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Functions and Metabolic Pathway of Ascorbic Acid in Plant
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ABSTRACT : During the last few years, considerable
progresses have been made in understanding of roles and
biosynthesis of ascorbic acid (AsA) in plants, The concen-
trations of ascorbic acid is 2-4 mM in leaf cells, but much
higher at the chloroplast. There are three forms of ascor-
bic acid in the plant mainly ascorbic acid (AsA), monode-
hydroascorbic acid (MDHA) and dehydreascorbic acid
(DHA). AsA in plant cell performs antioxidants by chang-
ing those three forms. And AsA promotes cell division and
elongation There was new pathway of ascorbic acid
metabolism. It is called pathway of Smirnoff-Wheeler.
This report will provide understanding of AsA in plants,
and also provide

Keywords: AsA(ascorbic acid, vitamin C), DHA, antioxidant,
biosynthesis

E|Z a7 Asel m2d 1484 HERle] YASAT e
Bt dch 1484 HERRIE pyrroloquinolinn quinon(PQQ)
olgls EZE AFE Z, glE], I, ZA), 954 o B
o] g-Elo] 1o (Kasahara & Kato, 2003), 5= Aol A]
PQQE < ol lysine EE|ZE] AT &4,
aminoadipic semialdehyde dehyrogenaseol| A= HZREA
° 2 HEATH(Kasahara & Kato, 2003). ©] B Al
oAl o} AEew AT Hart o= HelWle®E gHAX
ATHFig. 1).
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Fig. 1. Initial steps of lysine degradation. Lysine is oxidized to
aminoadipic semialdehyde (AAS) catalyzed by AAS
synthetase (AASS), and then oxidized furthermore by
AAS dehydrogenase (AASDH). In the second step,
pyrroloquinolinn quinon (PQQ) functions as a redox
cofactor.

AsAT A AAe) e Fo] F83F JRoEA, AEA
WellMe] 7153 thAl DAIE ol affof & HeAdo] Uk
wEhA] B =12 A1EA Wollx9] ascorbic acid®] 7]53
=2 MEA A AHE ascorbic acid AL HAES Ay B
371 9k Ao},

AlZ20IM2] Ascorbic Acid B2XE %

oo

EH

A &3 HollMe] ascorbic acid Hd FE22-4mME EH
A STkl & #h, 2002). X 2718 sEE V1HER
& zpol7} Ue Aoz d#HA At (Foyer er al, 1983;
Foyer & Lelandais, 1996).

2 BME Z ascorbic acid 30-40%7} M EA(10-20
mM)ell, 20-25%7F FEA(25-50mM)ell, 20-30%7F 4 E(0.6-
1mM)ll, 5-10%7} apoplaste®] 2332 U TthHHoremans et
al., 2000). Ascorbic acid $S ol®l § =, AHo] A3
oM A= EAShs sz IEA Urh(Luwe et dl,
1993)(Fig. 2).
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30-40% , 10-20mM

D-glucose-6-P
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L-galactono-1,4-lactone> AsA
~
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20-30%
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Chloroplast
25-30% , 25-50mM

. /

Fig. 2. Ascorbic acid accumulation in plant cell organelles. The
relative occurrence of ascorbic acid in different
compartment is given as percentages. The final step of

AsA biosynthesis, which is convert from L-galactono-1,4- -

lactone to AsA, is occurred on the inner mitochondrial
membrane (Horemans ef al., 2000).

o}, thR-o] A ascorbic acid(AsA)E SAISIL UHA|=
¥l ascorbic acid(dehydroascorbate, DHAYIH =1 5743
Ejel MDHA(ascorbate free radical, semidehydroascorbate or

monodehyroascorbatey= A1 EA] WollA] 3] n|go R Ex)st
= ol AsA FH|E A A DHATEZE e 4hsts
7] W Eo)kp(pH 7)=10° M! - S7) (Skotland T er al,
1980).
NAD(P)H
CHZOH Glutathlon
HCOH
GSSG
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AsA2] s} - 2y A
Foyer-Asada pathway(Davey ef al., 2000)2}3L $Hr}.
& A3 dishd thest At (Fig. 3).

