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Fotosynteza



Fotosynteza

pohlceni energie slunecniho zareni a jeji premena na
chemickou enerqii

rovnhovaha fotosyntetisujicich a heterotrofnich organismu
Fotosyntetisujici organismy pohlcuji slunecCni energii a
tvori ATP a NADPH, ktere potom pouzivaji jako zdroje
energie pro tvorbu sacharidd a ostatnich organickych

sloucenin z CO, a H,0O, soucCasneé pfi tom uvolnuji do
atmosfery O,

Aerobni heterotrofove pouzivaji O, na degradaci
energeticky bohatych organlckych produktu fotosyntézy
na CO, a H,O za vzniku ATP. CO, se vraci do atmosfery
pro noveé pou2|t| fotosyntetlsup(:lml organismy.

Slunecni energie tak pohani cyklus CO, a O, blosferou a
zajistuje redukovaneé substraty (napfr. gFukosu
kterych zaviseji nefotosyntetisujici organismy
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radiation
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Electromagnelic radialion. The spectrum of electromagnetic radiation, and the energy
of photons in the visible range of the spectrum. One einstein is & % 10°* photons.

The light reactions
of photosynthesis generate energy-
rich NADPH and ATP at the
expense of solar energy. These
products are used in the carbon-
assimilation reactions, which occur
in light or darkness, to reduce CO;
to form tricses and more complex
compounds (such as glucose)
derived from trioses.

Roc¢né zabuduje 10 tun
uhliku



Outer membrane Grana (thylakoids)

Inner membrane

Thylakoids

Chloroplast. (a) Schematic diagram. (b) Electron mi-

(a) crograph at high magnification showing grana, stacks of thylakoid

membranes.

sled reakci, jimiz bakterie, rasy a rostliny pomoci urcCitych barviv a energie

slunecniho zareni syntetizuji sacharidy z CO, a vody

lokalizace — chloroplasty — membrana thylakoidu

5u dlouhy utvar, rozmanité co do velikosti i tvaru

Reakce zavislé na svétle probihaji v thylakoidni membrané
pohlcovani fotonl, vyroba NADPH, ATP, fotolyza vody

reakce nezavislé na svétle potom probihaji v stromatu chloroplasti
vyuziti NADPH, ATP a CO, na syntézu sacharidu

9HsD + CO2 —2, (CH20) + HaO + 2D



Proton and electron circuits in thylakoids. Electrons
(blue arrows) move from H,O through PSII, through the intermediate
chain of carriers, through PSI, and finally to NADP™*. Protons (red ar-
rows) are pumped into the thylakoid lumen by the flow of electrons
through the carriers linking PSIl and PSI, and reenter the stroma
through proton channels formed by the F, (designated CF,) of ATP
synthase. The F, subunit (CF,) catalyzes synthesis of ATP.

Light

Light

cyanin

Lumen
(P side)

Thylakoid
membrane

2H.0 + 8 photons + 2NADPT + ~-3ADP + 3P, ——
Oz + ~3ATP + ZNADFPH
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Primary and secondary photopigments. (a) Chloro-
phylls 2 and b and bacteriochlorophyll are the primary gatherers of
light energy. (b} Phycoenythrobilin and phycocyanobilin (phycobilins)
are the antenna pigments in cyancbacteria and red algae. (c) p-
Carotene (a carotenoid) and (d) lutein (a xanthophyll) are accessory

pigments in plants. The areas shaded pink are the conjugated systems
ialternating single and double bonds) that largely account for the ab-
sorption of visible light.

chlorofyl — zeleny,
nejrozSifengjsi, nékolik typu (a, b,
C)

bakteriochlorofyly a, b — obdoba
chlorofyll, v bakteriich

pomocna barviva:

karotenoidy — Cerveneg, oranzove
a zluté

phycobilliny — phycocyanin a
phycoerythrin — modré a Cervené
xanthofyly — oxidované
karotenoidy

spolecné pokryvaiji celé spektrum
viditelného svétla



« Chlorofyly maji mnoho konjugovanych dvojnych vazeb,
silne proto pohlcuji viditelné svetlo (nejintenzivnéjsi Cast
svetelného zareni), malé zmény ve strukture chlorofylu
zpusobuiji rel. velkou zménu v absorpcénich vlastnostech
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orescence fotooxidace

(chemicke
reakce)

I—.,‘ zakladni
“’ stav

Zpusoby promény excitacni energie:

