ADP ATP

o-D-GLUCOSE 6-PHOSPHATE <:%;> D-GLUCOSE
CYTOPLASM Hexose-P (2) Hexokinase
AMYLOPLAST Transporter  (in outer envelope?)
o-D-GLUCOSE 6-PHOSPHATE
/ (1) Glucose-6- \A
STARCH phosphate PENTOSE PHOSPHATE
(Figure 4) isomerase TRX PATHWAY (Figure 5)

B-D-FRUCTOSE 6-PHOSPHATE

ATP 6-Phosphafructo .
Ki Fructose bis-
inase
ADP + Pi phosphatase,

B-D-FRUCTOSE 1,6-PHOSPHATE

(3) Fructose-
bisphosphate
aldolase TRX

GLYCERONE <——=>D-GLYCERALDEHYDE 3-PHOSPHATE

PHOSPHATE
(DHAP)  (10) Triosephosphate T~ ISOPRENOIDS
isomerase (Figure 15)
[EU NADP + H*
(4) Glyceraldehyde 3-
) phosphate
Pi, NADPH dehydrogenase

D-GLYCERALDEHYDE 1,3-BIS PHOSPHOSPHATE

ADP + Pi
(7) Phosphoglycerate
kinase TRX [ED
oxyglutarate ?Iutamate NADH + H*  NAD ATP
SERlNE“gYPéTK/DAi(EXY_<::(> 3-PHOSPHO-D-GLYCERATE
Phosphoserine (6) Phosphoglycerate (184)
transaminase dehydrogenase TRX Phosphoglycerate

mutase 5

2-PHOSPHO-D-GLYCERATE

(8) Phosphopyruvate
hydratase

LACTATE ) ACTOYL- <<= METHYL gty pHOSPHOENOLPYRUVATE <<==—=> 3-PHOSPHONOPYRUVATE

GLUTATHIONE 1g5) ~ GLYOXAL (5) Phosphoenolpyruvate

, ADP + Pi
Lactoylglutathione (9) Pyruvate  mutase
lyase kinase [_l@
ATP
PYRUVATE
v
Figure 3
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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

A

co
2 NADPH NADP +H+* NAD +H* NADH

A 4 A 4
AMINO ACIDS <<=——=> PYRUVATE MALATE <———>> OXALOACETATE

(Figure 8-9) (16) Malic (208) Malate
Enzyme Dehydrogenase
(mitochondrial)

NADPH Pyruvate Dehydrogenase
Complex consisting of (11)
dihydrolipoyllysine-residue
acetyltransferase, (12)

/ lipoamide dehydrogenase
co, (TRX), and pyruvate
dehydrogenase (13) E1 alpha
V (TRX) and (14) E1 beta

NADP + H

subunits.

ACETYL CO-A

AMYLOPLAST
FATTY ACIDS
(Figure 17) FM Dupont 2007

C. Legend for All Figures

Citric Acid Cycle Black font indicates that enzyme was

/ \ detected in the amyloplast preparation,
regardless of cellular location.
B CITRATE

Red font indicates that enzyme was not
(15) Aconitate detected in the amyloplast preparation.

hydratase [ED B‘E‘j indicates that enzyme was
previously detected in the KCI extract

3-D-ISOCITRATE

k / indicates that enzyme is

thought to be cytoplasmic.

TRX indicates that enzyme was identified as
a thioredoxin target.

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



CYTOPLASM
AMYLOPLAST

o-D-GLUCOSE 6-PHOSPHATE «

(183)
Phosphoglucomutase —
possibly also in plastid

o-D-GLUCOSE 1-PHOSPHATE €--------_____

Glucose-1-phosphat
ATP adenylyltransferase
(19) Large subunit (TRX) and

ADP + PPi (20,21) Small subunit (TRX)

transporters

--a-D-GLUCOSE 6-PHOSPATE

(183)
Phosphoglucomutase

- - o-D-GLUCOSE
1-PHOSPHATE

ADP-D-GLUCOSE <

(22) NDP-glucose-starch
glucosyltransferase (24) Starch synthase Il
(23) 1,4-alpha-glucan
a-(1-4)-D-GLUCOSE branching enzyme 2 TRX
CHAINS (AMYLOSE)

(17) 4-alpha-
glucanotransferase

»

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

Pyridoxyl (18) alpha 1,4-glucan
phosphate phosphorylase
TRX

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

FM Dupont 2007

Figure 4. Starch biosynthesis.

