATP dk la'ys’k.k vkSj fueqZfDr 

gksrh gS] D;ksafd iwjh ekbVksdkWfUMª;kbZ dyk esa izksVksu foHko forfjr jgrk gS ¼gksVZu ,oa 

lg;ksxh] fizfUliYl vkWQ c;ksdsfeLVªh] prqFkZ laLdj.k½A  

,sjschMksfIll esa ,d 

ekbVksdkWfUMª;k esa 

vkSlru 6426 F-ATP 

flUFksl d.k gksrs gSa tks 

nl yk[k ATP 

v.kq@lSfdUM fufeZr 

djus esa l{ke gksrs gSa 

¼QqDl ,oa lg;ksxh] 

2020½ 
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,Utkbe dks ,d ?kw.khZ eksVj ds :Ik esa ekuk tkrk gSA F1 dh  vkSj  mibdkb;ka 

vkSj F0 dh c mibdkbZ;ka ,d jksVj cukrh gSa tks LVsVj esa ?kw.kZu djrk gS ¼izksVkWu 

LFkkukarj.k ds fy, pSuy ds :Ik esa½ ftlls mRizsjdh dsUnzksa ij la:Ik.kkRed ifjorZu 

fd, tk ldsaA cks;j (Boyer) ds ekWMy ds vuqlkj ATP ds rhu v.kq ,d iw.kZ pØ 

esa la'ysf’kr gksrs gSaA  

vipk;h lerqY;ksa (NAD(P)H; FADH2) dk iquZvkWDlhdj.k varr% vkWDlhtu }kjk 

jSMkWDl LFkkukarj.kksa dh ,d J̀a[kyk ftlesa eYVhizksVhu 'oluh dkWEIySDl tks Hkhrjh 

ekbVksdkWfUMª;kbZ dyk ds vanj laxfBr jgrs gSa] ds }kjk gksrk gSA dkWEIySDl II ds 

vfrfjDr] vU; rhu dkWEIySDl (I, III vkSj IV½ eSfVªDl ls vUrj dyk vodk'k esa 

izksVkWuksa dks iai djrs gSa ¼gfjryodksa ds foijhr ftlesa lao`Ùk (closed) FkkbySdkbM 

vodk'k gksrk gS½ tc bySDVªkWu muls gksdj xfr djrs gSa ¼fp= 6-5½A blls dyk ds 

vkjikj ,d izksVkWu foHko (proton gradient) fufeZr gksrk gS ftls izksVkWu eksfVQ cy 

(proton motif force;PMF) dgrs gSa ¼vkos'k vkSj lkanzrk ds vUrj ds dkj.k½ tks 

ATP la'ys’k.k ds fy, izsjd cy gSA dkWEIySDl I  vkSj II 4H+
@bySDVªkWu ;qXe dks iai 

djrs gSa tcfd dkWEIySDl IV 2H+
 iai djrk gSA vr% eSfVªDl mRikfnr NADH dk 

vkWDlhdj.k 10H+ dks eSfVªDl ls iai djrk gS ;fn lkbVksØkse iFk dkWEIySDl I, III 

vkSj IV dh Hkkxhnkjh ds lkFk viuk;k tkrk gSA  

 

fp= 6-5 % ETC dkWEIySDlksa ls gksdj izksVkWu iafiaxA 

ATP flUFksl dks yxHkx 4H+
 dh vanj dh vksj xfr ds fy, ¼rhu ATP la'ys’k.k ds 

fy, 1H+ ADP vkSj Pi dks ATP ls cnyus ds fy,½ vko';drk gksrh gSA vr%  

NADH ds vkWDlhdj.k ls 2.5 (10/4) ATP dk la'ys’k.k gksrk gSA blh izdkj 

dkWEIySDl II ls c) FADH2 dk vkWDlhdj.k flQZ 6 izksVkWuksa dks iai djrk gS vkSj 

1.5 ATP dk la'ys’k.k (6/4) djrk gS D;ksafd dkWEIySDl I dk ckbikl gks tkrk gSA 

thos  (in vivo) esa okLrfod eku FkksM+s de gks ldrs gSaA  

vkb, vc ge lkbVksØkse iFk ds }kjk Xywdksl ds iw.kZ vkWDlhdj.k ls ATP yfC/k dk 

ifjdyu djrs gSa ¼fp= 6-6½A Xywdksl dk vkWDlhdj.k Xykbdksfyfll ls vkjaHk gksrk 

P/O vuqikr mETC 

ls gksdj LFkkukarfjr 

bySDVªkWuksa ds izfr 

;qXe }kjk la'ysf’kr 

ATP dh la[;k ds 

:Ik esa ifjHkkf’kr 

fd;k tkrk gSA 

uohure vkdyu 

n'kkZrs gSa fd P/O 

vuqikr dk iw.kkZad 

(integer) gksuk 

vko';d ugha gSA  
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gS tks lkbVkslksyh Xykbdksfyfll ds ekeys esa dqN fLFkfr;ksa ls oSdfYid 

vfHkfØ;kvksa ls gks ldrh gS ¼bdkbZ 4] fp= 4-2 dks nsf[k,½A ;s fHkUurk,a usV ATP 

yfC/k dks izHkkfor djrh gS vr% budk /;ku j[kuk vko';d gSA     

 

fp= 6-6 % Xywdksl ds iw.kZ vkWDlhdj.k ds fy, izeq[k iFkA 

bl vk/kkjh tkudkjh ds lkFk vkb, ge ATP yfC/k dk ifjdyu djrs gSaA       

eq[; iFk@pj.k vipk;h lerqY; 

