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— [Yumsuthwavmunavunisiumsdviasiz:iucna
— Uwacdo osmolarity vovisaa

— Jaau glucose 10U sucrose IWalsanaaviu phloem
— WaauiUunUvosvsaaiSonnnavinu

— Umswaa O, iUuwawaosald (by product)

— gmswada ATP s:Ao1pMsaviAS1:KadEayn

4 nollu anabolism/ endergonic reaction (UnSengawavbviu)
chlorophyli
6CO, + 12H,0 . CH. O, + 6H,0 + 60,

accessory pigment




( WATER + LIGHT = CHEMICAL ENERGY )

2 ﬁqaﬁzﬂu‘lu

1. #adlswandesy

NATINU LA

i

Reactants: MZO\
Products: CcH,50¢ 6 H,0 60,

3. ms‘uaﬂaaan‘l«a’n’m{lu

NAUNIILND b

( CHEMICAL ENERGY + CARBON DIOXIDE = SUGAR )




prokaryote RiisvAdan

— bacteria
— purple sulfur bacteria

— green sulfur bacteria

— cyanobacteria
— Chroococcus turgidus

— Hapalosiphon hibernicus
— Spirulina
— Nostoc

— Anabaena
Oscillatoria




eukaryote RiispAIN

— unicellular protist
__ euglena

— algae nna

— Wi (iInalawnzisaadnid chloroplast IMUU = &G/ 1iovRUITED)
— mesophyll cell (palisade + spongy)

— guard cell/ stoma
— bundle sheath cell uovwi C3, C4, CAM

-~ epidermis

— sWNNLAITED 15U epiphyte, nddally

a quniiaITao 15U NS:=UOLIWLS




nalnmsdvias1::Kasanay

unnsanisnav (light dependent reaction)
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— noncyclic photophosphorylation
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— cyclic photophosphorylation
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upnsenliisuav (light independent reaction)

SSSSSS

— Calvincycle

— photorespiration

— Hatch-Slack pathway

<




upnsenisnav (light dependent reaction)

concept _
— = 1Wudnsennomsgawavmunaviwaidaauidu

wavmuiai 1Inva:aulusyaaswabviugy 2 sua
fio ATP na: NADPH uUfjnseninaduluanio:

nUnavimuu — naons:Guli chlorophyll mvu
— antenna gasuwavviunaviusulwaou

— iInamsdvdowavviuludvluianagudnawunnsen

A\

(Reaction Center = RC) -
-~ e naaeonundin RC £

— dmsdvdo e uilunoac

umsasarsiAiwavmiugos:nrwmsuvudn e

Thylakoid—f{e =i
.7.—"‘ Y, %

Photosystem STROMA
" e \

Light-harvesting Reaction
complexes center

Photon

Primary electron
acceptor

Transfer Special Pigment
of energy chlorophyll a molecules
molecules

THYLAKOID SPACE
(INTERIOR OF THYLAKOID)



— Inagun thylakoid KS® stroma lamella

- NADPH + H*

arsAavdu waantuii
— photon " ATP
— ATP + Pi
— NADP*
"~ H,0 2H"

— 2

0 -0,




s:uulav

Photosystem |l

Photosystem |




noncyclic photophosphorylation

—inaluama:=nidnavimuu

Energy of electrons

Photosystem II
(PS 1I)

Cytochrome
complex

Pc

— 1nan thylakoid 8o stroma lamella yoLWISNNNAL

P700

Photosystem I
(PS 1)

&5 Scy
08,5057
Q/'o /?t
Fd
e = .
NADP
NADP* Foome
reductase ;>{
NADPH
+ H*
Light



cyclic photophosphorylation

— 1nan thylakoid WSe stroma lamella vovLWIBNNNEW

— inaluanma:nidnavinuu

 primary
- primary Apdale

" Fd

~_acceptor

 NADP*

cytochrome

complex

|: ‘ | photosystem |

 reductase

NADP*

NADPH




noncyclic photophosphorylation cyclic photophosphorylation

1. e 9:lindudniGu nco:=ii e 9wn PSIl vinun e Tu PSI 1. e Nnaaon chlorophyll oV PSI D=nduIdhdnIcu
2. Umsdasw NADPH + H* 2. hitlmsasw NADPH + H*

3. I O, 1nadu 3. il 0, IRadu

4. T5svadan PSI na: PSII 4. TBsvadan PSI Imuu

(Msmviussunuuov PSI na: PSII)
5. Uns:uoums photolysis 5. Iuiinszuoums photolysis

6. wuluwsnnndu 6. doulnnywulu prokaryotic cell




upnsanlulsnay (light independent reaction)

— concept : Whioy ATP/ NADPH nidoin light reaction niBivaau Co, TR
iDuthenalaalhignmsiswabviunavlaaasp ndwiu 3 ns:udsumswad fio

Calvin cycle/ photorespiration/ Hatch-Slack pathway

solar

energy

stroma



arsavdu waannui
~ ATP >
- CH,,0,
— NADPH
— co, 'H,0
— 1Aan : stroma TuvouzNionao

— ATP/ NADPH D1n light reaction devnyuidaumnis

— puludeoviBnaviumsns:qumsmuoviuvovioulsii




C, pathway

— concept : IB Calvin cycle na: photorespiration
— waanmun : [awaanmurdansniduans C 3 9:=a0u = 3-PGA 9n Calvin cycle

