
(3) Fructose-
bisphosphate
aldolase TRX

Pi,

(1) Glucose-6-
phosphate 
isomerase TRX

(7) Phosphoglycerate
kinase TRX

(184) 
Phosphoglycerate
mutase

(9) Pyruvate 
kinase

(10) Triosephosphate 
isomerase

D-GLYCERALDEHYDE 1,3-BIS PHOSPHOSPHATE

3-PHOSPHO-D-GLYCERATE

2-PHOSPHO-D-GLYCERATE

(4) Glyceraldehyde 3-
phosphate 
dehydrogenase

(8) Phosphopyruvate
hydratase

PHOSPHOENOLPYRUVATE

PYRUVATE

D-GLUCOSE

α-D-GLUCOSE 6-PHOSPHATE

(2) Hexokinase
(in outer envelope?)

β-D-FRUCTOSE 6-PHOSPHATE

β-D-FRUCTOSE 1,6-PHOSPHATE

6-Phosphofructo 
kinase

D-GLYCERALDEHYDE 3-PHOSPHATEGLYCERONE 
PHOSPHATE 

(DHAP)

STARCH 
(Figure 4)

3-P-HYDROXY-
PYRUVATE

(6) Phosphoglycerate
dehydrogenase TRX

ATP

ADP + Pi

NADP + H+

NADPH

ATP

ADP + Pi

ATP

ADP + Pi

NADH + H+ NAD

PENTOSE PHOSPHATE 
PATHWAY (Figure 5)

SERINE

Fructose bis-
phosphatase, 

KCl

KCl

KCl

KCl

KCl

(185) 
Lactoylglutathione
lyase

METHYL 
GLYOXAL

LACTOYL-
GLUTATHIONE                         

LACTATE

Phosphoserine
transaminase

glutamateoxyglutarate

cytoplasmic

KCl

Cytoplasmic?

Figure 3

(5) Phosphoenolpyruvate
mutase

3-PHOSPHONOPYRUVATE

AMYLOPLAST

FM Dupont 2007

ISOPRENOIDS 
(Figure 15)

CYTOPLASM
α-D-GLUCOSE 6-PHOSPHATE

ATPADP

Hexose-P 
Transporter

Figure 2.  Glucose metabolism and glycolysis. Details of symbols and meaning of 
colors for all figures are given in Fig. 3. Hexokinase may be in the outer envelope, or 
within the plastid. 



Pyruvate Dehydrogenase 
Complex consisting of (11)
dihydrolipoyllysine-residue 
acetyltransferase, (12)
lipoamide dehydrogenase 
(TRX), and pyruvate 
dehydrogenase (13) E1 alpha 
(TRX) and (14) E1 beta 
subunits.

PYRUVATE

ACETYL CO-A

CO2

FATTY ACIDS 
(Figure 17)

MALATE OXALOACETATEAMINO ACIDS 
(Figure 8-9)

NADP + H+

NADPH

(16) Malic
Enzyme

(208) Malate 
Dehydrogenase 
(mitochondrial)

NADP + H+NADPH
CO2 NADHNAD + H+

Pyruvate Dehydrogenase

C. Legend for All Figures

Black font indicates that enzyme was 
detected  in the amyloplast preparation, 
regardless of cellular location.

Red font indicates that enzyme was not 
detected in the amyloplast preparation. 

indicates that enzyme was 
previously detected in the KCl extract 

indicates that enzyme is 
thought to be cytoplasmic.

TRX indicates that enzyme was identified as 
a thioredoxin target.

KCl

Cytoplasmic

A

Citric Acid Cycle

(15) Aconitate
hydratase

CITRATE

3-D-ISOCITRATE

KCl

B

FM Dupont 2007

AMYLOPLAST

Figure 3 . A. Pyruvate dehydrogenase.  B. Citric acid cycle components
C. Legend for all figures.



