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Energiaforrasaink
napenergia segitségével (a fényenergiat kemiai energiava alakitjak at)

Kemotrof: nem képes a fényenergiat megkotni, energiat a felvett —
elsd sorban — szerves anyagok oxidacioja reven allit elo.

Szénvegyiletek forrasa

gy ;?“h )
Autotrof: CO, felhasznalasaval szintetizalni tudja a sziikkséges @1
szénvegyiileteket. Autotroph

Heterotrof: a sziikséges szénvegyiileteket készen vagy ;' : ;‘;’

viszonylag eldkészitett formaban veszik fel.
Heterotrophs



Kontrakcio

.. Kémiai
——> Fotoszintézis——> . Szallitas
energia

Bioszintézis




A szén korforgasa a bioszféraban

Sun

Photosynthesis

6CO,
-
6H,0
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A fotoszintézis helyszine: kloroplaszt

Leaf cross section

=1 Novények, algak sejtszervecskéje

A plasztidok csaladjaba tartozik

Stomata cﬁg - sajat kis méretu genom

Hnsuphy_l! ceall

- - kettos membran

: L' -___~Intermembrane space
.._-Outer membrane
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Light
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LIGHT
REACTIONS
Chloroplast
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Light
LIGHT
REACTIONS
\ NADPH
Chloroplast

Copyrighl £ Paarson Education, Inc., publishing as Benjamin Cummings.



= LIGHT
REACTIONS
oy \
NADPH
Chloroplast

NS

CH,0
(sugar)
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A fényreakcio, a napfény energiajanak kémiai energiava alakitasa

Light Reflected
light

Chloroplast

Absorbed
light

Transmitted
light
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A Klorofill szerkezete, a fényelnyelés alapja

Konjugalt kettOs kotéses rendszer

C'Iuster tOf . m.chlorophyll b
pigment molecules A
embedded S RlRophyll a
in membrane
Granum
(stack of S Por
A phyrin ring
thylakowds) (light-absorbing
- “head” of
_) molecule)

, Thylakoid
4 membrane

Chloroplast - ?
Lh,

> Hydrocarbon tail
(H atoms not shown)
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A lathato fény spektruma

1m
10°nm 10°nm 1nm  10°nm 10°nm (10°nm) 10°m
Gamma Micro- Radio
o X-rays | UV Infrared e TP

Visible light

. T T
380 450 500 550 600 650 700 750 nm

Shorter wavelength » Longer wavelength
Higher energy » Lower energy
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White  Refracting Chlorophyll Photoelectric

light prism solution tube Galvanometer
—
WAL L
ey
Slitmovesto  Green High transmittance (low
pass light light absorption) of green light
of selected because chlorophyll absorbs
wavelength very little green light

(a)

— — SRS -
7 — ) AN
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Low transmittance (high

|

C

Blue absorption) because
light chlorophyll absorbs most
blue light

(b)
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Chlorophyll 2

Chioraphyll b
— Carotenoids

AL

Absorbance of light by
chioroplast pigments

50 R
Wavealangth of light (nm)
(a)Absorption spectra
33
£5
=g
Er
i
H
(b) Action spectrum

(c) Engelmann’s experiment
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Heat

Energy of electron

Photon
(fluorescence)

Photon Grotid

state

(a) Excitation of isolated chlorophyll molecule
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(b) Fluorescence
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E I Ect rD n t ra n sfe r P rI i i Antenna Reaction-center
JAR m HRAR 1 mo/le‘e\c\ules chlqrophyll
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ele
dCi Light

Photon

Light excites an

antenna molecule

Re (chlorophyll or
accessory pigment),

raising an electron

Cel b
ch|

The excited antenna
molecule passes
energy to a
neighboring
chlorophyll molecule
(resonance

energy transfer),
exciting it.

This energy is : T
transferred to a
reaction-center Electron l@
chlorophyll, accept\or
exciting it. \

of energy

The excited reaction-

center chlorophyll
passes an electron to
an electron acceptor.

Photosystem

The electron hole in
the reaction center is donor i@

Copynght @ Pearsen Education, Inc., publishing as Benjamin Cummings filled by an electron
from an electron

donor.

Antennamolekula a klorofilleken kivil mas is le

= | S
The absorption of a photon has caused
separation of charge in the reaction center.