/ \ ADP-D-
GLUCOSE
\} 6-PHOSPHATE
(134) ADPG transporter




o-D-GLUCOSE 6-PHOSPHATE

CYTOPLASM
Hexose-P Tranqpnr’rpr
AMYLOPLAST

a-D-GLUCOSE 6-PHOSPHATE
NADP

(25) Glucose-6-phosphate 1-

dehydrogenase
NADPH + H+ TRX [xer]

D-6-PHOSPHOGLUCONO-1,5-LACTONE

\ Gluconolactonase

H,O

6-PHOSPHOGLUCONATE

NADP
(186) 6.  KCT
NADPH + H+ Phosphogluconate
ADP ATP / dehydrogenase

co,
RIBULOSE 1 5-<:> RIBULOSE 5-PHOSPHATE

PHOSPHATE (26) Phospho-
o ribulokinase Ribulose 5- (27) Ribose-5-
2 ] phosphate 3- phosphate

\ (28) Ribulose- epimerase isomerase
1,5-bis
phosphate
carboxylase TRX XYLULOSE 5-PHOSPHATE RIBOSE 5-PHOSPHATE
3-phospho-D-glycerate +
phosphoglycolate (30) Transketolase NUCLEOTIDE
l TRX BIOSYNTHESIS
(Fig. 13)

photorespiration
SEDOHEPTULOSE 7-PHOSPHATE + GLYCERALDLEHYDE 3-PHOSPHATE

(29) Transaldolase

GLYCERONE PHOSPHATE

FRUCTOSE  + ERYTHROSE (D“AP)\
/ 6-PHOSPHATE 4-PHOSPHATE

GLYCOLYSIS
GLYCOLYSIS (Figure 2)
(Figure 2)
SHIKIMATE
PATHWAY
FM Dupont 2007 (Figure 7)

Figure 5. Pentose phosphate pathway.



AMYLOPLAST

FORMATE + TETRAHYDROFOLATE

ATP (31) Formate-tetrahydrofolate

ligase E‘E‘j

ADP + Pi

10-FORMYL TETRAHYDROFOLATE

/

PURINE BIOSYNTHESIS
Figure 13

SERINE +
TETRAHYDROFOLATE

(32) Glycine
hydroxymethyltransferase

GLYCINE + 5,10 METHYLENE TETRAHYDROFOLATE +
H20

FM Dupont 2007

Figure 6. Folate 1-carbon metabolism.




AMYLOPLAST

PHOSPHOENOL

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

3-DEOXY-ARABINO-
HEPTULOSONATE 7-PHOSPHATE

(35) 3-Dehydroquinate
synthase
Pi
3-DEHYDROQUINATE

(34) 3-Dehydroquinate

H.O V' dehydratase — dual function N-(5’PHOSPHORIBOSYL)- ANTHRANILATE
2
3-DEHYDRO-SHIKIMATE (37) Phosphoribosyl
NADPH anthranilate isomerase
(34) Shikimate:NADP
dehydrogenase- dual function 1-(2-CARBOXYPHENYLAMINO) 1’-
NADP Vv DEOXYRIBULOSE-5'-P
SHIKIMATE
ATP lndo;’e 3-glycerol P-
Shikimate kinase Co, / synthase
ADP H,0
PHOSPHOENOL SHIKIMATE 5-P
PYRUVATE (3-INDOYL)- GLYCEROL -P
(36) 3P-Shik'imate - (38,39) Tryptophan
/ 1-carboxyl vinyl synthase, a—and f-
Pi transferase subunits TRX
05-(1-CARBOXY VINYL) 3-P SHIKIMATE
/ Chorismate INDOLE -P
pi synthase
|
SERINE (38,39) Tryptophan
synthase, a— subunit;
CHORISMATE S-subunit TRX
Chorismate
mutase TRYPTOPHAN
PREPHENATE
Prephenyl
pyruvate
dehydrogenase
PHENYLPYRUVATE 4-HYDROXY-PHENYLPYRUVATE
Tyrosine

