2

anuinlalumsayingniwenys s luaeedua i iug

M Inen lagawizuantinaiangn ﬁnﬂs:i‘@‘mamﬂm:ﬁfngﬁmam‘aulm’%awae
smwnesautDur s wkusy wailanmsiuwlylénauasuazarsasleoadn
1 =~ = i 2: L = Qe 1 =1 =1
WL IN S B BT lummﬂwmami‘ua:ﬂﬁ:ammﬁm’mumnmmmnm
Qo W ] 1 d‘ ::' G Qs =1 W 4 G [ g; A - ]
ﬁwmamwn,nmaaw‘[mugolummnmn‘uaoﬂu Wuduindsansuuiunanwnialy
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. =1 1 = v ] F=Y € ar &) d’ % Qe & aw % &
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¥ a dda & el da | % .
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tagaseniny sz i@enan fniodnglaan Sasyeliwavosdsnuunnifiden  nawral
. A ey w @ o A o e @ v v =
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mmm"l,é?wmmmammsﬂmmﬁmmuﬁn%mmamifﬂﬁlwﬁﬂgmﬂ%r,yty'm%'
Qs @ = Z - - e 3 F=9 € Aas e v W ]
laptisruldSedoaugwall Tangn WRes edieraad 0a weesatianonliaehe
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VAN

C—CH,
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x
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C—CHy
HC
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(c)

H

C H

CH,C He=

CH,—
HOOCCH,CH,—
HOOCCH.C Hy—
CH,—]

CH,—
CH,=CH-

3 21 @ gorlavawivammselsias

i@ (b gm‘[mamﬁ”ﬁwao B-carotene
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(Avers, 1976).
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QOuter membrane

Inner membrane
Stroma thvlakoid

Granum thylakoeid \/ Tt

Granum thylakoid space

Granum

Stroma

1l 2.2 aaalanataruaansgwyiznaunisle (Avers, 1976).

Fouruiliitesinsswieduitauiuiiogs unihdaasiuasiug sy o tayid

SN thylakoid space thylakoid ATaNGDNHIEHING grana L38N77 stroma thylakoid
1 oo . & A W & | 'l -

(3U 2.2) ugiaz granum @MU thylakoid NINDIRHSIDERIDUINN UWANKLTABN

WRLTHANTIUWIN thylakoid siae

rﬂaa‘[ﬁwmaﬁﬁgmﬁaé’ﬂwm:ﬂﬁﬁﬂwimﬂaum%fu (mitochondria) &Y
Ysrms
(1) ﬁwﬁaﬁﬁqmamﬁuawlﬁmm'maamahuvlé’ (sclective permeability)
P
wgmwmﬂumnrm RN
(2) I DNA uaz ribosome {HUdIUE RN IINUTAIEAS

(3) gy sann Lipoprotein membrane a%imﬂw%aﬁmmumﬁ&'a&ﬁﬂmau
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{electron transport) LRz IUIUNNSIADY ADP Ty ATP (ADP Phosphorylation) VUNTEY
% agalaffgmyszneutassarmasilo U et arauanasR R RoLe
Tulaeamadsreanmuduviow 9 (fragmen) zFvL1un 3w ela (acrobic respiration)-
Ve dli Il a -;‘: . | d' = + 13 € = 1 =)

VL@mﬂamawwuwuluaglumumwmumu wAENaRa LTWAENT I uauIEiaUIn

o € VLW;::’[ 4 o L o o ﬁ[l = = v o
MIRBATIZHME O NeaEa thylakoid HTITWUUBIRRD L TWANET W F M A TB T

2 P
MIFRATIZALES UONINHNTIVDY thylakoid WUNIINHITITUIHUEIARALTWATRT
' ' o A e . ¥

#94 christae Fadusruvumwmas 9 lulularowaSudetmTuauasmrraruluy

A o v o v oo & ok A ¥
AR AR T U LU WUANI DU

Laﬁdﬂmﬁm‘%mnmsmg%“ﬂéﬁmt,@iﬁmﬁahﬂuﬁﬁaamwmmumaé’amrﬁﬁ
1 - ") € Qr " 3 &)
URIBENIRES IHULIUM TR TIZALES Lmam@gng}@miﬂ@maa‘[wlaa LEIAALTI

o

o« da & € - ¥ = e = Ha o A
fSamFasvaulesanlasussindudilvaidae somuas lalasaulusumwmsidatul

nHZO + nCOz—-———b(CHzo)" + nO2

o @ W | o= d' W s € I8 I3
a1 eI 00 NBLARA LE AN NN T FAA TIZRLR 9NN n‘[maqaawuau%aan"tm

