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Toxic metabolities produced by fungi have been 
well demonstrated to be public health hazards. Of the 
many chemical carcinogens known today, aflatoxins, the 
metabolities of Asper$illus flavus are among the most 
potent inducers of tumors. Many programmes have been 
initiated to control the propogation of environmental 
toxicants. Many investigators have made conserted 
efforts in reducing the incidence and severity of afla- 
toxin contamination by the knowledge of the cultural 
and environmental conditions but till now no head-way 
has been made. Delineation of biosynthesis of aflatoxin 
would go a long way in the prevention of the 
contamination by this toxin. There are few reports 
regarding the effect of different inhibitors on 
aflatoxin production (DAVIS and DIENER, 1967; DETROY and 
HESSELTINE, 1969; BASAPPA et al. 1970). 

In order to understand the relative importance of 
different metabolic pathways and enzymes for the 
synthesis of aflatoxins, the effect of a number of 
inhibitors on acetate incorporation into aflatoxins has 
been studied in the present investigation, by using 
resting mycelia of Aspergillus parasiticus suspended in 
phosphate buffet. Also, selected levels of a number of 
inhibitors were incorporated in the growth medium and 
the changes in aflatoxin production were investigated. 

MATERIALS AND METHODS 

Aspergillus parasiticus NRRL 3240 obtained from 
Northern Regional Research Laboratory, Peoria, lllinois, 
U.S.A. was used in the present study. It was preserved 
in sterile soil and stored at 4~ A spore suspension 
in sterile double distilled water was prepared from 5 to 
6 days old cultures grown on glucose-peptone-agar and 
distributed equally to i00 ml of the synthetic medium 
contained in 500 ml Erlenmeyer flasks. The synthetic 
medium (SLS medium) used for the present study had the 
following composition: Sucrose, 85 g; asparagine, I0 g; 
(NH4)2SOA, 3.5 g; KH2P04, i0 g; MgSO4.7HgO, 2 g; 
CaCI2"2H20, 75 mg; ZnSO4.7H20 , I0 mg; MnCI2.4H20, 5 mg; 

447 

Bulletin of Environmental Contamination & Toxicology, 
Vol. 15, No. 4 �9 1976 by Springer-Verlag New York Inc. 



ammonium molybdate.4H20 , 2 mg; Na2BA07, 2 mg; and 
FeSOA.7HgO, 2 mg made-mpto I lite9 @ith double dlstilled 
wate~. The pli of the medium was adjusted to 4.5. 

The fumgus was grown at 26+1~ for four days for 
all suspension experlments. The--mycelium was then 
washed with double dlstilled water and c~t into two 
equal parts. Each part of the mycellum was transferred 
into a 250 ml Erlenmeyer flask containing 50 ml of 
sterile phosphate buffer, pli 5.8 and 5 u6 of acetate-1- 
140 of speclfic activity 4.68 mC/mM. After incubating 
for 2 hours, aflatoxins were extracted from the mycellum 
with chloroform. In experiments in which the effect of 
different inhibitors on growth and aflatoxin production 
was studied, A. parasiticus was grown as stationary 
culture in SI~ medium for 8 days in the presence of 
different inhlbitors. Aflatoxins were extraoted with 
chloroform from the mycelium and the medium separately. 
They were separated by thin layer chromatography on 
silica gel G with an initial run in ether and thon in 
2% methanol in chloroform, were eluted with methanol and 
estimated by spectrophotometry as described by NABNEY 
and NESBITT (1965). Aflatoxins B 4 and B~ were estimated 
together as aflatoxin B and aflat6xins G �8 and G~ were 
estimated as aflatoxin G, OEsing the extinction ~o- 
efflcients for aflatoxins B I and Gy respeotively. The 
methamol eluates were evapo~ated t6 drynsss and the 
radioactlvlty was determined using gas flow counter 
(Model PCS 140 of Electronics Corporation of India Ltd., 
India). The efficiency of the counter was 17 per cent 
for 14n. Radiopurity of the aflat•xins was checked 
as rep~rted by GU-FfA et ai.(1974)~ The experiments 
were carried out in d~plicate and the data presented 
are the average of two separate experiments. 