Glucose-1-phosphate 
adenylyltransferase
(19) Large subunit (TRX)  and 
(20,21) Small subunit (TRX)

α-D-GLUCOSE 1-PHOSPHATE

ADP-D-GLUCOSE

(22) NDP-glucose-starch 
glucosyltransferase (24) Starch synthase II

(17) 4-alpha-
glucanotransferase

(23) 1,4-alpha-glucan 
branching enzyme 2 TRXα-(1-4)-D-GLUCOSE 

CHAINS (AMYLOSE)

ATP

ADP + PPi

STARCH GRANULE
a-(1-4)-D-glucose chains (amylose),
α-(1-4)-D-glucose chains with (1-6)-D-

glucose links (amylopectin) 

(18) alpha 1,4-glucan 
phosphorylase
TRX

STARCH-1P
1,4-ALPHA-D-GLUCOSYL)(N-1) + 
ALPHA-D-GLUCOSE 1-
PHOSPHATE

Pyridoxyl
phosphate

(134) ADPG transporter

α-D-GLUCOSE 
1-PHOSPHATE 

ADP-D-
GLUCOSE
6-PHOSPHATE

Hexose P transporters

KCl

(183)
Phosphoglucomutase

α-D-GLUCOSE 6-PHOSPHATE
(183) 
Phosphoglucomutase –
possibly also in plastid

α-D-GLUCOSE 6-PHOSPATE

CYTOPLASM

FM Dupont 2007

AMYLOPLAST

Figure 4. Starch biosynthesis.



(25) Glucose-6-phosphate 1-
dehydrogenase
TRX

α-D-GLUCOSE 6-PHOSPHATE

(29) Transaldolase

(27) Ribose-5-
phosphate 
isomerase

(30) Transketolase
TRX

D-6-PHOSPHOGLUCONO-1,5-LACTONE

6-PHOSPHOGLUCONATE

Gluconolactonase

RIBULOSE 5-PHOSPHATE

(186) 6-
Phosphogluconate 
dehydrogenase

XYLULOSE 5-PHOSPHATE RIBOSE 5-PHOSPHATE

Ribulose 5-
phosphate 3-
epimerase 

SEDOHEPTULOSE 7-PHOSPHATE + GLYCERALDLEHYDE 3-PHOSPHATE

GLYCERONE PHOSPHATE 
(DHAP)+ ERYTHROSE

4-PHOSPHATE

NUCLEOTIDE 
BIOSYNTHESIS 
(Fig. 13)

SHIKIMATE 
PATHWAY 
(Figure 7)

RIBULOSE 1,5-
PHOSPHATE (26) Phospho-

ribulokinase

(28) Ribulose-
1,5-bis 
phosphate 
carboxylase TRX 

FRUCTOSE
6-PHOSPHATE

3-phospho-D-glycerate + 
phosphoglycolate

Hexose-P Transporter

α-D-GLUCOSE 6-PHOSPHATE

KCl

NADP

NADPH + H+

H2O

NADP

NADPH + H+ cytoplasmic
CO2

ATPADP

O2

photorespiration

KCl

FM Dupont 2007

CYTOPLASM

AMYLOPLAST

GLYCOLYSIS 
(Figure 2)

GLYCOLYSIS 
(Figure 2)

Figure 5. Pentose phosphate pathway.



(31) Formate-tetrahydrofolate 
ligase 

(32) Glycine 
hydroxymethyltransferase

FORMATE + TETRAHYDROFOLATE

10-FORMYL TETRAHYDROFOLATE

SERINE + 
TETRAHYDROFOLATE

GLYCINE + 5,10 METHYLENE TETRAHYDROFOLATE + 
H2O

ATP

ADP + Pi
KCl

PURINE BIOSYNTHESIS 
Figure 13

FM Dupont 2007

AMYLOPLAST

Figure 6. Folate 1-carbon metabolism.