vkSj miHkqDr ATP  

fØ;k/kkj Lrj 

QkWLQksfjyhdj.k 

ATP yfC/k 

Xykbdksfyfll 2NADH / 

2NADPH fufeZr 

¼lkbVkslksy esa½ 

& 1.5  2 = 3 (ETC 

ds NDex ls Ub ds 

tfj,½A Hkkx 6-3 

dks nsf[k, 

 (a) 2 ;k (b) 1 ATP IkFk (a) 4 ATP 

IkFk (b) 2 ATP 

(a) (4 - 2) = 2 

(b) (2 - 1) = 1 

PDH 2 NADH & 2.5  2 = 5 (mt 

ETC) 

TCA pØ 6 NADH + 2 

FADH2 

2 ATP 6  2.5 + 1.5  2 

+ 2 = 20 

dqy ;ksx   (a) 30 or (b) 29 

vki ATP yfC/k dk ifjdyu PEP dks ikb:osV esa ifjofrZr djus ds fy, ,d ;k 

vf/kd xSj&QkWLQksfjyhdj.kh oSdfYid vfHkfØ;kvksa dk mi;ksx djds Hkh dj ldrs 

gSaA  
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6-2-3 'oluh J`a[kyk ds laned  

bySDVªkWu vfHkxeu J̀a[kyk dks fHkUu fcanqvksa ij izeq[k :Ik ls ikniksa ;k thok.kqvksa ls 

O;qRiUu mikip;tksa ds }kjk Hkh jksdk tk ldrk gSA uhps nh xbZ lkj.kh 6-2 esa 

lanedks] muds lzksr vkSj jksds x, dkWEIySDl rFkk ;fn dksbZ fVIi.kh gks rks mudks 

lkj :Ik esa izLrqr fd;k x;k gSA  

lkj.kh 6-2% laned] muds lzksr vkSj lanfer dkWEIySDl 

laned  lzksr jksdk@lanfer 

gqvk dkWEIySDl 

fVIif.k;ka 

jksVhuksu 

¼dkWEIySDl dhVksu½ 

yksadksdkiZl Lih- 

vkSj vusd vU; 

m’.kdfVca/kh 

Qfy;ksa dh tM+sa 

Fe-S ls Ub esa 

bySDVªkWu  

LFkkukarj.k dks 

jksdrk gS 

¼dkWEIySDl& I½ 

czksM LisDVªe dhVuk'kh] 

'kkduk'kh] ehuuk'kh] pwgs 

ekjus dk fo’k 

,ekbVy ¼,d 

ckchZV~;wjsV½ 

,y fyyh }kjk 

la'ysf’kr   

 funzk fodkjksa ds mipkj esa 

mi;ksx fd;k tkrk gS 

esyksusV vusd ikni tSls 

Qfy;ka 

(legumes) 

dkWEIySDl&II izfrLi/khZ laned 

,UVhekbflu A LVªsIVksekblht 

Lih- 

dkWEIySDl&III ,UVhck;ksfVd( ROS 

mRiknu dks c<+k nsrk gS 

feDlksFkk,tksy feDlksdkWdl 

¶ysol 

,tkbM] dkcZu 

eksuksvkWDlkbM( 

KCN 

Tokykeq[kh vkSj 

nynyh {ks= dh 

CO xSlksa ls] 

izkd`frd :Ik ls 

dqN ikni [kk|ksa 

esa Ikk;k tkus 

okyk CN-
 ¼yhek 

chUl@cknke½  

dkWEySDl&IV; 

Cyt-a3 ls ca/ku 

ds fy, O2 ls 

Li/kkZ djrk gS 

CO }kjk neu dks izdk'k 

ls iyVk tk ldrk gS  

NaN3 dk mi;ksx 

ifjj{kd ds :Ik esa fd;k 

tkrk gSA vkWVkseksckby 

,;jcSXl esa Ikk;k tkrk gS 

vksfyxksekbflu 

¼,UVhck;ksfVd½ 

LVªsIVksekblht F-ATPase gfjryod ATPase 

vlaosnu'khy gksrk gS 

cksaxØsfdd vEy 

¼,UVhck;ksfVd½ 

cq[kksZyMsfj,XysfM

vksykb pv 

dksdksosusjsUl 

ADP/ATP 

VªkalyksdsVj 

&izksfV,cSDVhfj;k tks 

ukfj;yksa dks laØfer 

djrk gS 

cks/k iz'u 1 

a) lkbVksØkse vkSj Fe-S izksVhuksa dh rqyuk dhft,A  

b) dkWEIySDl II vkSj III esa ls izR;sd ds ,d laned dk uke crkb,A  
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6-3 Ikkniksa esa 'kkfey 'olu J`a[kyk vkSj lk;ukbM 

jks/kh 'olu  

Ikkniksa] dodksa vkSj dqN thok.kqvksa ¼,tksVkscSDVj okbusySUMbZ( jkbtksfo;e tSiksfude½ 

