
Photosynthdse,J3"^all,.J$^lll

i_rrlt d['idill jk+ qS_S s c,Lir

LJL

cbld*'l : u,rjii -l .Jii : rla!*-l i t*l"tiS ,I" 4*= crtstss *E.t ill r q+* ;l r.d-rl ,,oj'*

,3..o cl.liill *El.:Il 3 - Biosphire g;rpJl tjDln $i {flJ'll r_r.o LE J\.-. *l ,,r^.1$ J$*j J -a!U.ll
: C Hr=J r i_F,lt cj,ilt d.{Lt ,ox.: Ulj Oi:"lt : $Jt d_,Glt #jlt jla; &}L

sJ)E iF,,*ri :- r tnH\ u$r #t$s} ts*l^r EFr (r*:r*4sil hl:jr e) 4sr+s {!u -r
.( ATP ) Adenosine triphosphate eti-3ill

elli-Jp '$..JSS Esl.r gE.ri # ,;*S* cjjlr.Il .F"*-;i}t ,-St-Fll s-l_ra ,f Uf;rf i-S _2

( NADPIT + H1 Nicotinamide adenine dinnucleotide phosphate

:441:.:*aJfJsIl rlcl JJ o3;'1Slr +*si ,,:ll ,$;*r Jr {;"ylr d,>rerslr orr$ otsllr c.i.:r -r
..s-,'-11 4$l+rll €l$*FIl : O:*$l _r CSs*It d*lr$ pLi :lj* cjiS,is J i*lrll ,*, {!t-Hl l_,;,. -n,J.j djl

,L+l"[ll jle r E -! .4$lJr*s*;SIl rl/l 6l$ti"rLo te I ir o.It _r ,o',-*ff ,J#ll a+Le &rsj J
Lill*ll rl]^' t ,i -*l*l - ci;4.^ll , 4g;1r g*;.rir^ crliJ., j{+^ Ja -9 (rr:*-rl *l-\$;lt+Jl} d --.hJt

l.t3J',' t$ oJt c&;^-ll {*,llrr,3J,;Jl rj$Xtt 4*1"-J ls-}-;"r i.i,.,,J -A$!"S Alll C t+l_p* J l*iJ*.blt

.:*l*ll ojA i t^e o

*j-*dl d$.5J1 qLe 
,5E ASJn^t Il *ti4.-ll

JJ qcL.ill 4!t-Lll&,rs: O:+it+rJt ksri+_$Oi OL.iyt Jr+4+Ol ,+,'.Icr"
rJ-'"-:-: qr-i a*""i -lstt ot5-r"ll -r (U-r-oS i-.ra[E .r' rl+rll JJ ) ..t,)+ ell-It cJti lil .4*rt*S a$l
-*)t-ol ^ ,i) 'tr--ai.tl 

dir$tDl+ll LIil-: .-. j ,,r.ll ol4.-ll ,nl e,t$Il .si ti,l+^rs i$] C 4$J,:lt a-{ull

.crl-*e,,Jl 3 ebjS.ll orA JD$.i g"o d3,:ll ,*lJll $.o c$rll i+ _l (Chromatophores ct[;,Jl
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{J.r':+il ) .J*:-*lsll *t;+- -i

cJ-r,Utt i-+Lc or a&,:lrll gli.ualt *i ,1. cdrl.rill # el.r.:ijl crl;-,,-ll clli cditai3J-rlsll ,,:*j
*)-.$3;rlsJl 3 ro rJ.€ ,.J.i c,\3-13ls :o--.r .t-:fur ,.sJe te-1r3ri l.* _lu$ ri'(u., .c-r:rr

c-$ 'rjll b-*-l<ftl d"L--j'J csbJ d rr#rJJsll).660 c650 f*p.-r-r;lsll d,)l*irJjs 3 cr; cl n*r*t(ltl

