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Elso foldi ¢lolények: heterotof - organotrof

Abiotikus szerves anyag elfogyott

Autotrof: szerves vegyileteket CO,-bol
eloallitani képes szervezet

CO, redukciojahoz energia sziikséges

A felhasznalt energia:
- kémiai (kemoautotrof) - csak prokariotak kozott
- fényenergia (fototautotrof) - zold novények
- prok.: cianobaktérium



vacuole

chloroplast
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Kloroplaszt — zold szintest

chloroplast envelope vacuole

thylakoid
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A Kloroplaszt ultrastrukturaja

LEAF

upper epidermis

thylakoid

lowear epidermis membrane

thylakoid
inner tilakoid ™

membrang

outer
mambrang

intermembrane space

2 membran veszi koriil
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Hasonlosagok és kiillonbségek a mitokondrium és a kloroplaszt kozott

| 2 LM ——]

inner membrane

cristae
outer membrane

intermembrane space

matrix

thylakoid space

DNA

ribosomes

thylakoid membrane

'MITOCHONDRION

CHLOROPLAST
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A plasztidok tipusai

Etioplast \ Chloroplast
D

./ i

Amyloplast

keményit6 O Chromoplast
O O karotenoid

Elaioplast Olaj ¢s zsir




(a) Proplastid ./ ° -—Gutar membrane
(2-4 um} H‘u /ﬂ‘"“"fnner membrane

S

 Vesicles budding
from inner
membrane
{b)

Thykaloid
vesicles

(e) Mature chloronlast



Fény- és sotet-reakciok a kloroplasztban

“fény-reakciok”

“sotét-reakciok”

CYTOSOL
CHLOROPLAST

photosynthatic Fotoszintetikus

QnglE'n —— electron-transfer ——— | : ﬁié elektron transzfer

reactions reakcidk

energia # # redukaloszer

G‘: —__, carbon-fixation

i I"Eﬂ'l_ﬂ._lﬂ'ﬁﬂ Y CO ﬁXéléS
l fényt nem 1gényel

alyceraldehyde
J-phosphate
{precursor to
sugars, amino
acids, and
fatty acids
for the
cell)
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The Nobel Prize in Chemistry 1961

“for his rezearch onthe carbon dioxide azsimilation in plants"

Level szovet sejt szuszpenziod
+ jelolt CO, sotétben

Rovid fény impulzus.

Hol mutathat6 el6szor ki a C'4?
—> glicerinsav-3-foszfat

Melvin Calvin

O

=A

University of California
Berkeley, CA, LUSA

1911 - 1997



A CO,-t a ribuloz-1,5-difoszfat koti meg

tl: H,0(P)

_ -~ H=—C—0H
61,0 G oo-
o=f=0 + =0 — j\:‘@v{l: —OH +
H --? —OH 0 C as() + Hy0 cI:{:n::r
H—C—OH H—C—OH H—C—OH
| | iIZH o(p)
CH,0(P) CH,0(P) 2
carbon ribulose 1,5-bisphosphate intermediate two molecules of
dioxide 3-phosphoglycerate

ribuloz-1,5-difoszfat karboxilaz
500.000 Da, leglassabb enzim, de a vilag leggyakoribb enzime
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A Calvin-ciklus

three molecules

o

three molecules ‘,—-——‘L--‘ zix molaculas

ribulose 1,
&-bisphosphats | 5C 3-phosphoglycerate | 3C
i ATF
? bl threa molecules 6
ribiuose .
&-phosphata | 2 six molecules
l 1,3-diphosphoglycerate | 3C

m.n.opH
®— s [ADP
\ five molecules six moleculas 6 (P)

o] [
| threa molechles l_:rf. \\—f‘/
; G0 fixedgive o net _
i %ﬁ%ﬁ%ﬂ“ | one molecule : :ET{SH
| cost of nine malecules | | i
AT Ho@®

SUGARS, FATTY ACIDS, AMING ACIDS
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3 Ru-1,5-P, +3 CO, + 6 ATP + 6 NADPH — 6 GIcA-3-P
5 GIcA-3-P + 3 ATP — 3 Ru-1,5-P,

3CO,+9 ATP +6 NADPH —> GlcA-3-P




A Kklorofill

fényabszorpcio Porfirin gylrQ

Tilakoid-membranba
agyazodik n,

CH; hydraphabiz

tnil rgicn
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A Klorofill molekula fotokémiaja

excited
chlorophyll
malecule

alactron
EXCITATION

axcited axcited neighboring

chlarophyll | chlorophyll chlorophyll

molacula m malacule molecule
heat

fluoreszcencia rezonancia energia transzfer

donor
axtited oxidized
chlorophyll chlorophyll acceptor
molacula oxidized acceplor reduced

aleciron alactron
dnnvl‘:;r accaptor

Elektrontranszfer
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A fotoszisztéma reakciocentrumbol és antenna-komplexbaol all

LIGHT chlnrnphgl.l
molecules in
a antenna
antenna EOmAles
comples
< }:.;:}'E_‘_‘. L
THYLAKOID DN &0
SPACE 43’,_{_’;-' > L2 «-Q_-S}
LE5% Saon
rezonancia
: energia high-energy
th!:I]EkD'llj tranSZfer glectron
trembrane /
: ; *
cTROMa — SPpecial pair of chliorophyll Ry .
molecules in reaction center
elektrontranszfer
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low-energy /.

electron in
chlorophyll

ey,

Az elektrontranszfer a reakciocentrumban

light
Energy

excited chlorophyn

rﬂD]EEU]ﬁ Wlth = chlorophytl electron donor
o E? ron oxidized acceptor owidized acceptor
| electron \ reduced \ reduced