esa vfrfjDr 'olu dkWEIySDl vkSj v;qXeuh izksVhu gksus ds dkj.k 'kkf[kr bySDVªkWu  

vfHkxeu J̀a[kyk gksrh gS ¼fp= 6-7½A vxyh bdkbZ esa vki ,tksVkscSDVj vkSj 

jkbtksfc;e esa mPp eqDr vkWDlhtu Lrjksa dh vuqfØ;k esa vfrfjDr oSdfYid 'olu 

dkWEIySDlksa ds fo’k; esa i<saxsA  

Ikkni ekbVksdkWfUMª;k esa pkj NAD(P)H MhgkbMªksftusl ¼Vkbi II½ vkSj vusd oSdfYid 

vkWDlhMsl (AOX) Kkr gSaA 'kkf[kr iFk xSj&QkWLQksfjyhdj.kh gksrs gSa ysfdu ETC dks 

yphykiu iznku dj ldrs gSa vkSj ruko lgu'khyrk dks c<+k ldrs gSaA vc ge 

NAD(P)H MhgkbMªksftuslksa vkSj vipk;h lerqY;ksa ds muds lzksr ds ekbVksdkWfUMª;kbZ 

LFkkuhdj.k dk o.kZu djsaxsA  

lHkh Vkbi II NAD(P)H MhgkbMªksftusl izksVhuksa dk LFkkukarj.k ugha djrs gSa vkSj 

dkWEIySDl&I lanedksa ds fy, vlaosnu'khy gksrs gSaA ;s ekbVksdkWfUMª;k dh Hkhrjh dyk 

ds ckgjh ¼vUrjdyk vodk'k dh vksj vfHkeq[k( NDex½ vFkok Hkhrjh ¼eSfVªDl dh 

vksj vfHkeq[k( NDin½ Qyd ij mifLFkr gksrs gSa tks mudh laHkkfor Hkwfedk dks 

crkrk gSA buesa ls izR;sd LFkku ij nks MhgkbMªksftusl gksrs gSa] ftuesa ls ,d NADH 

fuHkZj vkSj nwljk NADPH fuHkZj gksrk gSA NDin (NADH) dks NksM+dj lHkh oSdfYid 

DH Ca2+
 fuHkZj gksrs gSaA ;s Ub (CoQ) Ikj bySDVªkWu LFkkukarj.k djrs gSa tSls 

Dykfldy NADH DH ¼MhgkbMªksftusl½ dkWEIySDl vkSj NAD(P)H dks iquZ vkWDlhdr̀ 

djrs gSaA  

ckg~; NAD(P)H MhgkbMªksftuslksa ds cgqr gn rd lkbVkslksyh :Ik ls fufeZr NADH 

¼Xykbdksfyfll½ vkSj NADPH  vkWDlhdkjh isUVksl iFk ds iquZvkWDlhdj.k esa 

lfEefyr gksus dh laHkkouk gksrh gSA ikniksa esa tarqvksa ds ;hLV ds foijhr NADPH 

rd dks ETC ds }kjk iquZvkWDlhd`r djus dh {kerk gksrh gSA ,slk rc gksrk gS tc 

NAD+ vR;f/kd de gks tkrk gSA dSfYl;e ruko ladsru iFkksa dk la?kVd vkSj 

NDex dk mn~nhid (stimulator) nksuksa gksrk gSA blds vfrfjDr bu MhgkbMªksftuslksa 

dk la'ys’k.k ruko dks izsfjr djrk gSA  

eSfVªDl dh vksj vfHkeq[k NDin (NADH) esa dkWEIySDl I dh rqyuk esa NADH ds fy, 

dgha de ca/kqrk gksrh gSA ;s dkWEIySDl I dh fØ;k ds vIk;kZIr gksus vkSj eSfVªDl 

NADH  dh lkanzrk vf/kd gksus ij NADH dks vkWDlhdr̀ djds vfrizokfgr 

(overflow) djus dk dk;Z dj ldrk gSA ,slh fLFkfr fØ;k/kkj vkWDlhdj.k dh mPp 

njksa vFkok de ADP ds le; gksrh gSA izdk'k la'ys’k.k ls mPp ATP/ADP vuqikr 

Hkh gks ldrk gS tks dkWEIySDl&I ds }kjk bySDVªkWu vfHkxeu dks jksd ldrk gSA 

nwljh rjQ ;s eSfVªDl esa fufeZr NADPH tSls fd NADP&fuHkZj vkblkslkbVªsV DH 

dks vkWDlhd`r dj ldrk gSA  

vU; fHkUurk nks NksVs eYVhthu midqykas (AOX1 vkSj AOX2½ }kjk dksfMr oSdfYid 

vkWDlhMslksa (AOX) dh mifLFkfr gS] tks bySDVªkWuksa dks lh/ks vi?kfVr ;wchDohuksu ls 
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vkWDlhtu ij LFkkukarfjr dj nsrk gS ¼dkWEIySDl III vkSj IV dks ckbikl dj nsrs 

gSa½A ;s lkbVksØkse vkWDlhMsl ds fy, ,d oSdfYid varLFk xzkgh ds :Ik esa dk;Z 

djrk gS ftlls dksbZ ATP la'ys’k.k ugha gksrk gS] tc ;wchDohuksy iwy vR;f/kd de 

gksrk gSA AOX dks lsfyflfyd gkbMªksDlsfed vEyksa (salicylic hydroxamic acids; 