TRYPTOPHAN

PHOSPHOENOL 
PYRUVATE

(35) 3-Dehydroquinate 
synthase

3-DEOXY-ARABINO-
HEPTULOSONATE 7-PHOSPHATE

3-DEHYDROQUINATE

3-DEHYDRO-SHIKIMATE

(34) 3-Dehydroquinate 
dehydratase – dual function

SHIKIMATE

(34) Shikimate:NADP
dehydrogenase- dual function

SHIKIMATE 5-P

Shikimate kinase

(36) 3P-Shikimate -
1-carboxyl vinyl 
transferase

O5-(1-CARBOXY VINYL) 3-P SHIKIMATE

CHORISMATE

(33) Anthranilate
synthase

ANTHRANILATE

Anthranilate
phosphoribosyl
transferase

N-(5’PHOSPHORIBOSYL)- ANTHRANILATE

(37) Phosphoribosyl
anthranilate isomerase

Indole 3-glycerol P-
synthase

1-(2-CARBOXYPHENYLAMINO) 1’-
DEOXYRIBULOSE-5’-P

(3-INDOYL)- GLYCEROL -P

(38,39) Tryptophan 
synthase, α− subunit; 
β-subunit TRX

INDOLE -P

SERINE

ERYTHROSE 4-P
3-Deoxy-7-
phosphoheptulonate 
synthase

Chorismate
synthase

TYROSINE

(38,39) Tryptophan 
synthase, α− and β-
subunits TRX

Pi

H2O

NADP

NADPH

ATP

ADP

Pi

Pi

glutamine

glutamate

PYRUVATE 

5-p-RIBOSYL-pp

Pi

H2O

CO2

PHOSPHOENOL 
PYRUVATE

CHORISMATE

PREPHENATE

PHENYLPYRUVATE 4-HYDROXY-PHENYLPYRUVATE

Prephenyl
pyruvate 
dehydrogenase

Chorismate
mutase

PHENYLALANINE

Tyrosine 
transaminase

AROMATIC COMPOUNDS FM Dupont 2007

AMYLOPLAST

Figure 7.  Aromatic amino acid synthesis.



Alanine 
transaminase 
may be cytosolic

(41) Aspartate 
kinase-homoserine
dehydrogenase 

(42) Aspartate-
semialdehyde
dehydrogenase

(47) Threonine 
synthase 
TRX

L-ASPARTATE

4-ASPARTYL-P

L-ASPARTATE 4-SEMIALDEHYDE

ASPARAGINE

O-PHOSPHO-L-HOMOSERINE

L- THREONINE

L-HOMOSERINE

Homoserine
kinase

Homoserine
dehydrogenase

PYRUVATE

(40) Aspartate 
transaminase TRX

GLUTAMATE

H2O

NH3

Asparaginase

ATP

ADP

NADP

NADPH

NADP

NADPH

ATP

ADP

H2O

Pi

glutamate

ALANINE

KCl

2-OXOGLUTARATE

(43) Diaminopimelate
decarboxylase

(44) Diaminopimelate
epimerase-like protein

(45) Dihydrodipicolinate
reductase-like 

LYSINE

CO2

LL-2,6-DIAMINOPIMILATE

MESO-2,6-DIAMINOPIMILATE

TETRAHYDRODIPICOLINATE

LL-Diaminopimelate
aminotransferase

2,3-DIHYDROPICOLINATE

NADP

NADPH

glutamate

oxyglutarate

H2O

(46) Dihydrodipicolinate
synthase 1 

aspartate

oxaloacetate
KCl

FM Dupont 2007

AMYLOPLAST

Figure 8. Aspartate family of amino acids.



