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As is evident f rom the table, in the degradat ion of  chloro- 
phyll a and chlorophyll  b there is little change in the 
samples of  heated as well as unheated ones of Aetiniopteris 
radiata and Adiantum lunulatum. For  other  ferns, the order 
of  increasing degradat ion is Adiantum incisum, Cheilanthes 
albomarginata and Athyrium sp. 
The results of  carotenoid contents in the heated and 
unheated samples are represented in the figure. It is in- 
teresting to note that the carotenoid contents are max imum 
in Actiniopteris radiata, which is a very resistant type. At the 

same time, this species shows max imum degradation o f  
carotenoids, i.e. more  than 50%. Cheilanthes albomarginata 
comes second while much less degradat ion has been noted 
in both the species o f  Adiantum studied for the present 
purpose. The functions of  carotenoids in plants, al though 
still far f rom clear, is also to protect the plants f rom 
photosensit ized oxidation and chlorophyll  degradation 7-1~ 
F rom the present study, it appears that the xerophytic 
species of  ferns possess higher  carotenoid contents and 
show lesser degradat ion of  chlorophylls. 

1 T.N. Singh, O. Aspinall and L.G. Paleg, Nature, Lond. 236, 
188 (1972). 

2 T.C. Hsio, A. Rev. Plant Physiol. 24, 519 (1973). 
3 G. Robbelen, Naturwissenschaftl. 44, 288 (1957). 
4 K.S. Murty and S.K. Majumder, Curt. Sci. 31, 470 (1962). 
5 P. Sharma, A.K. Yadav and T.N. Bhardwaja, Geobios, India 

4, 256 (1977). 

6 B.D. Sharma and D.R. Bohra, Geobios, India 4, 102 (1977). 
7 H. Claes, Z. Natur. 9b, 461 (1954). 
8 R.H. Wallace and A.E. Schwarfing, P1. Physiol. 29, 431 (1954). 
9 V.M. Koski and J.H.C. Smith, Archs. Biochem. Biophys. 34, 

189 (1951). 
10 N. Krinsky, Biochemistry of Chloroplast, vol. 1, p.423. Ed. 

Goodwin. Academic Press, London 1966. 

Comparative  effect  of  silver ion and gibberellic acid on the induction of  male  flowers on female  Cannabis plants 1 

G. Sarath and H.Y.  Mohan  R a m  

Department of Botany, University of Delhi, Delhi 110007 (India), 10 July 1978 

Summary. Silver ion applied as A g N O  3 to the shoot tip of  female plants of  Cannabis induces male flowers. It is more effective 
than gibbereUic acid (GA3) in maintaining the induced state. 

The silver ion (Ag +) has recently been shown to be a potent  
inhibitor o f  ethylene action in ethylene-sensitive tissues 2. In 
cucumber,  higher  ethylene levels are associated with female-  
ness 3,4 and Ag + induces maleness 5. The present study was 
undertaken to test the effect of  Ag + on the sex-expression in 
the dioecious Cannabis sativa L. and to compare  its effect with 
gibberellic acid (GA3). The  prel iminary findings are reported 
here. Earl ier  work on this plant had indicated that ethylene 
supplied as e thephon induces female  flowers on male plants 6 
and G A  3 application initiates male flowers in female  plants 7. 
Material and methods. Seedlings o f  Cannabis sativa L. were 
raised in ear then pots. The  sexes were separated after the first 

few flowers had been formed. 10 female plants of  uniform 
height, bear ing 3 or  4 f lowering nodes were selected for each 
treatment.  The treated plants received either G A  3 or A g N O  3 
dissolved in distilled water  containing 0.02% Tri ton X-114 as 
the surfactant. Controls were given only distilled water and 
surfactant. The test compounds  were applied to the shoot tip 
as a daily 10 gl drop for 10 days. The final amount  o f G A  3 or 
mgNO 3 received by each plant came to I00 gg. The test plants 
were mainta ined under  natural  conditions in the depar tmen-  
tal garden. The  number  o f  plants showing conversion and the 
number  of  nodes bearing male flowers (including intersexual 
flowers) were recorded at 5-day intervals. Confidence inter- 

Effect of GA3 and AgNO3 on the number of plants showing male flowers and the number of nodes per plant bearing male flowers in the 
female plants of Cannabis sativa 

Treatment a Number of days after application 
(gg/plant) 0 5 10 15 20 25 30 35 

X CI ~ CI X CI X CI X CI X CI X CI ~ CI 

GA 3 (100) 

Number of plants 
showing male 
flowers 0 0 

Number of nodes 
bearing male 
flowers b _ _ 

AgNO3 (100) 

