R[4

E = HFE

YD A

BEFERDIERER.

B mMth

KBREWRK, AT HAITUARREE



プレゼンター
プレゼンテーションのノート
Thank you very much for the organizers for giving me a chance to talk to you today.

My name is Kinya Akashi, from Nara Institute of Science and Technology, Japan.

And I would like to talk on wild watermelon, 

coming from Kalahari Desert, Africa, which is shown here in the center and the left at the bottom.  

All the other plants are also indigenous to the Kalahari Desert.  


Annual record yield, average yield, and yield losses due to diseases, insects and

unfavorable physicochemical environments for major U.S. crops
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Boyer (1982) Science 218, 443-448
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But plant productivity is limited by a number of factors.

Here is one statistics showing the comparison between annual record yield, shown in  and average yield of the representative crop.

In kilogram per hectar basis.

As shown here, on average, crop plant productivity is restricted to approximately 20% of the maximum, or potential performance 

And the investigation suggested that this loss is attributed to a number of factors.

but the major factor restricting plant productivity is apparettently the environmental stress, as shown here in the blue bars.
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But plant kingdom on earth is very interesting.  And there are surprisingly diverse strategies in various plants concerning the water-relation

Plants are divided into three groups according to the water-availability of their habitats.  Hydrophyte, living in the water, mesophyte, modest requirement for water, 

And xerophytes, which thrive in the water-limited regions.

And among the xerophytes, a lot of diverse strategies are known to cope with water deficits, such as to escaping from drought, avoiding drought or tolerate to desiccation. 

And I would like to focus on wild watermelon, which is recognized as one of the xerophytic species.


Wild Watermelon

% Inhabit in the Kalahari Desert, Africa.
% Thrives in the spring to summer.

% Highly tolerant to drought and
high light stresses.

% Carries out C3-type photosynthesis.



Wild watermelon and “Sun”
people in Kalahari Desert

“Sun people” lives in the Kalahari Desert, Africa.
They use fruit extracts of wild watermelon as
major water resources for their living, such as
drinking, cooking, and washing their bodies.

Ikeya (1991) Kikan-minzokugaku, 56:35-42



Free amino acid content

(£ mol/gFW)

1S
o

w
o

N
o

—
o

Drought-induced accumulation of

citrulline in the leaves of wild watermelon
—

0 3 8

Days under drought

HCitrulline
B Arginine
B Ornithine
B Glutamate
B Glutamine
B Proline

B Alanine

B Glycine
B Serine
OdAspartate

Glutamate :t N-acetylglutamate

N-acetylglutamate-
5’-phosphate

_ N-acetylglutamate-
Glutamine 5'-semialdehyde

\J &

Carbamoyl- N- acetylornlthlne
phosphate

Ornlthlne
V \/'Urea

[Citrulllne] Arg|n|ne

Arglnlno
Succinate



プレゼンター
プレゼンテーションのノート
And the speculation was correct.

Analysis of amino acid content of the leaves, shown here in the left, revealed that there is a huge increase of an amino acid, citrulline, shown in red color,

which is an intermediate of arginine biosynthetic pathways.
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Citrulline is a potent scavenger for hydroxyl radicals
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Several biochemical analysis has been conducted, and we found that citrulline is actually a very strong scavenger for hydroxyl radicals, 

which is one of the most toxic, and reactive oxygen species.

Shown in the left is an experimental data showing that the citrulline rapidly scavenges hydroxyl radicals in vitro, in its concentration-dependent manner. 

And the comparative study showed that the citrulline was one of the most effective scavengers in natural compatible solutes in trapping the hydroxyl radicals.


®

Second-order rate constants for the reactions
between hydroxyl radicals and various compounds

Compound Rate constant Concentration AEIHITE 9“
(M-t s71) in vivo hydroxyl radicals
(MM) generated in vivo
(ns)
Citrulline 3.9% 10° 200 - 300 0.59 - 0.89
Mannitol 2.1 x 10° 100 - 320 1.0-3.3
Proline 5.4 x 103 120 - 428 3.0-11
Glycine betaine 8.2 x 107 320 - 1,000 8.5-26
Ascorbic acid 7.3 x 10° 25-50 1.9-3.8
Glutathione 8.6 x 10° 1-4.5 18 - 80
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And we calculated the 2nd-order rate constant for the reactions between hydroxyl radicals and citrulline, 

and it was revealed that the value was 3.9 times of the 10 to the power 9. 

This value is 2-times more than that of mannitol, which is known to be an efficient hydroxyl radical scavenger.

And 10 to 50 times higher than the typical compatible solutes such as proline and glycine betaine. 

Considering the rate constants and the concentration achieved in the watermelon leaves, we estimated that the half-life of hydroxyl radicals generated in vivo would be less than 1 nano second.