*Vnitfni pfeména, bézny zplsob
zaniku excitacni energie, premena
na teplo, velmi rychly pochod
*Fluorescence, excitovana molekula
vysle foton, ¢imz prejde do
zakladniho stavu, mnohem
pomalejsi

*Pfenos excitonu (rezonanéni prenos
energie), pfenos na blizkou
neexcitovanou molekulu
Fotooxidace, svétlem excitovana
molekula se oxiduje tim, ze pfenese
elektron na molekulu akceptoru
(kterou tim redukuje)

TYP.E o.f Gamma rays | Xrays | UV Infrared| Microwaves Radio waves
radiation
Wavelength <lnm 100 nm <1 millimeter 1 meter Thousands of meters
WVisible light
Yellow
Violet Blue Cyan Green Orange Red
Wavelength 380 430 500 580 600 850 750

(nm}

Energy 300 240 200 170
(kJ/einstein)

FIGURE 19-39 Electromagnetic radiafion. The spectrum of electromagnetic radiation, and the energy
of photons in the visible range of the spectrum. One einstein is 6 % 10°* photons.



fotosystémy - funkCni jednotky

anténové systémy — reakcCni centrum je obklopeno dalSimi molekulami
chlorofylu, které sbiraji svétlo a pfenaseji excitované elektrony do centra,
100-5000 anténnich molekul na 1 reakéni centrum, cilem zvysit tok elektronu
reakCnim centrem i pfi nizSich intenzitach svétla

fa)

foton

foton: -~ - ~

foton .~

foton

Tok energie v komplexu svétiosbérné antény. (a) Excitace (bifé
krouzky) vybuzena pchlcenim fotonu se prenadsi jako exciton
v néhodném poifadi mezi molekulami anténnino komplexu
(svétlezelené krouZky), az je bud polapena chlorofylem
reakénino centra (tmavézelené krouZky) nebo, coZ je méng

@ Castd, vyzaiena jako fluorescence. (b) Chiorofyl reakéniho

¢y centra miZe excitaci polapit, ponévadz jeho nejnizsi excito-

L) vany stav ma nizi obsah energie nezli nejnizsi excitované
? stavy molekul chlorofylu v anténé,



Light

Light excites an
antenna molecule
ichlorophyll or
ACCERs0TY pigment),
raiging an electron
to a higher

energy level.

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

energy transfer),
exciting it.
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This energy ia
transferred to a
reaction-center
chlorophyll,
exciting it.

The excited reaction-

center chlorophyll
passes an electron to
an electron acceptor.

The electron hole in
the reaction center ia
filled by an electron
from an electron
donor.
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Electron
acceptor

Electron
donor

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



* Fotosystém Il, reakCni centrum P680,vyuziva svetlo o
vinové délce pod 680 nm, fotolyza vody, prenos elektronu
na plastochinon pres feofytin

* Fotosystem I, reakcni centrum P700, vyuziva svetlo o
vinové délce pod 700 nm, tvorba NADPH, pfenos elektronu
z chlorofylu a fylochinon na FeS centra a ferredoxin,
regenerace pomoci plastochinonu
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PQ, = plastoquinone
PGy = second guinone

Ay = electron acceptor chlorophyll
A4 = phylloguinone

2H,0 + ZNADP™ + 8 photons —— 03 + ZNADPH + 2H™

Z - schéma

Infegration of photosys-
tems | and Il in chloroplasts. This “Z
scheme” shows the pathway of electron
transfer from HyO (lower left) to NADP
ifar right) in noncyclic photosynthesis. The
position on the vertical scale of each
electron carrier reflects its standard reduc-
tion potential. To raise the energy of
electrons derived from HaO to the energy
level required to reduce MNADP™ to
MADPH, each electron must be *lifted”
twice (heavy arrows) by photons absorbed
in P5Il and P51, One photon is required
per electron in each photosystem. After
excitation, the high-energy electrons flow
*downhill” through the carrier chains
shown. Protons move across the thylakoid
membrane during the watersplitting
reaction and during electron transfer
through the cytochrome bef complex,
producing the proton gradient that is
central to ATP formation. The dashed
arrow is the path of cyclic electron
transfer (discussed later in the text), which
imvolves only PSI; electrons return via the
cyclic pathway to PSI, instead of reducing
MADP to NADPH.