. Y ' -
aouiimsliuiileloIndveseandiaude 18,
nH,!%0 + nc!®G— (cH,0), + nld0,

A oe . y ¥ 9 y

Wwatumstaaalviuneudsldimsnesasanaselasloasveulesanlaend 8o
vs & o P @ o = Ty a I

uszlinfdeandiaudnd (160) the wafilafoeandiauilennmifaenrsiusaiiu

16 i [ A Ger | o a a ll é‘ ¥
O TIUUMITUTWINDANBLIUNLNA LUV UIUNTITUNIZINUN

asuanleoanloaidudasudidnasonuazlalasau waRos 1w NI
T lwasrmSooraldlalasanlosau HY) dudrTudidansonle WenawInAng

Tulasian (itrogen fixing plany #WNT0LE lasauluansiduda fudidaaTeuluuums
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FAAT AU HasndrsubidaasauamenuluauriiouosNet aumsdaasic

ax9in Ui adlu

HD + A ——— 4, H,D 4+ D

navRI I wazEbafi v fuus e fugreifguddgylums
A [ | a ra'l Q g: = ' L. ) | d’
FAATISAURIDENI LT ugIeNednaa s laniauatSenTy solar radiation RENEIUATE
. , .
uassIhadneglugaaniu 400-700 nm Wil woadu ursInadsafininia
1nmaaa IWnElaslugztunalwaen photon) wiaMvasIWaEWSENT quantum
Q- d’v g e ;d . & @ :l’
WRINHEE N TaUReATURUM T Lee9HRa E = he/ N Max Planck Lﬂu;dmuaaummlu
F-t O A 1 | Qe
1 1900 E = WA, h = Planck’s constant TIAWYNTL 1.585 x 107 ¢ = AL 5109
MRS (3 x 100 em/sec) UAZ N = ATWENIVOIRRULES NNFUMIRAUTIWEINWINAaY
WUFARIUNAUNUATNUINAULES  9INFUNN TSI WAL I Waawdudar TwNaY
P . ¥ . . : ' - .
ALAINETIARHLES SIHULR INAUR U IINAIT TN NNT MR IARUWEINT UNGUSIWEIIII
IW@auﬁmsaglugﬂﬁmmmuﬁmm’mé’uﬁufﬁmﬂ?ﬂmﬁuuﬁ'm‘iwmu‘[maqa"lé'
A alo W s d a a o LR , &
mmmwm"l,@ﬂamm’lugﬂmammammaﬂIaLLﬂamvaaa"L@u (einstein) DO MOTIANES
719 1 mole of light FAVNAY 6.023 x 10 quanta ARV 6.023 x 1023 Agdwanluiang
d QIJ g g L]
14 1 mole Tuilu Avogadro’s number g3 6194 1 mole V89 pigment =TI anluiana
A Qu c‘nii d‘l i‘: £ d'l 1 [
6.023 x 102 Imaqa TIN WS NGATUES 1 Tor'latifivsnfuuaativ fadunaayni
5 ol av 1 [ - A
600 nm 1 lag lativas INaaUIWaISIWYINAY 47.67 DlaLAAES RUN1TVAY Planck
=2 r-3 I 2 Qr A: . . A
Bomwrsaloulnaladai Ny E = N, he/ N (k cal/einstein) N, fig Avogadro’s

number (4 energy equivalent YasurauaazrInanlua1519f 2.1)

) | a P 4 - 1 o =l
sursse s Iznulildaasoudiafoufiagiavianduavasezaon
ELﬁﬂmsam:gnzm'izﬁummﬁamammagﬂma‘sau (orbin) TwaNdndsaugsny

3 [ [ ' ) I a & d'
iasanazeouge Suniss a1 naldinalanseug nifouann ground state

WU excited state PARITW excited state amaummﬁmda‘&ﬁamaﬂﬁﬁaamauﬁuﬁag
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Y d .
MIAUAIIZHUTI (Photosynthesis)

. % ¥ . o

mauuuammnﬂuﬁﬁnmmumﬁmmﬁ:ﬁgmmmg%‘uﬂmum:mju,as:g
v =l ¥ d‘ = ¥ 1 & d‘ =t Qo
mumauauammnvj”mmmwgﬁu nnaununuooun i ludodansd

