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A novel tcrpcnoid-type phyt.oalexin was isolated from mulberry leaves infected with 
PhAA?Ospora 'mlu:u,lan.s, causal agent of leaf spnt. The molecular formula and \veight of this 
subs tance wert-! dt-!dded as C~ _ H~JOJ ( MWL 340) hy HR/( + ) FAB mass spectromet ry. This 
substa nc~ is detectab le at Hf 0.56 on TLC chromatogram developed with ch loroform
methanol(9: 1, vlv) as it reddish-purple spot by spraying of 1 % vanillin-sulfuric acid and heaLing 
a L 110"G. Thi~ substance appeared aL RI. 13.6 rnin 0 11 the GLe chromatogram (OV-lOI , 200 ·C, 
N!50 mlhnin) and at Rt 4.5min on HPLC chromatogram -wi th reve rsed-phase eo1 umn (C l8, 
1 mlImin, 8{)<j(, (l.qUt;OUS methanol). Other kind of substances which showed antifungal activity 
were also detected all the TLC chromat.ogram, These substances were absent in the extract 
from healthy check. 

INTRO DUCTION 

The phytoalexin produc:tion at the site of infection has been well-docwnented since 
the firs t report of .MOller and Borger in 1840. The close association of these phytoalexins 
"ith the defence to the parasites has also been indicated (Bailey et ai., 1982). 

The product.ion of various kind of phytoalexins such as 26 kmds of Moracin (A-Z), 
Oxyresveratrol, 4'- prenyloxyresveratrol and Chalcomoracin has been well noted (Shirata, 
1978, 1981; Shirata et ai., 1979, 1982a, 1982b; Takasugi et ai., .1 978a, 1978b, 19780, 1979, 
1980). The reason why the exjstence of such numerous kind of phytoalexins in mulberry 
plant has been attributed to the tissue-specific production of phytoaiexin. Moracin M, 
however, was isolated from diseased epidermal t issues and xylem of twigs. Furthermore, 
Chalcomoracin was isolated not only from diseased leaf and also from diseased epidermal 
tissues and xylem of twigs (Takasugi et ai ., 1980). 

Since 1991, mulberry plants in Goto islands (Nagasaki prefecture) have been severely 
attacked every year by Phioeospora maculans, causal agent of leaf spot (Negi et a i., 
1992) and silk-worm industry has been heavily depressed. According to our survey, there 
was a resistant variety to Ulis pathogen. To examine if the phytoalexin \\<ill associate with 
the resistance, the extraction of phytoalexin in mulberry leaves was conducted. 

The abstract was reported elsewhere (Kim et aI., 1992) and the detail ",111 be 
contributed in this report. 

MATERIALS AND METHODS 

Extraction and purification of phytoaiexin 
Twenty gram of diseased leaves of mulberry plant, cU.ltivar "Minamisakari" was 
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scissored and dipped in 200 rul of 70% aqueous m ethanol. After keeping for 3 min in 
boiling wat.er bath, the leaf sample was homogenized with the Physcotron homogenizer. 
The extract was concentrated to ca. .1)0 ml and shakcd with twice volume of petroleum 
ether. The ether extract was concentrated completely and dissolved in 3 ml of methanoL 

The extract was applied on TLC plate of silica gel 60 (Merck Co.) and developed with 
chloroform- methanol (9:1 , v/v). The TLC plate was sprayed with 1% vanillin- sulfuric 
acid and heated at 110 "C for detection of terpenoid-type phytoalcxin. UV irradiaLion to 
TLC plate was also conducted to detect. other types of phytoalexin. 

Preparative TLC was conducted and the corresponding area where phytoalexin- like 
substance was detect.ed at preliminary tests was scraped. The silica-gel powder was 
suspended in chloroform-methanol (2: 1, v/v) and the suhstance was extracted. This 
sample was dissolved in 80% aqueous methanol and I,.vas subjected to HPLC with 
reversed-phase column (M&S pack C 18. 20 X 2[)0 mm) and eluted with 80% aq ueous 
methanol monitoring at 236 nm. 