transaminase

PHENYLAILANINE TYROSINE

|
v

AROMATIC COMPOUNDS

CHORISMATE
glutamine
(33) Anthranilate
synthase

glutamate

PYRUVATE/

ANTHRANILATE

5-p-RIBOSYL-pp
Anthranilate
phosphoribosyl!
Pi transferase

FM Dupont 2007

Figure 7. Aromatic amino acid synthesis.




ASPARAGINE
O .
\ Asparaginase

L-ASPARTATE
ATP (41) Aspartate
kinase-homoserine
ADP dehydrogenase

4-ASPARTYL-P

NADPH 4~ 4}(42) Aspartate-
semialdehyde

dehydrogenase
NADP

L-ASPARTATE 4-SEMIALDEHYDE

NADPH €~ .
Homoserine

dehydrogenase

NADP <«

» L-HOMOSERINE

ATP]
DP
0-PHOSPHO-L-HOMOSERINE
H,0

PiA/

L- THREONINE

Homoserine
kinase

(47) Threonine
synthase
TRX

FM Dupont 2007

AMYLOPLAST
PYRUVATE

i

2-OXOGLUTARATE

lutamate
9 Alanlne

transaminase

ALANINE may be cytosolic

aspartate

(40) Aspartate
transaminase TRX
oxaloacetate @
GLUTAMATE

(46) Dihydrodipicolinate

synthase 1
H,0
2,3-DIHYDROPICOLINATE
NADPH ) L
(45) Dihydrodipicolinate
reductase-like
NADP

TETRAHYDRODIPICOLINATE

glutamatej ‘

LL-2,6-DI?\MINOPIMILATE

LL-Diaminopimelate
aminotransferase
oxyglutarate

(44) Diaminopimelate
epimerase-like protein

MESO-2,6-DIAMINO!

7

V

LYSINE

PIMILATE

(43) Diaminopimelate
decarboxylase

co,

Figure 8. Aspartate family of amino acids.




PYRUVATE AMYLOPLAST

Figure 16 ——Thiamine PP (11-14) Pyruvate
Dehydrogenase
Complex
CO; TRX L-THREONINE
2-(a-HYDROXYL-ETHYL)-2-ThiaminePP Threonine
dehydratase
PYRUVATE
2-OXO-BUTYRATE
(48) Acetolactate
synthase (48) Acetolactate
E:r_: synthase
V\ ThiaminePP / [@

(S)-2-ACETOLACTATE ThiaminePP
NADPH (55) Ketol-acid 2-ACETO-2-HYDROXY-BUTYRATE

reducto-isomerase NADPH (55) Ketol-acid reduct

TRX etol-acid reducto-
NADP D@j isomerase D@[]

V TRX
NADP
2,3-DIHYDROXY-ISOVALERATE 2,3-DIHYDROXY-3-METHYL-VALERATE
; : 50) Dihydroxyacid

(50) Dihydroxyacid (

dehydratase Hzo/ (;I_z'e_"i;{dratase

TRX

H,0 4 |

2-OXO-3-METHYL-VALERATE
2-OXOISO-VALERATE

(54) 2-Isopropyl- glutamate (49) Branched chain
(49) Branched malate synthetase amino ac_:/d .
glutamate chain amino Acetyl D@j oxyglutarate transaminase
acid Co-A
oxyglutarate transaminase*
L-ISOLEUCINE

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

(51,52) 3-Isopropyl-

malate dehydratase
TRX

3-ISOPROPYLMALATE

NAD
(53) 3-Isopropyl-
malate
NADH dehydrogenase

2-OXOISOCAPROATE

glutamate (49) Branched chain
amino acid
oxyglutarate transaminase™
L-LEUCINE
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Figure 9. Branched chain family of amino acids.