Number of plants 
showing male 
flowers 0 1 

Number of nodes 
bearing male 
flowers b 0.2 

2 2 5 5 5 5 

0.8 1.03 c 1.1 1.4 c 2.1 1.9 c 2.6 2.3 c 2.6 2.3 c 2.6 2.3 c 

1 3 7 9 10 10 

0.1 c,d 0.2 0.1 c 0.8 0.8 c 2.8 2.2 c 3.9 2.7 c 4.6 2.9 c 4.6 2.9 c 

a mean values of 10 plants; b nodes with at least 1 perfect male flower; _+ confidence intervals (CI); c significantly different from controls 
at p_< 0.05; d significantly different between treatments at p < 0.05. 
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vals and differences of means were calculated using Student's 
t-test at p < 0.05. 
Results. Both the treatments caused sex inversion (table). 
Whereas AgNO 3 was able to cause male flower formation in 
all the female plants 30 days after treatment, GA 3 was able to 
do so only in half the number of plants. The difference in the 
number of nodes showing male flowers between the treat- 
ments was statistically insignificant on all days except day 5. 
The effect of treatment with AgNO 3 was more persistent. It 
delayed the resumption of production of female flowers by 
10 days over GA 3 treatment. Normal male flowers are 
pedicellate and are borne on pedunculate cymose inflores- 
cences. The tepals of the male flowers are typically reflexed at 
anthesis. The male flowers induced by AgNO 3 are sessile and 
form close clusters at each node as the inflorescence axis does 
not elongate. The flowers are otherwise similar to normal 
male  flowers and set viable pollen. GA 3 causes elongation of 
the flower stalks and the flowers are smaller than normal male 
flowers, but set viable pollen. During the induction of male 
flowers, as well as at the time of formation of female flowers 
(true to the genetic sex at the expiry of the effect of treatment), 
numerous intersexual flowers were observed in the 2 treat- 
ments. GA 3 also caused a marked increase in shoot length 
over controls. Interestingly this was not observed with 
AgNO 3. The treated plants were equal to the controls in 
height. 
Discussion. The induction of male flowers by Ag +, in the 
female plants of Cannabis reported here, strengthens the 
concept that endogenous ethylene is probably responsible for 

female sex expression in this plant 8. However, the mode of 
action ofAg + is still unclear. It has been proposed that Ag + 
can act at the receptor site of ethylene attachment, which is 
believed to contain a metal 9. The direct action thus envisaged 
for Ag § possibly explains why the response to it is much 
greater than to GA 3 in inducing maleness in Cannabis. 
Although sex is genetically determined in Cannabis, sex- 
expression is influenced by several factors. As far as hormonal 
factors are concerned, there is evidence that sex expression is 
controlled by balance between levels of GA(s) and ethylene - 
higher ethylene levels favouring femaleness and higher GA 
levels favouring maleness 8. When ethylene activity in female 
plants is blocked by Ag + or the relative GA levels are 
increased by exogenous GA, maleness is induced. 
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A specific GT 1 ganglioside-luteinizing hormone interaction induces conductance changes in lipid bilayers 

P. Chatelain, M. Deleers, A. Poss and J.M. Ruysschaert 

Laboratoire de Chimie-Physique des Macromoldcules aux Interfaces, Universitd Libre de Bruxelles, C.P. 206/2, 
B-1050 Bruxelles (Belgium), 31 July 1978 

Summary. A specific interaction was demonstrated between GT 1 gangliosides incorporated in bilayer membranes and 
luteinizing hormone. This interaction would allow the penetration of a hormone subunit in the membrane. The results are 
discussed in terms of adenylate cyclase activation. 

Recent studies suggest that gangliosides or ganglioside-like 
structures may be basic components of glycoprotein hor- 
mone receptor 1-6. These recognition properties of natural 
cell membranes can be duplicated in model membranes 7-12. 
In this report, we present evidence of a specific interaction 
between luteinizing hormone and GT 1 ganglioside incorpo- 
rated in a planar bilayer membrane. The conductance 
change of the lipid bilayer is discussed in terms of the 
adenylate cyclase activation process. 
Materials and methods. Luteinizing hormone (LH), glycerol 
monooleate (GMO), N-acetylgalactosamine and N-acetyl- 
neuraminic acid were purchased from Sigma Chemical Co. 
GT 1 ganglioside (N-acetylneuraminylgalactosyl-N-acetyl- 
galactosaminyl-(N-acetylneuraminyl-N-acetylneuraminyl)- 
galactosylglucosylceramide), GD1a ganglioside (N-acetyl- 
neuraminylgalactosyl-N-acetylgalactosaminyl-(N-acetyl- 
neuraminyl)-galactosylglucosylceramide) and GM 1 gan- 
glioside (galactosyl-N-acetylgalactosaminyl-(N-acetylneu- 
raminyl-)-galactosylglucosyl-ceramide) were Supelco prod- 
ucts. Lactose, glucose and galactose were 'pro analysi' 
products from Union Chimique Belge. N-Decane, a 
reagent grade product was redistilled before used. The 
mixtures GMO-gangliosides were dissolved in a chloro- 
form/methanol/decane (30/5/65) mixture and bilayers 
were formed at room temperature on a 1.3-ram diameter 

aperture in a teflon cell separating 2 aqueous phases. Black 
lipid membrane formation was observed under reflected 
light with a low power microscope. The aqueous phase 
contained 0.15 M NaCl+0.05 M Tris-Hcl at pH 7.3. The 
membrane specific conductance was determined by mea- 
suring the specific current Im/cm 2 as a function of imposed 
potentials differences Vm, with a 602 Keithley electrometer. 
The complete system was enclosed in a Faraday cage. 

Results and discussion. Conductances of GMO planar 
bilayer membranes containing GT~, GM 1 or GD~a ganglio- 
side were measured before and after addition of LH in the 
aqueous phase. A 4-fold increase of membrane conduc- 

Effect of LH on the conductance of planar membranes containing 
gangliosides 

Bilayers Conductance 10 -812 -1 - cm -~ 
Without LH With LH ~ 

GMO 4.6___0.7 5.1 __+ 1 
GMO-GDla 6.6_+ 1 8.0+_ 1.4 
GMO-GM 1 7.6+_ 1.3 11.0+_ 2.0 
GMO-GT1 t 6.0 +__ 3 60.0 +_ 9 

LH concentration 120 gg/ml. Molar ratio GMO-ganglioside 97/3. 