-séma Photosystem I

Photosystem II
: .
\
Fe-\S
Pheo
\ . Fd
.
Qg‘: Fd:NADP*
oxidoreductase

NADP*

Proton
gradient

PQ, = plastoquinone
PQg = second quinone

A, = electron acceptor chlorophyll
A; = phylloquinone




H,0 0

bgnt T Baktériumok: egytagu fotorendszer
U, CALVIN Magasabbrendi novények: két egymast kiegészito
REACTI CYCLE fotorendszer (sajat reakcidcentrum és antennamolekuldk)
G0 (sugan Fotorendszer Il: nagyjabol azonos
1 primary | mennyiségull klorofill a €s b
acceptor

Energy of electrons

Photosystem |l
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Splitting of water
releases oxygen

2 H*

Energy of electrons

A fotorendszer II reakciocentrumabol
kilépett elektron a viz bontasabol
szarmazo elektron potolja

}

O, termelés

4 foton energiaja sziikséges 1
vizmolekula bontasahoz

Photosystem |l
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A fotorendszer II reakciokozpontjabdl kilépett
elektront a plasztokinon szallitja a citokréom bf
komplexhez, amely a plasztocianinra teszi at.

A citokrom komplex protonpumpa
aktivitassal bir: protont pumpal a

4;-,% sztromabol a tilakoid térbe
“o,

S 1 AN O
o (2] Cytochrome| ‘¥,
o Splitting of water complex %f
S releases oxygen %
5 2 H*
E +
L % Q) (4]

Light ' % Electron flow provides

energy for chemiosmotic

m C) synthesis of
O
Photosystem |l j
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Fotorendszer I: magasabb klorofill a arany

A Fotorendszer I reakciocentrumabol fény hatasara
tavozo elektronok a Fotorendszer I1-bol
plasztocianinon keresztiil érkeznek

Primary
acceptor

Splitting of water
releases oxygen

2 H*

Light . % Electron flow prr:widea _
& C) energy for chemiosmotic QD

nthesis of
C::j Q synthesis o Photosystem |
Photosystem Il j
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Energy of electrons




H.O 0 °o 7 r r /4 /4
Light A fotorendszer I reakciocentrumabol tavozo
o e elektronok ferredoxin kozvetitesevel
— LIGHT. CALVIN .
EACTION CYCLE NADP*-ra keriilnek
\ b1

CH,0 (sugar) Primary

acceptor [

Primary &
acceptor 0,

0 @ 4".@

c (1) \ %,

2 %%

© (2 ] Cytochrome

< | Splitting of water complex

%5 | releases oxygen

B +

& 2 H

E +

o (30,) (4]

Light % Electron flow provides
energy for chemiosmotic

Copynghi & Pearson Education, Inc., publishing as Benjamin Cummings.



-séma Photosystem I

Photosystem II
: .
\
Fe-\S
Pheo
\ . Fd
.
Qg‘: Fd:NADP*
oxidoreductase

NADP*

Proton
gradient

PQ, = plastoquinone
PQg = second quinone

A, = electron acceptor chlorophyll
A; = phylloquinone




water-sphitting

LIGHT i g THYLAKOID SPACE ol

electrochemical

plastocyanin proton gradient

&
antenna plastoquinone
complax
H+
L I L | I L I
photosystam I cytochromae photosystem | ferredoxin-

1 elektron citokrom b f komplexen torténo athaladasa 4
proton bepumpalasat teszi lehetové a tilakoid térbe.

1000 x-es kiilonbség a protonkoncentracioban

l

ATP szintézis



Az ATP szintézise

Hasonlatossagok a mitokondrialis oxidativ foszforilaciohoz

1.

Protonimpermeabilis membran, benne talalhato
fehérjekomplexekkel

Szétkapcsoloszerekkel a foszforilacio és az elektrontranszfer
elvalaszthato

A tilakoid ATP-szintaza mitokondrialis ATP-szintaz gatlokkal
gatolhato

F.F, komplex végzi az ATP szintézist a tilakoid Kkiilso felszinén



c““ hrﬂme
complex
\ Photosystem |

Light

NADP*

% ‘ reductase @

THYLAKOID

MEMBRANE

STROMA
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Kisérletes bizonyiték a protongradiens szerepére az ATP
szintézisében




f"' Al
Photosystem Il Photosystem |

nc., publishing as Benjamin Cum

Copyrighl & Pearson Education, |

>:2 H,0O + 8 foton + 2 NADP++3ADP+ P.

O, + 3ATP +2 NADPH



A Kkloroplaszt képes a képzodONADPH/ATP aranyt befolyasolni

Primary
acceptor

ccoeptr O
'

reductase NADP*
Cytochrome
complex NADPH
K - nincs O, felszabadulas
cbo Energy for - nincs NADPH termelés
X X : .
chemiosmotic
-'-- synthesis of Photosystem |

Photosystem i
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Ciklikus fotofoszforilacio: az elektronok egy foton segitségével
kizardlag a Fotorendszer I-ben porognek =—— protongradiens
=P ATP szintézis =—>» novekvo ATP/NADPH arany



A CO, megkotése ,,s0tét reakcio”, Calvin ciklus

EH,0(P)
— — H=—LE—(H
EH,0{p) o @H,0(P) 00
O=E—=0 + =0 — C—C—oii
— -I--'-. -
H—C —OH O {l' 0 ¢ HL0 ':l-””
H =& =—{H H=" =—={IH H— 1 —0H
CH,O(P CHL.O0F) CH,O(P)
£ 'x_z:l | 4T S
carbon ribulose 1,5-bisphosphate intermediate 2 molecules of
dioxide 3-phosphoglycerate

A CO, megkotésében kulcsszerepet kap a
ribuloz-1,5-biszfoszfat.

