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Summary. Total phospholipids and their constituent fatty acids exhibited significant alterations in presence of glucose or 
glycerol when M.gypseum was grown at 20 and 27 ~ Cells grown on a glucose medium showed a higher degree of 
unsaturation as compared to cells grown on a glycerol containing medium. 

Manipulation of membrane lipid components by changing 
the growth medium composition is a valuable tool for 
studying the role of phospholipids in microorganisms 3. 
Hence, the use of a defined growth medium is essential for 
bringing about controlled modification in microbial 
biomembranes 4. In order to ascertain the role of apolar 
head groups of phospholipids in biological membranes, 
extensive studies have been undertaken using either fatty 
acid auxotrophs 57 or microorganisms grown in the pres- 
ence of cerulenin, an antibiotic that may be used as a tool 
for introducing controlled alterations in cellular fatty acid 
composition 8. However, similar studies on filamentous fun- 
gi are scanty 9. Considerable effort has been made in our 
laboratory to study the effects of various environmental 
factors on the phospholipid composition of dermato- 
phytesl0 15, and significant alterations were observed both 
in polar as well as apolar head groups of phospholipids. In 
view of the earlier observations on the influence of various 
carbon sources and temperature on the lipid composition of 
Rhizopus arrhizus ~6, we have also compared the effects of 
glucose and glycerol on the phospholipid fatty acids of 
Microsporum gypseum, grown at different temperatures. 
Materials and methods. The source of Microsporum gypseum 
used in this study is the same as has been reported earlier Iv. 
M.gypseum was grown as surface cultures in Sabouraud's 
media (pH 5.4 5.6) containing 2, 4 or 8% glucose and 1% 
peptone (Biological grade, Centron, Bombay, India) at 20 
or 27 ~ In glycerol media, glucose was replaced with 
equal concentrations of glycerol. The growth pattern of 
M. gypseum was determined by plotting dry weight of the 
mycelium against the age of the culture. Various cultures 
grown at 27 ~ were harvested after 15 days, while those 
grown at 20 ~ were harvested after 21 days; at these times 
the cells were in the log phase of growth. The harvested 
cells were blotted dry, weighed and a known portion of the 
fungus kept for dry weight determination while the rest was 
used for extraction of lipids according to the method of 
Folch et a1.18. Phospholipids were quantitated by estimating 
phospholipid phosphorus after perchloric acid digestion by 
the method of Bartlett ~9 as modified by Marinetti 2~ 
Phospholipids were separated from total lipids either by 
acetone precipitation or by silicic acid column chromatog- 
raphy, and methyl esters of phospholipid fatty acids were 
prepared by transesterification with methanol in the pres- 
ence of thionylchloride u. Fatty acids were identified by 
comparing their retention times with those of standards. 
The relative composition of fatty acid was calculated by the 

triangulation method. Unsaturated/saturated (U/S) fatty 
acids ratios were calculated by dividing the total unsaturat- 
ed fatty acids (C16:Iq-C18:Iq-CI8:2) by the total saturated 
fatty acids (C10:0+ C12:0+ C14:0+ C16:0 q- C18:0). 
Results and discussion. Glycerol may be comparable to 
glucose as the carbon substrate for biosynthesis of M. gyp- 
seum phospholipids, particularly at higher temperatures 
and lower concentrations. Total phospholipids showed a 
significant decrease (p<0.05) with increased glycerol 
concentration, at both the growth temperatures tested (fig., 
a). However, no change in total phospholipid content was 
observed up to 4% glucose, at either temperature (fig., b). 
With 8% glucose, there was a slight decrease in total 
phospholipids at 27 ~ while a significant increase 
(p < 0.001) was observed at 20 ~ The observed alterations 
in phospholipid content with these 2 carbon sources may be 
due to the differences in their utilization for phospholipid 
biosynthesis by M. gypseum. Similar observations have been 
made with various fungal species, which have been shown 
to differ in their ability to convert various carbon substrates 
to lipids 9. 
Significant changes in the phospholipid fatty acid composi- 
tion of M. gypseum were observed in the presence of either 
glycerol or glucose (tables 1 and 2). At 27 ~ there was a 
decrease in the U/S fatty acid ratio when glycerol concen- 
tration was increased from 2% to 4% (table 1). The decrease 
in unsaturation with 4% glycerol was due mainly to an 
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Table 1. Effect of different concentrations of glycerol on the phospholipid fatty acids of M. gypseum grown at different temperatures 

