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Abstract It isbecoming increasingly clear that vitamin C (L-ascorbic acid, AsA) is of crucial
importance in such processes as ROS detoxification, photosynthesis and photoprotection, cell divi-
sion and growth. AsA is also a cofactor for some deoxygenase type enzymes involved in the synthe-
sis of a number of other secondary metabolites and ethylene. A major breakthrough in plant AsA
biosynthesis and metabolic engineering has been made recently.
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1.1 AsSA
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AsA (Karpinski et al., 1997) Conklin  (1996)
(Arabidopsis thaliana) vicl AsA (
25%) O3 AsA
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(ascorbate peroxidase, APX) (Yabutaet al., 2002); AsA
(MDHA) PS (Miyake and Asada, 1992; Smirnoff, 2000)
AsA (de-epoxidase) (xanthophyll cycle)
(Eskling et al.,1997;
Patricia et al., 2002)
1.3 AsA
AsA  ASA (ascorbate oxidase, AO) Kato and
Esaka, 1999 AO
AO AsA MDHA b
(Smirnoff,1996) AsA
(Padh,1990) (HRGPs)
AsA (DHA) (cross-linking)
DHA ca®
ca®* (Lin and Varner,1991) AsA  H,0,
(lignification) (Davey et al., 2000)
14 AsA
AsA
AsA (AlliumcepalL.) Gl S
(Innocenti et al.,1990; Citterio et al., 1994)
AO mRNA(Kerk and Feldman,1995) Potters (2000)
AsA  DHA (lycorine AsA
) AsA (Arrigoni, 1994)
(Veljovic-Jovanovic et al., 2001) (Nicotiana tabacumL.) (Tabataet al., 2001)
AsA
AsA ACC

Smirnoff,1996
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2 ASA
21 inversion pathway
Isherwood  (1954) AsA
D- D- ( ) L- (L-galactono-1,4-lactone, L-
GallL) AsA (inversion)( 1 )
(Isherwood et al.,1954) L-GalL
(GalLDH, EC 1.3.2.3) AsA D- ( )
AsA (Mapson and I sherwood,1956)
AsA (Loewus,1963) L-GalL
AsA D- AsA (Loewus, 1999; Conklin,
2001)
2.2 osone pathway
Loewus (1990) 1
D- C, D- Cs
L- AsA
Pallanca and Smirnoff,1999  Conklin  (2000) AsSA vitcl
D- L- AsA L-
AsA (Davey et al., 1999) (PisumsativumL.)
D- L- AsA
(Pallancaand Smirnoff,1999)
23 L- L -galactose pathway
Wheeler 1998 AsA
D- -6- L- L-GalL
L-GalL
(1) 1 [%C
4h 10% “Cc  AsA Cucurbita pepo
(2 [**C]GDP- [“C]L-GalL
AsA (3) L- L- AsA
GDP- GDP-D- -35- L- (4)
(Obaet al.,1995; Smirnoff et al., 2001); (5)
AsA Conklin et al.,1997;1999
AsA
(glycosylation) AsA (Davey et
al.,2000; Conklin, 2001)
2.4 conversion of uronic acids

AsA
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Fig.1 Proposed biosynthetic pathways of AsA in higher plants (Loewus,1999)

Relates to enzyme of L-Galactose wals: 1. Hexose phosphate isomerase; 2. Phosphomannose isomerase; 3.
Phosphomannose mutase; 4. GDP-D-mannose pyrophosphorylase; 5. GDP-D-mannose-3,5-epimerase; 8. L-
galactose dehydrogenase; 9. L-galactono-1,4-lactone dehydrogenase

L- L- D- L-
D- D- AsA (Davey et
al., 1999) 4 L- L-
AsA L-
AsA AsA
(Davey et al.,1999); Jian  Nessler(2000)
(Lactuca sativa L.) AsA
7
L-
AsA D-
D-
AsA
(Davey et al., 2000)
3 ASA
3.1 AsA
L- GaLDH ,
(Mutsada et al.,1995; Siendones et al., 1999) AsA
( 20~50 mmol-L™%)
Foyer and Lelandais, 1996 AsA
(Spinacia oleracea L.) (Glycine max
(L.) Merr.) AsA

(facilitated diffusion)
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DHA (Hordeum vulgare L.) AsA  DHA
(Rautenkrantz et al.,1994; Horemans
et al.,1998) AsA DHA
- AsA-GSH cycle Davey
et al., 2000 AsA/DHA
DHA AsA
b(Cytb) Horemans et al., 1994 ATP
AsA AsA
(Mozafar and Oertli,1993) Kelist (2001)
AsA DHA Franceschi  Tarlyn(2002) AsA
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(Smirnoff, 2000) DHA - ASA H,0O,
(Noctor and Foyer,1998)
i hoge
Cytoaol Cell wall DHA (DHAR)
AsA— o (GR)
MDHA ’ ASsA
t IR th) AO(H
w
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NAD Cytb
d 3
: R a (@) ¥ ASA
AsA |4 —~( DA C ) ------ DHA MDHA
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GR!
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Fig.2 Redox reactionsand trangport of AsA in plant cell (Smirnoff, 2000)
a cAPX; band h. MDHAR,; c. Disproportionation; d. DHAR; e. Facili-
tated diffusion; f. AO; g. Cytb
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Pelargonium crispum 1-
[YC]-AsA C./Cs
C4/Cs
AsA
(Davey et al., 2000)
AsA
H,0, AsA
AsA (Davey et al., 2000)
DHA pH 2,3 (2,3-
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