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ABSTRACf. Cytochalasins are a group of fungal metabolite s which inhibit a variety of 
cellular functions . Cytochaiasin A (CA) is the most effective against fungi. After 
scree ning for the effect of CA. Mucor mucedo was chosen to study the influence of 
this drug on hyphal differenciation and metabolism . The effect of CA on the lipid 
composition of growing hyphae was studied . The reduction of total mycelial lipids was 
31.33% in two day s and 24 . 14% in four days. The enhanceme nt in phospholipid 
content was 3.14% and 31 . 14% in twO a nd four days-old mycelium respectively, while 
the ne utral lipids were reduced by the same values . CA induced some modification in 
the proponions of : fatty acids; neutral lipids (sterOl; diacylglycerides; free fatty acids; 
triacy lglycerides; sterols esters) and in the constitue nts of phospholipids [decrease of 
phosphatidylethanolamine (PE) and phosphatidylcholine (PC) and increase of 
phosphatidylglycerol (PG)J. 

The cytochalasin secondary metabolites of microrganisms , particularly fungi , were 
first discovered in 1964 (Tanenbaum 1978). This term is used to describe the effect 
of these compounds on morphogenesis. One of the principle effects that has been 
established in the intracellular disorganisation of the microfilament system 
(Wessels et al. 1971). To date there are very few investigations on the activity of 
cytochalasins against fungi . Betina et al. (1972) and Betina and Micekova (1973) 
studied the morphogenetic effects of cytochalasin A and 0 on Botrytis cinerea and 
also showed that cytochalasin B was inactive. Patton and Marchant (1975) have 
studied the effect of cytochalasin B on hyphal morphogenesis of Polyporus biennis. 
EI Mougith et al. (1984a) have studied the effects of cytochalasin A on spore 
germination , growth and ultrastructure of Mucor mucedo while effects of 
cytochalasin A on the chemical composition of the cell wall of M. mucedo have 
been studied by El Mougith et al. (1984b). The present investigation deals with the 
influence of C-\ on the lipid metabolism of M. mucedo. 

259 



260 A. EI Mougith el at. 

Material and Methods 

Organism 

Mucor mucedo L. was obtained from the Centraalbureau voor Schimmelcul­
tures, Baam , The Netherlands. 

Media 

The fungus was maintained on potato-dextrose agar medium at 27°C and was 
subcultured at app~oximately two weeks intervals. Culture flasks containing 49 ml 
liquid medium [(NH4hS04, 0.1 g; glucose , 1 g ; citric acid , 0.3449 g; Na2P04H 
12H20, 2.302 g; MgS04 7H20 , 0.05 g; ZnS04 7H20 , 0.005 g; FeS04 7H20 , 0.003 
g; MnS04 5H20 , 0.002 g; CUS04 5H20, 0.001 g; KCl, 0 .005 g; CaCJ2 2H20, 0.01 g 
and 100 ml distilled water ; pH , 6.3)] were sterilized by autoclaving at 120°C for 20 
min. , and inoculated with 1 ml of a spore suspension prepared from 7 days-old 
cultures grown on potato dextrose-agar medium in the same sterile liquid medium. 
The stationary cultures were incubated at 27°e. 

Antibiotic 

Cytochalasin A was obtained from Sigma Chemical Co. (Saint-Louis , MO , 
USA) . In quantitative tests cytochalasin A was dissolved in dimethylsulfoxide 
(DMSO) and dilued to a final stock concentration of 0.1 % DMSO. The 
concentration of cytochalasin A used in this study was 1 f.tglml cold sterilized 
cytochalasin A solution dispensed into the sterile broth. In all experiments there 
were two controls: one with medium alone and the other with the same amount of 
DMSO as in the cytochalasin A treatments. 

AnaJytical techniques 

The mycelium was harvested after 2 and 4 days of growth , mycelial mats 
washed with distilled water and fixed by immersing in boiling distilled water for 15 
mm. 

Lipids were extracted , phospholipids and fatty acids analysed as described 
previously by Bligh and Dyer (1959), McGee and Allen (1974) and Gerhardt and 
Gehrke (1977) . Total lipids was determined gravimetrically. Neutral lipids were 
identified by thin layer chromatography (TLC) on silica gel plates using the solvent 
system: hexane/diethyl ether/acetic acid (72/20/4 v/v). Polar lipids were separated 
by two dimensional chromatography with chloroformlmethanoUacetic acid/water 
(75/45/12/6 v/v) as the solvent in the first direction (Spanner 1973) and 
chloroformlmethanoUacetic acid/NaCI so. 0.9% (100/15/16/4 v/v) as solvent in the 
second direction (Anderson et a1. 1970). Spots were visualized by spraying with 
rhodamin B (Wagner et al. 1961) or charring with 20% H2S04 , Neutral lipids were 
visualized by spraying with rhodamine B recovered and were quantified on the 
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basis of fatty acid content. Free sterols of total lipids were estimated by the 
Lieberman-Burchard method after precipitation with digitonine (Stadtman 1957) . 
The spots of phospholipids were visualized by exposure to iodine vapours while 
phosphorus was quantitified by the Bartlett method (Kates 1972) . Lipids were 
tentatively identified by comparing the Rf values of the unknown lipids with the Rf 
values of standard lipids (Supelco , Inc.). 