SHAM) }kjk jksd fn;k tkrk gS vkSj ;s LVSUMMZ lkbVksØkse iFk tSls lk;ukbM 

¼lk;ukbM jks/kh 'olu½ ds lanedksa ds fy, vlaosnu'khy gksrk gSA mPprj ikniksa ls 

izkIr AOX iksyhisIVkbMksa dk ,d 32kDa dk gkseksMkbej gS] tks n`<+rk ls Hkhrjh 

ekbVksdkWfUMª;kbZ dyk ds eSfVªDl Qyd ls c) gksrk gSA nksuksa mibdkb;ka ,d 

Mkb&vk;ju vkWDlks dsUnz cukrh gS( vkWDlhMsl ikb:osV dh mPp lkanzrk ls lfØf;r 

gks tkrk gSA  

AOX dh Lohd`r Hkwfedkvksa esa ls ,d rkituu (thermogenesis) gS tks dqN ikS/kksa 

¼,je eSdqysVe (Arum maculatem)] lkbdSM~l  (cycads)½ ds thou pØ esa fof'k’V 

le; ij gksrh gSA rkieku esa o`f) lkbVksØkse ls oSdfYid bySDVªkWu vfHkxeu iFk esa 

LFkkukarj.k gS tks dhVksa dks vkdf’kZr djus ds fy, ikni jlk;uksa ds ok’ihdj.k esa 

lgk;d gksrk gSaA AOX1 dh ,d vkSj laHkkfor Hkwfedk ruko izfrjks/kdrk gSA bls 

tSfod ¼jksxk.kq laØe.k½ vkSj vtSfod rukoksa ¼iks’kd ghurk (nutrient deficiency)] 

gkbiksfDl;k (hypoxia)] 'khru (chilling)] lw[kk (drought)½ dh vuqfØ;k esa oSdfYid 

vkWDlhMsl ds izsj.k ls lgkjk feyrk gSA nwljh rjQ AOX2 vfHkO;fDr (induction) 

fodklkRed izfØ;kvksa tSls cht vadqj.k ls tqM+h gSA  

;s lqizekf.kr gS fd ekbVksdkWfUMª;kbZ ETC ls gksdj bySDVªkWuksa dk izokg lnSo 

fj,fDVo ¼vfHkfØ;k'khy½ vkWDlhtu Lih'kht (ROS) ds vYi Lrj ij fuekZ.k ls 

tqM+k gSA oSdfYid vkWDlhMsl ruko ls lacfU/kr fj,fDVo vkWDlhtu Lih'kht (ROS) 

ds vR;f/kd mRiknu dks vi?kfVr Ub ls bySDVªkWu xzg.k djds de dj ldrs gSa 

tks fd ADP/ATP vuqikr ls vizHkkfor jgrk gSA lkFk gh NADH iqu% vkWDlhdr̀ gks 

tkrk gS vkSj 'olu dkWEIySDl vR;f/kd vi?kfVr ugha gksrs gSaA  

tarqvksa dh Hkkafr gh ikni ekbVksdkWfUMª;k Hkh v;qXeudkjh izksVhuksa (plant uncoupling 

mitochondrial proteins; PUMPs; ikni v;qXeudkjh ekbVksdkWfUMª;kbZ izksVhUl½ dks 

vfHkO;Dr djrs gSa tks izksVkWu foHko dks QSyk dj@fNrjk dj bySDVªkWu vfHkxeu dks 

ATP la'ys’k.k ls vyx dj nsrk gSA ;s izksVhu (PUMPs) oSdfYid 'olu 

dkWEIySDlksa ds lkFk ROS ds mRiknu dks de djus vkSj ATP la'ys’k.k ds cxSj 

dkWEIySDlksa dks vkWDlhd`r djus esa lgk;rk djrs gSaA PUMPs dk Lrj ikS/ks }kjk 

'khr ruko >sys tkus ij c<+ tkrk gSA vikf'kr ÅtkZ (untrapped energy) rki ds 

:Ik esa folfjr (dissipate) gks tkrh gS tks ikS/kksa dks 'khr ruko nwj djus esa lgk;rk 

djrh gSA  

vki tkurs gSa fd izdk'k'oluh pØ (photorespiratory cycle) dks iwjk djus ds fy, 

lfØ; izdk'k la'ys’k.k ds le; ekbVksdkWfUMª;k esa Xykblhu vkWDlhdj.k dk gksuk 

vko';d gSA lkFk gh bl vfHkfØ;k esa fufeZr NADH dks ATP vko';drk ls 

vizHkkfor ETC }kjk iqu% vkWDlhd`r gksuk iM+rk gSA ,slh fLFkfr esa oSdfYid 

MhgkbMªksftusl vkSj vkWDlhMsl cpko djrs gSaA  
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fp= 6-7 % ikniksa esa 'kkfey 'olu J`a[kyk dk voyksduA 

cks/k iz'u 2 

fuEufyf[kr fLFkfr;ksa esa ATP yfC/k dk ifjdyu dhft,A vkWDlhtu rd bySDVªkWuksa 

ds izokg dks n'kkZb, tc %   

(d) NADH dkWEIySDl I }kjk vkWDlhdj.k gksrk gSA  

([k) eSysV dk NDin vkSj AOX }kjk vkWDlhdj.k gksrk gSA  

(x) lkbVkslksyh NADH dk ekbVksdkWfUMª;kbZ ETC }kjk vkWDlhdj.k gksrk gSA  

6-4 'olu HkkxQy (RQ)  

geus ikS/kksa esa lqØksl] LVkpZ vkSj ÝqDVu (fructan) dh 'olu fØ;k/kkjksa ds :Ik esa 