Cyklicky vs. necyklicky tok
elektronu

* Necyklicky tok elektronu, oba fotosystemy,
tvorba NADPH | gradientu pH

» Cyklicky tok elektronu, pouze PI, elektrony
Z ferredoxinu se prenesou na cytochrom
b/f a plastochinon a regeneruji system,
dochazi ke tvorbe gradientu pH



Mitochondrion Chloroplast Bacterium (E. coli)

- 7 ¥ = ’ %
s e f"cf:‘-{, ) )
' . il ‘c{?ﬂ o PP (e .
Thylakoid Cytosol (N side)

lumen (P side)

Intermembrane Intermembrane
space (P gide) Stroma (N side) space (P side)

Comparison of the topology of proton movement and ATP synthase orientation
in the membranes of mitochondria, chloroplasts, and the bacterium E. coli. In each case, orien-
tation of the proton gradient relative to ATP synthase activity is the same.



Asimilace CO, — Calvinuv cyklus

Starch
Sucrose [ storage} Cellulose
(transport) (cell wall)
\\-_ I /
Hexose phosphates DNA
1 = Matabolic " RNA
Pentoze phosphates » —— intermediates — T
< Protein £
Trioze phosphates Lipid
_ ADP,
/~ NADP*
\, NﬁH_ Assimilation of CO;z into biomass in plants. The light-
driven synthesis of ATP and NADPH, pro-
€Oz, Hy0 vides energy and reducing power for the fixation of CO; into trioses,
Light-dependent from which all the carbon-containing compounds of the plant cell are

reactions of
photosynthesis

synthesized.
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Stage 3: (|]HOH
Regeneration  (3) é
of acceptor | HOH

(3)

Stage 1:
/ CH,0—(P) Fixation
Energy (5) Ribulose 1,5-
production / bisphosphate
via glveolysis; (3) _
starch or 4\ (leD ?00
sugar (1)
synthesis CHOH EHDH
(IJHZG—(P) H,0—(P)
Glyceraldehvde 3-phosphate 3-Phosphoglycerate
(6) (6)
Stage 2:
Reduction
P;
(6) ATP

+
NADP ADP

(6)
(6) (NADPH +H* (g

(6)

The three stages of CO, assimilation in photosynthetic organisms. Stoichiome-
tries of three key intermediates (numbers in parentheses) reveal the fate of carbon atoms
entering and leaving the cvcle. As shown here, three CO, are fixed for the net synthesis of one
molecule of glyceraldehyde 3-phosphate. This cycle is the photosynthetic carbon reduction
cycle, or the Calvin cycle.



sumarni rovnice
6 CO, + 18 ATP + 12 NADPH + 11 H,O —
fruktosa-6-fosfat + 18 ADP + 17 Pi + 12 NADP + 6 H*

3 COg + HaO
L%
3| Ribulose 1 5-bisphosphate | E| 3-Phosphoglycerate
3ADP b
JATP GADP
| 3| Ribulose 5-phosphate | Er| 1,3-Bisphosphoglycerate
6 NADPH + 6H*
ZPi-d--..J GNADP+
6P;
- Glyeeraldehyde 3-phosphate - Glyeeraldehyde 3-phosphate
Dihydroxyacetone phosphate Dihydroxyacetone phosphate
-

S—

Gl}'ceraldeh}:de 3-phosphate

[a—y

FIGURE 20-14 Stoichiometry of CO; assimilation in the Calvin cycle. For every three CO;
molecules fixed, one molecule of triose phosphate (glyceraldehyde 3-phosphate) is produced
and nine ATP and six NADPH are consumed.



Calvinuv cyklus — syntéza sacharidu

« enzym RUBISCO = ribulosa-1,5-bisfosfat karboxylasa-oxygenasa

« katalyzuje karboxylaci ribulosa-1,5-bisfosfatu v temné fazi, vznikaji
dvé molekuly 3-fosfoglyceratu, v pfitomnosti kysliku dochazi
k fotorespiraci (oxygenace) a vzniku 3-fosfoglyceratu a glykolatu

 tvofi vice nez polovinu rozpustnych proteinu v listech rostlin,
tvoren 8 velkymi a 8 malymi podjednotkami

Sucrose & 2(3-phosphoglycerate)
NADPH + ATP NADP* + ADP + P, Starch

CHzO®

i f H-C-OH
Reduction 5 :
Triose CO; o
Phosphoglycerate & C
progy Phosphorylation phosphate / £
A L

Ribulose-5-biphosphate

CH; O
H-C- OH

Rublsco H-C-O0OH 3-phosphoglycerate + glycolate
CH, 0@
Coz f (;HzO@ .
Ribulose 5- H-C-OH H-C-O