.(a"rUtt tcJ$*ll l+*-* or4 a*bll r*l -l Sclizomycetes

+ :u$:Jt {.:" t: cisls} er.+ d ul.r+ q* :6.$* J {^iJ*- lnJisi u. .+ .1 dss_l:ls gr" )S ;E*,_

+1"-'l.I d-"' &s q-- .+ x Y * ,J$r-,,:ls oi Jsill+ j{l * j cdrul*att ,sle {uIa-I| [prg*rr r..
- ;'^-ri :+g + dp:-,r:ls ilj Li rgJ# ;,.-ii 1 ,JS,l-lslS ,rj : c*l-p-ll 4*i+ll J {i:-*ll elJ,-:ijt

&*"uKIl l-.i . i &**r-l:K e-" q--t$i- 
cl-l5i : +LJII .,.i .tii ra rJ rE *)*-r_,rJS .r_f

.'*.1*1oi e:'.ill t"JHlS+ ,s .r & t*l#s_lslsll ,l*r-l_lsls j e9 ci r,sJgs+lf

J,i. 3_13JSII dl*$ll q$Jitl

€J-lsl j , ( (+H+ ,J,r-l*l crEL a u 4s;" e) +"-eJ$ ait' o. *iJJJsll egj+ !sJi*
'.r4j+Jl t$-Sll 3 rj3i;ill 'J-.-s al*L g+jVt r.J-1,,r$l ..tlil- cs":-J c.r. ri.o: J rJ*F t_,rl ,rJ- te \ 

"o-l d
.( )CJ.Js.ilt ,t' -1a\ 4l

rl*-p-.r-*ll iil= qFi a*'.1J1 o-*-lSll t;.J gj-.xrrJsll 4cJ,.+. 
e.o 

j-,1 il+l-x ,J *ilt 4lJ- t$j _l

.3.s.13 a*+'lj 4ht-.r J' gj=: *rJI fu_;rs iIuL {r-'L d. &*ilr ,J_.-s o:si* 3
l*-+ ,-L ' ! ,s. r- olL-r*-sJCl $lr .1. {31131 Or*_,,5I1 ;j ,l jSJq + ,i ,j*_l-,-*ls u+ .$yll _l

.+ cl4, -l-.r:lS €i HC:o "rg.rll {ejr;- _, ,i .J**, ,rls ,t' CH, iirl.o is:,"+-
' i .rl J .cJ-l-^.s.yl LiL+ti q--- cs-)=t d:y s=. $ 14*+ll 4"6U.*sJl ..js-rdl orA C {!l*bTl+

'ai$i-ll 6t+J.Il ,IJtl d gi c&si-il ir!fut gi c:sll ;rtJl 4.t ai.l 4+.,,J .rS :a L,-L^-:.yl
.Ji._Sblt+ i;ri"ll 4$J^:ll 4+J"Jl jA c.;; J O-l".Lyl CH ffl*lt .rJ" cJ+ L!.|*:.yl . ;*! J

tttL ..* 1/ 1000 =1urJi 1/1000 = ;"3:b I
jk--++ J' i l-S.;,i 114lrt trS,:,..- sgl U,-l_--j.yl ,_iL_+l ( ) f_g_.t j{,ill e+"* 3

.4$-l.:ll LiLrtJt .rt+ jle+ gi ,l.riyrSSpVf
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FQlrrc l.2-L,ilhe chlo-
rop@llaandDmole-
colc.-

porphyrin

R = CHs: chlorophyll a

R = H-C:O: chlorophyll b
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rrlq3.i$j;lSll drU+.a -z

-'--.L-11 ir bJ eJq J d:ELill J dlhl:+rJl c.f lLiuyt {*,,,1: 4*,e.r e!6-r ,re rrl-rr-:;g-u1$l