Results 

I - Estimation of Lipids 

Total lipid , phospholipid and neutral lipid contents of the mycelia grown in the 
presence and absence of cytochalasin A in the culture medium for two and four 
days was determined and are shown in Table 1. 

Table 1. Influence of cytochalasin A on to tal lipid , phospholipid 
and neutral lipid contents of the mycelium of Mucor mucedo 

Total lipids Phospholipids Neutral lipids 
(% of dry mycelium) (% of total lipids) (% of total lipids) 

Experiment 
2 days 4 days 2 days 4 days 2 days 4 days 

Control 8.23 7.45 44 .65 49 .92 55 .35 50.08 
DMSO 8.27 7 .01 46.88 45 .12 53.13 54 .88 
CA 5.68 5.32 48 .36 68.17 51.64 31.64 

Cytochalasin A addition to the culture medium reduced total lipid content in 
the mycelium. The decrease in total lipid was estimated to be 31.32% and 24.12% 
respectively after 2 and 4 days of growth. There was no significant difference in the 
lipid content of mycelium in both controls indicating that dimethylsulfoxide 
(DMSO) had no effect on the total lipid content of the mycelia. The total lipid 
content was higher in 2 days-old mycelium than in 4 days. 

Total phospholipids were estimated and presented in Table 1. The phospholi­
pid content of mycelium grown in the presence of cytochalasin A increased in 
comparison with the controls and the increase was most evident in four days-old 
mycelium (31.14% ) . 

The neutral lipid content of mycelial mats was obtained by deducting the 
phospholipid fraction from the total lipids and the results are illustrated in Table 1. 
Cytochalasin A caused a decrease in the neutral lipid fraction in particular in 4 days 
old cultures. 

The influence of cytochalasin A on the fatty acid composition of the total lipids 
of the mycelium is illustrated in Table 2. 
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Table 2. The effect of CA on the total fatty acids of Mucor mucedo 

2 Days 4 Days 
Composition (%) 

Control DMSO CA Control DMSO CA 

C'4,O 8.31 10.74 14.31 9.68 12.67 13.71 

C14 " 2.99 1.87 - - - -
C'6 ,O 9.86 12.77 11.87 12.40 12.66 15.23 

C'6,' 2.92 3.47 3.62 1.90 2.21 2.91 
C,s,o 4.44 2 .83 3.48 4.05 4.64 5.32 

CIS"~ 12.22 13.07 13.31 14 .32 14.85 12.96 
C'8,2 16.91 21.62 18.69 19.40 18.93 18.03 
cyC1S,3 19.27 28.00 31.28 1828 23.53 19.79 
yC'S,3 1189 3.60 3.44 11.38 6.48 8. \0 
C19,O 5.19 2.22 - 3.81 - 3.56 

~o'o 6.01 0.09 - 4.78 4.04 0.41 

Myristic (14 :0); palmitic (16:0); oleic (18:1); linoleic (18 :2) and ex and ~ linolenic 
(18 :3) acids were the most abundant fatty acids . There was no major qualitative 
difference in the fatty acid composition of mycelium grown in the presence of 
cytochalasin A when compared to the controls. 

When compared with the DMSO control, cytochalasin A induced the 
following quantitative variations in fatty acid levels: 

- After two days of growth the amount of myristic (14:0) and ex-linolenic 
(18:3) acids increased whereas both palmitic (16:0) and linoleic (18:2) acids 
decreased . 

The presence of DMSO in the culture medium resulted in the enhancement of 
myristic (14:0); palmitic (16:0); palmitoleic (16:1); oleic (18:1) ; linoleic (18:2) and 
ex-linolenic (18:3) acids and a decrease of myristoleic (14:1) , stearic (18:0) , 
y-linolenic (18:3), nonadecanoic (19:0) and arachidic (20:0) acids in 2 days-old 
mycelium. An increase in the quantities of all the fatty acids except linoleic (18:2), 
y linolenic (18:3) and arachidic (20:0) acids occured in 4 days-old mycelium. 
Nonadecanoic acid (19:0) was not detected. 

In the presence of cytochalasin A myristoleic (14:1) , nonadecanoic (19:0) and 
arachidic acids (20:0) could not be detected. 

- After four days of growth an increase in the quantities of myristic (14:0), 
palmitic (16:0), stearic (18:0) and y-linolenic (18:3) acids, and a decline in oleic 
(18:1) and ex-linolenic (18:3) acids were observed. 

