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Hormon	

GA3, Kinetin, Sitokinin  
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Penampang sel daun 

Stomata, guard cell (sel penjaga), sel mesofil dan vein 

Yang penting untuk fotosintesis 
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3. Chlorophyll may participate in energy transfer, dur-
ing which an excited chlorophyll transfers its energy
to another molecule.

4. A fourth process is photochemistry, in which the
energy of the excited state causes chemical reactions
to occur. The photochemical reactions of photosyn-
thesis are among the fastest known chemical reac-
tions. This extreme speed is necessary for photo-
chemistry to compete with the three other possible
reactions of the excited state just described.

Photosynthetic Pigments Absorb the Light That
Powers Photosynthesis

The energy of sunlight is first absorbed by the pigments of
the plant. All pigments active in photosynthesis are found
in the chloroplast. Structures and absorption spectra of sev-
eral photosynthetic pigments are shown in Figures 7.6 and
7.7, respectively. The chlorophylls and bacteriochloro-
phylls (pigments found in certain bacteria) are the typical
pigments of photosynthetic organisms, but all organisms
contain a mixture of more than one kind of pigment, each
serving a specific function.

Chlorophylls a and b are abundant in green plants, and
c and d are found in some protists and cyanobacteria. A
number of different types of bacteriochlorophyll have been
found; type a is the most widely distributed. Web Topic 7.2
shows the distribution of pigments in different types of
photosynthetic organisms.

All chlorophylls have a complex ring structure that is
chemically related to the porphyrin-like groups found in
hemoglobin and cytochromes (see Figure 7.6A). In addition,
a long hydrocarbon tail is almost always attached to the ring
structure. The tail anchors the chlorophyll to the hydropho-
bic portion of its environment. The ring structure contains
some loosely bound electrons and is the part of the molecule
involved in electron transitions and redox reactions.

The different types of carotenoids found in photosyn-
thetic organisms are all linear molecules with multiple con-
jugated double bonds (see Figure 7.6B). Absorption bands
in the 400 to 500 nm region give carotenoids their charac-
teristic orange color. The color of carrots, for example, is due
to the carotenoid β-carotene, whose structure and absorp-

tion spectrum are shown in Figures 7.6 and 7.7, respectively.
Carotenoids are found in all photosynthetic organisms,

except for mutants incapable of living outside the labora-
tory. Carotenoids are integral constituents of the thylakoid
membrane and are usually associated intimately with both
antenna and reaction center pigment proteins. The light
absorbed by the carotenoids is transferred to chlorophyll
for photosynthesis; because of this role they are called
accessory pigments.

KEY EXPERIMENTS IN UNDERSTANDING
PHOTOSYNTHESIS
Establishing the overall chemical equation of photosyn-
thesis required several hundred years and contributions by

many scientists (literature references for
historical developments can be found on
the web site). In 1771, Joseph Priestley
observed that a sprig of mint growing in
air in which a candle had burned out
improved the air so that another candle
could burn. He had discovered oxygen
evolution by plants. A Dutchman, Jan
Ingenhousz, documented the essential role
of light in photosynthesis in 1779.

Other scientists established the roles of
CO2 and H2O and showed that organic
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FIGURE 7.6 Molecular structure of some photosynthetic pigments. (A) The
chlorophylls have a porphyrin-like ring structure with a magnesium atom
(Mg) coordinated in the center and a long hydrophobic hydrocarbon tail
that anchors them in the photosynthetic membrane. The porphyrin-like ring
is the site of the electron rearrangements that occur when the chlorophyll is
excited and of the unpaired electrons when it is either oxidized or reduced.
Various chlorophylls differ chiefly in the substituents around the rings and
the pattern of double bonds. (B) Carotenoids are linear polyenes that serve
as both antenna pigments and photoprotective agents. (C) Bilin pigments
are open-chain tetrapyrroles found in antenna structures known as phyco-
bilisomes that occur in cyanobacteria and red algae.
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FIGURE 7.7 Absorption spectra of some photosynthetic
pigments. Curve 1, bacteriochlorophyll a; curve 2, chlorophyll
a; curve 3, chlorophyll b; curve 4, phycoerythrobilin; curve 5,
β-carotene. The absorption spectra shown are for pure pig-
ments dissolved in nonpolar solvents, except for curve 4,
which represents an aqueous buffer of phycoerythrin, a pro-
tein from cyanobacteria that contains a phycoerythrobilin
chromophore covalently attached to the peptide chain. In
many cases the spectra of photosynthetic pigments in vivo
are substantially affected by the environment of the pigments
in the photosynthetic membrane. (After Avers 1985.)