Ribulose 1,5- . +
bisphosphate Phosphorylation monephosphate £ 6":\0'
i " o o

ADP + P, ATP
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3-phosphoglyveerata

3-Phosphoglycerate kinase
THDH ATP
CHy0—E)
ADP
[0}
CH,OH : I
| 1,3-Bisphosphoglycerate
."ll =0 \
|| mo— I—H NADFH + H = \ \
- glyceraldehyde 3-phosphate CH0—® ||
| I! H—C—OH dehydrogenase P | ‘
| sl i
Sucrose | || H7¢~O" Fructose 6-phosphate NADP* 9 f
A CH,0—B ! /|
& Glyceraldehyde 3-phosphate 'IJ
CH,0
I |
\ ?=0 e transaldolase triose phosphate C
Hls el 1,8-bisphosphatase Is0merase f oo
Fructose H—l|3—0H (|;=0
6-phosphate by
pResP . - Dihydroxyacetone I!!HgD—(El
cm0—@®  Fructose phosphate

1,6-bisphosphate

o _,-—"'f
Fructose T =
1,6-hisphosphate o=
Pj—trio=e
Dihydroxyacetone pho;sphat.e
;hos?hate antiporter
Glyeeraldehyde
3-phosphate
glycolvsia ATP

FIGURE 20-9 Second stage of CO; assimilation. 3-Phosphoglycerate
is converted to glyceraldehyde 3-phosphate (red arrows). Also shown
are the alternative fates of the fixed carbon of glyceraldehyde
3-phosphate (blue arrows). Most of the glyceraldehyde 3-phosphate is
recycled to ribulose 1,5-bisphosphate as shown in Figure 20-10. A
small fraction of the “extra” glyceraldehyde 3-phosphate may be used
immediately as a source of energy, but most is converted to sucrose
for transport or is stored in the chloroplast as starch. In the latter case,

!

glyceraldehyde 3-phosphate condenses with dihydroxyacetone phos-
phate in the stroma to form fructose 1,6-hisphosphate, a precursor of
starch. In other situations the glyceraldehyde 3-phosphate is converted
to dihydroxyacetone phosphate, which leaves the chloroplast via a
specific transporter (see Fig. 20-15) and, in the cytosol, can be
degraded glycolytically to provide energy or used to form fructose
6-phosphate and hence sucrose.



Systém pro transport prekursori biosynthesy cukrti do cytosolu
a soucasné transport fosfatu nutného pro fotofosforylaci do stromatu

Obsahuje specificky
Light Chloroplast . ’ w ’
inner membrane antiporter pro vymenny
photosynthesis  Stroma @——2 Cytosol transport jednoho P; a

jednoho triosa fosfatu.
(dihydroxyaceton fosfat €i
_ [ P; € P, 3-fosfoglycerat)
e ) -

acetone » acetone ™ Suchgse
phosphat phosphate

9ATP 9ADP + 9P;j

|

9ATP 9ADP + 8P; + P; €—

Calvin

P, nutny pro fotofosforylaci prechazi
Produkt asimilace CO, pfechazi do stromatu.
do cytosolu, kde slouzi k syntese
sacharosy.



Role Pl — triosa fosfatového antiporteru
v transportu ATP a redukénich ekvivalentu

Chloroplast
inner membrane
Stroma

3-Phosphoglycerate

ADP

1,3-Bisphosphoglycerate

Cytosol

Pj-triose
phosphate antiporter

3-Phosphoglycerate

ATP "iﬁ" Pi
=——v
=A @)

ATP

phospho-
glycerate ADP

kinase

1,3-Bisphosphoglycerate

NADPH
+ glyceraldehyde NADH
+H 3-phosphate +HT
NADP* dehydrogenase NAD*

Glyceraldehyde
3-phosphate

phosphate

—_—
Q =]
=<2 triose
= =) phate
~———/isomerase
J P,

Glyceraldehyde
3-phosphate

phosphate

Dihydroxyacetone === Dihydroxyacetone
%/’_\ﬁ

Pij-triose
phosphate antiporter

V cytosolu jsou ATP a reduk¢ni
sila nezbytné pro rtzné
syntetické a jiné energii

vyzadujici procesy.

ATP ani NADPH nemohou
prechazet pres membranu.