Glycerol Growth Fatty acid chain length (relative percentage) 
concentration(%) a temperature 10:0 12:0 14:0 15:0 16:0 16:1 18:0 18:1  18:2 U/S fatty acids ratio 

2 27~ ll.0 4.4 5.1 46.9 3.5 17.7 9.0 2.5 0.18 
+1.0 -+0.9 -,-1.1 ml.7 +0.8 +1.7 +0.9 m0.1 

4 4.2 4.5 64.7 7.7 16.7 1.3 0.10 
+0.0 -,-0.6 +3.1 _+1.9 +L3  • 

8 6.4 7.2 18.7 17.6 19.1 17.7 4.8 3.3 4.2 0.34 
+0.1 -+0.9 +_0.7 +1.5 +1.6 ___1.7 -+0.6 -+0.9 +0.1 

2 20~ 12.9 4.7 6.3 - 29.4 4.7 6.2 10.2 24.1 0.66 
m 1.5 _+ 1.2 ___ 1.5 -,-0.3 +2.1 +0.2 -r-0.2 -r0.6 

4 3.1 4.2 3.6 - 35.7 4.9 9.7 5.2 33.7 0.78 
-1:_0.7 +0.1 _+0.7 +2.6 +2.6 +0.2 +_0.2 z 1.6 

8 t I 6.5 6.4 40.9 2.8 8.8 5.2 29.9 0.60 
+0.8 +1.3 +2.2 +0.2 ml.2 ml.7 ~-0.4 

Values are mean + SD of 3 independent batches analyzed in duplicate. -. Not detected: t. traces (< 0.5%), U/S. total unsaturated/saturated 
fatty acids: ag/100 ml of growth medium. 

Table 2. Effect of different concentrations of glucose on the phospholipid fatty acids ofM. gypseum grown at different temperatures 

Glucose concentration (%)a Growth Fatty acid chain length (relative percentage) 
temperature 10: 0 12 : 0 14 : 0 16 : 0 16 : 1 18 : 0 18 : 1 18 : 2 U/S fatty acids ratio 

2 27 ~ 2.7 2.1 4.9 28.5 1.9 14.1 5.6 41.0 0.93 
+0.6 +0.1 +0.8 +2.0 +0.1 +0.6 +1.2 +0.8 

4 3.6 4.8 2.9 33.6 5.4 10.0 6.3 35.0 0.85 
+0.1 +0.3 +0.3 +2.0 _+0.4 _+0.9 +0.8 +5.5 

8 3.5 1.5 4.0 34.6 1.6 11.9 7.2 36.5 0.82 
+0.9 -+0.6 +1.3 +0.7 +0.5 +2.6 +0.8 +5.2 

2 20~ 7.8 11.2 1.7 21.0 4.3 6.3 4.0 45.0 1.1 
_0.8 +1.0 +0.3 +3.6 +0.3 +0.6 +0.3 _+0.6 

4 1.2 t 0.9 31.7 2.9 6.0 4.1 54.4 1.5 
-+0.2 +0.1 +3.5 _0.0 _+0.7 _+0.5 _+4.4 

8 1.0 1.9 20.5 33.0 5.1 1.1 35.7 2.4 
-+0.4 _+0.3 _+0.0 _+1.2 _+1.1 _+0.1 +1.3 

Values are mean+ SD of 3 independent batches analyzed in duplicate. -, Not detected; t, traces (<  0.5%); U/S, total unsaturated/saturated 
fatty acids ratio; ag/100 ml of growth medium. 