/

ELECTRONM 1M
REACTION CENT
CHLOROFHYLL
reaction center
chlorophyll molecule
inits resting state

ﬂ acceptur [+) 2
by, high-
__ energy
~ electron
EXCITATION OF ELEETHDN ELEETEDN
TE&MNSFER TRAMSFER
ER



fotoszintetikus elektrontranszportlanc a tilakoid membranban

light light

antenna H*

MaDpt
COMmples:

STROM& Y ‘
thylaknid - h
e - # w Y f
brane ‘ '
2H=0 maovement of
WE"FE"' plastoquinone plastocyanin ferredoxin  Protons down
splitting” their electrochemical
enzyme Oz + 4H* H* proton gradient
THYLAKDOID
cytochrorme
hotosystem |1 hotosystem | M&DP reductase
SPACE p Y b iernee B Y
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2H,0 2 O, + 4H* + 4e- NADP* + H* + 2e- > NADPH



A redoxpotencial valtozas a fotoszintézis soran
fotoszintézis Z - sémaja

photosystem |
1 foton keves VI
-g0oo0 'S\H If{' ferredoxin
2 sok: proton = 4
. , -~ W 3 |
gradienst gyart -600 G NADP
photosystem | | raductase
—400) an electrochemical gradien __
ATP SZintéZ-On Q:‘I‘ | 'If":; iz formed that generates 15' O
visszajon: z -200 = @ X o /m
ATP kénzédik = “r1 m“\ ciklikus e H* +{ NADF]
P = 0 i transzport
& @ | " extra ATP
S 200 '. bef
§ | \ complex

|I "-________h
A00 plastoguinone “-i 8-— light
J
f
|

GO0 |
plastocyanin

500

1RRR =—— |ight
2H-0 e
———_ water-splitting
BNZYmme
O "+ 4H*

i
direction of electron flow
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Az ATP szintézis mechanizmusa a kemiozmozisos hipotézis szerint

electron at H" ions (protons)

electron at  ©
lowy energy ©

g O O
Az elektorntranszportlanc A proton-gradiens az
protonokat pumpal a membranon ATP-szintazon keresztll

keresztul ATP szintézist eredményez



light light Fotoszintézis

antenna H* -
comples Ll

H+

NADPH

Kloroplaszt STROMA " 3 |
ﬁb"{f m Q
thg]aknid "’ﬂ > l--- \
mem- / ‘
brane [k)
2H-0 mavement of
WﬂT__EF— plastoguinane plastocyanin ferredoxin  Protons down
splitting their electrochemical
enzyme Oz + 4H* H* proton gradient
THYLAKOID
SPACE

H,0 + NADP* > O, + NADPH + H*

Mltokondrlum . oo W Terminalis oxidacio

H* H+

| intermembran tér

NADH

matrix

2H* + 1/20,

NAD*

O, + NADH - H,0 + NAD*+ H*



Mitochondrion |niermembrana

Outer membrang S space
1+ + H™
atP-=3 \
ADP+P, |
H-l-
02

Inner membrane —

I'.."hlmnplast

Quter membrana - — lnlurmumh:rana

e —"_'--_____‘-HHHH"I-.K
" _niape* H20 O2 napPH

S ) \\

— o -~ Stroma

Innermembrane ~—  Thylakoid membrane



ATP szintézis

MITOCHONDRION CHLOROPLAST

inner
membrane

outer
membrane

thylakoid

matrix stroma meambrane

pHS pH8 pH7
' = ATP synthase

Intermembran tér citoplazmaval keveredik
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Kloroplaszt
E o

Calvin-ciklus

three molecules

six molecules

] ATP

)

ATP . A > GIcA-3-P
NADPH e o
H—C= % L r
o Gliukoz
SUGARS, FATTY ACIDS, AMINO ACIDS %
Gliikoz 7 Citrat ciklus
glikolizis LA
2C
GlcA-3-P |
OdeatIV axaMacetatZE reat & _Qtr‘ate
dekarboxilezés NADH STER 2 ok NADH
. +H STEP & wisoH IR
acetil-CoA > 3 — > ATP
Mitokondrium STEP 7 it COz
T STEP 4
s +H?
COz

MNET RESULT: OME TURM OF THE CYCLE PRODUCES THREE MADH, ONE GTF, AND
OME FADH,, AMD RELEASES TW0O MOLECULES OF COp
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Endoszimbiota sejtszervek fehérjeszintézise

RNA

h cycloheximide

procursor
protein
Fehérjecsere

egyiranyu

il pory chloramptioniol, B
u'hiflldlum i rifli.w.:imﬁ'ul 4
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A Kkloroplaszt genom

. négyféle riboszomalis RNS (rRNS)

. 20 darab riboszomalis fehérje

az RNS polimeraz tobb alegysége

az 1. és 2. fotorendszer tobb fehérjéje
. az ATPaz tobb alegysége

30 darab tRNS

az elektrontranszport lanc tobb fehér

235

il i

165

"‘"-s.' invarted repeats @

P containing ribosomal -_-_""__,...-"'
B RNA genes .:_-__-__"'"__

total length of genome = 121,024 nucleotide pairs < KEY:

S n....."-"-l-
__::.'-:_ "'__-_._-:..: tAMNA genes

"j':' """--.":;__- ribosomal protein genes

',-"":-" ribulose bisphosphate ‘f\% photosystem | genes

-ﬁ/ carboxylase (large j photosystem Il genes
/,/ subunit) -——_._______

genes for be-f complex
RMNA polymerase genes

genes for NADH
dehydrogenase complex

7

—
nl

— ATP synthase genes
L ]

M \\\\\c\
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