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Molecular mechanism of abundant biosynthesis and accumulation of ascorbic acid
in tropical plant acerola.
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Ascorbic acid is an antioxidant, which is abundantly contained within
the plant cell, and plays important roles in plants. Plants have some pathways for ascorbic acid
biosynthesis. The mechanism for biosynthesis regulation of plant ascorbic acid attracts so much
attention.

Acerola (Malpighia glabra L.) is one of the richest known natural sources of ascorbic acid
(vitamin C). Thus, the gene expression of ascorbic acid-biosynthetic enzymes is markedly high in
acerola. Molecular mechanism of the high expression of the ascorbic acid biosynthetic enzyme gene
became clear partially. Acerola genes for ascorbic acid-biosynthetic enzymes were introduced and
over-expressed to generate transgenic plants containing a large amount of ascorbic acid. Finally,
this research will lead to generation of stress-resistant transgenic plants with high ascorbic acid
contents.



30%
vicl
Conklin
et al. 1999 Proc. Natl. Acad. Sci. USA 96,
4198

Kato and Esaka
1999 Physiol. Plant. 105 321

Esaka et al. 1992 Plant Physiol. 100,
231-237
Kato and Esaka 1996 Plant Mol. Biol.
30 833

Kato
and Esaka 2000 Planta 210 1018
(Gallie 2013 J.
Exp. Bot. 64:443)
D- D-

Bulley and Laing 2016 Current Opinion
in Plant Biology 33: 15

(Mellidou and Kanellis 2017 Front

Chem.5:50)

Agius et
al. 2003 Nature Biotech. 21:177

Badejo et al. 2012
J.Exp. Bot. 63:229
(Malpighia
glabra)

40 200

20mg/g
40
200



FB

FB

FB

RT-PCR MRNA

FB

D-galacturonate reductase

D-galacturonate reductase

FB

cDNA
cDNA

0K
FB
3

RNA hexadecyltrimethyl ammonium

bromide (CTAB) HotBorate
cDNA

RT-PCR RACE

PCR CDNA

Gateway Recycling system
DIG

DIG RNA Labeling Kit (Roche
Diagnostics)

1%
0.25%

PEG/Ca

MRNA RT-PCR

CDNA

CDNA

MRNA
GDP-D-mannose
pyrophosphorylase



GDP-D-mannose
pyrophosphorylase
GDP-D-mannose pyrophosphorylase mRNA
GDP-D-mannose
pyrophosphorylase MRNA

GDP-L-galactose phosphorylase

GDP-L-galactose phosphorylase

phosphomannomutase

mannose
mannosel-phosphate
phosphomannomutase cDNA

6-phosphate

phosphomannomutase  mRNA
mRNA

CDNA
mRNA
mRNA
50 200
GDP-D-mannose pyrophosphorylase
mRNA

GDP-D-mannose pyrophosphorylase

GDP-D-mannose pyrophosphorylase

cauliflower
mosaic virus 35S
GDP-D-mannose pyrophosphorylase

GDP-D-mannose pyrophosphorylase

GDP-D-mannose
pyrophosphorylase

-1100 bp  -1080 bp

abscisic acid response element (ABRE)

GAAGTT GDP-D-mannose
pyrophosphorylase
FB
FB
FB
GDP-D-mannose pyrophosphorylase
GDP-D-mannose-3' ,5 -epimerase
GDP-L-galactose phosphorylase  mRNA
FB
MRNA
2
,-80
6 MRNA

Real-time PCR

mRNA

GDP-D-mannose pyrophosphorylase
GDP-D-mannose-3' ,5 -epimerase
GDP-L-galactose phosphorylase

GDP-D-mannose-3' ,5 -epimerase
GDP-L-galactose phosphorylase



FB

D-galacturonate reductase

D-galacturonate reductase

D-galacturonate reductase

D-galacturonate
reductase
D-galacturonate
reductase
D-galacturonate reductase

D-galacturonate reductase
2 G-box
(ACGT)

GDP-D-mannose

pyrophosphorylase
GDP-L-galactose
phosphorylase
phosphomannomutase
2

GDP-D-mannose pyrophosphorylase
GDP-D-mannose-3' ,5 -epimerase
GDP-L-galactose phosphorylase

D-galacturonate reductase

PMONT 35S ligation

1%
0.25%

PEG/Ca2+

(MgEnzyme) 6cDNA
CaMv35S MgEnzyme Nos
pMONT SLiCE
pMONT-MgEnzyme

6

1 Kondo , T., Fujikawa, Y., Ueda, A.,
Nagaoka, T., Saneoka, H., Martinez, M.,
Calcafio, M., Martich, J.D.H., Esaka, M.
(2015) Cloning and gene expression
analysis of ascorbic acid biosynthesis
enzymes in Moringa oleifera. African
Journal of Agricultural Research,
10(22):2274-2285.



2. Suekawa M., Fujikawa Y., Inada S.,
Murano A., Esaka M. (2016) Gene expression
and promoter analysis of a novel tomato

aldo-keto reductase 1in response to
environmental stresses. J. Plant Physiol.
200:35-44.

3. Kondo T., Fujikawa Y., Esaka M. (2017)

A novel regulatory element responsible for

high  transcriptional expression of

acerola GDP-D-mannose pyrophosphorylase

gene. Biosci. Biotechnol. Biochem.
81(6):1194-1197.

4. Suekawa M., Fujikawa Y., Esaka M. (2018)

Two G-box-like elements essential to high

gene expression of SIAKR4B in tomato

leaves. Biosci. Biotechnol. Biochem.
82(3):425-432.

1. _
(2016 02 04 )
30
2.
(2016 03 29 )
2016 ,
3. (2016
03 29 )
GDP-D-mannose
pyrophosphorylase
. 2016 ,
4.
(2017
02 02 )
31
5.
(2017 03 19 )
2017
6.

(2017 09 22 )

2017 ,

7. Suekawa M., Fujikawa Y., Esaka M.
(November 3-6, 2017) The analysis of
gene  expression  mechanism  and
physiological function of aldo-keto
reductase in tomato. Taiwan-Japan
Plant Biology 2017, Academia Sinica,
Taipei, Taiwan.

(2018 02 05 )

32

1. Suekawa M., Kondo T., Fujikawa Y.,
Esaka M. (2017) Regulation of Ascorbic
Acid Biosynthesis in Plants. In:
Hossain M., Munné-Bosch S., BurrittD.,
Diaz-Vivancos P., Fujita M., Lorence A.
(eds) Ascorbic Acid in Plant Growth,
Development and Stress Tolerance.

pp 157-176 Springer.

2. Suekawa M., Fujikawa Y., Esaka M.
(2017) Physiological role of ascorbic
acid recycling enzymes in plants. In:
Hossain M., Munné-Bosch S., BurrittD.,
Diaz-Vivancos P., Fujita M., Lorence A.
(eds) Ascorbic Acid in Plant Growth,
Development and Stress Tolerance.

pp 355-373 Springer.

/ /
http://home._hiroshima-u.ac.jp/gsbstop/i
nterview/ja/esaka.html

(
http://seeds.office.hiroshima-u.ac. jp/p
rofile/ja.a3d4f760e9b22e0c520e17560c007
669.htmldex.html

o
ESAKA MUNEHARU