increase in palmit ic  acid content .  Moreover ,  capric and  
oleic acids, which were present  in significant  amoun t s  in  
the presence o f  2% glycerol d i sappeared  w h e n  the glycerol 
concent ra t ion  was increased to 4%. Fur ther ,  increasing the 
glycerol concent ra t ion  to 8% resul ted in a 3-fold increase in 
U / S  fatty acid ratio, which  was pr imar i ly  a t t r ibuted  to an  
increase of  abou t  2.3-fold in the level o f  pa lmi to le ic  acid. 
Cells grown in a m e d i u m  conta in ing  8% glycerol showed 
higher  relat ive amoun t s  o f  shor t  cha in  fatty acids (C10:0 to 
C15:0 ). W h e n  the fungus  was grown at 20 ~ in a m e d i u m  
conta in ing  2, 4 or 8% glycerol concentra t ion ,  it exhibi ted  3-, 
8- and  2-fold increase in the U / S  fatty acid ratio, respec- 
tively, as compared  to the ratios at 27~ The  increased 
unsa tu ra t ion  was ma in ly  due to a significant  increase in 
l inoleic acid conten t  wi th  a s imul taneous  decrease in the 
palmit ic  acid level. However ,  in the presence o f  8% glycerol 
there was an  increased level o f  pa lmi t ic  acid, with a 
s imul taneous  d i sappearance  o f  short  cha in  fat ty acids. The  
degree of  unsa tu ra t ion  with 8% glycerol was low as com- 
pared  to 2 and  4% glycerol g rown cells. It appears  f rom 
these observat ions  tha t  a s trong inh ib i t ion  of  the chain  
e longat ion  system wi th  increasing glycerol concen t ra t ion  
(2-8%) at 27~ takes place, bu t  on  lowering the growth 
tempera ture ,  the chain  e longat ing and  desa tura t ing  en- 
zymes are induced.  
As compared  to glycerol cultures,  glucose grown cells 
exhibi ted a lower U / S  fat ty acid rat io with  increasing 
glucose concent ra t ion  (2-8%) at 27 ~ (table 2). Decreased 
unsa tura t ion  was ma in ly  due to reduct ion  in levels o f  
l inoleic acid with a concomi tan t  increase in pa lmi t ic  acid. 

In contrast  to glycerol grown cells, shor t -chain  fat ty acids 
and  palmi to lea te  did no t  show signif icant  var ia t ion  with the 
increase in glucose concen t ra t ion  at  27 ~ At 20 ~ the U /  
S ratio of  phospho l ip id  fatty acids was significantly h igher  
than  that  of  the l ipids f rom cells grown at 27 ~ in all 
concentra t ions  of  glucose. Increased unsa tu ra t ion  at the 
lower growth t empera tu re  was due  ma in ly  to a significant  
increase in l inoleic acid levels. Wi th  8% glucose, unsatura-  
t ion was due main ly  to the e levated levels of  palmitole ic  
acid. At  20 ~ the shor t  cha in  fat ty acid content  decreased 
with increasing glucose concentra t ion .  Unsa tura t ion ,  so 
observed,  with decrease in growth t empera tu re  was similar  
to our  earl ier  observat ions  with M.gypseum 13, and  other  

9 f u n g i .  However ,  cer ta in  fungi exhibi ted  a h igh degree of  
16 2 1  unsa tura t ion  at h igher  growth t empera tu res  ' . At  bo th  the 

temperatures ,  a slight inh ib i t ion  of  chain  e longat ion was 
observed with increasing glucose concent ra t ions  as com- 
pared  to the fatty acids o f  glycerol g rown cells. 
This invest igat ion demons t r a t ed  that  cells g rown with 
various concent ra t ions  o f  glycerol had  a lower degree of  
unsa tura t ion  as c o m p a r e d  to the glucose grown cells at  the 
usual  (27 ~ as well as lower growth (20 ~ temperatures .  
Var ia t ion  in the degree of  unsa tu ra t ion  with different  
ca rbon  sources viz. sugars has  also been  observed earl ier  in 

22 16 Penicillium chrysogenum and Rhizopus arrhizus . Thus,  
the man ipu l a t i on  o f  fat ty acids by the present  ca rbon  
sources indicates tha t  it may  be possible to use this strain of  
M. gypseum as a subst i tute  for fat ty  acid auxotrophs,  which 
are present ly  be ing  used to s tudy the role of  phosphol ip id  
apolar  head  groups in biological  m e m b r a n e s  23. 