ATP

SO,-
AMYLOPLAST (61) Sulfate
adenylyl
/ transferase
ADP ATP PPi
3-PHOSPHOADENYLYL SULFATE <@ ADENYLYL SULFATE (APS) —»Sulfolipid
(PAPS) Adenylyl-sulfate

kinase 5’-Adenylylsulfate

THIOREDOXIN (60) reductase
Phosphoadenylyl GSSG
THIOREDOXIN -sulfate SULFITE (SO,
DISULFIDE reductase
Ferredoxin-dependent
AADENOSINE 3’5’ DIPHOSPHATE (PAP) sulfite reductase
ACETYL
COA SULFIDE, (H,S)
SERINE <==) 3-O-ACETYL-L-SERINE (58) Cysteine
Serine acetyl synthase 1
transferase
ACETATE
L-CYSTEINE < » L-CYSTEINE

oxyglutarate )
Cysteine
transaminase
glutamate

3-MERCAPTOPYRUVATE

O-PHOSPHO-L-
HOMOSERINE Cystathionine
gamma-synthase

L-CYSTATHIONINE

H,SO, (62) Thiosulfate H.O
sulfurtransferase z L
TRX (56) Cystathionine
H,S,0, beta-lyase
PYRUVATE
L-GLUTAMATE + L-CYSTEINE PYRUVATE L-HOMOCYSTEINE
ATP
(59) Glutamate-
cysteine ligase
ADP
GAMMA-L-GLUTAMYL-L-CYSTEINE
GLYCINE — |
ATP Glutathione RS-CH(2)-CH(NH(3)(+))COO()
Synthase 57) Cysteine S-
ADP + Pi conjugate beta-lyase
GLUTATHIONE
RSH + NH(3) + PYRUVATE
GSH (reduced) ®)
R represents aromatic compounds
Glutathione- such as 4-bromobenzene and 2,4-
disulfide CC dinitrobenzene
NADPH + H* reductase
GLUTATHIONE
GSSG (oxidized)
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Figure 10. Cysteine and sulfur metabolism.

CYTOPLASM
S-Adenosyl
METHIONINE

S-Adenosyl
methionine
Sﬁnthase
METHIONINE
Methyl¢ S Methionine
THF
synthase

THE < 2T

L-HOMOCYSTEINE



AMYLOPLAST

ey

(68) Glutamate Synthase (GOGAT)

———GLUTAMINE

GLUTAMATE ———
Acetyl Co-A

FERRODOXH\‘\IADPH &ADP
Amino-acid N-
acetyltransferase

2-OXYGLUTARATE

Co-A
N-ACYTYL GLUTAMATE ASPARTATE (40) Aspartate
ATP (64) Acetyl- transaminase TRX
glutamate OXALOACETATE
kinase
ADP
N-ACYTYL- GLUTAMYL-P GLUTAMATE Bifunctional for
glutamate 5-kinase.
and glutamate
NADPH (63) N-acetyl-gamma- Q/utamate — semialdehyde
glutamy/—phosphate kinase dehydrogenase
NADP reductase
Pi
GLUTAMYL-P
N-ACYTYL- GLUTAMATE-SEMIALDEHYDE
lutamate _ Pyrrolidine-5'-
9 (65) Acetylornithine carboxylate
aminotransferase TRX synthetase
oxyglutarate
N2-ACETYL- ORNITHINE L-GLUTAMATE SEMIALDEHYDE
H2O\ Acetylornithine
deacetylase Non-enzymatic
acetate 4
.......... v
CARBAMOYL ' g Ornithi .
ORNITHINE rnithine » L-pyrroline-5-carboxylate
transaminase
(69) Ornithine NADPH Pyrroline-5-
/ carbamoyltransferase carboxylate
bi TRX NADP reductase
CITRULLINE ASPARTATE
PROLINE
ATP (67) Arginino
succinate
AMP + PPi synthase (kg

ARGININO SUCCINATE

glutamate (66) Arginino
succinate
lyase TRX
oxyglutarate
ARGININE

FUMARATE
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Figure 11. Glutamate family of amino acids.