'' *}.ll srr c[3S J.t+Ji:4$lJIl rrbl+:ll 6r"+ .t'ai$i- crlj$Jfu alf r,u]t-lllsll J"l[s 5,*+1_*_fi1 Jl
dfiS-r.el-r;Lill iq*F-lt dli:.lll t"-fsjel;rsill 3cl;r^Jl ,ilJll ler,t+4i$Jl *LiitSll s+

,.,jt rJ ,5rt-+tt HS-il| \ r\ri O$-l-+ll 0.- r*-rnll 
3lL'1",1 

,n'** t1925 ft" d* cllg J*yl cjt _l

,r4 *l Lycopene ,3-r".3$lll c.S-FI crti:.i. l+++J" [.13'r..3r.ll rrlsr*F$:jSll J$ri : .{3+ *l-r*+$_l;t$l

,.),* Aa;e..^ rl-J*,:,.- O-r-st j,6-l--ill .tEtsll 6r .*.r,.ll : $l;tt Jts,,s .r;3i rl:*s A!"-
La-..-'+ 4. O$I^-r. , dt*.'Xt .!L idllt L if.r-l O. OJSfr eJ*LIl oia -l - 4*+,iJl -r*s eb-*:S:-Ir*dl

1t3*':i {3)E ba rry l - { C+or{sr) :a 31Jt db4$ll -rjl -r . 15c15 or+Jsjl ij c*+ 4*+:j il+l-l
.( ) ,.Js,i c$-r:ls l4Jl : c$-r;ls tili -: cr*-4lJl ,,$ , {*j+ll l$l*F-F 6a drlru.r'irJtslr ir* {.isi-

.p1831 aj.^ r*Yl dtSl 4j. J J-)+ll crl+ -lsr+ e,r. i.$_lllsll g 'l *l-rrgg3_js$ ael.+- -rtyi t.lri

cH:. gH, t":.. rtnt

" #&r*" : s" #*sn:R'l:R" E' 
:8" B"# :ffi # :-,lf&:"HXIio oo @o @o @cH'co.?,€I" 

.r/tVZ:"'CHz CHI 
lycopene

CHr. .cH, ct\ 
,t"ti( fn, !'' il:. iT. ^..^x..,r\' 

\cu:cHc:CHCH:GHC:CHCH:CHCH:CCH:CHCH:*ti::| ::t*-r,t.,,^1t.n3 tt,\4t"'
CHz 

'-carotene

clll ctll cHr cl'l r

\,/C-ltr Cllr .C.!r'r I I I ,/ \

tcrt:cttc-=:CltCtr-( ll('--('nCt t.-('ll('l l:cCtl:c llCtt:CCll:ctlC 5*',,

C1 r C-ll r

t{,c-I
H:C

: cf{r
ill: cH.Ct{rC H.cclll

ctl. CH:

[J -r.r rot \'t1('

I irc- ct lr
)'< I{al'' .y'\cu,

0-t()n()ilc rinS,

ll ., sirlc clrairr (sec

P-L.rr()tt'l\c l()r
r'\n nr pk')
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a::l : rrEgll {+-,Ji €i lJl,Xiil : l:_*,r k^i _l *lqsiEj;t5lt -rSi r.1. CFsltS l+lt J$,*
L+J.l , .,girj-- Lill c.r*+ c!+slt .!;dl _r %rs-o c* g_rt;E e*.,4 i.rLo iF.:;ts tilr +, Lhs, s dE*
€F:.3 bF CS,:;ts till Li O-r,-rJ b* c,LiL Lrr OgiL ,rt' +3F=s c#-rjS lqrll Oi $i L'-if'* C$. _r-rtS

.qut {fuj+Jt td!$-fi d dlli -b-y- O,r:,J W .r {its r o_t'5ir Lili ..," $L ."tc
,#ll l-...-i Carotenes crLS:_.rtS ,r.";i O*+_l_,r.*+ll _l O-r._,rSIl g* -Lii OJSS o$l cj*S:_,rlSlt -l