Analytical GLC and HPLC 
Analyti cal GLC and HPLC were conducted. GLC was performed by Shimadzu GLC 

7AG equipped wi th FID and OV- 10l column (1% loading all Gas Chrom Q, 100/200 mesh 
in silanized glass tohlllm 0.3 X 150 cm) . Analysis was conducted at 200 'C and 50 mllmin 
N, flow rate. HPLC was perfo rmed by Gilsoll 303 LC system equipped with the 
reversed-phase coLumn (M&S pack CIS, 4.6 X 150mm). ~~Iu tion was carried uut with 
80% aqueous methanol at a flmv rate of 1 mJ/min moni toring at 2:30 mIl. 

Mass spectrometry 
The purified substance was analyzed by a high resolution HIlI( +)F AB mass spec

tromet.er at the Faculty of Pharmaceutical SCiences, Kyushu University. 

Antifungal activity 
Ant.ifungal activity of the substances against P. 17Utcuians was test.ed by sllspen(Hng 

spores which were formed on PSA medium in a drop of each sample solution on a glass 
slide keeping under humid condition. 

RE SU LTS AND DISCL'SS ION 

Extraction and characterization of phytoalexms formed in the leaves of mulbeny by 
the infection with P. -rnaculans were conducted. As can be seen in Fig. 1- 1, blUish, 
purplish and reddish spots were detected on TLC plate at IU 0.47,0.43 and 0.33 when UV 
(254 nm) light was irradiated. These spots were not detect.ed on the chromatogram of the 
healthy check leaves. At the visualization with 1% vanillin- sulfuric acid foll owed by 
heating at 110 'C, reddish-purple spot ",,ras observed at Rf 0.56 on the chromatogram of 
the infected leaves (Fig. 1-2). 

Antifungal ac(jvity as phytoalexin was tested for eluates from corresponding areas at 
Rf 0 .56, 0.47, 0.43 and 0.33, respectively. Every fraction showed antifungal act.ivity ami 
relatively strong inhibition was observed for the fractions from Rf 0.56, 0.47 and 0.33. 
However, further analyses for these frac(jons with other kind of solvent- syst.ems of TLC 
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Fig. 1. T LC ~hro!l1" togr;"ns of pet roleum d.h <, r (>.x tmcts from health.\' (lert of ~:l ch rtgnn') "nrl 

infected leave s wit h V mflcu/o lIS ( r ill ilt of ' ''K h f,g",,-') . 
1, At UV irracii ;oliu" (254 tlm) 
2 . At sp,-aying 1 % vani llin-s lLlfuric acid and heal.it,g 
Fl -F'4 ' Fra<:lioHs ddectf>d at Hf 0.56, 0 .47. 0.43 and 0.3·1 
S<Jlve,01 , ehlorofonn-methanol (t) : I. vlY) 
Plnte : Silica gel GO 

F1 

such as e thyl acetate- carbon te trachloride (6:4 , v/v) and cyclohcxane- d ioxane (7 :3, vlv) 
indicaled that eadl frac t ion is u complex of weakly antifungal subst.'l. llccs. 

Only the s ubstance a t Rf O.GO which is detectable wit h 1% \'D ni lli n-5u lrul'jc acid 
seemed to be single substance und showed st rong antifungal actil1ty. This S\lbslnnce was 
detected at Rt 13.6min all GLC ch rOTI1atogrum wi th OV- IOI column and appeared at Rt 
4.5111in on HPLC cl1rmnntogWnl with reversed- phase co lumn (Fig. 2). T his frac tion wus 
subjected to preparative HPLC ;m el t he fraCl.ion a t Rt 32 .5min was collected. Aller t.he 
tests fo t' purit~:, the substance was subjected 10 a h igh resolu tion mass spectromel ry 
( HRI( + )FAB,\1S) . The molecular fo nnula and weight of this p ur ifi ed su bstance were 
decided as C" H",O, ( MWt. 340)(f'ig. 3) . S ince t h is substance was also (letec1able with 1% 
va nillin-sul fu ric ucid and 25% antimonate-chlorofo n n, it was imagcned th'.\1 th is no\'el 
substance will be a lerpenoid- Iype phytOHlexi ll . 
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Fig. 2. (ias liquid chrornatography analysis (left) and high performance liquid chromatography analy
sis (right) of the substance at HI" 0.56 
GLe· OV-IOI, 200·C column tempcramrc, n 50rnL'min 
HPLC : Hcversecl-phase column CIS, 1 mUmill, S()°J() aqlleous met.hanol solution 
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Fig. 3. HRI( +)F AB mass spectrum of a novel phytoalexin. 
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