AMYLOPLAST

a-D5-P-RIBOSYL-DIPHOSPHATE

ATP A
/[ (70) ATP phosphoribosyl

PPi / transferase
\%

PHOSPHO-RIBOSYL-ATP
(73) Phosphoribosyl-ATP diphosphatase
PPia—

PHOSPHO-RIBOSYL-AMP

H,0 ~— Phosphoribosyl-AMP
cyclohydrolase

PHOSPHO-RIBOSYL-FORMIMINO-AICAR-P

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

PHOSPHO-RIBULOSYL-FORMIMINO-AICAR-P

Glutamine
(72) Imidazole glycerol phosphate

synthase hisHF TRX
Glutamate

N

D-ERYTHRO-IMIDAZOLE-GLYCEROL-P PURINES

Imidazole glycerol (Figure 13)
imidazole-dehydratase

Histidinol
aminotransferase

Histidinol
phosphatase

HISTIDINOL

(71) Histidinol
dehydrogenase

HISTIDINE
FM Dupont 2007

Figure 12. Histidine synthesis.




Pyrimidine biosynthesis
GLUTAMINE

HCO,-
~~A][(84,85) Carbamoyl

2ATP phosphate synthase, large
and small subunits
2ADP + Pi , —»GLUTAMATE + H20

CARBAMOYL-P

/AS PARTATE

4 || (83) Aspartate

Pi
! carbamoyltransferase

N-CARBAMOYL L-ASPARTATE

Di-hydro-orotase
H20 e ‘

(S)-4,5-DIHYDRO- OROTATE

NAD (86) Di-hydro-
orotate
NADH + H+ dehydrogenase
OROTATE PHOPHOSORIBULOSE
/ DIPHOSPHATE
Orotate p-ribosyl transferase
PPid—

OROTIDINE-5-PHOSPHATE

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

Cco2 cytosolic

URIDINE-5’-PHOSPHATE

Aspartate INOSINE 5-PHOSPHATE
PRI oxidase GTP
H(75) Inorganic GLYCERALDEHYDE- (79) Adenylosuccinate
; 3-PHOSPHATE synthetase TRX
diphosphatase IMINOSUCCINATE GDP + Pi
Pi
L ADENYLOSUCCINATE
(76) Quinolinate

/

Pi, 2H,0

PHOPHORIBOSYL-
DIPHOSPHATE

ATP

PPi

NICOTINAMIDE ADENINE DINUCLEOTIDE (NAD)

AMYLOPLAST

Also from histidine
pathway (Figure 12)

NAD biosynthesis
L-ASPARTATE

synthase

QUINOLINIC ACID

Quinolinic acid
phosphoribosyl!
transferase

NICOTINATE MONONUCLEOTIDE

Nicotinate nucleotide
adenylyl-transferase

Purine biosynthesis

5’-PHOSPHORIBOSYL-N-FORMYLGLYCINAMIDINE (FGAM)

Phosphoribosylformylglyc
ADP inamidine cyclo-ligase

5-PHOSPHORIBOSYL-5-AMINOIMIDAZOLE (AIR)

THIAMINE 0.

(Figure 16) Phosphoribosylamino-

imidazole carboxylase

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

L-ASPARTATE \

(82)
ATP Phosphoribosylaminoimida
zolesuccinocarboxamide
ADP synthase TRX

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

10-FORMYL THF (80) Phosphoribosylamino-
imidazolecarboxamide
THE formyltransferase

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

IMP cyclohydrolase
ho & yclohy

2

Adenylosuccinate
lyase

FUMARATE 4 ‘
ADENOSINE 5PHOSPHATE

Pi\
Pi —™——

(78) Adenylate
kinase

ADENOSINE 5’ TRIPHOSPHATE
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Figure 13. Nucleic acid synthesis.