41-i *U1t lin & 3 .Xanthophylls d+*i*sjJl ,s.^."ii O*++-AYI -r il*+:_,r+ell _r g$JSI *J" g.f.j
'' 'l .( -in) ati^l! 1{^,.,} ,€{+ *}.i. ji:;lt 4,eJ,.+- :lJsi -, (-ene) Cl.,il! k^^,,1 ,sdjr. *l-qi3j$l {^c r.+-
j*J-fi OLi L+^lJl elJ..biJl ,-ilJJ\Jl j -l ,drl$_rjSll ,.r 4++Ltt d l._l+: J lJt i$il C*Ji ci*+ij:ljll

. 1:2 .r3.s, ,,r st+$l:lSJl C diid_ j'ijJl

crl+Jl d r:l-rr,._1.il331$l li"i.-ll JJil
3 , i 6,.1 :*i, t+-$le c!,---= *l+.ls,l-,115l ,s+:lr-j+ll JJJI .rJ'qqtJr *L*l3.rll ,l*.'",-ft:
crlls,,1i3-,11-$l e+{-Ji J.i--Jl -t.ll C r6lt$l et-LJl q+l s {31oll *tri-lt i ti 64rjtJrrll {.,jiilt

:La _l I crl. 
"l*1.Il # $ ,J*l ,r-[e ul].r tr. _H : ccrta:lt ,rs

. Photooxidation 4$J-;II r.r-SYl ,t ,J+*9lrlSIl LJiJ 11

.i dS:-,:lS J ai- J,.-bil AiU"ll cjiii J d-L-:^l l2

4$-.^:ll i"r*slt r.r. &:-r:l$t fut!:
i*ltr l*"ul 4e+Jl 6i. Rhodopseudomonas spheroides qlIJ ,l d3-l-rll elJ,^.bill t:illl -lr"*
r*r r'i I *'.J''^ JE"s J JF$ sJ$tll oiA -9 .dirg, JJJSII 'S:.' Il i.rdltt O" qcti t$!i 131 rdJ y:,*r:_;tSll 6.
*lq34gj;ul ir- {+It$ Clamydomonas ,-.1*} ir 4+rl,l,ll elJ.:il} iJiul Ul ,agt-ll$t d:Jtll
e-ilJl i .FJF.blt qri ct.l liJ ,*,-l ni -l LLg illrll ,F, J"$ 41i .-q,r* t-$Hl oJA gti i;^ ,a LS _l .Lt i
t+*i!. L++:$_r_.r15 el.'-it e-3ljl d .r' #:_,,jsll b r,* 

!J9 SrJJslt *t;iut ir r)*t$ .r.ro

.#Ell g. cl*g:-,r:lslt oii ol+:ir:.:;tsll gi ct-st ,r{ c,.J JS3ll $jlJt r;at}lr 3.*rr,.:r*i:;rsll
gi.lt <'J*i* J,.i ,g+-ill .=J' ,4$lJIl *Et4ill d t*,i grrt 453^all n*.slt ua L!,i, jJJsJl a-,J--

tl a-#lCl ' ir-,.lll JJ *t+:+g-r-jSJl cl. fultr U.t c+ ,, , 3-el,:+ill i;:Il r;it oll.:ta,.'.'1e lil
s*itll ii "J' 

r.J+ L,*$*i.1**r-lslsll gli, &L,iYl i& dil! lij irSI -r .#-r-t*9lsll dl$ lgli,er.:ll
,: *:rsll tr.-S}t\ ,J".!- ,J*-.-,r-llSIl Oi 

"J' 
cJ*l.ll : r*;*.alL 1!.q a:SI .lp_l_,1*ISIt d*li: .rJ. ;lLIt t*I

.p.Q Y r.J**r-l*lJSll rJti cu*+3-f*I .1. J+ d el;rUi iolsJ .r:o +:1
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Jui- JJJ$I C ASUJI diii J d"-L^.i*l
'i "iyl 6r"+ LC la. r+: C ,*iJ..atl iF"sjl 4*L* # L l_,13.: *l+Ji$JJlSll ,ii d lr-t .r rrr.,*
I *r'll a+-;lt 61 ,o, .- * t-*_ytl O*-q Oi r+y J_r' I l.ra gti r'JLr g;i .rJ, : A+Lrl] ""** frfr ,rjllx r"T"ll {lllJt cri :+3rrri-}^:ll cj$.':ll 1J.+r:frOi C*l-JY#-l-lslsll 6u.lJl 3rrl.,l;,+:-l;lSl!

