
Experientia 41 (1985), Birkh/iuser Verlag, CH~010 Basel/Switzerland 

In order to confirm the previous result, a second test was per- 
formed. Survival on Opuntia medium of adults from popula- 
tion P1 was compared to that of adults from an experimental 
population (C2) with an identical origin but kept on standard 
Drosophila medium instead of on Opuntia rots (see Ruiz 6 for 
details). Four vials (with 10 individuals each) per sex and 
population were established. As in the previous case, adults to 
be tested had been reared under near optimal conditions on 
standard Drosophila medium. Adults were transferred to a new 
vial with fresh substrate every five days. The number of survi- 
vors was registered daily. 
Figure 2 shows the results of this test: Adults from population 
P1 lived longer than those from population C2. On the other 
hand, in both cases females lived longer than males. A two- 
way analysis of variance performed with the number of survi- 
vors at day 10 yielded the following result: F(popula- 
tions) = 32.53, p < 0.001, and F(sexes) = 10.24, p < 0.01. Ana- 
logously, for the data of day 20: F(populations)= 84.76, 
p < 0.001, and F(sexes) = 9.42, p < 0.01. Approximate times of 
50% survival are 7.8 days (C2 males), 10.7 (C2 females), 14.6 
(P1 males) and 19.6 (P1 females). 
Three main conclusions can be drawn from the results re- 
ported here. 
1) D. buzzatii adults are able to utilize Opuntia rots as feeding 
substrate while D. serido adults are not. The physiological basis 
of this difference is at present unknown but several possibilities 
exist. The simplest one, although not the most probable, is that 
D.serido adults cannot metabolize the monosaccharides 
present in the cladodes of O.ficus-indica, i.e. glucose, fructose 
and galactose 9. An alternative hypothesis is the presence in the 
Opuntia medium of toxic compounds, such as alkaloids which 
have been detected in small amounts in Opuntia cladodes 9. 
Toxic compounds can be also produced by microorganisms as- 
sociated with the rotting process. Several volatile compounds, 
such as ethanol, methanol, ethyl acetate, isobutanol and iso- 
amyl alcohol have been identified as cactophilic yeast metabo- 
lites t~ In addition, 2-propanol, n-propanol and acetone have 
been found by us in significant amounts in natural rots of 
O.ficus-indica from southern Spain. All these chemicals can 
occur in our Opuntia vials and may be potentially toxic to 
D.serido adults. Preliminary studies (F. Peris, personal com- 
munication) show that the egg to adult viability of D. serido in 
Opuntia rots is comparable to that of D.buzzatii. Moreover, 
D. serido adults reared from this substrate in the laboratory are 
fertile and reproduce normally when transferred to culture bot- 
tles with standard Drosophila medium. However, if placed on 
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Opuntia medium, they die before maturity and this explains the 
extinction of the D.serido population referred to above. All 
these observations lead to the idea that adult selection could be 
the crucial step in the niche differentiation between D. buzzatii 
and D. serido. 
2) The mortality observed in populations P1 and P2 was selec- 
tive and resulted in an improved adult survival on the Opuntia 
medium. This means that intrapopulation variability does exist 
for the character and that adaptation to feed on this substrate 
may arise through natural selection. Whether this kind of se- 
lection is actually taking place in cactiphilic Drosophila species 
in their natural habitats in unknown. 
3) D. buzzatii adults lived longer on the Opuntia medium when 
transferred periodically to new tubes with fresh substrate. This 
suggests that the rotting process makes Opuntia tissues unsui- 
table for adult feeding. Fellows and Heed 5, trying to explain 
the observation cited above, suggested that the presence of 
Drosophila larvae was probably the cause of the inability of 
cactus tissues to support adult life. Our results, however, show 
that even in the absence of larvae, D. buzzatii adults do not 
readily survive on Opuntia medium. Depletion of sugar or the 
accumulation of toxic compounds produced by the microor- 
ganisms growing on the medium might be the cause. 
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Summary. Heteropolyanions like 12-tungstozincic acid (i.i.), potassium 13-vanadomanganate (i.v.), potassium 13-vanadonickelate 
(i.v.) and sodium tungstoborate produced an inhibitory effect on potato virus X. Amongst these, tungstozincic acid was found to 
be the most potent. 
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Biological roles of heteropolyanions in modifying the cell 
membrane and affecting the adsorption and penetration of vi- 
ruses are well known ~5. The antiviral activity of silico- 
tungstate, and its in vitro inhibitory action on murine leuke- 
mia, sarcoma virus 5, 6 and other non-neogenic viruses have ear- 
lier been reported vg. Silicotungstate has been found to inhibit 