— Uszansmwniswaca
— Usmansmwmswada glucose iunaiv — InADINMSNILAaANUS:HNL

Calvin cycle NnU photorespiration
— dasymsIBuhlumsinia photolysis goga (400-500 g/CO, 1g)

— 1INadIN photorespiration
— wulu = Wisnaly

— wislulaavgdoulnny

wisTuidavidaouvvstia — doaa/ g9/ dhouvsiad




Calvin cycle (inan stroma Tunaolswaracivovwis C, uruzNiinao — mesophyll/

guard cell/ bundle sheath) 300,

3 RuBP co

C fixation

S V\{*\g\
_ coO these ATP and
C(Ivm cycle) 2 NADPH molecules

reduction were produce by
the light reaction.

regeneration

‘these ATP ;g\ _ of RuBP
molecules were
produce by the 2 G3P

5 6 NADPH
light reaction. } \[N <
\& 6 NADP

net gain of one G3P

6 BPG

other organic molecules glucose




Photorespiration

Ribulose-5-
phosphate

@ Ribulose-1.s- Calvin
busphosphatc Cycle

3
Glycolate Q.LL 2" Phospho

glycolate 3.Ph > .
ospho- Glycraldehyde Dihydroxy Dihvdro
o glycerate 3-phosphate — acetone _’ ac):t’on?
T A ATP . l
2-0Ox0- P+ ,
Glutamate o) glutarate (8] ADP + P,
1 ATP | Fructose-1,6-
{A) { '.] | ‘,?.‘ G'Y;eme Chiloroplast - bisphosphate
s e{a) -
_ | | I-;
: Sucrose <€ UDP-Glucose
|

r & - -
LVIOSO!

Glycolate 9'2‘;3’::; 3 Glycerate
NAD"
Pyruvate d=——— Serine
0, @
©
H,0,

9 Glyoxylate

1
(3]

HO+%0, Peroxisome \ o . ,'.'hr{:-r_,hom irion



C, pathway

—— concept : T5Msasv 2 ASbwiu Kranz anatomy
— ASLA 1 : Hatch-Slack pathway (inan palisade mesophyll

hdaovsou bundle sheath cell)
— ASLA 2 : Calvin cycle (Iﬁcu"l= bundle sheath cell)
— waanmuni : lawaantuidansniluans C 4 a:=aou OAA DIn Hatch-Slack pathwa

— Us=dansmwniswada

— Us:danSmwmswaa glucose goda — lugnoinadoda photorespiration

— poasymsisunlumsina photolysis Uwunaw (250-300 g/CO, 19)
— wulu = Wluaseu

— wisfuidavg — uvwliglsa/ roouln

— wislui@aviaas — tholwa/ hoawhn/ deoa/ Ko/ Kodhuu
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Hatch-Slack pathway

(Iﬁaﬁ= mesophyll cell naz:

cell du< A chloroplast)  oxaloacetate (4 C) PEP 3% f;
\&. o |

_malate (4 C)

Calvin cycle \

(inan bundle sheath cell)




CAM pathway

— concept : DmsuUadniululdanawuvoaanismeun

nadandu (COo,) Tumsasiohma
InamsasvAsvin 1 : Hatch-Slack pathway Tuaounavfu
nasnoeina light dependent reaction + Calvin cycle caounaivau

— WAaNuA : o=Umsazaunsani co, IUuovfUs:nou (malic acid) wulu sap vacuole
— Uszansmwnmswacd

— Us:@NSMWMSWaa glucose ¢haa — IWs):: CO, il

— ndasymsisuhlumsina photolysis Uaaun (50-100 g/CoO, 1g)
wylu Crassulaceae — nnawuhu/ AChanMaitu

_ WB92UULN — NS:=UDDIWIBS/ JUumbos:1d/ duu:=sa/
nasell/ a9:ni12/ UhurAsusieind




Hatch-Slack pathway
(1I9anaAu)

Calvin cycle

(1I2a1navou)




CO, CO,

mesophyll 3

cell C,

v

RuBP
i} bundle CO
Calvin sheath
cycle cell f
3PG Calvin

cycle

G3P

mesophyll cell G3p
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1. volaliwuluduaouufnsennav (light reaction) (PAT2 w.d. 58)

msdviaszi ATP Tuaiuu
adavlusaouminaivuludvalasun

MSENoadIanisoaudINS:UUNaDdoLIUEDS:UUNEADALD

1
2
3. s:uUNELEOLGLIANCSOUDINLN
a
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2. mnludmsmeanaadianasaulus:zuunavo:zinawadavdalia
(PAT2 1.A. 58)

1. Tugdi1anasoudvlid NADP?*
2. luinanowcvdAnglu stroma

3. lubdi1anasoudvii ATP
4. gnNNLdo 1 na: 2




3. nalnmsiwuauIduduyavmsuaulaoonisdiuwis CAM iJdod
othuls (IUsddodou PAT2 1U.8l. 57)

sasisuniudaludainaivsu
mindasiiwlaisalwissuaaav

1

2

3. milAinaugnsanmsasvoonBioulaa RUBP uandu
mikmsuaulaeonisdansniwsoonuoansuniuldundu
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4. msfinulasvashvmeaiuvoviuwssiantvndacuyILAIEN&oL
panssrulsnavmavuenagy wunaolswardadiui@ioRurioanaan

(bundle sheath) @ausounoaldaay anunu:avnardasvnuwisiu
golannda (nuddodou PAT2 1u.8. 57)

1. U019 2. o1lwa
3. u:=1UoINA 4. NOINAOD
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