Glyceraldehyde 3-phosphate

@

transaldolase

@

Dihydroxyacetone phosphate
Lo o

Fructose 1,6-bisphosphate
La o o & o

froctose 1,6-bisphosphatase

B
Fructose B-phosphate Glyceraldehyde 3-phosphate
*-8-0-0-00 L = o ]

Dihydroxyacetone phosphate

@ transaldolase

Sedoheptulose 1,7-bisphosphate

®

Glyeeraldehyde 3-phosphate

@ transketolase
Ribose 5-phosphate

sphate ATP ADP

ribulos

. 5-phoep

kinase

FIGURE 20-10 Third stage of CO; assimilation. This schematic
diagram shows the interconversions of triose phosphates and pentose
phosphates. Black dots represent the number of carbons in each
compound. The starting materials are glyceraldehyde 3-phosphate and
dihydroxyacetone phosphate. Reactions catalyzed by transaldolase
i(1) and (4)) and transketolase ({3 and {6} produce pentose phos-
phates that are converted to ribulose 1,5-bisphosphate—ribose

Erythrose 4-phosphate
"0 Lo o o

1,7-his

Sedoheptulose 7-phosphate
85 4040000

@ transketolase

Xylulose 5-phosphate

"800
-t i
phosphatase
P, ) ADP Ribulose 1.5-
ADP bisphosphate
ATP la o o o

®

Ribulose 5-phosphate
* 080

ribulose S-phosphate

Xylulose G-phosphate  epimerase
*8000

i & rase
' ©)
Ribulose 5-phosphate Ribulose 1,5-bisphosphate

>80

5-phosphate by ribose 5-phosphate isomerase i!E:ZJ and xylulose
5-phosphate by ribulose 5-phosphate epimerase {(8)). In step @,
ribulose 5-phosphate is phosphorylated, regenerating ribulose 1,5-
bisphosphate. The steps with blue arrows are exergonic and make
the whole process irreversible: steps 2, fructose 1,6-bisphosphatase,
(5] sedoheptulose bisphosphatase, and (9] ribulose 5-phosphate
kinase.



Aktivace enzymu Calvinova cyklu
svetlem

Light v ’ ’ ° P
o 9 Pri osviceni chloroplastu stoupa koncentrace
<> a"l . ATP a NADPH ve stromatu
?? 2 troma
"?? 3 | Soucasné stoupne pH stromatu ze 7 na 8
2 oty (transport H* do thylakoidd)

2-3nasobné stoupne koncentrace Mg?* iontu
ve stromatu

Photosynthetic o2+
electron transfer

H +
ATP ADP + F; NADFH NADP*
i +

-> nékteré enzymy véetné RUBISCO jsou
aktivnéjsi pfi vysSim pH a vyssi koncentraci
hofe€natych iontd

COy-assimilation
cycle

CO,

Glyceraldehyde 3-phosphate



Fotoaktivace enzymu

« Svétlem fizena redukce disulfidovych mustkl v katalytickém misté
enzymu prostrednictvim THIOREDOXINu

» Ribulosa-5-fosfat kinasa, fruktosa-1,6-bisfosfatasa, sedoheptulosa-
1,7-bisfosfatasa a glyceraldehyd-3-fosfat dehydrogenasa

S5—=8 HS ©SH
f_L/_\
Light i . Enzyme
i Hlrea ((actwe)/'
« ferredoxin- 02
Photosystem 1 thioredoxin (in dark)
reductas
Fd (' Thiored Enzyme
Qox NG oredoxin (inactive)
e R
HS SH 5—>5
FIGURE 20-19 Light activation of several enzymes of the Calvin of the enzymes sedoheptulose 1,7-bisphosphatase, fructose 1,6-
cycle. The light activation is mediated by thioredoxin, a small, bisphosphatase, ribulose 5-phosphate kinase, and glyceraldehye
disulfide-containing protein. In the light, thioredoxin is reduced by 3-phosphate dehydrogenase, activating these enzymes. In the dark,
electrons moving from photosystem | through ferredoxin (Fd) (blue the —SH groups undergo reoxidation to disulfides, inactivating the

arrows), then thioredoxin reduces critical disulfide bonds in each enzymes.