This value is smaller than those estimated for conventional antioxidants such as ascorbate and glutathione.

suggesting that function of citrulline as a hydroxyl radical scavenger might be more important than that of the classical antioxidants.


®)
Citrulline protects DNA from oxidative damages
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We next examine whether citrulline actually protects cellular components from hydroxyl radicals.

This is one example, for the effect on the DNAs.

Hydroxyl radicals were generated in vitro, by the reaction of H2O2 with reduced iron, which then attacks plasmid DNAs, leading to the cleavage of the backbone, and as shown here, damaged linear DNA can be detected on an agarose gels.

And addition of citrulline strongly suppressed the formation of damaged DNA, demonstrating that citrulline effectively protects DNA from oxidative attacks.

And it would be very interesting to test in the future, that citrulline really function as a defensive compound in planta.  


- KRS

S N - 7 =l LSS AN
=r£sx47:-~/l~)L'Jz| | ERBREROSVLSIALOARIERS
- FHITHLTRET., HFHRkIicEND

Ilm
4

AEx -7 (LA-ZlEMT -
Lb-7hE— B 8 %)

B FRFEDOR L
TRREDOHE




ASN\) - XL DD RE

* YMLVUEEE.
* KBERKIEMHRZNN, HREESFET . EHO)—
* PBIERENIZEBOHTENTLNS
* KOSDFREHRIMAFL
ASN)-ZLHDIBRIEFR AN RLHDDREFER
1007 10
& I 2 |
H% g 80[ 2 5% % 8 r
:|:\ ﬂ. 60 —+ iz 4“4\_”; | l .
" e , Fan
= i \’ 4
HE w0 7 |03mMm 238 :,\2 o
T & < I E) }f& ~ | 3 T
@ 207 \ ry
1 K  03mM K -
¥ 0 I | I 0 .

11
YFEF  FRE2004-135241, AR M D YMEESE T 5 EEBRFREEFLESVIZRIEH



Roots of the Desert Plants

Citrullus

Wickens (1998)
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One of the uniqueness of wild watermelon seems to be in the root development.  

This slide shows the Investigation of the root architectures in desert plants.

And citrullus, which is a latin name for watermelon, was recognized to have a highly developed root system,

With water storing function.  


Drought-induced proteins
Fold increase

No. 1lday 3days Annotation In the roots

IEOL 1.7 1.4 aconitase

IEO3 2.3 0.9 alkaline a galactosidase 2
IEO4 1.6 1.6 methionine synthase
IEOS5 1.6 2.7 «@-mannosidase

IEO8 4.8 1.3 UDP-sugar pyrophospharylase Early-induced

IE0O9 1.3 1.1 NADP-malic enzyme — i _
IEL0 2.3 0.9 NADP-malic enzyme Cell division Mixed-type
IE13 34.6 11.6 cytosolic phosphoglucomutase Root Pro_tea_se _
:Ei? iz gg L—ch)rgoplex protein 1, ETA subunit morphogenesis Ant;o?qdatlve

- - : rotein
IE21 2.3 1.0 ferric leghemoglobin reductase 4 C/N metabolism P
IE22 2.0 1.6 UDP-glucose 6-dehydrogenase '
IE24 2.3 1.0 hypothetical protein T
IE38 2.7 4.5 ubiquitin family protein > ©
IE40 14.8 0.9 glutamine synthetase <L
IE42 1.2 1.6 peroxidase < :
|[E43 2.5 3.8 peroxidase o Later-induced
IE46 1.8 1.5 actin o Molecular
IE50 26.8 2.6 «a-tubulin o Chaperone
IES53 1.8 3.3 unknown protein S -
IE54 1.7 0.8 putative elongation factor 2 Lignin SyntheSIS
IE57 66.6 0.3 secl3-like protein _ >
IE59 1.3 2.2 cysteine protease CP1 Drought stress progession

IE60 1.5 1.7 caffeoyl-CoA O-methyltransferase

IE64 1.5 1.9 rubber elongation factor

IE67 1.4 1.9 cysteine protease

IE71 2.7 5.9 cytosolic triosephosphate isomerase

IE77 2.0 3.2 triose phosphate isomerase Yoshimura et al (2008) Plant Cell Physiol



Jatropha curcas L.
e ——————

= A member of the Euphorbia family
= Originated from Central America
» Relatively resistant to drought

= Grows well in marginal/poor soils

= Optimal annual temperature and precipitation: A CHOICE OF CROPS
20-28°C and 480-2400 mm or more T T
Qil palm 2,400
= Grows relatively quickly, and produces high yield of seeds/ j;yopha: 550
(~5 tons /halyear) Rapeseed (canola) | 1100
Sunflower 690
» Seeds contain large amount of oils (30-40%) Soya bean 400
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