▲

Spektrum	 penyerapan	 beberapa	 pigmen	 fotosintesis.	 Kurva	 1,	
bakterioklorofil	 a;	 kurva	 2,	 klorofil	 a;	 kurva	 3,	 klorofil	 b;	 kurva	 4,	
phycoerythrobilin;	kurva	5,	β-karoten	(	Lincoln	Taiz,	2006)	



Urutan warna ditentukan oleh panjang gelombang cahaya. Cahaya yang 
dapat terlihat merupakan sebahagian kecil spektrum elektromagnetik. 
Semakin panjang gelombang maka warnanya semakin merah. Sehingga 
yang terpendek adalah jinga/violet. Yang memiliki panjang gelombang 
lebih panjang dari merah disebut dengan Infra Merah, sedangkan yang 
lebih pendek dari jinga/unggu disebut ultraviolet   
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Kenapa belajar fotosintesis ? 

Karena fotosintesis merupakan reaksi biokimia (C,H,O --> 
reaksi hidup) penting ---yang menghasilkan 
“makanan” (selulosa, karbohidrat dll) 

Dipelajari PENTING karena “harus meningkatkan 
efisiensi fotosintesis”-contoh pada tanaman jagung 
dari energi yang diterima hanya sekitar 1-2% 
energi matahari tsb yang dirubah menjadi “produk 
(karbohidrat, selulosa dll)” , pada tanaman yang 
tidak dibudidayakan hanya sekitar 0.2%, tanaman 
tebu yang termasuk paling efisienpun hanya 
mampu merubah 8% dari total energi yang dia 
terima menjadi makanan 



Suhu:	akAvitas	enzim	fotosintesis	

Cytochrom rubisco 
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Air		
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Nutrisi	
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FIGURE 8.3 The Calvin cycle. The carboxylation of three molecules of ribulose-1,5-
bisphosphate leads to the net synthesis of one molecule of glyceraldehyde-3-phos-
phate and the regeneration of the three molecules of starting material. This process
starts and ends with three molecules of ribulose-1,5-bisphosphate, reflecting the
cyclic nature of the pathway.

Gambar	1.	Siklus	Calvin	



Enzim	yang	berperan	dalam	Reaksi	yang	terjadi	dalam	siklus	Calvin	
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cated by the full name, the enzyme also has an oxygenase
activity in which O2 competes with CO2 for the common
substrate ribulose-1,5-bisphosphate (Lorimer 1983). As we
will discuss later, this property limits net CO2 fixation.

As shown in Figure 8.4, CO2 is added to carbon 2 of ribu-
lose-1,5-bisphosphate, yielding an unstable, enzyme-bound
intermediate, which is hydrolyzed to yield two molecules of
the stable product 3-phosphoglycerate (see Table 8.1, reac-
tion 1). The two molecules of 3-phosphoglycerate—labeled
“upper” and “lower” on the figure—are distinguished by
the fact that the upper molecule contains the newly incor-
porated carbon dioxide, designated here as *CO2.

Two properties of the carboxylase reaction are especially
important:

1. The negative change in free energy (see Chapter 2 on
the web site for a discussion of free energy) associated
with the carboxylation of ribulose-1,5-bisphosphate is
large; thus the forward reaction is strongly favored.

2. The affinity of rubisco for CO2 is sufficiently high to
ensure rapid carboxylation at the low concentrations
of CO2 found in photosynthetic cells.

Rubisco is very abundant, representing up to 40% of the
total soluble protein of most leaves. The concentration of
rubisco active sites within the chloroplast stroma is calcu-
lated to be about 4 mM, or about 500 times greater than the
concentration of its CO2 substrate (see Web Topic 8.3).

Triose Phosphates Are Formed in the Reduction
Step of the Calvin Cycle
Next in the Calvin cycle (Figure 8.3 and Table 8.1), the 3-
phosphoglycerate formed in the carboxylation stage under-
goes two modifications:

1. It is first phosphorylated via 3-phosphoglycerate
kinase to 1,3-bisphosphoglycerate through use of the
ATP generated in the light reactions (Table 8.1, reac-
tion 2).