L-THREONINE

PYRUVATE
2-OXO-BUTYRATE

2-ACETO-2-HYDROXY-BUTYRATE

2,3-DIHYDROXY-3-METHYL-VALERATE

2-OXO-3-METHYL-VALERATE

L-ISOLEUCINE

L-LEUCINE

(S)-2-ACETOLACTATE

2,3-DIHYDROXY-ISOVALERATE

2-OXOISO-VALERATE

L-VALINE 3-CARBOXY-3-HYDROXY-ISOCAPROATE

3-ISOPROPYLMALATE

2-OXOISOCAPROATE

(48) Acetolactate
synthase

(55) Ketol-acid reducto-
isomerase
TRX

(53) 3-Isopropyl-
malate 
dehydrogenase

(51,52) 3-Isopropyl-
malate dehydratase
TRX

(48) Acetolactate
synthase

(55) Ketol-acid 
reducto-isomerase
TRX

(50) Dihydroxyacid
dehydratase
TRX

(54) 2-Isopropyl-
malate synthetase(49) Branched 

chain amino 
acid 
transaminase*

(49) Branched chain 
amino acid 
transaminase*

(49) Branched chain 
amino acid 
transaminase*

(50) Dihydroxyacid
dehydratase
TRX

PYRUVATE

(11-14) Pyruvate 
Dehydrogenase 
Complex
TRX

2-(α-HYDROXYL-ETHYL)-2-ThiaminePP Threonine 
dehydratase

ThiaminePP

NADP

NADPH

H2O

glutamate

oxyglutarate

Thiamine PP

CO2

ThiaminePP

NADP

NADPH

H2O

glutamate

oxyglutarate

NAD

NADH

Acetyl 
Co-A

Co-A

KCl

KCl

KCl
glutamate

oxyglutarate

KCl

KCl

Figure 16

FM Dupont 2007

AMYLOPLAST

Figure 9. Branched chain family of amino acids.



(56) Cystathionine 
beta-lyase

(57) Cysteine S-
conjugate beta-lyase

Methionine 
synthase

(58) Cysteine 
synthase 1 

(60)
Phosphoadenylyl
-sulfate 
reductase

3-O-ACETYL-L-SERINE

ACETATE

ADENOSINE 3’5’ DIPHOSPHATE (PAP)

L-CYSTATHIONINE

L-HOMOCYSTEINE

RS-CH(2)-CH(NH(3)(+))COO(-)

RSH + NH(3) + PYRUVATE

R represents aromatic compounds 
such as 4-bromobenzene and 2,4-
CC  dinitrobenzene

SULFITE (SO3
2−) 

SULFIDE, (H2S)

(62) Thiosulfate 
sulfurtransferase
TRX

L-CYSTEINE

3-MERCAPTOPYRUVATE

PYRUVATE

Cysteine 
transaminase 

glutamate

oxyglutarate

H2SO3

H2S2O4

H2O

NH3

PYRUVATE

(61) Sulfate 
adenylyl 
transferase

S-Adenosyl
methionine 
synthase 

KCl

SO3-
ATP

PPi

3-PHOSPHOADENYLYL SULFATE   
(PAPS)

THIOREDOXIN 
DISULFIDE

THIOREDOXIN

Adenylyl-sulfate 
kinase

L-CYSTEINE

Cystathionine 
gamma-synthase

O-PHOSPHO-L-
HOMOSERINE 

Pi

METHIONINE
Methyl-
THF 

THF

S-Adenosyl 
METHIONINE

(59) Glutamate-
cysteine ligase 

L-GLUTAMATE + L-CYSTEINE

GAMMA-L-GLUTAMYL-L-CYSTEINE

ATP

ADP

GSH

ADENYLYL SULFATE (APS)

ATPADP

Ferredoxin-dependent 
sulfite reductase

5’-Adenylylsulfate 
reductase

GLUTATHIONE 
GSH (reduced) 

GLUTATHIONE 
GSSG (oxidized)

SERINE
Serine acetyl 
transferase

Glutathione 
Synthase

GLYCINE

GSSG

NADPH + H+

NADP
Glutathione-
disulfide 
reductase 

Sulfolipid

ACETYL 
COA

ATP

ADP + Pi

FM Dupont 2007

AMYLOPLAST
CYTOPLASM

L-HOMOCYSTEINE

KCl

Figure 10. Cysteine and sulfur metabolism.