[V € ¢ o Ay v ¥ E [
a3 lonltuRaansuanlasanlod v uasuraung Naf lenetina s 99 320wy

€

wils mIFaaIziuasdanolsias chlorophyll Failu pigment M unaaliwa s
(chloroplast) s AT IUAIUF I YABIVLIUMT HTT pigment LT IWMITTIATIZN
Wi 3 THAAB chlorophylls, carotenoids, W& phycobilins I@uﬁﬂﬂﬁ’nﬁﬁ’omm:ﬁuaaﬁ
analsWasuazanlsvivaeannni 1 o8 fulwladfuinmuluawsefiues (red aleae)

WRSETHIIWFUUIBUNUTLT (blue green algae)

R P A A d L a & - ar

pigment AWLINNLWATREDNAE ﬂaabmafmmmsn@aﬁuwaoaﬁuLLm’lu
| A a a ¥t P ~ o W @
TRARURLAMAZRU TN asalsWasiiuarinane ladewstzazaeluludu
(ipid soluble) Tasea$19t)sznaudiumaFIWTu porphyriny Hlulasiouiluazaandane
- a P P & e Y @ . R
dounzivuuniidonlsoauuazilwnau (phyion) 1udNIze U9 (side chain)
S a & A o P o € A A A .
noweauars (3U 2.1) asalsWadvasinil 4 oliade asalsiad 1o § 4 usz &

& = =y ~ & [ =1 l;‘: ] 2: a o = n:l
wrddsmnoieiianalsdas 1o (WOTUFY §IWIILTINTIWINTUUIHLNULTLT)

Ao o v - e L, aa A Ad e W
WTY\@JIQ?\‘lﬁi’ldL‘HmLaZﬁ’mﬂS:ﬂ@unﬁﬂluL%ﬂWﬁmyﬁm (Nu?LﬂaUaﬂNNuﬂ%aﬁwuaz

i
~

o d' = | ;’;’ = Py & o d' = r=Y €
4 cell organclles) TSN cukaryote Wl AzinaalTWaarianaasdaondu axolsiad
e =

o o ¥ N a P & o i a ¥ .
U (wmugaua:mmwmmmtnaunnm@) wionaa l3WsR T (8 MI0FUAS, dia-

toms, dinoflagellates) #IaARalTWAS @ (F1MIEUAY)

Y 8 Il U d’ =t 1 _ r.i = 1
ﬂaa‘['sw;ma%flumuﬂ's:naumaamammmmaa'[*swa uawmmgﬁﬂatmn
aani llaaiiava sy oy duguieruly Chlamydomonas w3aiihusunauguli
R r=} & =t 1 . = = 1 B
Ulotrix w3atiundenaulu Spirogyra wioduzuanaguli Zygnema lnssaironse
3 W L 3 ;‘: = a tdl (9 [
Tawanariusznaudmeadoruuan 2 54 moludssuumisfivudouiu (olded men-
branes system) E]%J‘LWUE’NLHG’JWSUH’J") stroma ﬂéNNiGﬁWU%GHﬁML§UH§W grana (LElﬂWﬁ]ﬁ

granum) 1T 1962 W. Menke o156l thylakoid (S0NRITILN dg 01 Ta3 ansTas e
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M1319 2.1 Fnergy equivalent UOILFIUARSTIINNU (Avers, 1976).

WAVELENGTH SPECTRUM keal
(nm) COLOR per einstein
400 Violet 715
500 Blue 57.2
630 Yelow 41.7
675 Red 42.3
700 Near-red 40.9

W = 1 = 3 B = l:
TU&M W ground state |9 Biion iauﬂgnmaan“l'1JmaLﬂmuvlm'lag’luamwnawuﬂmm