Regulace RUBISCO

Regulace ionty — jiz zminéna koncentrace Mg?* a pH — RUBISCO
ma vysoke pH optimum

Specificka aktivasa — RUBISCO je neaktivni, dokud nedojde ke
karbamoylaci na specifickém Lys zbytku — ribulosa-1,5-bisfosfat se
navaze do aktivnhiho mista RUBISCO a znemozni tak pristup k
onomu dulezitému Lys zbytku — aktivasa umi za spotfeby ATP
vytésnit ten ribulosa-1,5-bisfosfat a dojde k neenzymové
karbamoylaci pomoci CO,

,NocCni inhibitor® — 2-karboxyarabinitol-1-fosfat — produkovan ve tmé
nékterymi rostlinami — strukturni analog meziproduktu, rozlozen po
osvétleni nebo vytesnéen aktivasou

Regulace samozfejmé téz koncentraci substratu, ATP/ADP,
NADH/NAD .....

CH,—O—P032
.--'-5"'I‘:=|
HO—C—C7
I 0~
H_{I:_GH
H—C—0H

|
CH;OH
2-Carboxyarabinitol 1-phosphats



Fotorespirace — oxygenasova
reakce RUBISCO

RUBISCO neni absolutné specifické pro CO, jako substrat, mize pfijmout i
O2

pomér karboxylace a oxygenace zavisi na poméru koncentraci CO, a O,,
bézne pii 25°C je pouze 20% fotorespirace, pri vyssSich teplotach tento podil
stoupa = nevyhoda organismu zijicich trvale v horkém podnebi

navic v horku je zapotfebi ochrana proti vysychani — pory se uzaviraji a
zasoba CO, se rychle vyCerpa

C3 rostliny - obvyklé rostliny, nemaji zadné systémy pro zvysovani
koncentrace CO,

C4 rostliny - obvykle pochazeji z horkych oblasti, vyvinuly si system fixace
CO,, aby nedochazelo k oxygenacni reakci (prostorové oddeleni zachyceni
CO, a jeho fixace enzymem RUBISCO)

— vznika 4-uhlikata molekula (oxalacetat) v bunikach na povrchu listl, pfenasen do
blizkosti bunék, kde probiha Calvinuv cyklus, tam opét uvolnén CO,, regenerace
tfiuhlikaté molekuly za spotfeby energie

— vyhodné pouze pfi vysSich teplotach, pfi nizSich jsou energetické naroky pfilis
vysoké

CAM rostliny - Casové oddéleni zachyceni a fixace

— Vv noci otviraji pory a fixuji CO, na oxalacetat, ten je redukovan na malat a
uschovan

— ve dne se pory uzaviou, CO, uvolnén jableCnym enzymem
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FIGURE 20-20 Oxygenase activity of rubisco. Rubisco can incorpo-
rate O3 rather than COy; into ribulose 1,5-bisphosphate. The unstable
intermediate thus formed splits into 2-phosphoglycolate (recycled as
described in Fig. 20-21) and 3-phosphoglycerate, which can reenter
the Calvin cycle.

ATP

OH OH

CH;—CH—COO™
Glycerate

e
DH Hlecerate

CHg—CH—COO‘

a-hydrox;

IHg—g—COO'

OH NH ]
| * Serine
CH— CH—COO0"

.\‘.

Berine

i

NAD* .DI
L|L|[|
reductase Hz02
+ H"’

Hydroxypyruvate

Ribulose 1,5- 09 |
bisphosphate
7
f Calvin
cycle 2-Phospho-
glycolate
3-Phospho- CH,0—®
glycerate | =
COo0
v
Chloroplast GlymlateCHgOH 11
stroma ///
~
OH
Glycolate |Hg |
;,-I_\\--nlw
acid
oxidase

/ CHO
Glyoxylate |
Coo~

[—NHg]
transamination
Y. CH—NH,
Glycine J:
Peroxisome /
Mitochondrion

o

2 Glycine

glycine
decarboxylase

CO, released in
photorespiration

NADH NAD*

+H*

CH,—HH,

FIGURE 20-21 Glycolate pathway. This pathway, which salvages 2-
phosphoglycalate (shaded pink) by its conversion to serine and even-
tually 3-phosphoglycerate, involves three cellular compartments. Gly-
colate formed by dephosphorylation of 2-phosphoglycolate in
chloroplasts is oxidized to glyoxylate in peroxisomes and then
transaminated to glycine. In mitochondria, two glycine molecules con-
dense to form serine and the CO, released during photorespiration
(shaded green). This reaction is catalyzed by glycine decarboxylase,
an enzyme present at very high levels in the mitochondria of C, plants
(see text). The serine is converted to hydroxypyruvate and then to glyc-
erate in peroxisomes; glycerate reenters the chloroplasts to be phos-
phorylated, rejoining the Calvin cycle. Oxygen (shaded blue) is con-
sumed at two steps during photorespiration.
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