2. Then it is reduced to glyceraldehyde-3-phosphate
through use of the NADPH generated by the light
reactions (Table 8.1, reaction 3). The chloroplast
enzyme NADP:glyceraldehyde-3-phosphate dehy-
drogenase catalyzes this step. Note that the enzyme
is similar to that of glycolysis (which will be dis-
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TABLE8.1 
Reactions of the Calvin cycle

Enzyme Reaction

1. Ribulose-1,5-bisphosphate carboxylase/oxygenase 6 Ribulose-1,5-bisphosphate + 6 CO2 + 6 H2O → 
12 (3-phosphoglycerate) + 12 H+

2. 3-Phosphoglycerate kinase 12 (3-Phosphoglycerate) + 12 ATP → 
12 (1,3-bisphosphoglycerate) + 12 ADP

3. NADP:glyceraldehyde-3-phosphate dehydrogenase 12 (1,3-Bisphosphoglycerate) + 12 NADPH + 12 H+ → 
12 glyceraldehye-3-phosphate + 12 NADP+ + 12 Pi

4. Triose phosphate isomerase 5 Glyceraldehyde-3-phosphate → 
5 dihydroxyacetone-3-phosphate 

5. Aldolase 3 Glyceraldehyde-3-phosphate + 3 dihydroxyacetone-
3-phosphate → 3 fructose-1,6-bisphosphate

6. Fructose-1,6-bisphosphatase 3 Fructose-1,6-bisphosphate + 3 H2O → 3 fructose-
6-phosphate + 3 Pi

7. Transketolase 2 Fructose-6-phosphate + 2 glyceraldehyde-3-phosphate → 
2 erythrose-4-phosphate + 2 xylulose-5-phosphate

8. Aldolase 2 Erythrose-4-phosphate + 2 dihydroxyacetone-3-phosphate → 
2 sedoheptulose-1,7-bisphosphate

9. Sedoheptulose-1,7,bisphosphatase 2 Sedoheptulose-1,7-bisphosphate + 2 H2O → 2 sedoheptulose-
7-phosphate + 2 Pi

10. Transketolase 2 Sedoheptulose-7-phosphate + 2 glyceraldehyde-3-phosphate → 
2 ribose-5-phosphate + 2 xylulose-5-phosphate

11a. Ribulose-5-phosphate epimerase 4 Xylulose-5-phosphate → 4 ribulose-5-phosphate 
11b. Ribose-5-phosphate isomerase 2 Ribose-5-phosphate → 2 ribulose-5-phosphate
12. Ribulose-5-phosphate kinase 6 Ribulose-5-phosphate + 6 ATP → 6 ribulose-1,5-bisphosphate + 

6 ADP + 6 H+

Net:6 CO2 + 11 H2O + 12 NADPH + 18 ATP → Fructose-6-phosphate + 12 NADP+ + 6 H+ + 18 ADP + 17 Pi

Note:Pi stands for inorganic phosphate.
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In pursuing these initial observations, M. D. Hatch and
C. R. Slack elucidated what is now known as the C4 pho-
tosynthetic carbon cycle (C4 cycle) (Figure 8.10). They
established that the C4 acids malate and aspartate are the
first stable, detectable intermediates of photosynthesis in
leaves of sugarcane and that carbon atom 4 of malate sub-
sequently becomes carbon atom 1 of 3-phosphoglycerate
(Hatch and Slack 1966). The primary carboxylation in
these leaves is catalyzed not by rubisco, but by PEP (phos-
phoenylpyruvate) carboxylase (Chollet et al. 1996).

The manner in which carbon is transferred from car-
bon atom 4 of malate to carbon atom 1 of 3-phospho-
glycerate became clear when the involvement of meso-
phyll and bundle sheath cells was elucidated. The
participating enzymes occur in one of the two cell types:
PEP carboxylase and pyruvate–orthophosphate dikinase
are restricted to mesophyll cells; the decarboxylases and
the enzymes of the complete Calvin cycle are confined to
the bundle sheath cells. With this knowledge, Hatch and
Slack were able to formulate the basic model of the cycle
(Figure 8.11 and Table 8.3).