W TEHSIATLAG excitation U905a0N I HIS WAL 10715 AunA amam:ag’luamw

[

= =3 =l > i % g: ¥ 1 %)
excited state WWLY 107° - 107° JuN waamuﬁgnaan"hﬂm:ummauauﬁmmuwm
muumﬁamaw@@{mmvﬁ wa“’aamﬁlldau"lﬂﬁmavlﬂ'lugﬁwaamm%*auv\?aﬁ'aﬁ
~ A €A ) A = & ™ e a a
(lunsdivesmaal sWaAL38NI7 fluorescence) wIspgnURBMTUnII AL Uszang-

mMwlumIgaSundianulwaousamsItronduds 9 Buaytivofinues piemen
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aae A w . .
Un3eNAeINIsHa (Light Reaction)

yurwnIRaa sk laiuszoslng 9 2 s70@a tigh reaction
& . i =
WA dark reaction INURLBHAVEINIREITILSRINTILTUlUAEITIRT 20 Tud
1937 Robert Hill \{uauusniinasoafgatdn light reaction 1Reduiinnaliwanariuaziiu
Ufifisinfdesnisuas luljisotiviniudildlalosiausiuerivanlasantonlale
dl & ar Y- .c; Sac dl.g} ‘ =1 ~ s.'i g’ a é’ gi'
Wendasnulfisoluszuell UjnsemminlileslesswazSoanGuauinannufeduil
13Un797 Hill reaction 14T 1950 S. Ochoa UAT R. Vishniac lananasfgatin NADP *
. . - . . [ Qe . . =t
(nicotine amide dinucleotide phosphate) Dudrsulalasianlu Hill reaction Tudl 1954
Daniel Armon bAITULATRANTUNLITLINNT photophosphorylation LU LeNAREINLTIARE
. IiWR’WﬁﬁﬁJﬂdﬁfﬂLm'ﬁ (spinach) FWNINFIT ATP (Adenosine triphosphate) 370
ADP (Adenosine diphosphate) 1fjfi3eniifialalafiugs lunsnesasfndsdududnin
aniuanleeanladluldgnldwiedaiuinidosiudffifolurzosiiay reull 1050
L’Eaﬁ‘wi’mﬁﬂﬂ%'uum MTAiaaanFiau YLIUMITAATHYOI NADPH uazmsina
s G 1 - € s [
ATP 91N ADP A9 144 pathway @enrH mamﬁoﬁ;&'ﬂﬂamwgqumnmqa’ﬁaﬁu Tuwavas
7 ' ¥ ¥ o
light reaction UT3NAVGE photosystem | U&% photosystemn II (33J 2.3) TIRBITEUUH U
) = L3 dl = : a Aﬂl - =3 -y € d‘ r
i mgmydinnfufinduluszuufinilanTa photosystem 1 Aonnalsias 1a Tagaiu
W A b d.l A ko4 ia & a € [}
usvlagaganzI9ntu 683 nm wgaiuussliinliBidanseuvasasalfad 1o aglu
n Y
8N excitation BLAAATOUITNRAIINBZABNUAZONEIIUT ferredoxin reducing substance
U 1 J -3 | 1 A
uazeAe 1N ferredoxin 97N ferredoxin BifinATaUgNFalLN ferredoxin NADP reductase
"1 | vL o + + e A € & rL g o a
uazlufigaluf NADP* NADP* azgnifidmidu NADPH lumsiindsoadin

& W A o ¢ .
mu"hmamsmmmﬂm (biosyntheses) ’UENL‘E&I‘H, dark reaction

a s & 1 P N . d' d’ = o a a |3

BIAAATBUNONAI LT ferredoxin TuazuvfindieiilornanduaninaalsAas

10 TaeuuIwm T cyclic photophosphorylation @aIWULIUM TLBLBOITUURAWTNFURUT

AuTzUUEas Iwnmumm'auﬁELé’ﬂmauQnﬁwm ferredoxin b7 plastoquinone
A 3 de 1 & dl 1 Qe Q& S .

uaz' il cytochrome-559 Tumeudidslaiufnige sz maneaadlussacndaliningu

d . L) i 1 A 1 ~
woazide lennBinanIanluf cytochrome-559 nawd391UR plastoquinone atha 3 fisnu



Vlzjfjw::ﬂuniﬁl@&ﬁﬂmam:Qﬂﬁ'a@iavmﬁ eyviochrome-353 W3 afns uiudnraniiein
eytochrome 1 48z 1T plasiocyanin neundulufinsalswad 18 msssdidaasanlu
¢yclic photophosphorylation § ATP iadulaoiURouain ADP