(64) Acetyl-
glutamate 
kinase

N-ACYTYL GLUTAMATE

N-ACYTYL- GLUTAMYL-P

N-ACYTYL- GLUTAMATE-SEMIALDEHYDE

N2-ACETYL- ORNITHINE

(65) Acetylornithine
aminotransferase TRX

ARGININO SUCCINATE

ARGININE

(66) Arginino
succinate
lyase TRX

(67) Arginino
succinate
synthase

CITRULLINE

GLUTAMATE GLUTAMINE
(68) Glutamate Synthase (GOGAT)

FERRODOXIN

(63) N-acetyl-gamma-
glutamyl-phosphate 
reductase

ORNITHINE

ASPARTATE

(69) Ornithine
carbamoyltransferase
TRX

CARBAMOYL

PROLINE

2-OXYGLUTARATE

L-GLUTAMATE SEMIALDEHYDE

Pyrrolidine-5’-
carboxylate 
synthetase

Bifunctional for 
glutamate 5-kinase. 
and glutamate 
semialdehyde
dehydrogenase

L-pyrroline-5-carboxylate

(40) Aspartate 
transaminase TRX

ASPARTATE

NADP

NADPH

glutamate

oxyglutarate

ATP

ADP

Pi

Acetyl Co-A

Co-A

Acetylornithine
deacetylase

acetate

H2O

Pi

FUMARATE

NADPH NADP

GLUTAMATE

OXALOACETATE

Glutamate 
kinase

GLUTAMYL-P

Non-enzymatic

Pyrroline-5-
carboxylate 
reductase

KCl

KCl

KCl

glutamate

oxyglutarate

ATP

AMP + PPi

NADP

NADPH

Amino-acid N-
acetyltransferase

Ornithine
transaminase

FM Dupont 2007

AMYLOPLAST

Figure 11. Glutamate family of amino acids. 



(70) ATP phosphoribosyl
transferase

(71) Histidinol
dehydrogenase

(72) Imidazole glycerol phosphate 
synthase hisHF TRX

(73) Phosphoribosyl-ATP diphosphatase

(74) 1-(5-phosphoribosyl)-5- ((5-
phosphoribosylamino)methylideneamino)
imidazole-4-carboxamide isomerase. 

a-D5-P-RIBOSYL-DIPHOSPHATE

PHOSPHO-RIBOSYL-ATP

PHOSPHO-RIBOSYL-AMP

Phosphoribosyl-AMP 
cyclohydrolase

PHOSPHO-RIBOSYL-FORMIMINO-AICAR-P

PHOSPHO-RIBULOSYL-FORMIMINO-AICAR-P

D-ERYTHRO-IMIDAZOLE-GLYCEROL-P

HISTIDINE

HISTIDINOL

Histidinol
phosphatase

Histidinol
aminotransferase

Imidazole glycerol 
imidazole-dehydratase

PURINES 
(Figure 13)

H2O

PPi

PPi

ATP

Glutamine

Glutamate

FM Dupont 2007

AMYLOPLAST

Figure 12. Histidine synthesis.



Pyrimidine biosynthesis

(83) Aspartate 
carbamoyltransferase

(84,85) Carbamoyl
phosphate synthase, large 
and small subunits

ASPARTATE

N-CARBAMOYL L-ASPARTATE

Di-hydro-orotase

(86) Di-hydro-
orotate
dehydrogenase 

(S)-4,5-DIHYDRO- OROTATE

OROTATE

GLUTAMINE

GTP

GDP + Pi

ADENYLOSUCCINATE

(79) Adenylosuccinate
synthetase TRX

Purine biosynthesis 

(82)
Phosphoribosylaminoimida
zolesuccinocarboxamide
synthase TRX

INOSINE 5-PHOSPHATE

5’-PHOSPHORIBOSYL-N-FORMYLGLYCINAMIDINE (FGAM)

5’-PHOSPHORIBOSYL-5’-AMINOIMIDAZOLE (AIR)

5’-P-RIBOSYL-5’-AMINO-4-IMIDAZOLE CARBOXAMIDE

5’-P-RIBOSYL-5’-FORMAMIDO-4-IMIDAZOLE CARBOXAMIDE

10-FORMYL THF

ADENOSINE 5’PHOSPHATE

THF

(81) 
Phosphoribosylformylglyc
inamidine cyclo-ligase

Adenylosuccinate
lyase

L-ASPARTATE

IMINOSUCCINATE

QUINOLINIC ACID

NICOTINATE MONONUCLEOTIDE 

NICOTINAMIDE ADENINE DINUCLEOTIDE (NAD) 