Experientia 39 (1983), Birkhguser Verlag, CH-4010 Basel/Switzerland 153 

1 To whom correspondence regarding this paper should be 
addressed. 

2 Acknowledgments. This work was financed, in part, by a grant 
from indian Council of Medical Research, New Delhi, India. 

3 Dhariwal, K.R., Chander, A., and Venkitasubramanian, T.A., 
Can. J. Microbiol. 23 (1977) 7. 

4 Archer, D.B., J. gen. Microbiol. 88 (1979) 329. 
5 Polacco, M.L., and Cronan, Jr, J.E., J. biol. Chem. 252 (1977) 

5488. 
6 Saito, Y., and McElhaney, R.N., J. Bact. 132 (1977) 485. 
7 Wisnieski, B.J., Keith, A.D., and Resnick, H.A., J. Bact. 101 

(1970) 160. 
8 Omura, S., Bact. Rev. 40 (1976) 681. 
9 Weete, J.D., ed., Fungal lipid biochemistry. Plenum Press, 

New York 1980. 
10 Khuller, G.K., Verma, J.N., Bansal, V.S., and Talwar, P., 

Indian J. med. Res. 68 (1978) 234. 
11 Khuller, G.K., Chopra, A., Bansal, V.S., and Masih, R., 

Lipids 16 (1981) 20. 
12 Bansal, V.S., and Khuller, G.K., FEMS Microbiol. Lett. 9 

(1980) 167. 

13 Bansal~ V.S., and Khuller, G.K., Indian J. Biochem. Biophys. 
18 (198i) 74. 

14 Bansal, V.S., and Khuller, G.K., Archs Microbiol. 130 (1981) 
248. 

15 Bansal, V. S., and Khuller~ G.K., Sabouraudia 19 (1981) 311. 
16 Gunasekaran, M., and Weber, D.J., Trans. Br. Mycol. Soc. 65 

(1975) 539. 
17 Khuller, G.K., Experientia 34 (1978) 432. 
18 Folch, J., Lees, M., and Stanley, G.H.S., J. biol. Chem. 226 

(1957) 497. 
19 Bartlett, G.R., J. biol. Chem. 234 (1959) 466. 
20 Marinetti, G.V., J. Lipid Res. 3 (1962) 1. 
21 Bowan, R.D., and Mumma, R.O., Biochim. biophys. Acta 144 

(1967) 501. 
22 Divakaran, P., and Mod, H.J., Experientia 24 (1968) 1102. 
23 Cronan, Jr, J.R., A. Rev. Biochem. 47(1978) 163. 

0014-4754/83/020151-0351.50+ 0.20/0 
�9 Verlag Basel, 1983 

Phytoalexins in Phaseolus vulgaris and Glycine max induced by chemical treatment, microbial contamination and 
fungal infection 

P. St6ssel 1 and D. Magnolato 

Research Department, NestlO Products Technical Assistance Co. Ltd, CH-1814 La Tour-de-Peilz (Switzerland), January 14, 
1982 

Summary. Bean seeds, treated with AgNO 3 or exposed to the naturally occurring microflora, accumulated phaseollin, 
phaseollinisoflavan and kievitone in constant relative quantities. In seeds inoculated with Fusarium oxysporum f. sp. 
phaseoli, relative quantities o f  these phytoalexins were changed. In contrast, proportions of  glyceollin isomers in soybean 
hypocotyls were not affected by the phytoalexin-inducing agent. 