GLUTAMATE tRNA

LG/utamic acid tRNA ligase

AMYLOPLAST Land dehydrogenase

(S)-4-AMINO-5-OXOPENTANOATE

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

5-AMINOLEVULINATE

2 H.04 || (93)Porphobilinogen
? synthase

PORPHOBILINOGEN

4 NH, 4 || (92)Hydroxymethylbilane
H,0 4 || Synthase

v

HYDROXYMETHYLBILANE

Uroporphyrinogen
H,O synthase

UROPORPHYRINOGEN IlI

(94)Urophorphyrinogen

decarboxylase
4co% |

COPROPORPHYRINOGEN-III

O
~a (87)Coproporphyrinogen

oxidase
4CO, 4
2H,0 V

PROTOPORPHYRINGEN-IX
2/30,

~~a |l Protoproporphyrinogen
3H20‘/ oxidase

(88) FERRITIN PROTOPORPHYRIN IX

T Fer ]
oH- 4

(89)Ferrochelatase

v

PROTOHEME (HEME)

30, -
NADPH + H (91)Heme oxygenase

NADP <

co/\/

3H20
FE(2+) BILIVERDIN

BILIN CHROMOPHORES
OF PHYTOCHROMES
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Figure 14. Porphyrin synthesis.




Isoprenoid Biosynthesis Part I: Non-mevalonate Pathway

AMYLOPLAST

PYRUVATE + GLYCERALDEHYDE 3-PHOSPHATE

/ 1-Deoxy-D-xylulose-5-phosphate synthase.
CO,

1-DEOXY D-XYULOSE 5P

NADPH + H* Deoxyxylulose 5-phosphate
reductoisomerase

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

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

PPi

4-(CYTIDINE 5'-DIPHOSPHO)-2-C-METHYL-D-ERYTHRITOL
4-(Cytidine 5'-diphospho)-2-C-
methyl-D-erythritol kinase EC

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

/ 2-C-Methyl-D-erythritol 2,4-

CMP cyclodiphosphate synthase

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

PROTEIN-DITHIOL
(96) 4-Hydroxy-3-methylbut-2-

en-1-yl diphosphate synthase
PROTEIN-DISULFIDE

Ho &

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

NADPH + H*
4-Hydroxy-3-methylbut-2-enyl
diphosphate reductase

NADP

DIMETHYLALLYL
DIPHOSPHATE (DMAPP)
(97) Isopentenyl!
diphosphate DELTA
DELTA 2 isomerase.

Continued on S15b

ISOPENTENYL <
DIPHOSPHATE (IPP)
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Figure 15a. Isoprenoid synthesis I, Non-mevalonate pathway.




e

LUTEIN

Isoprenoid Biosynthesis Il

AMYLOPLAST

(97) Isopentenyl
diphosphate DELTA
DELTA 2 isomerase.

ISOPENTENYL DIPHOSPHATE <<——"> DIMETHYLALLYL DIPHOSPHATE (DMAPP)

Dimethylallyl tranferase
GERANYL DIPHOSPHATE —» MONOTERPENES

Farnesyl transferase
PPi

2 GERANYLGERANYL DIPHOSPHATE——— DITERPENES

(98) Phytoene

PPi / synthase
A/

PPi
PHYTOENE

Plastoquinone 9, 02
GERANYLGERANYL DIPHOSPHATE

3NADPH + H*
Trans-neurosporene o i
(9,90-di-cis-z- renyl tranferase
carotene) NADP

zeta carotene desaturase 2,3-DIMETHYL-5-PHYTYL-1,4-HYDROQUINONE

Carotene cis-trans-isomerase (103) Tocopherol
LYCOPENE cyclase
v oy 4
alpha-CAROTENE  |6t5-CAROTENE GAMMA-TOCOPHEROL

/ S-ADENOSYL-L-METHIONINE (104) Gamma-

tocopherol O-
ZEAXANTHIN methyltransferase

S-ADENOSYL-L-HOMOCYSTEINE
ALPHA-TOCOPHEROL
(VITAMIN E)
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Figure 15b. Isoprenoid synthesis Il.