Hkwfedk dks i<+k gSA vki tkurs gSa fd ok;qoh; 'olu ds le; vkWDlhtu dk miHkksx 

gksrk gS vkSj CO2 fueqZDr gksrh gSA fudyus okyh CO2 dk vk;ru vkSj miHkqDr 

(consumed) vkWDlhtu ds vk;ru dk vuqikr (CO2/O2) 'olu HkkxQy 

(respiratory quotient) dgykrk gSA  

RQ = fu’dkflr CO2 dk vk;ru@miHkqDr O2 dk vk;ru 

RQ (respiratory quotient) 'olu fØ;k/kkj ds izdkj ij fuHkZj djrk gSA vkb, ge 

bls le>us ds fy, dqN mnkgj.kksa ij fopkj djrs gSaA tc dkcksZgkbMªsV iwjh rjg ls 

vkWDlhd`r gks tkrs gSa] rks RQ 1 ds vklikl gksrk gS tSlk fd uhps fn, x, 

lehdj.k ls Li’V gS %  
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0.1O6/CO6RQ;OH6CO6O6OHC 222226126   

cht ftuesa eq[; HkaMkj.k LVkpZ gksrk gS] RQ yxHkx 1 gksrk gS( ;|fi] os tks rsy 

vFkok olk ls le`) gksrs gSa ¼dkcksZgkbMªsV~l ls vf/kd vi?kfVr½ mudk RQ 1 ls de 

gksrk gSA ,slk blfy, gS D;ksafd gkbMªkstu dks ty esa vkSj dkcZu dks CO2 esa 

ifjofrZr djus ds fy, vf/kd vkWDlhtu dh vko';drk gksrh gSA ;fn dksbZ lkekU; 

Oklk tSls VªkbikWfYefVu (tripalmitin) dks vkWDlhd`r fd;k tkrk gS] rks RQ dk 

ifjdyu iw.kZ vkWDlhdj.k ds fy, larqfyr vfHkfØ;k ls gksrk gSA  

OH98CO102O145)OHC(2 22269851   

7.0O145/CO102RQ 22   

izksVhuksa ds ekeys esa RQ yxHkx 0.9 gksrk gSA vr% fdlh Hkh ikni Hkkx ds RQ eku 

ls vkWDlhd`r gksus okys ;kSfxdksa ds izdkj dk vanktk gks tkrk gSA ;s /;ku esa j[kuk 

pkfg, fd ltho tho izk;% ,d ls vf/kd 'olu fØ;k/kkjksa dk mi;ksx djrs gSaA  

cks/k iz'u 3 

d) fuEu ds RQ dk ifjdyu dhft, i) VªkbfLV,fju (tristearin) (C57H110O6) vkSj 

ii) Vªkbvksyhu (triolein) (C57H104O6) 

[k) bu nksuksa C18 Oklk vEyksa ds RQ ds chp vUrj dks Li’V dhft,A  

6-5 ikni ekbVksdkWfUMª;k dh fo'ks"khd`r Hkwfedk,a  

ekbVksdkWfUMª;k dh lkoZHkkSfed Hkwfedk vkWDlhdkjh QkWLQksfjyhdj.k ds }kjk ATP 

¼ÅtkZ eqnzk½ dk la'ys’k.k djuk gS ftlls fofHkUu dksf'kdh; fØ;k,a gks ldsaA ;|fi 

ikS/kksa ds gjs Hkkx fnu ds le; izdk'k la'ys’k.k dh izdk'k vfHkfØ;kvksa ds }kjk ATP 

dk la'ys’k.k djrs gSa] fQj Hkh v&gfjr Hkkxksa ds lkbVkslksy esa vkSj jkr ds le; 

izdk'k la'ys’k.k dh vuqifLFkfr esa ekbVksdkWfUMª;k ÅtkZ vko';drkvksa dks iwjk djrk 

gSA ;g dkcZu ;kSfxdhdj.k ds fy, dkcZu dadky ds la'ys’k.k dk LFkku Hkh gSA C3 

ikniksa esa] ekbVksdkWfUMª;k Xykblhu ds lhjhu esa vkWDlhdj.k esa Hkkxhnkjh djrk gS] tks 

izdk'k'oluh iFk dk ,d pj.k gS vkSj ;kSfxdhdr̀ dkcZu MkbvkWDlkbM dh gkfu ds 

fy, ftEesnkj gSA  

2 Xykblhu + NAD+ + H2O   lhjhu + CO2 + NADH + NH4
+  

Xykblhu lhjhu :ikarj.k ds vU; mRikn Lora= :Ik ls izlaLdr̀ gksrs gSaA lhjhu 

gfjryod esa okil 3-PGA esa :ikarfjr gks tkrk gS vkSj dqN ;kSfxdhd̀r dkcZu dks 

cpkrk gSA veksfu;k dk iqu%Lokaxhdj.k gks tkrk gS ¼f}rh;d Lokaxhdj.k½ vkSj 

NADH ekbVksdkWfUMª;kbZ ETC }kjk vkWDlhd̀r gks tkrk gSA ;g izdk'k la'ys’.k ds 

le; ATP la'ys’k.k ds fy, eq[; bZa/ku gksrk gSA  
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Ikkniksa esa ekbVksdkWfUMª;kbZ 'olu ds izeq[k fØ;k/kkjksa esa eSysV vkSj XywVkesV lfEefyr 

gksrs gaSA eSysV /kkfu;ksa esa HkaMkfjr jgrk gS] tgka ls bls ekbVksdkWfUMª;k esa vkWDlhdj.k 