Aspartate 
oxidase

(76) Quinolinate
synthase

Quinolinic acid 
phosphoribosyl
transferase

Nicotinate nucleotide 
adenylyl-transferase

CARBAMOYL-P

GLUTAMATE + H2O

2ATP

2ADP + Pi

Pi

H2O

Orotate p-ribosyl transferase 

OROTIDINE-5’-PHOSPHATE

CO2

URIDINE-5’-PHOSPHATE

PHOPHOSORIBULOSE 
DIPHOSPHATE

PPi

5’-PHOSPHORIBOSYL-5-AMINOIMIDAZOLE 
CARBOXAMIDE (AICAR)

H2O

Bifunctional UMP synthase for 
last 2 steps from orotate to UMP ; 
cytosolic

Pi, 2H2O

ADENOSINE 5’ TRIPHOSPHATE

(78) Adenylate
kinase

NAD

NADH + H+

GLYCERALDEHYDE-
3-PHOSPHATE

PHOPHORIBOSYL-
DIPHOSPHATE

ATP

PPi

ATP

ADP

CO2

ATP

ADP

L-ASPARTATE

FUMARATE

Pi

Pi

PPI

Pi

(75) Inorganic 
diphosphatase

THIAMINE
(Figure 16)

KCl

(80) Phosphoribosylamino-
imidazolecarboxamide
formyltransferase

HCO3
-

NAD  biosynthesis 

Also from histidine
pathway (Figure 12)

Phosphoribosylamino-
imidazole carboxylase

IMP cyclohydrolase

FM Dupont 2007

AMYLOPLAST

Figure 13. Nucleic acid synthesis.



(87)Coproporphyrinogen 
oxidase

(93)Porphobilinogen 
synthase

(89)Ferrochelatase

(90)Glutamate-1-
semialdehyde 2,1-
aminomutase.

(94)Urophorphyrinogen 
decarboxylase

COPROPORPHYRINOGEN-III

PROTOPORPHYRINGEN-IX

PORPHOBILINOGEN

PROTOPORPHYRIN IX

PROTOHEME (HEME)

5-AMINOLEVULINATE 

(S)-4-AMINO-5-OXOPENTANOATE

HYDROXYMETHYLBILANE

UROPORPHYRINOGEN III

(92)Hydroxymethylbilane 
synthase

BILIVERDIN

(91)Heme oxygenase

2 H2O

4 NH3
H2O

Uroporphyrinogen
synthaseH2O

4CO2

4CO2 
2H2O

O2

Protoproporphyrinogen
oxidase

3O2

CO
3H2O 
FE(2+)

2/3O2

3H2O

Fe2+

2H+

NADP

NADPH + H+

BILIN CHROMOPHORES 
OF PHYTOCHROMES

GLUTAMATE tRNA

Glutamic acid tRNA ligase 
and dehydrogenase

(88) FERRITIN

FM Dupont 2007

AMYLOPLAST

Figure 14. Porphyrin synthesis.



Isoprenoid Biosynthesis Part I: Non-mevalonate Pathway

(95) 2-C-Methyl-D-erythritol 4-
phosphate cytidylyltransferase

(96) 4-Hydroxy-3-methylbut-2-
en-1-yl diphosphate synthase

4-(CYTIDINE 5'-DIPHOSPHO)-2-C-METHYL-D-ERYTHRITOL

2-C-METHYL-D-ERYTHRITOL 4-PHOSPHATE 

PYRUVATE + GLYCERALDEHYDE 3-PHOSPHATE

1-DEOXY D-XYULOSE 5P

1-Deoxy-D-xylulose-5-phosphate synthase.