AsA7} 0,8+ Wk$Bled ascorbate oxidaseol] 2]3l DHAE
28tE ™ H,0,9 WHS-3}ed ascorbate peroxidasel <] 3f
MDHA® ksl #r}, o] MDHAY 21 E4 Wollx B4
2 NADPHE #H|3td NADP)YE AA43tE monode-
hydroascorbate reductasecll <J3ll AsAZ. FHIE AL, Z-2 ¢
7 ASFEQIDHAR AkslE]o} W]t} Ascorbate oxidaseo]
3] AA¥ DHAY, MDHA7} 4tslxo] A E DHAE
dehydorascorbate reductase®t glutathione(GSH)E  glutathione
disulphide(GSSH)E AF8}A7)E glutathione reductase®] w3
o 94'55]1 A= AsAE g-A = tH(Foyer & Halliwell, 1976;
Noctor & Foyer, 1998). 3t AR DHAE =3} ZH3io]
2,3-diketo-1-gluconic acid® HEET(Deutsch er al,, 1998).
ole} e AsA 418} #Hold DHAY 7KrEsle vk, &
x, L pH o 9S> Bh=r}

& AsA-GSH cycle -2 Halliwell-
o} 4

ME0Me AsAQ| J|s

g8 Il
HEA g0l AsA A7 F 71 F8A
e GRA9 HEE 3 Faslsol. ¥

ot #EgolM AAE Or(Foyer ef al., 1996) = 3}
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Fig. 3. Ascorbic acid and its oxidation products.
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AEFA(H0,) T2 AEANAY AsARE E | oA HAl
g AsA-GSH cycleo] &J3) A|A €t} o] ¥k 21EA] W
HEA|, MEA, peroxisomes, apoplaste’s M3 oJ|3ZolA] &
AT et o] 44T (reactive oxygen species, ROS)
273 g, AR, I 2227 A, 9F
F T LHEEH wE T L 4y B
5 wol =R dEAdnt. o]H ROS
Gl 13, DNASHY, Hueb e Al2e]
ZcHFoyer et al., 1994). ©]¢} 72o] AsA+= U}
E AEA F3EAQ] glutathione, vitamin E, carotenoids,
phenolics 53} Z¢] ROS Sl ¥ &4 ¥rso0=2 2H AY
ato], AASK= 7158 7KL Ut
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Ashae AlE 293 2HT BAE TR i dubEe
2 FExA AsAFEI} FA FEHY Jon, 44 B
oA Bgo] dojual e FUo] EFol Aol dojuA
e 5919 AAZF4 (quiescent center| ToM = R FE
o] AsA7t EAslAL deRez2 A JrH(Smimoff 1996).
S Allium cepayt HF(Pisum sativum)e] 27| Bg] AXE
o] BEAl AsAZPF AZEEES A (Citterio et
al, 1994), =3+ FHIol=, @l BY-2 MEoA EE717} of
Y M X9 ascorbate oxidase mMRNAZH BT Higte
u, AlEiEde] AEEE FRithks 1 SUthKato &
Esaka, 1999). o9} Z-& A3 BHEd o8] AsAs HZE
Fell AAE B ok, o] FAY HAYS tidk AAgH
AT ofg 7kK] BaEl slo] ¢9lem™ AsA-GSH cycledl 2]
gk kol YR o R Aztwo] 51 it '

MZE 439 &

Y Asas}h AHslE<l DHA, 52 MDHAE AHX 24
HEo] A2 4= #A-o] ltke Bt ot &
EW 4ok Be] AR gl AsAE HUbel ME Aol
229 AHGonzalez-Reyes ef al., 1995). AsA7} Al A7
o] Zg3he WAUETS AR AsAc AEH A wA 9
hydroxyprolinerich /8 & 422} prolyl-hydroxylase2] % &
cofactore]®, 4] AsA= MEZA MDHAZ 4Hg) HH

i)