ds fy, miyC/k cuk;k tk ldrk gSA ikni ekbVksdkWfUMª;k esa mifLFkr NAD eSfyd 

,Utkbe vkWDlhdkjh :Ik ls eSysV dks ikb:osV esa fodkcksZfDlyhd̀r djrk gS tks fQj 

TCA pØ esa izos'k ds fy, uhps crk, x, vuqlkj lkekU; iFk dks viukrk gS %  

eSysV  ikb:osV  ,lhfVy CoA  TCA pØ esa izos'k 

eSysV dks eSysV DH }kjk OAA esa Hkh ifjofrZr fd;k tk ldrk gSA eSfyd ,Utkbe 

vkSj eSysV DH dh la;qDr fØ;k ls iw.kZ TCA pØ ds izpkyu ds cxsSj Hkh lkbVªsV 

dk la'ys’k.k gks ldrk gSA lkbVªsV dks -KG ¼-dhVks&XywVkjsV½ esa :ikarfjr fd;k 

tk ldrk gS tks veksfu;k ds ,sehuks vEy esa Lokaxhdj.k ds fy, dkcZu dadky gSA  

 

XywVkesV ,d vU; 'olu fØ;k/kkj gSA ekbVksdkWfUMª;kbZ GDH }kjk XywVkesV ds -

KG vkSj veksfu;k esa vkWDlhdkjh fo,feuhdj.k ls NADH fufeZr gksrk gS ftls ETC 

}kjk iquZvkWDlhdr̀ fd;k tk ldrk gS] tks ,d ,slh izfØ;k gS ftlds lkFk ATP 

mRiknu gksrk gSA  

Ikkni ekbVksdkWfUMª;kbZ ATPase ikni ruko vuqfØ;kvksa esa Hkh lfEefyr gksrs gSaA ;s 

izksxzkfer dksf'kdk fo?kVu vkSj th.kZrk (senescence) ds fy, eq[; izlaLdj.k bdkbZ 

Hkh gksrs gSaA  

cks/k iz'u 4 

ikni ekbVksdkWfUMª;k dh dksbZ nks fo'ks’khd`r Hkwfedk,a crkb,A  

6-6 ekbVksdkWfUMª;kbZ vkSj izdk'kla'ys"kh ETC dh 

lkekU; fo'ks"krk,a  

fØ;k/kkjksa dk tSfod vkWDlhdj.k vkSj izdk'k la'ys’k.k nksuksa Øe'k% ekbVksdkWfUMª;kbZ 

vkSj izdk'kla'ys’kh ETC ds tfj, jSMkWDl LFkkukarj.kksa ds vuqØe }kjk ATP mRiknu 

dk dk;Z djrs gSaA vfHkxeu J̀a[kyk dkWEIySDl dh ewy fMtkbu ,d tSlh gksrh gS 

vkSj ATP dk la'ys’k.k F-ATPase  }kjk gksrk gSA ,d ikjdyk@VªkalesEczsu izksVkWu 

foHko vLFkk;h :Ik ls fueqZDr gqbZ ÅtkZ dks HkaMkfjr djds ATP la'ys’k.k esa lgk;rk 

djrk gSA  

thou dh izkphure izdkjsa tks ok;qoh; vkWDlhdj.k vkSj vkWDlhtuh izdk'k la'ys’k.k 

nksuksa esa l{ke Fkh] os ,d dksf'kdh; lk;ukscSDVhfj;k gSaA ;s nksuksa izfØ;k,a mudh 

ATP ekaxksa dh iwfrZ djrs gSaA tSlk fd vki tkurs gSa] orZeku gfjryod eqDr thoh 
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lk;ukscSDVhfj;k ls fodflr gq, gSa] Bhd oSls gh tSls ekbVksdkWfUMª;k dh thok.kqoh; 

mRifÙk gqbZ gSA blfy, blesa dksbZ vk'p;Z ugha gS fd lk;ukscSDVhfj;k esa nksuksa 

vfHkxeu J̀a[kyk,a leku ekWMqyj fMtkbu dks viukrh gS ftlesa izR;sd esa rhu 

dkWEIySDl gksrs gSa] ftlesa ls ,d lk>k gSA  

lk;ukscSDVhfj;kbZ izdk'kla'ys’kh ETC  izdk'k ra= II, lkbVksØkse b6/f dkWEIySDl vkSj 

izdk'k ra= I esa laxfBr gksrk gS tcfd 'olu dkWEIySDl NADH MhgkbMªksftusl 

lkbVksØkse b6/f vkSj lkbVksØkse a/a3 gksrs gSaA varjkdksf'kdh; vaxdksa dh vuqifLFkfr 

esa nksuksa vfHkxeu J̀a[kyk,a IykLek dyk ¼Hkhrjh½ esa mifLFkr gksrh gSaA bu thok.kqvksa 

esa IykLVksDohuksu vipk;h lerqY;ksa dks nksuksa J`a[kykvksa ds dkWEIySDl I (NADH.DH / 