Attack by nematodes,  fungi, bacteria and viruses, and 
treatment with chemicals, UV-light or temperature shock 
can induce phytoalexin production in plants. Phytoalexin 
accumulation seems to be. a general response to stress. In 
plants that synthesize several phytoalexins, the quantitative 
relationship between these phytoalexins may vary signifi- 
cantly depending on the elicitor 2-5. 
The present paper describes a) phytoalexin accumulation in 
bean seeds after chemical  treatment, contamination by the 
naturally occurring microflora or inoculation with 
Fusarium oxysporum f. sp. phaseoli, and b) accumulation of  
glyceollin isomers in soybeans following chemical treat- 
ment or inoculation with Phytophthora megasperma f. sp. 
glycinea. 
Materials and methods. Seeds of  Phaseolus vulgaris L. (red 
kidney) were imbibed in distilled water for 2 h in the dark. 
Subsequently, the seeds were imbibed in 1 m M  AgNO 3 for 
2 h, rinsed with sterile distilled water and incubated in the 
dark at 25 ~ and 90% relative humidity for 5 days. Seeds 
imbibed in distilled water for 4 h, but not treated with 
AgNO 3, were either incubated likewise and, thus, allowed 
to be contaminated by the naturally occurring microflora, 
or surface sterilized in 2.5% Na-tetraborate for 10 min, 
rinsed with sterile distilled water, and inoculated with a 
thick mycelial suspension of  Fusarium oxysporum f. sp. 
phaseoli Kendrick and Snyder (CMI 141 119). F. oxysporum 
was grown in potato broth containing 30 g glucose/1 
distilled water at 25 ~ for 10 days. 
Phytoalexins were extracted with ethanol. The solvent was 
evaporated to dryness at 40 ~ under vacuum. The residue 
was resuspended in ethyl acetate and chromatographed on 
Merck Silica gel F254 TLC-plates  with chloroform-metha-  

nol (25 : 1 ; v /v )  as solvent 3. Phaseollin from beans inoculat- 
ed with F. oxysporum was purified further on Sephadex 
LH-20 (bed vol. 40 ml, flow rate 0.1 ml /min )  eluted with 
95% ethanol 6. Phytoalexins were identified by their R r 
values and absorbance spectra 3, and concentrations were 
calculated from their absorbance at 280 nm (phaseollin, 
phaseollinisoflavan) and 293 nm (kievitone), respectively, 
and their extinction coefficients 7. 
Seeds of  Glycine max (L.) Merr. cv Altona were placed 
between sheets of  moist filter paper for 24 h in the dark. 
Seed coats were removed.  The cotyledons were separated, 
rinsed with 1 m M  AgNO3, and put into Petri dishes with 
the flat side upward. Prior to incubation in the dark at 
25 ~ 90% relative humidity for 48 h, a 50 gl drop of  1 m M  
AgNO 3 was placed on each cotyledon. Soybean seedlings 
(cv Altona and Maple Arrow) were grown in Vermiculite 
(previously soaked in water) in the dark at 25 ~ 90% 
relative humidity for 5 and 10 days, respectively. Phyto- 
phthora megasperma Drechs. f. sp. glycinea Kuan and Erwin 
(Pmg) race 4 (avirulent on cv Altona) was grown on 
solidified bean broth at 25 ~ Droplets, 10 gl each, of  

8 5 either a suspension of  Pmg zoospores (10 /ml)  or 1 m M  
AgNO 3 were placed on hypocotyls from the cotyledons to 

9 the roo t s .  The seedlings were incubated in the dark at 
25 ~ 90% relative humidi ty for 48 h. Seedling age always 
refers to the age prior to ~lyceollin-inducing treatments. 

~0 Glyceoll in was extracted and chromatographed on What- 
man L K 6 D F  TLC-plates  with to luene-methanol  (95:8; v /  
v). Glyceoll in was located by reference to a co-chromato-  
graphed standard, eluted, and the concentration was calcu- 
lated from its absorbance at 285 nm and its extinction 
coefficient 11. Isomers were separated with HPLC, using a 