The C4 Cycle Concentrates CO2 in 
Bundle Sheath Cells
The basic C4 cycle consists of four stages:

1. Fixation of CO2 by the carboxylation of
phosphoenolpyruvate in the mesophyll
cells to form a C4 acid (malate and/or
aspartate)

2. Transport of the C4 acids to the bundle
sheath cells

3. Decarboxylation of the C4 acids within
the bundle sheath cells and generation
of CO2, which is then reduced to carbo-
hydrate via the Calvin cycle

158 Chapter 8
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FIGURE 8.10 The basic C4 photosynthetic carbon cycle involves four
stages in two different cell types: (1) Fixation of CO2 into a four-carbon
acid in a mesophyll cell; (2) Transport of the four-carbon acid from the
mesophyll cell to a bundle sheath cell; (3) Decarboxylation of the four-car-
bon acid, and the generation of a high CO2 concentration in the bundle
sheath cell. The CO2 released is fixed by rubisco and converted to carbo-
hydrate by the Calvin cycle.(4) Transport of the residual three-carbon acid
back to the mesophyll cell, where the original CO2 acceptor, phospho-
enolpyruvate, is regenerated.

TABLE 8.3
Reactions of the C4 photosynthetic carbon cycle
Enzyme Reaction

1. Phosphoenolpyruvate (PEP) carboxylase Phosphoenolpyruvate + HCO3
–→ oxaloacetate + Pi

2. NADP:malate dehydrogenase Oxaloacetate + NADPH + H+ → malate + NADP+

3. Aspartate aminotransferase Oxaloacetate + glutamate → aspartate + α-ketoglutarate

4. NAD(P) malic enzyme Malate + NAD(P)+ → pyruvate + CO2 + NAD(P)H + H+

5. Phosphoenolpyruvate carboxykinase Oxaloacetate + ATP → phosphoenolpyruvate + CO2 + ADP

6. Alanine aminotransferase Pyruvate + glutamate ↔ alanine + α-ketoglutarate

7. Adenylate kinase AMP + ATP → 2 ADP

8. Pyruvate–orthophosphate dikinase Pyruvate + Pi + ATP → phosphoenolpyruvate + AMP + PPi 
9. Pyrophosphatase PPi + H2O → 2 Pi

Note:Pi and PPi stand for inorganic phosphate and pyrophosphate,respectively.

Gambar	1.	Proses	fotosinteAk	
t u m b u h a n	 C 4 	 y a n g	
melibatkan	 empat	 tahap	
dalam	 dua	 jenis	 sel	 yang	
berbeda:	 (1)	 Fiksasi	 CO2	
menjadi	 4	 atom	 C	 pada	 sel	
selubung	didalam	sel	mesofil;	
(2)	Pengangkutan	4	C	dari	sel	
mesofil	 ke	 sel	 selubung	
bundel;	 (3)	 Dekarboksilasi	 4	
a s a m	 C a r b o n , 	 d a n	
pembangkitan	 konsentrasi	
CO2	Anggi	dalam	sel	selubung	
p e m b u l u h . 	 C O 2	 y a n g	
dikeluarkan	 diperbaiki	 oleh	
rubisco	 dan	 diubah	 menjadi	
karbohidrat	 o leh	 s ik lus	
Calvin.	 (4)	 Pengangkutan	
asam	 karbon	 Aga	 residu	
kembali	 ke	 sel	 mesofil,	 di	
mana	 akseptor	 CO2	 asli,	
diregenerasi.	
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In pursuing these initial observations, M. D. Hatch and
C. R. Slack elucidated what is now known as the C4 pho-
tosynthetic carbon cycle (C4 cycle) (Figure 8.10). They
established that the C4 acids malate and aspartate are the
first stable, detectable intermediates of photosynthesis in
leaves of sugarcane and that carbon atom 4 of malate sub-
sequently becomes carbon atom 1 of 3-phosphoglycerate
(Hatch and Slack 1966). The primary carboxylation in
these leaves is catalyzed not by rubisco, but by PEP (phos-
phoenylpyruvate) carboxylase (Chollet et al. 1996).

The manner in which carbon is transferred from car-
bon atom 4 of malate to carbon atom 1 of 3-phospho-
glycerate became clear when the involvement of meso-
phyll and bundle sheath cells was elucidated. The
participating enzymes occur in one of the two cell types:
PEP carboxylase and pyruvate–orthophosphate dikinase
are restricted to mesophyll cells; the decarboxylases and
the enzymes of the complete Calvin cycle are confined to
the bundle sheath cells. With this knowledge, Hatch and
Slack were able to formulate the basic model of the cycle
(Figure 8.11 and Table 8.3).