There was no significant difference in fatty acid composition of the mycelium 
of the two intervals. 
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11 - The Different Components of Lipids 

1. The Constituents of Neutral Lipids 
The different fractions of neutral lipids (N.L.) were separated by thin layer 

chromatography (TLC). The free sterols (FS), diacylglycerides (DG), free fatty 
acids (FFA), triacylglycerides (TG) and sterol esters (SE) were the main 
constituents of the neutral lipid fraction in all mycelia. The different constituents of 
neutral lipids were determined quantitatively and are presented in Table 3. 

Table 3. Effect of cytochalasin A on the neutral lipid composition of Mucor mucedo 

% of neutral lipid fractions 

Experiment 2 days 4 days 

FS DG FFA TG SE FS DG FFA TG SE 

Control 2.17 20.88 36.20 28.20 12.55 4.90 17.86 9.94 60.53 6.86 
DMSO 3.77 23.91 29.91 33.15 9.24 5.00 1160 13.94 65.91 3.55 
CA 1.52 18.13 39.21 3789 3.24 1.20 12.65 13.89 67.54 4.72 

The free fatty acids (FFA) are the major constituents in the 2 days-old 
mycelium with the free fatty acids (FFA) > triacylglycerides (TG) > diacylg­
Iycerides OG > sterols esters (S .E.) > free sterols (FS). After 4 days of growth the 
triacylglycerides (TG) were the major constituents with triacylglycerides (TG) > 
diacylglycerides (OG) > free fatty acids (FFA) sterols esters (SE) > free sterols 
(FS) . 

The presence of cytochalasin A in the culture medium increased the amount of 
sterol esters (SE) and resulted in a reduction of diacylglycerides (OG) and a strong 
inhibition of free sterols (FS). 

In 4 days-old mycelium there was no significant effect of cytochalasin A on the 
composition of neutral lipids except a strong inhibition of free sterols (FS). 

2. The constituents of Phospholipids 

The main phospholipids of Mucor mucedo were phosphatidylethanolamine 
(PE), phosphatidylcholine (PC) , phosphatidylserine (PS) and phosphatidylinositol 
(PI). In the presence of cytochalasin A phosphatidylglycerol (PG) appeared. 
Phosphatidylethanolamine (PE) and phosphatidylcholine (PC) were the most 
abundant phospholipids (Table 4). 
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Table 4. The effect of cytochalasin A on the phospholipid composition of Mucor mucedo 


Experiment 

% of total phospholipids 

2 days 4 days 

PE PC PS PI PG PE PC PS PI PG 

Control 
DMSO 
CA 

54.02 
42.20 
38.97 

28.12 
25.65 
29.43 

1202 
11.39 

8.96 

6.59 
6.66 
7.06 

-
10.13 
15.58 

58.33 
55.Q3 
48.03 

27.47 
27 .18 
18.57 

10.07 
12.08 
12.81 

4.16 
570 
7.05 

-
-

12.94 

The quantitative relationship of the different components of phospholipids 
was PE > PC > PS > PI. Cytochalasin A resulted in an increase in the quantities of 
PC, PI and PG and a decrease in the values of PE and PS after 2 days of incubation; 
after 4 days of mycelial growth, PG appeared and both PE and PC decreased in 
concentration . 

Discussion 

The lipid composition of Mucor mucedo reported in the present investigation 
is consistent with that of other studies (Sumner and Morgan 1969, Chavant 1980) . 
The ex and y linolenic acids detected in M. mucedo have previously been identified 
in the Phycomycetes (Shaw 1966). Nonadecanoic (19:0) acid found in the present 
studies has also been detected in the lipids of Taphrina deformans (Sancholle 
1984), in the plasma membrane lipids of Hypomyces chIorinus Tul., and in the 
spores of various species of fungi (Rami et a1. 1978). 

The presence of DMSO (solvent of CA) in the culture medium resulted in 
some modification of lipid metabolism but was not sufficient to produce 
recognizable morphological variations similar to that produced by cytochalasin A 
during the germination and the growth of M . mucedo (El Mougith et aI. 1984b). 
Dimethylsulfoxide has certain effects on metabolism and cellular permeability 
(Jacob et aI. 1964, Carley et aI. 1967, Ghajar and Harmon 1968, Bean et aI. 1969, 
Tillman and Bean 1970, Gunasekaran et aI. 1972, Lockhausen and Kristen 1983) 
and therefore is not an inert solvent. For this reason, it was necessary to compare 
the results obtained for CA plus DMSO with those of DMSO alone. 

Cytochalasin A modified lipid metabolism of Mucor mucedo but the exact 
mode of action could not be determined. Cytochalasin A appeared to significantly 
modify the lipid composition of the fungus relative to the control. Treated 
mycelium contained less lipid but with a higher level of phospholipids when 
compared to the untreated mycelium. 

It is evident that the cytochalasin A does affect the lipid metabolism of M. 
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mucedo but it is doubtful if this is the main site of actions of this drug . Quantitative 
modifications observed in the range of lipids are a part of modifications of hyphal 
growth and morphogenesis which we are studing. 
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