Purine
Pathway
(Figure 13)

GLYCERALDEHYDE 3-
AIR PHOSPHATE and
(102 ) Thiamine PYRUVATE (Figure 2)
biosynthesis *
protein THIC
v

4-AMINO- 5-HYDROXYMETHYL-2- *
PYRIMIDINE
l 5-(2-HYDROXY ETHYL)-4-
METHYLTHIAZOLE

4-AMINO- 2-METHYL-5-
PHOSPHOMETHYLPYRIMIDINE
l Hydroxyethyithiazole

kinase

2-METHYL-4-AMINO-5-

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

OXYETHYL)-THIAZOLE
Thiamine-
phosphate
diphosphorylase

THIAMINE P + PPi

l

THIAMINE (Vitamin B1)

AMYLOPLAST

GTP
(Figure 13) RIBULOSE 5-P

N/
N/

Lumazine synthase

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

(101)
Riboflavin synthase,
alpha chain

RIBOFLAVIN + 4-(1-D-
RIBITYLAMINO)-5-AMINO-
2,6-DIHYDROXYPYRIMIDINE
(Vitamin B2)
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Figure 16. Vitamin and cofactor synthesis, nucleic acid-related pathways.




ACETYL- ENZYME

MALONYL-CoA
ACETYL-CoA T~ (107) [Acyl-carrier-protein] S-

(Figure 3) malonyltransferase
HCO,- CoA-SH
ATP (105) Acetyl- ACETYL-MALONYL -ENZYME
CoA
carboxylase (108) Beta-ketoacyl-acyl-

CO;

ADP + Pi TRX carrier-protein synthase |

MALONYL-CoA
|

ACETOACETYL- ENZYME

AMYLOPLAST

1
1
A
v NADPH + H (112) 3-Oxoacyl-[acyl-
carrier-protein] reductase
MEVALONATE TRX
NADP V
D-3 HYDROXY-BUTYRYL-ENZYME
(110) 3-Hydroxydecanoyl-[acyl-
H,0 4 || carrier-protein] dehydratase
\%
CROTONYL-ENZYME
NADPH + H* (109) Enoyl-[acyl-carrier-
protein] reductase (NADPH,
B-specific)
NADP
BUTYRYL-ENZYME
MALONYL-COA\ (107) [Acyl-carrier-protein] S-
malonyltransferase
Const Y/
BUTYRYL-MALONYL -ENZYME
(108) Beta-ketoacyl-acyl-
carrier-protein synthase |
CO, A/V
3-OXOACYL -ENZYME
NADPH + H* (112) 3-Oxoacyl-[acyl-
carrier-protein] reductase
TRX
NADP
D3-HYROXYACYL -ENZYME
(110) 3-Hydroxydecanoyl-[acyl-
carrier-protein] dehydratase
H,O
TRANS 2-3 DEHYDROACYL -ENZYME
NADPH + H* .
(109) Enoyl-[acyl-carrier-
protein] reductase (NADPH,
B-specific
Desaturated fatty acids NADP P )
\ DEHYDRO ACYL-ENZYME————
ACYL- CoA FATTY ACID +

(111) Oleoyl-[acyl-carrier- ACYL-CARIER
PROTEIN

(106) Acyl-[acyl-
carrier-protein]
desaturase

protein] hydrolase
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Figure 17. Fatty Acid Synthesis. Only 2 cycles from addition of malonyl-CoA to formation of
the acyl-enzyme are shown. Multiple cycles are needed to form 16 and 18 carbon fatty acids.
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