The C4 Cycle Concentrates CO2 in 
Bundle Sheath Cells
The basic C4 cycle consists of four stages:

1. Fixation of CO2 by the carboxylation of
phosphoenolpyruvate in the mesophyll
cells to form a C4 acid (malate and/or
aspartate)

2. Transport of the C4 acids to the bundle
sheath cells

3. Decarboxylation of the C4 acids within
the bundle sheath cells and generation
of CO2, which is then reduced to carbo-
hydrate via the Calvin cycle
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FIGURE 8.10 The basic C4 photosynthetic carbon cycle involves four
stages in two different cell types: (1) Fixation of CO2 into a four-carbon
acid in a mesophyll cell; (2) Transport of the four-carbon acid from the
mesophyll cell to a bundle sheath cell; (3) Decarboxylation of the four-car-
bon acid, and the generation of a high CO2 concentration in the bundle
sheath cell. The CO2 released is fixed by rubisco and converted to carbo-
hydrate by the Calvin cycle.(4) Transport of the residual three-carbon acid
back to the mesophyll cell, where the original CO2 acceptor, phospho-
enolpyruvate, is regenerated.

TABLE 8.3
Reactions of the C4 photosynthetic carbon cycle
Enzyme Reaction

1. Phosphoenolpyruvate (PEP) carboxylase Phosphoenolpyruvate + HCO3
–→ oxaloacetate + Pi

2. NADP:malate dehydrogenase Oxaloacetate + NADPH + H+ → malate + NADP+

3. Aspartate aminotransferase Oxaloacetate + glutamate → aspartate + α-ketoglutarate

4. NAD(P) malic enzyme Malate + NAD(P)+ → pyruvate + CO2 + NAD(P)H + H+

5. Phosphoenolpyruvate carboxykinase Oxaloacetate + ATP → phosphoenolpyruvate + CO2 + ADP

6. Alanine aminotransferase Pyruvate + glutamate ↔ alanine + α-ketoglutarate

7. Adenylate kinase AMP + ATP → 2 ADP

8. Pyruvate–orthophosphate dikinase Pyruvate + Pi + ATP → phosphoenolpyruvate + AMP + PPi 
9. Pyrophosphatase PPi + H2O → 2 Pi

Note:Pi and PPi stand for inorganic phosphate and pyrophosphate,respectively.



The	C4	photosyntheAc	pathway.	The	hydrolysis	of	two	ATP	drives	the	cycle	in	the	
direcAon	 of	 the	 arrows,	 thus	 pumping	 CO2	 from	 the	 atmosphere	 to	 the	 Calvin	
cycle	of	the	chloroplasts	from	bundle	sheath	cells.		
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4. Transport of the C3 acid (pyruvate or alanine) that is
formed by the decarboxylation step back to the meso-
phyll cell and regeneration of the CO2 acceptor phos-
phoenolpyruvate

One interesting feature of the cycle is that regeneration
of the primary acceptor—phosphoenolpyruvate—con-
sumes two “high-energy” phosphate bonds: one in the
reaction catalyzed by pyruvate–orthophosphate dikinase
(Table 8.3, reaction 8) and another in the conversion of PPi
to 2Pi catalyzed by pyrophosphatase (reaction 9; see also
Figure 8.11).

Shuttling of metabolites between mesophyll and bundle
sheath cells is driven by diffusion gradients along numer-
ous plasmodesmata, and transport within the cells is reg-
ulated by concentration gradients and the operation of spe-
cialized translocators at the chloroplast envelope. The cycle
thus effectively shuttles CO2 from the atmosphere into the
bundle sheath cells. This transport process generates a
much higher concentration of CO2 in the bundle sheath cells
than would occur in equilibrium with the external atmos-
phere. This elevated concentration of CO2 at the carboxyla-
tion site of rubisco results in suppression of the oxygenation
of ribulose-1,5-bisphosphate and hence of photorespiration.

Discovered in the tropical grasses, sugarcane, and
maize, the C4 cycle is now known to occur in 16 families of

both monocotyledons and dicotyledons, and it is particu-
larly prominent in Gramineae (corn, millet, sorghum, 
sugarcane), Chenopodiaceae (Atriplex), and Cyperaceae
(sedges). About 1% of all known species have C4 metabo-
lism (Edwards and Walker 1983).

There are three variations of the basic C4 pathway that
occur in different species (see Web Topic 8.7). The varia-
tions differ principally in the C4 acid (malate or aspartate)
transported into the bundle sheath cells and in the manner
of decarboxylation.