&

luszuufiraswio photosysem 11 Bidaaiauazvgaainann lsWad 1 Tagasy

1

) £ =

URITIINAU 672 nm VL@Tmﬂﬁq@ Yol udLanaTaunNIIINeas LsWaa 1 uas
. di i An 14 ' . d e £ = & €
pigment 824 L’HuVLWIﬂUﬂuvL@ W§ pigment ﬂmmylm:uuaaaﬂaﬂaabma LE) LWINZ
wiss s snipneasulilen pigment Buazgnasrhuasaliied o Bidanseutiazgnds
T plastoguinone Fallu carbon-ring compound LLglaLgﬂGliau%;QﬂNﬁu‘lﬂﬁ cyvtochrome-
. - ni r3 & A:ll -ﬁl |
559 cviochrome-553 plastocvanin LLﬁZﬂﬂU‘lﬂﬂﬂ@aIEWﬂﬂ L&) ‘Lm:uu"nv\m HEREE]
BEANTONTRITELURDIRI LN nonevdlic photophosphorylation WSz Nadaasaulale
wumaduwisesnaulufeaslsWas 1o vasszuunaas § ATP 1iaan ADP luriams
RIDLAAATOUIN cytochrome-559 VL'LIETJ cytochrome-553 WREIA cylochrome-553 VL‘IJKTG
| | a a8 . 2 P M ve a
plastocyanin DMLTWALRTU ARalIWAS 18 WAz pigment DuluszuuAzDd eI UBRANTOW

ANTALTHIINNTELE ﬂ(;}"J’IJE’NlI’] E}Bﬂ%L‘ﬂMLﬁ@]‘?‘juﬁﬁﬂﬂﬂiLLU ﬂ@.hﬁ



A Ferredoxin
. / -
oa b Cyclic Ve e
. photophesphorylation ,// Ferredoxin
4
e NADP- Ze”
. reductase \ Carerag
s b | cytochrome NADP 3'NADFH i+ HY
X t“ + 2H vavviad

/ADF‘

2e-
+P
oL & S
plastoquinone / ATP
N 2e” /
cytochrome-559 s

+02 ADP e
cytochromc 553 ’
2e- ATP ADP + P, Light
p!aslocy anin o~ £
+0.4 ) ATP Photasystem 2hy

Noncyclic
photophosphorylation

+0.6 Light
2hv ‘,}\ H,O
+0.8 Photosystem | _2¢~
It
2ZH* + 1,0,
+1.0L

‘31} 2.3 YLIUMTAANIICHAUNILTA photosystem 1 Wiz photosystem 11 14 light reactions

(Avers, 1976).
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aan Ay 1y .
Ugnsmnlineanisuas (Dark Reaction)

unasrasmvauluruiumssanTsiusinatsvaulasanlae
. - E oo
mafouaivantesenlodluidiua s Tula@Imuniasasunia carbon fixation
& a ‘;‘ IR d . = =l [ ) . . .
’D‘U‘J'Hﬂ']iuLﬂﬂﬂquﬂUvL&lﬂﬂdﬂﬁﬂULLﬁd'ﬂOLTUﬂﬂu’J"I dark reaction Dr. Melvin Calvin
lesuasdnlumasuwutinausne 9 sosmiuaulurtiunsdanssiugs Mg
g Ll 9 Qe [ ¥ =l - A
wulm e e suseislwualudl 1961 madiefinltanwrdelslale Induasens

veu "c (M4co,)

lummumiﬂnﬁﬂﬁnauﬁﬁmotawaqm{uauagj 2 n9lngy (two path-

ways) a3 Iniulusatas C, uss C, cycle nduesn Tuauiliiue furliave sy

A 1 = | @ o a W o | &
WU')’]W’H‘LULNUGL@]UQLﬁH YT VIR ’IJ'T)IW@ aeay VLN LLﬂ:W'ﬁﬂs:LﬂYI summer annuals