Oi'l lll +-',.'- $l 3 ,o:3,^-all Ji$"ill 4*L' ,;,., &&d e+- i .lp:-r:ls C ,lfrl r:rt-r,-:;g3-ltsl\ {.-i..ll
,Jlil gi '; t ++** l$-r:lt A!&IJ crl+:ig-ul$l d-t^.s^l Oi l-d# rii (ClJiiyt lre '$;,f_d .J*f" *J.

,Jp:::lsll Fluorescence

Phycobilins *L!! F*ill cab;.-., -:

'.j: cll.rs 3 cphycoerytlrins crr*-li+:l35*, G4.a: ged bilipbtein ely.Jl o$JJ+*l+ll clrsJ^ \r,j
l.,*iisJl J '''lls!ll ,,f t.F$ phycocyanins il#l*.,,,-fcs .+.,': sblue biliprotein e13;_;ll C$JJ*rl+ll 416-r
Ol-.Jq, r-,1+ iS. -l-r+;l*il ol--rS1. # O3--tt &lJl -J.,ill csd. J .#r^rll Jr$;Jl 4*l"r+ rrfr ,Jl
lJ'..-i t*iill 4iJ"- i i*trAlll .rl-p r.-,1; ,$+J L. 

"f:!. 
t+ t+$l YL,*l )*4i. O:* :phycobilin

Ji ',' (-r rs-J. o-' ri *Ll-,p 1i r'rr'ii crbr,-ll oJA Oo Hr :!*,.,rbi J €IJ.,1" d. -f _l 6|ri !r.^.o

.U$-l-*ll g {ia.all rtu
ll-ij 4J d*l+Js+ill oi -,rl$'Tt # Lr3ii l5J {.^-ti a;.ai ,:fi c-sb, "Js*ill olip-l cJ-t*-:.Vl .it$i :
.ri --- (o-tz,s-tz) rJs-u ir-" cr-jr.,:ll ,Jb:-s}l i klur*y .J*r-r-l$ll C 4$r,:lt &gJt ,Jir i
Y 'sJl : *t-*.all I3L+JJI Jl'l_ti ..t* iJt-'^ ,F s"lS *,r:Jl Lr.ai.€s uUiJlJS*ill 3 6gl;.,3s5ill *l.4,-
al.-ij crt4tjr$ill 3 crl+-.l.iii:;tSll c314^a ,ii -g-: til-.'t $ill + \*U g. t"ra l$** s ,Ci$J,lsll b . n

i:cl ,'" Jl .rL:l' -ll t*Ji 
"J* 

l{+IJ J#fr J * 3 c,d-*all dg"tll ,,., cjir"r dr 4S_r:$ drLul cj-L-i.t qri

d-*-l::tsll J: ,.ti:s exl4--ll 6rA te.^a$"i e$l {ll.tll J ,t,J,il+. -xri l;3:,,jrn-all J$"rIl os ta;,.1 6}
(Jrfi!) ' i ' -l drl-li qF-!'J i.ut.-,, 11 crb..s-ll oiA : .,,.:,.:ll ,Ji$"ill i .Jri*-I ,i ltU O,g Oi ,Jp

.(crl-l$-b-risll) ,*+:-rlt J$"lll jl{+ d A{UJI dli:il dl&il ff- cjihill trA J dr,*iJt le .- .{ *. Al.:t:
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