PSII) ls xzg.k djrk gS vkSj lkbVksØkse b6/f dkWEIySDl ¼dkWEIySDl II½ dks iwfrZ djrk 

gS rFkk lkbVksØkse c lkbVksØkse b6/f dks nksuksa J`a[kykvksa ds dkWEIySDl III 

¼PSI@lkbVksØkse a/a3½ ls tksM+rk gSA lk;ukscSDVhfj;k nksuksa izfØ;kvksa ds }kjk ÅtkZ 

laj{k.k ds ljyre laxBu dks iznf'kZr djrk gS ¼fp= 6-8½A ikniksa esa vkWDlhtuh 

izdk'k la'ys’k.k gfjryodksa esa gksrk gSA  

 

fp= 6-8 % lk;ukscSDVhfj;k esa izdk'k la'ys"kh vkSj vkWDlhdj.kh ETC dk vkjs[kh izn'kZuA 

lk>k lkbVksØkse b6/f dkWEIySDl dks uksV dhft, ¼lzksr% okVj gSYV 2011 dh iqLrd IykaV 

ck;ksdSfeLVªh ls½ 

ekbVksdkWfUMª;kbZ 'olu J̀a[kyk esa] ;wchDohuksu IykLVksDohuksu dks izfrLFkkfir dj nsrk 

gS vkSj blesa lacfU/kr lkbVksØkseksa dk fHkUu lsV gksrk gS ¼lkbVksØkse b6/f dkWEIySDl 

ds LFkku ij lkbVksØkse b / c1 dkWEIySDl½A blesa ,d vU; dkWEIySDl] lDlhusV DH 

¼dkWEIySDl II½ dkWEIySDl Hkh 'kkfey gSA blds lekos'ku ds lkFk lkbVksØkse b / c1 

dkWEIySDl vkSj lkbVksØkse a/a3 Øe'k% dkWEIySDl III vkSj IV cu tkrs gSaA  

cks/k iz'u 5 

ekbVksdkWfUMª;kbZ vkSj lk;ukscSDVhfj;kbZ 'olu J̀a[kyk ds chp vUrjksa dks lwphc) 

dhft,A  
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6-7 lkjka'k         

 ekbVksdkWfUMª;k llhedsUnzdh thoksa esa dksf'kdh; 'olu dk LFkku gSaA ;s dksf'kdk 

dk lkoZHkkSfed ikoj gkml gS vkSj ØsCl pØ rFkk bySDVªkWu vfHkxeu dkWEIySDl 

nksuksa ds ,Utkbeksa dks vkJ; nsrk gS tks ATP la'ys’k.k dks muls gksdj 

vkWDlhtu rd bySDVªkWuksa ds izokg ls tksM+rk gSA  

 ikS/kksa ds Dykfldy 'olu dkWEIySDlksa esa Vkbi 1 NADH DH dkWEIySDl lDlhusV 

DH, cyt-b / c1 dkWEIySDl vkSj lkbVksØkse a/a3 dkWEIySDl lfEefyr gaSA buesa ls 

izR;sd dkWEIySDl ds vusd jSMkWDl okgd gksrs gSa tSls fd Fe-S DyLVlZ] FAD 

vkSj lkbVksØkseA 

 dkWEIySDl II (SDH dkWEIySDl½ ds vfrfjDr lHkh 'olu dkWEIySDl izksVkWu 

LFkkukarj.k esa Hkkxhnkjh djrs gSaA  

 ATP dk la'ys’k.k F-ATP flUFksl (F0F1 ATPase@dkWEIySDl V) }kjk mRizsfjr 

gksrk gS] tks ,d cM+k eYVhesfjd ,Utkbe gSA lHkh ekbVsdkWfUMª;kbZ ATPases 

dyk esa Mkbej cukrs gSaA ,Utkbe izksVkWu LFkkukarj.k dh fn'kk ds vk/kkj ij 

ATP ds la'ys’k.k vkSj tyvi?kVu nksuksa dks mRizsfjr djrk gSA  

 F-ATPase vUrjdyk vodk'k ls okil eSfVªDl esa ATP la'ys’k.k ds fy, 

izksVkWuksa dks vanj dh vksj izokfgr djrk gSA ATP dk la'ys’k.k tks ETC }kjk 

fØ;k/kkj vkWDlhdj.kh ls tqM+k gS] og vkWDlhdkjh QkWLQksfjyhdj.k gksrk gSA  

 bySDVªkWu vfHkxeu J̀a[kyk dks fHkUu fcanqvksa ij izeq[kr% ikniksa ;k thok.kqvksa ls 

O;qRiUu mikip;tksa }kjk jksdk tk ldrk gSA  

 ikniksa] dodksa vkSj dqN thok.kqvksa esa 'kkf[kr bySDVªkWu vfHkxeu J̀a[kyk,a gksrh 

gSaA ikni ekbVksdkWfUMª;k esa pkj NAD(P)H MhgkbMªksftusl ¼Vkbi II½ vkSj vusd 

oSdfYid vkWDlhMsl (AOX) Kkr gSaA  

 'kkf[kr iFk v&QkWLQksfjyhdj.k gksrs gSa vkSj ETC dks yphykiu iznku djds 

ruko lgu'khyrk dks c<+k ldrs gSaA 

 ckgj fudyus okyh CO2 ds vk;ru vkSj mi;ksx dh xbZ vkWDlhtu ds vk;ru 

dk vuqikr (CO2 / O2) 'olu HkkxQy (RQ) dgykrk gSA ;s 'olu fØ;k/kkj ds 

izdkj ij fuHkZj djrk gSA 

 ATP la'ys’k.k esa ekbVksdkWfUMª;k dh lkoZHkkSfed Hkwfedk ds vfrfjDr ikni 

ekbVksdkWfUMª;k Xykblhu ds lhjhu esa vkWDlhdj.k esa Hkh lfEefyr gksrk gS] tks 

izdk'k'oluh iFk dk ,d pj.k gSA ;s ATP la'ys’k.k ds fy, ,d izeq[k bZa/ku gSA  

 ekbVksdkWfUMª;kbZ ATPase ikni ruko vuqfØ;kvksa esa Hkh lfEefyr gksrk gSA ;s 

izksxzkfer dksf'kdk fo?kVu vkSj th.kZrk ds fy, eq[; izlaLdj.k bdkbZ gSA  
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6-8 ikBkar iz'u  