lunzianTenareaiadunrdszam c, saunsloom liiiluigysonn C,

- K . AI A
Tumaduvioansuas ¢, T dark reaction Lmﬁumnﬂﬁuau'l@aan”fméwgn
o A a . . " e da &
aatuN IwluNss 39 ribulose 1, S-diphosphate (RuDP) Gailua sisionfuau
5 pragy ﬂﬁﬁ?mﬁmﬁmau“lsﬁﬁﬁﬁﬁﬁzyﬁa ribulose , 5-diphosphate carboxylase
o 2 -:Lr ) Qe = 8 (:A [ €
(RuDP carboxvlase) AHIDLIUGINTREN Lauvlsﬁwuuaglu stroma UaINNE L TWRIFA
Haf teneaTU s neundiniuan 6 pzaanFaazuandundus o fuou 3 azpoud
= ' e & g [
L3813 3 phosphoglycerate 2 Imaqa FITINUAIVOU 3 axaouUIZTUWARIANIIN ATP
o W “ o= 2 AV ey
mlwaansnsuiidaasewiaslalaniauen NADPH ¢ wafildae 3 phosphoglyceral-
=2 a & s oa s An € o 8 =P I3
dehyde Tsienivan 3 azaamriudy a1vUsznevlmitazgnitmwihesfifons
Ha 6 pasdl (thexose sugar) Dr. Calvin WU C3 cycle mnmsvmaan:wj’mﬂ 1940-1950
wan lodiinITesluisasih E. Racker a2 B. Horecker dudwo lwasas ¢, e
- a & & ed o € a 1
ii RuDP (Aadwnn 9 1 lwanavasensuaulasanledngniing maiia Rupp Twif
LF0NI7 RuDP regeneration Weadadulou Lo iinenndl 12 1he Waf enmIasne
i e & P oo « ' %
lagussenloduassriaiianTUsz neuiRauue I Uan 3, 4, 5, 6 URS 7 BEABNLED

udszpzyasnsanzlan lufigaasld RubP sonuudnies o, lddely (31 2.4)



H,C—0—P)

HO—}H

t
CO()H Thnose phosphate

Coz EOOH dehydrogenase
Hé—~OH
l NADPH

3<phosphoglycérale .

ch—~'0
RuDP »
carboxylase
H.0 NADP H C-—O—@
: - 3 Idehyde
H. C—-*O—-{ :} HO— CH phosphoglycera
- é (|:
._._O .
Ribulose : . / \
.3 Hé—OH H o
diphosphate l , ’
HC—OH

Hgtl:—-0~® | /

Cycle involving
C_'q. Cq. C_\. Cﬁ. C7

compounds

ATP

Phosphopento-
kinase

H,C--OH

\ Hexoses and other

==(} carbohydrates

|
Ributose ~ HC —OH

$-phasphate
H Ci —QOH
H.C —0—1)

pr} <, o
7 24 mﬁ’uau"l,ﬂaan'lsnﬁgmﬂavmﬁumﬂu‘lamnlu dark reaction TBIMITAATIZR

e Ay v o A Y]
wire JuUBusans? leuaziowlodiiifnadaslu C; cycle (Avers, 1976).
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4 ¥ o v o 8 da & .

dasnninmaflaluing ¢, lueaumwduwinenafiioniveu 3 ezaew (riose sugar)-
| o o 1 da & -

reufez pruaswiuineafidianiueu 6 asaay (hexose sugar) wasiasannlurgaes
& v & o & v A W v €

wistauldmiuanleaanlsd 1 Iumqa Faisaaafarsanruiiansay eaglaas

veulesanled 6 luanaiazléeanglas 1 luanaussdaaldiinna 12 Tuans
W&
6CO, + 12H,0 — U8, ¢ 14 .0, + 6H,0

=4 @ ¢§ & &
141l 1966 M. D. Hatch Waz C. R. Slack - 16iaua3993 ¢, Fadunaanmsisy
o & o a « o a « '3
msganinevnasludos madusssmuauluisastiuSuanmsvenleeanlodsy
Qr A A 4 1 L=
fMfurTUIsnauASuauRNaceaundBodn phosphoenolpyruvate lauaFLLAY
& a2 aa & o
‘1,‘1I3J phosphoenolpyruvate carboxylase Han Leaas1TUTsnaLNIASUaY 4 azaau
[ 9 ;‘z
58197 oxaloacetate 715U 3z NaUHIZUANAUTW malate WAZ aspartate NINAIALH
L ¢ 1 " 8 Qur g ¥ w
Wl dicarboxylic acids TIIANS LA 4 DENANYINAN NTANIRAIFIRFADEINA pyruvate
wazaiuanlesanlad pyruvate 2z lewasiinain ATP uasit@uulihn phosphoenol-
AI [ [ & | = | [
pyrwvate i TwiumMSvaulesanleadinemeaaaludn (71 2.5) #manfueulasan
la@dleanmIssudinasnIadind11azidig Calvin C, cycle i ldhananglaslu

o
‘V}'sg@

a_a P & 1« a € & A X a
WA IMINY C, v ndruiwmIdngasuanlesanlodiuaudn
P A o el “ Ao € & € 0 e 4
wisruiums 2asbenufiies ¢ sastusNaRnga s uak laoan loaluaeude
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