MDHA AsA
A

PM

MDHA

Fig. 4. Proposed relationship between the ascorbate system in the
cytosol and cell wall and its role in cell wall expansion. PM
: plasma membrane, MDHA accepts electrons from a
membrane-bound cytochrome b. Cytoplasmic ascorbic
acid is a possible electron donor. Membrane depolariza-
tion, caused by transmembrane electron transport.

o] 342 G plasma membrane®] cytochrome HE AF
apoplaste?] MDHAZ AsAZHIAlZ|EH, ol#-golx Ads e
Axpet AsAZA | 27k A EH ] 2PdskEel o3 Alx &4
o] A= A4S dthRayle & Cleland, 1992)(Fig. 4).

=

FA9| BXOIX}

5 AEA 9 AsAY S5 M & dER AL 4
2 HollA] thkst EAES] cofactor® HHdE QUE=olt).
AsAd Q8] Aol 2AFE AL UREY dis
mono- -2 dioxygenases FEIZ T4 F&olLo] &, &2
THE Hol v BLE0|Th AsAYl Qs F T o)
=)o} Zhase] B4o] 2dsl=AC R BT QItH(Padh,
1990). 19H-3-2]& g3t o] MAwEa glovt AAUi(in
vivo) “FE A o] Whgol gk FAst S Bard vt ¢l
THDiplock er al., 1998).

Fe’* + AsA - Fe** + MDHA
Fe** + 1,0, — OH + OH + Fe¥*

e B Azl AFZ A nitrate Reductase®] EA4(H
nitrate $FAX = Ho] FAE Frhe 2HE IS5 AT
(Park er al., 2005XTable 1).

AZER|LH AsA2| CHAIRIE
ANEAN AsAS] AL P R (Pisum sativum)St °)7)

2

Table 1. Enzymes which are modulated activity by AsA at plant (Davey et al., 2000).

Enzyme Metal ion Change in activity Role Enzymatic activity
Lysine hydroxylase Iron Increase Extensin biosyntehsis Hydroxylation of lysine
Procollagen praline Iron Increase Extensin biosynthesis Hydroxylation of praline
2-oxoglutarate 3 dioxygenase (3-hydroxylating)
Gibberellin3-B-dioxygenase Iron Increase Gibberein biosynthesis Cyp oxidative decarboxylation
and activation of gibberellins
Thioglucoside glucohydrolase Increase Catabolism of glucosinolates ~ Hydrolysis of S-glucosides




460 BIZfX|(KOREAN J. CROP SCL), 50

1

—

(6), 2005

2

D-glucose-6-P =———= D-fractose-1-P ————— D-mamnose—6-P

H
o)
CHOH 5
—rir
HO\ 4 : HO
HO H P H

GDP-L~galactose

?%GMP

L-galactose—1-P

?—=pi

CHzOH

L—galactose

L-galactono-1,4-lactone

Al

D-mamnose—6-P

PPl GTP

H &P
GDP-D-mamnose

CHzOH

CytochromeC
O
NAD+ NADH ‘l/—:

L-ascorbic acid

Fig. 5. Pathway for ascorbic acid biosynthesis in higher plants ¢k - #, 2002). Enzymes 1. phosphoglucose isomerase, 2. phosphomannose
isomerase, 3. phosphomannomutase, 4. GDP-D-mannose pyrophosphorylase, 5. GDP-D-mannose-3,5-epimerase, 6. L-galactose

dehydrogenase, 7. L-galactono-1,4-lactone dehydrogenase.

