The transport of the cytosolic NADH into the mitochondria
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PHOTOSYNTHESIS RESPIRATION
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Figure 3-10 Essential Cell Biology, 2/e. (& 2004 Garland Science)



The recycling of carbon in the biosphere

Sun

Photosynthesis

6CO,
-
6H,0
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The location of photosynthesis:

Leaf cross section
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chloroplast

The cell organelle of plants algae
It belongs to the family of plastids
- small circular genome

- double membrane
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Differences:

There are no cristaes in the inner

chloroplastic membrane

There is no electron transport
chain in the inner chloroplastic

membrane

There i1s a third membrane

structure (thylakoid)

The electron transport chain and
the light harvesting system can be
found in the thylakoid membrane

Shared features with the mitochondrion
1. Permeable outer membrane

2. Non-permeable inner membrane
with transport proteins

3. Intermembrane space between the
two membranes

4. They have their own genome
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The light reaction: the conversion of the energy of sunlight to
chemical energy

Light Reflected
light

Chloroplast

Absorbed
light

Transmitted
light
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The structure of chlorophyll, the base of light
harvesting

Conjugated double bond system

C'Iustertof . CH n.chlorophyll b
pigment molecules W
embedded pivgle
in membrane
Granum
(stack of > Porphyrin ring

(light-absorbing
“head” of
_) molecule)

thylakoids)

, Thylakoid
4 membrane

> Hydrocarbon tail
(H atoms not shown)
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H hydrophobic
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tail region



The spectra of the visiible light
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Chlorophyll 2

Chioraphyll b
— Carotenoids
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Absorbance of light by
chioroplast pigments
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(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



E I Ect rD n t ra n sfe r P ri i Antenna Reaction-center

R 5t ! molecules chlorophyll

ele N
dCi Light
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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.

g This energy is

transferred to a
reaction-center Electron l@
chlorophyll, accept\or

exciting it.

Transfer
of energy
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The excited reaction-

center chlorophyll
passes an electron to
an electron acceptor.

Photosystem

The electron hole in
the reaction center is donor i@
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Other moleculas than chlorophylls can behave as o ..
e.g.. carotineoids It ot
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Bacteria: single photosystem

Higher plants: two complimentary photosystems (with
own reaction centre and antennamolecules)

Photosystem I1: approx. Equal ammount

of chlorofphyll a and b

Light
HADP-
k- rf ADP,
LIGHT CALVIN
REACT] CYCLE
HADFH
CH,O (sugar)

' =
Primary
acceptor

L]
=
£
Q
2
11
k=]
-
on
el
€
=
11]

Copyrght © Paarsan Education, Inc., publishing as Banjamin Curnmings.



The released electrons from the reaction
centre of photosystem 11 are refilled by
the cleavage of water

|

Generation of O,

The energy of 4 photons is

g o : required to the cleavage of 1
g (2] water molecule
D Splitting of water
S releases oxygen
E 2 H*
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] 1t
C O
Light @
-
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The electrons from the reaction centre of
photosystem Il are transferred by plastoguinone to
the cytochrome bgf complex, which mediates their
transfer to plastocyanin.

The cytochrome complex has proton
pumpm activity: it pumps protons
&, from the stroma into the thylakoid

LS Space
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M t @ (4
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O
Photosystem |l j
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Photosystem I: higher chlrophyll a ratio

The electron hole generated by the excitation of
photosystem | is refilled by the electrons comming
from photosystem 11 via plastocyanin

Primary
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H, O 0 -
Light The electrons from the reaction centre of
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The transfer of 1 electron through cytochrome b,f complexen
results in the transport of 4 protons into the thylakoid space.

1000 times difference in protonconcentration

l

ATP syntesis



The generation of ATP in the chloroplast

Similar to the generation of ATP in the mitochondria

1.
2.

Protonimpermeable membrane, with protein complexes

The electron transport and the phosphorilation can be
uncoupled by uncoupling agents

The ATP-synthetase of thylakoid sacks can be inhibited by the
Inhibitors of mitochondrial ATP-syntetase inhibitors

F.F, complex is responsible for the ATP syntesis in the
thylakoid membrane
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Experiments proved the role of protongradient in ATP syntesis
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O, + 3ATP +2 NADPH



The NADPH/ATP ratio is regulated

Primary
o acceptor .
rimary
acceptor @ +
/ NADP*
reductase NADP*
Cytochrome
complex NADPH
- no O, release
cbo Energy for - no NADH generation
X X : .
chemiosmotic
-'-- synthesis of Photosystem |

Photosystem i
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Cyclic photophosphorilation: the electrons are cycling only in
photosystem I by the aid of a photon = protongradient
—p ATP synthesis——=p higher ATP/NADPH ratio



The fixation of CO,, Calvin cycle

@lH,0(F)
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carbon ribulose 1,5-bisphosphate intermediate 2 molecules of
dioxide 3-phosphoglycerate

Yy

r_,v >, = & Ribulose-1,5-bisphosphate has central role in the
~ fixation of CO,

RUBISCO: ribulose-1,5-bisphosphate
carboxylase/oxygenase




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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Photorespiration

The specificity of RUBISCO is limited.
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Glycolate pathway ~ s \
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The plants of hot and dry climate fix the CO, by the C, pathway

cells of C, plant < Bundle-

leaf

Mesophyll cell
Photosynthetic
sheath

cell 7

‘{Uein | } ,/ :‘-

vascular tissue) — Z= 7 %] \
AL

il

C4 leaf anatomy

Stoma
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Mesophyll

Pyruvate (3 C)

=

Sugar

Vascular
tissue

The C, pathway




Mesophyll

Bundle-

(a)

(b)

cell

sheath
cell

Plasmodesmata

Mesophyll

cell
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Bundle-
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cell
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PEP
carboxylase

PEP Oxaloacetate
NADPH|

4
+
malate H

dehydrogenase

pyruvate
phosphate
dikinase
NADPY
ruvate Malate
Plasmodesmata

Plasma membranes

Tuvate Malate

NADP*

malic
enzyme

NADPH + HY

[co,|

Ribulose 3-Phosphoglycerate

sheath

Triose phosphates ‘

The enzymes of C4 pathway are
regulated by the light:

-Malate DH
-PEP carboxylase

-Pyruvate-phosphate dikinase

The C4 pathway has higher energy
requirement: 5 ATP vs. 3 ATP

Above 28-30 °C



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
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Amino acids
Fatty acids

Sucrose (export)




Reactants: 6 CO,

Products: CsH,,0,

!

12 H,0

6 H,0
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