Deoxyxylulose 5-phosphate 
reductoisomerase

H2O

PPi

CO2

PROTEIN-DITHIOL

PROTEIN-DISULFIDE

NADP

NADPH + H+

CTP

2-PHOSPHO-4-(CYTIDINE 5'-DIPHOSPHO)-2-C-METHYL-D-ERYTHRITOL

ATP

ADP

4-(Cytidine 5'-diphospho)-2-C-
methyl-D-erythritol kinase EC

2-C-Methyl-D-erythritol 2,4-
cyclodiphosphate synthase

2-C-METHYL-D-ERYTHRITOL 2,4-CYCLODIPHOSPHATE 

CMP

E-4-HYDROXY-3-METHYLBUT-2-EN-1-YL DIPHOSPHATE

4-Hydroxy-3-methylbut-2-enyl 
diphosphate reductase

ISOPENTENYL 
DIPHOSPHATE (IPP)

DIMETHYLALLYL 
DIPHOSPHATE (DMAPP)

NADP

NADPH + H+

(97) Isopentenyl
diphosphate DELTA 
DELTA 2 isomerase.

Continued on  S15b
FM Dupont 2007

AMYLOPLAST

Figure 15a. Isoprenoid synthesis I, Non-mevalonate pathway.



Isoprenoid Biosynthesis II

(97) Isopentenyl
diphosphate DELTA 
DELTA 2 isomerase.

2 GERANYLGERANYL DIPHOSPHATE

ISOPENTENYL DIPHOSPHATE 
(IPP)

DIMETHYLALLYL DIPHOSPHATE (DMAPP)

GERANYL DIPHOSPHATE

Dimethylallyl tranferase

Farnesyl transferase

(98) Phytoene 
synthase

PHYTOENE

PPi

PPi

(99) Phytoene 
desaturase

MONOTERPENES

DITERPENES

Trans-neurosporene
(9,90-di-cis-z-
carotene)

LYCOPENE

alpha-CAROTENE 

LUTEIN

PPi

PPi

(104) Gamma-
tocopherol O-
methyltransferase

(103) Tocopherol
cyclase

S-ADENOSYL-L-METHIONINE

ALPHA-TOCOPHEROL 
(VITAMIN E)

2,3-DIMETHYL-5-PHYTYL-1,4-HYDROQUINONE

GAMMA-TOCOPHEROL

S-ADENOSYL-L-HOMOCYSTEINE

GERANYLGERANYL DIPHOSPHATE

NADP

3NADPH + H+

PPi

NADPH 
+ H+

NADP

Plastoquinone 9, O2

Carotene cis-trans-isomerase

zeta carotene desaturase

beta-CAROTENE 

ZEAXANTHIN 

Prenyl tranferase

FM Dupont 2007

AMYLOPLAST

Figure 15b. Isoprenoid synthesis II.



(101)
Riboflavin synthase, 
alpha chain

Thiamine-
phosphate 
diphosphorylase

2 6,7-DIMETHYL-8-(1-D-RIBITYL)LUMAZINE

RIBOFLAVIN + 4-(1-D-
RIBITYLAMINO)-5-AMINO-
2,6-DIHYDROXYPYRIMIDINE 
(Vitamin B2)

GTP
(Figure 13)

2-METHYL-4-AMINO-5-
HYDROXYMETHYLPYRIMIDINE PP 4-METHYL-5-(2-PHOSPHONO-

OXYETHYL)-THIAZOLE

THIAMINE P + PPi

THIAMINE (Vitamin B1)

AIR

Hydroxyethylthiazole
kinase

5-(2-HYDROXY ETHYL)-4-
METHYLTHIAZOLE

GLYCERALDEHYDE 3-
PHOSPHATE and 
PYRUVATE (Figure 2)

4-AMINO- 5-HYDROXYMETHYL-2-
PYRIMIDINE

(102 )Thiamine 
biosynthesis 
protein THIC

4-AMINO- 2-METHYL-5-
PHOSPHOMETHYLPYRIMIDINE

RIBULOSE 5-P

Purine 
Pathway 
(Figure  13)
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Figure 16. Vitamin and cofactor synthesis, nucleic acid-related pathways.
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the acyl-enzyme are shown. Multiple cycles are needed to form 16 and 18 carbon fatty acids.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