1- ikniksa esa ekbVkdkWfUMª;kbZ ETC dh lajpuk vkSj lgdkjdksa dk o.kZu 

dhft,A  

2- oSdfYid NAD(P)H MhgkbMªksftuslksa ds dkf;Zdh; dk;ksZa dks crkb,A  

3- lk;ukbM jks/kh 'olu dk o.kZu dhft, vkSj bldh Hkwfedk dks crkb,A  

6-9 mÙkj  

cks/k iz'u 

1- d)  lkbVksØkse jSMkWDl lfØ; ghe izksVhu gksrs gS ¼Fe pkj ikbjksy oy;ksa ds 

ukbVªkstu ls tqM+k jgrk gS½ tks ,d bySDVªkWu okgd dh Hkkafr dk;Z djrs 

gSaA ghe] lgla;ksth ¼ghe c½ :Ik ls ;k lefUor :Ik ls vkSj n`<+rk ls 

izksVhu vFkok lgdkjd ls tqM+k jgrk gS ftlesa vfLFkj lYQj ugha gksrk 

gSA  

 Fe-S izksVhu v&ghe vk;ju izksVhu; Fe Fe-S DyLVlZ ds :Ik esa 

mifLFkr jgrk gS tks fQj izksVhu ds flLVhu vof'k’Vksa ls tqM+k jgrk gSA 

S tks DyLVj cukrk gS vEy vfLFkj gksrk gSA ;s ,d bySDVªkWu okgd 

gSA  

  [k) lkj.kh 6-2 dks nsf[k,A   

2- d)  2.5 ATP ¼dkWEIySDl I, III vkSj IV ds }kjk½  

 [k) 'kwU; & NDin (Ub dks LFkkukarfjr gksrk gS½ vkSj AOX ¼dkWEIySDl III vkSj 

IV dks ckbikl djrk gS½ ls O2A   

 x)  1.5 – (NDin, dkWEIySDl III vkSj IV ½  

3- d)  i) RQ = 114 CO2 / 166 O2 = 0.686  

  ii) RQ = 114 CO2 / 160 O2 = 0.671 

 [k)  VªkbfLV,fju Vªkbvksyhu ls vf/kd vi?kfVr gksrh gSA vf/kd vkWDlhtu 

dk mi;ksx djrh gSA izdk'k la'ys’k.k ds nkSjku Xykblhu dk 

vkWDlhdj.k gksrk gSA foLrr̀ fooj.k ds fy, Hkkx 6-5 dks nsf[k,A  

4-  çdk'k la'ys"k.k ds nkSjku iw.kZ TCA pØ] Xykbflu v‚Dlhdj.k ds lapkyu ds 

fcuk eSysV ls lkbVªsV dk la'ys"k.kA fooj.k ds fy, [kaM 6-5 ns[ksaA 
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5. 'olu Ja[kykvksa dh rqyuk 

 fo'ks’krk  lk;ukscSDVhfj;kbZ 

¼tSodyk esa½ 

ekbVksdkWfUMª;kbZ 

ETC  

 dkWEIySDlksa dh la[;k Rkhu Pkkj 

 Lkpy fyfiM okgd IykLVksDohuksu ;wchDohuksu 

 lkbVksØkse dkWEIySDl lkbVksØkse b6/f 

dkWEIySDl 

lkbVksØkse b/c1 

ikBkar iz'u 

1- Hkkx 6-2 dks nsf[k,A 

2- Hkkx 6-3 dks nsf[k,A 

3- ikni nks NksVs eYVhthu midqyksa (AOX1 vkSj AOX2½ }kjk dksM fd, x, 

oSdfYid vkWDlhMslksa (AOX) dks vfHkO;Dr djrs gSa tks bySDVªkWuksa dks 

vi?kfVr ;wchDohuksu ls lh/ks vkWDlhtu ij LFkkukarfjr djrs gSa ¼dkWEIySDl 

III vkSj IV dks ckbikl djds½A ;s vkWDlhMsl lk;ukbM ls lanfer ugha gksrs 

gSa ¼lk;ukbM jks/kh 'olu½A foLr`r fooj.k ds fy, Hkkx 6-3 dks nsf[k,A 

6-10 vU; lanHkZ iqLrdsa 

1. Bowsher, C; Steer, M. and Tobin, A, Plant Biochemistry, 1st Ed, 2008, 

Garland Science, Taylor and Francis Group, LLC. 

2. Heldt, H. Walter and Piechulla, B. Plant Biochemistry, 4rd Ed, 2011, 

Elsevier Academic Press, USA. 

3. Zancani, M.  Braidot, E. Filippi, A. and Lippe, G. Structural and functional 

properties of plant mitochondrial F- ATP synthase; Mitochondrion 53 

(2020), 178-193. 

4. Berg, J.M, Tymoczko, J.L and Stryer, L. (2002). Biochemistry, 5th Ed, 

W.H. Freeman and Co. Ltd, USA. 

 

  

 