The Concentration of CO2 in Bundle Sheath Cells
Has an Energy Cost
The net effect of the C4 cycle is to convert a dilute solution
of CO2 in the mesophyll cells into a concentrated CO2 solu-
tion in cells of the bundle sheath. Studies of a PEP car-
boxylase–deficient mutant of Amaranthus edulis clearly
showed that the lack of an effective mechanism for con-
centrating CO2 in the bundle sheath markedly enhances
photorespiration in a C4 plant (Dever et al. 1996).

Thermodynamics tells us that work must be done to
establish and maintain the CO2 concentration gradient in
the bundle sheath (for a detailed discussion of theomody-
namics, see Chapter 2 on the web site). This principle also
applies to the operation of the C4 cycle. From a summation
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respectively (see Chapter 4). Thus, CAM plants have a
competitive advantage in dry environments.

The CAM mechanism is similar in many respects to the
C4 cycle. In C4 plants, formation of the C4 acids in the mes-
ophyll is spatially separated from decarboxylation of the
C4 acids and from refixation of the resulting CO2 by the
Calvin cycle in the bundle sheath. In CAM plants, forma-
tion of the C4 acids is both temporally and spatially sepa-
rated. At night, CO2 is captured by PEP carboxylase in the
cytosol, and the malate that forms from the oxaloacetate
product is stored in the vacuole (Figure 8.12). During the
day, the stored malate is transported to the chloroplast and
decarboxylated by NADP-malic enzyme, the released CO2
is fixed by the Calvin cycle, and the NADPH is used for
converting the decarboxylated triose phosphate product to
starch.

The Stomata of CAM Plants Open at Night and
Close during the Day
CAM plants such as cacti achieve their high water use effi-
ciency by opening their stomata during the cool, desert

nights and closing them during the hot, dry days. Closing
the stomata during the day minimizes water loss, but
because H2O and CO2 share the same diffusion pathway,
CO2 must then be taken up at night.

CO2 is incorporated via carboxylation of phospho-
enolpyruvate to oxaloacetate, which is then reduced to
malate. The malate accumulates and is stored in the large
vacuoles that are a typical, but not obligatory, anatomic fea-
ture of the leaf cells of CAM plants (see Figure 8.12). The
accumulation of substantial amounts of malic acid, equiv-
alent to the amount of CO2 assimilated at night, has long
been recognized as a nocturnal acidification of the leaf
(Bonner and Bonner 1948).

With the onset of day, the stomata close, preventing loss
of water and further uptake of CO2. The leaf cells deacid-
ify as the reserves of vacuolar malic acid are consumed.
Decarboxylation is usually achieved by the action of
NADP-malic enzyme on malate (Drincovich et al. 2001).
Because the stomata are closed, the internally released CO2
cannot escape from the leaf and instead is fixed and con-
verted to carbohydrate by the Calvin cycle.

Photosynthesis: Carbon React ions 161

CO2

Dark: Stomata opened Light: Stomata closed

CO2 uptake and
fixation: leaf
acidification

Open stoma permits
entry of CO2 and 
loss of H2O

Atmospheric Decarboxylation of stored
malate and refixation of internal
CO2: deacidification

Closed stoma
prevents H2O loss
and CO2 uptake

HCO3
–

Phosphoenol-
pyruvate

PEP carboxylase

Oxaloacetate

Malate

Malic acid

Triose 
phosphate

Starch

Pi

NADH

NAD+

NAD+ malic
dehydrogenase

Chloroplast Vacuole

Chloroplast

Vacuole

CO2 Malic acidMalate

Starch

Pyruvate
Calvin
cycle

NADP+ malic
enzyme

FIGURE 8.12 Crassulacean acid metabolism (CAM). Temporal separation of CO2 uptake
from photosynthetic reactions: CO2 uptake and fixation take place at night, and decar-
boxylation and refixation of the internally released CO2 occur during the day. The adap-
tive advantage of CAM is the reduction of water loss by transpiration, achieved by the
stomatal opening during the night. 

Crassulacean	acid	metabolism	(CAM).	Temporal	separaAon	of	CO
2	
uptake	from	photosyntheAc	

reacAons:	CO
2	
uptake	and	fixaAon	take	place	at	night,	and	decar-	boxylaAon	and	refixaAon	of	

the	 internally	 released	 CO
2	
occur	 during	 the	 day.	 The	 adap-	 Ave	 advantage	 of	 CAM	 is	 the	

reducAon	of	water	loss	by	transpiraAon,	achieved	by	the	stomatal	opening	during	the	night.	



31 Novri Youla Kandowangko 



32 Novri Youla Kandowangko 