AN (Arabidopsisye E31 1998 Wheeler ol o8 A A
HEATE 7159 AsA dAb AL FE9 % D-glucose
£ 9532 3} L-galactonic a01d o] AR oA
(inversion) I3-2 AH EFaEaNHSol] 98 L-gatactotono
1,4 lactone®Z HAFHEH L-galactono 1,4 lactone
dehydrogenase®l| PJ'EH(/\P"""P— o|gAAPOE ascorbic acidY
d B7Fs) AsAE shv AEA= SEAde 2] LA

x]9] gxdo] dof A ‘\%‘;, D-glucose2%-E] L-glucoseone
< 71A L-sorbosone® W8T AsA7} FHIE)Itk 3%
otz Wheeler 5o &8 Fig. 49+ #Z°| GDP-D-
mannose®t L-galactoses A AEA AU4E NADSE] L-
galactose dehydrogenase WHg-2] 23} 4}3}=|e] L-galactono-
1,4 lactoneo] =™ A& & A2k 242 D-glucose-6-PF-El
o] WreZR| = M EZe)A o]Fo|RY, L-galactono-1,4
lactoneS HFEAEAM MFE27139 mitochondria(Che] L-
galactono-1,4 lactone®] ©[3rollA WA, Bartoli er al,
2000)2) cytochrome c& TA|ZA AsAE AT Ry
3 thFig. S5).

AsA /32 71 dollMs 1K AsA T 2.5%
(Conklin et al., 2001), AlFXgolM= ¢F 2%(Yoneyama et
al., 1997) Axo|A| gk o] SIS ST F2E WiSdAM =
A7 13%(Pallanca & Smiroff, 2000)2] AsA7} FAJ=IT)
T B =)

AEX0IM AsA FF =H
AF7A ArAZe] «16}‘?‘; 2EA W) AsA thARHg

2ol tigh Z1e AL Ul Mnprt givk BE AEA Yo
AsA 52 FoEF o2 S s=H, o]+ L-galactono-1,4-
lactone dehydrogenase”} &2]&2] o] (Smiroff, 2000), H3F
FEATH o8 gerslE el o H7 Uﬂ‘fol‘:‘r
HHoz AEAUS AsATE 24 WHoEA Ehld
T FEEEAY 71 EBOl(BIE 71Tl AsA %;Eg
249 FHA7I= Zlo] 7Fsdlthe A B 7FUTH(Chen er
al, 2003). ©] H3o]| 237 dehydroascorbate reductase
(DHAR) 4218 L2HE FE2Yste, gulel S5l =
¥, DHAR E4S 11 WA 100812 Z7MAZT 2 A3t
DHAR XS T3 2HEo] A3t &4 2, ascorbic
acid® AJ43l= L-galactono-1,4-lactone dehydrogenase®] &
Aol = a7t giem™ ©A] ascorbic acid recycling?t Zth

ol ghiel S5 Yt FHAA FHF AsA Zol A
4Z7Y =AUTE ©]= Ascorbate recyclingDHA — AsAYS
XA FDE AsAFES 57 AlZIAolth

o}z gAY UM AsAd TigE A7 TAEC e
], F71el AsA ¥ Tl ozone W77} ol 7] ol A

AR} o) viel-13F vicl-2(Conklin et al., 2001)E 4
HE o oplFE ascorbic acid Y] 30%204.0 8 o
ATk VICIE- ascorbic acid®] thABAAE £7+ &2l D-
mannose-1-phosphate £5E] GDP-mannose(Fig. 4)& A5t
= GDP-D-mannose pyrophosphorylase 32kl o] o] <l
AR WEFY. wEhA o] PTCIE wild typesd) Blw sl
F AsA FFEo|o AsATHAL Ao A E = GDP-
manoseFE A2 02 G 9rt. AsAe] AEAUS] At
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Fgo] FAHAL AsAZE EQHo)7} B e, o
o7 AEAWY AsA TS FUF AFIAY, 2SO
AL AEel ol AsAg] 715l theled B} gasdziole}
oL 7RI o] =EE B3 AEA W9 AsA 75
tirbell B3k 2212 20sl o] 2B e AsAd gk
ola 7} ZFX1=H, AsAd] gt Q77 B} 3] o]FoiA]
4 ssim ) 3 Q7ke] F8 AsAHZ S AAFo) st
o AsA TE Tl A A9t AlE o]Fo Kol & Ao
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