Escherichia coli D N A  and RNA polymerases extracted from 
mouse 3T 3 cells 1~ The heteropolyanion tungsto 2-antimonate 
protected mice against Friend and plasma variant induced leu- 
kemias 5. It had an antiviral effect and its action did not require 
direct preliminary contact between virus and product. The 
present report deals with the effect of 4 heteropolyanions, 12- 
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Effect of heteropolyanions on the infectivity of potato virus X using test plant Chenopodium amaranticolor 

Chemical species Dilution Average No. of local lesion/leaf* Percent decrease Incubation period 
(txg/ml) Treated Control in virus activity (days) 

12-Tungstozincic acid 1000 1 75 99 a 7 
100 7 72 90 a 7 

1 12 64 81 a 8 
Potassium 13-vanadomanganate 1000 9 56 84 a 6 

100 32 83 61 a 6 
1 44 80 45 a 8 

Potassium l3-vanadonickelate 1000 28 71 61 a 7 
100 38 68 44 a 7 

1 46 59 22 b 8 
Sodium tungstoborate 1000 55 86 36 b 6 

100 65 82 21 b 7 
1 64 72 11 8 

Sodium tungstate 1000 51 63 19 7 
100 72 80 10 8 

1 78 78 0 7 
Sodium silicate 1000 49 58 16 6 

100 55 62 11 8 
1 67 68 1 7 

Differences due to treatment with heteropolyanion are significant at 1% level (a) and at 5% level (b). *Average number of local lesions/leaf per 
treatment are taken from 10 leaves. 

tungstozincic acid, potassium 13-vanadomanganate, potassium 
1 3 - v a n a d o n i c k e l a t e  and sodium tungstoborate on potato virus 
x (PVX). 

Material and methods. The heteropolyanions were prepared by 
the well-known methods described earlier u-14 and their purity 
was checked by IR study. A pure culture of potato virus X was 
maintained on tobacco (Nieotiana tabaeum, var. white burley). 
Chenopodium amaranticolor, a local lesion host of the virus was 
employed as test plant for the assay of the virus. Plants of the 
same age, height and vigor were used in all treatments, after 
leaving the youngest leaves close to the apex. The local lesion 
method was used for virus assay. Whole leaves were used for 
various treatments and control was separately maintained. 
For the preparation of an inoculum of the viruses, young in- 
fected leaves showing severe symptoms were macerated with 
double distilled water (1 ml/1 g of leaf material) in a sterilized 
mortar. The extract was filtered through 2 folds of muslin 
cloth, and centrifuged at 5000 rpm for 10 rain. The sediment 
was discarded and the clear supernatant fluid was suitably di- 
luted with double distilled water and used as the inoculum. 
Stock solutions of 1 mg/ml of the heteropolyanions were pre- 
pared in twice-distilled water and were further diluted as and 
when needed. Leaf extract (inoculum) from an infected to- 
bacco plant was mixed with different dilutions of hetero- 
polyanions in equal proportions, left for 10 rain and then used 

as virus inoculum. Healthy and vigorously growing plants of 
Chenopodium at the 4-leaf stage were used as test plant. 
Inoculations were made gently and uniformly with a forefinger 
wet with inoculum on the upper surface of the leaves in one 
direction along both side of the midrib from their base to the 
top. The leaves were previously dusted with carborandum 
powder (600 mesh). After inoculation, the leaves were washed 
with distilled water. The amount of inoculum and abrasive ap- 
plied were kept constant in each set of experiment. 1 ml of the 
infective sap mixed with 1 ml of water served as control. All 
the experiments were carried out in an insect-free glasshouse 
under natural light conditions. 
The data were analyzed statistically 15 by the test of comparison 
between the control and the individual treatment (check versus 
treatment) for the significance of the activity of hetero- 
polyanions. Percent inhibition was calculated by the formula 
(C-T)c• 100 where C is the number of lesions on control leaves and 
T is the number of lesions on the treated leaves. 
The results are summarized in the table, which demonstrates 
clearly that 12-tungstozincic acid shows maximum inhibitory 
activity followed by potassium 13-vanadomanganate, potas- 
sium 13-vanadonickelate and sodium tungstoborate. The inhi- 
bitory activities of sodium tungstate and sodium silicate are 
insignificant. The results obtained with tungstozincic acid are 
very interesting in that it is a transition metal compound of the 
class (1:12) of heteropolyanions. 
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