RUBISCO: ribuloz-1,5-biszfoszfat karboxilaz




Phase 1: Carbon fixation

Ribulose bisphosphate
yam?l:}
~ CALVIN
CYCLE
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Phase 1: Carbon fixation

Ribulose bisphosphate
uBF}

CALVIN
CYCLE

10-0-0-P
G3P ﬂGIumu and
(a sugar) other organic
Output compounds
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Phase 1: Carbon fixation

Regeneration of
CO, acceptor
(RuBP)

G3P ﬂGIumaa and
(a sugar) other organic
Output compounds
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Fotorespiracio

A RUBISCO specificitdsa limitalt.

<|:H20—®
7
Ribulose
H—C—OH 1,5-bisphosphate

H—C:}—OH 02: Kl\/l =350 HM

CH,0—P)

| CO,: Ky =9 uM
2 —&
H_OH

H—C—OH Enediol form

0~ A homérséklet novekedtével no az

- 0

i CH.0—®) | O,/CO, oldodési aranya

| Enzyme-bound
! intermediate

- OH"™ [ 4 cr 44 4 44
tmo Fotorespiracio jelentosége megnd

s
?HZO@ g
+
© H—C—OH
6,

0 o CH,0—P)
2-Phosphoglycolate 3-Phosphoglycerate



Glikolat Gtvonal £ st b it e e i\

bisphosphate

| CH,—CH—CO00" 4
Glycerate Chloveplise Glycolate

CH,0H |
\K 1 stroma (llooJ
@ (|)H Glycerate CHZOh

v
CH,—CH—CO0™ }} Glycolate <|:oo-
i2 : glycolic
oz-hydro:_zy N acid
i oxidase
reductase
T Y. CHO
Hydroxypyruvate Glyoxylate |
(l)H % A CO0
CHy —0 0008 transamination
OH NH B
2 i . CH,—NH
} | oee Glycine | > = °
CH,—CH—COQ ¥

A COO
K Peroxisome j

Mitochondrion
4
Serine 2 Glycine
&
£ CH,—NH;
OH NH;
(ool

CH,—CH—COO0"

glycine
decarboxylase

CO, release
photorespirati

+H*



A meleg szaraz éghajlaton €16 novények a CO, beepités C,-es
utjat valasztottak

Mesophyll
cell

PEP

Mesophyll cell
Photosynthetic

cells of C, plant < Bundle-

leaf sheath

cell i
Vein L SPACE
(vascular =L

C4 leaf anatomy
Pyruvate (3 C)

=

Sugar

Vascular
tissue

The C, pathway
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C4-es utvonal enzimeit a vilagossag
szabalyozza:

Mesophyll
cell

cr. . | -Malat DH
‘ K -PEP karboxilaz
—— -Piruvat-foszfat dikinaz
e PEP Oxaloaceta;fADPm‘

+ +
+
Ppi pyruvate malate H
phosphate dehydrogenase |
dikinase
ATP
+

" we " C4 energiaigényesebb: 5 ATP vs. 3 ATP

(\ ; Plasmodesmata —— /|

r-_:ymvate Plasma membranes Malawﬁ 2 8 _ 3 O 0 C fe I ett

malic
enzyme

Ribulose 3-Phosphoglycerate
1,5-bisphosphate

Bundle-sheath

11
£ Triose phosphates
(b)




Sugarcane

Mesophyll
cell

Bundile-

C,4
Cco,
i © CO, incorporated
rganic acid into four-carbon
organic acids
(carbon fixation)

sheath o
SN
coll © Organic acids
release CO, to
Calvin cycle
Sugar Sugar
(a) Spatial separation of steps (b) Temporal separation of steps
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LIGHT REACTIONS

H,0

CALVIN CYCLE

Light

Photosystem Il
Electron transport chain
Photosystem |

RuBP
3-Phosphoglycerate

Starch

(storage

Chloroplast

AV

Copyright £ Paarson Education, Inc., publishing as Benjamin Cummings.

Amino acids
Fatty acids

Sucrose (export)




Reactants: 6 CO,

Products: CsH,,0,

!

12 H,0

6 H,0
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