I~SUIES AND DISCUSSION 

Itis interestlng to note the increase in specific 
activities of aflatoxins in presence of malonic acid, 
iodoacetic acid, sodium arsenite, 2:4 dinitrophenol, 
sodium fluoride, EDTA and p-aminosalicylic acid at low 
concentrations™ Sodium arsenate inhibited the 
incorporation of acetate-140 only at high levels. 
At 20 mM level, Malonlc acld, Sodium assenite caused an 
inhibition in the incorporation to the extent of 80-86 
per cent, where EDTA at the same level stim~lated the 
incorporation by 63 per cent. Sodium fluoride and 
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sodlum arsonate at 100 mM level caused an inhibition 
in the incorporation to the ex~ent of 63 and 38 per cent 
respectively, Nitrobenzoic acld and dehydroacetic acid 
decreased the specific activities of aflatoxins at ai1 
the levels. 

TABLE I 

Effect of1~ome inhibitors on the incorporation of 
acetate-1- ~G into aflatoxins by resuspended mycelia 

l~hibitor 
added 

Per cent change in specific 
A/la- activity of aflatoxim 
toxin Concentration of the added 

_inhlbitor (.mM) 

0.01 0.10 0.50 1.00 10.0 

Malo~lc B - 6 + 1 +28 + 97 -54 
acid G + 5 0 +43 +142 -35 

Iodoacetlc B +13 +18 -31 - 73 -95 
acs G + 3 +23 -51 - 76 -90 

Sodium B - 6 +60 +10 - 24 -57 
arsenite G - 5 +43 +29 - 20 -62 

2:4 Dinitro- B +16 -10 -80 - 77 
phenol G +42 - 7 -85 - 86 

Sodium B +69 +41 -25 - 39 -68 
fluoride G +53 +58 -13 - 7 -38 

Ethylenediamine B + 2 + 45 +39 
tetraacetic acid G + 4 + 43 +60 

Sodium arsenate B + 4 - 4 - 7 
- 3 - 15 -10 

p-Nitrobenzoic B -27 -22 -31 - 45 -50 
acid G -36 -40 -49 - 44 -69 

p-Aminosalicyllc B +24 +55 +34 + 26 -48 
acid G + 9 +44 +23 - 8 -69 

Dehydroacetic B - 4 -11 -50 - 60 -70 
acld G - I -20 -59 - 70 -76 

Malonic acid and DNP bave been reported te stlmu- 
late succinic dehydrogenase at low concentrations 

(KEARNEY, 1957; SUSHEELA and RAMASARMA, 1972). Iodo- 
acetlc acid is known to inhibit glycolysis at concen- 
trations of 0.1 to 0.5 mM in many systems (WEBB, 1966 b). 
Thls could bave the effect of reducing the amount of 
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endogenously formed acetyl CoA~#nlch may norlally be 
diluting the incorporation of '4C-acetate. Sodium 
chtorlde also maybe stimmlating the spec�9 aotlvlty 
of aflatoxins in a similar manner. On the other hand, 
malonate and arsenite inhiblt citric a•id cycle at 
low concentrations (WEBB, 1966 a,b). This may reduce 
the extent of oxidation of 14C-acetate and make more 
of it available for the synthesls of aflatoxlns. EDTA 
may be efther chelatlng some heavy metal imp~rlty whloh 
is inhibiting aflatoxin biosynthesis or it may be 
stimoElating the uptake of acetate by the f` by 
altering the permiabillty of the cell membrane 
(SRIPRAKASH and RAMAKRISHNAN, 1970). Evldence for the 
inhibition of aflatoxin formation byheavy mets/ 
impurities has been reported by REDDY et al., 1971). 

The decrease in the specific activity of 
aflatoxlns observed at higher concentrations of these 
inhibitors may be due to the inhibition of a number 
of enzymes at these levels. For example, iod0acetate 
inhibits a number of soElphydryl enzymes at higher 
concentrations (WEBB, 1966 b). It bas also been 

~ eported to inhiblt fatty n biosynthesis in yeast 
WEBB, 1966 b). Arsenate andDNP probably act by 

uncoupling oxidative phosphorylationand thus 
reducing the s~pply of ATP. The decrease in speoiflc 
aotivity of aflatoxins~in the presence of p-nitroben- 
z o i c  a c i d  e v e n  a t  l ow  c o n c e n t r a t i o n s  i s  p r o b a b l y  due t o  
i n t e r f e r e n c e  w i t h  p - a m i n o b e n z o i c  a c i d  and  f o l i e  a c i d  
metabollsm. A reduction in the synthe~is of 
p-aminobenzolc aeid would lead to lowered levels of 
coenzymes A and folie acid may be involved in the 
provision of the O-oeethyl gro=ps of aflatoxins. 

Effect of addition of selected levels of these 
inhibitors to the synthetic medlum on growth and 
aflatoxin production is presented in Table 2. 

Abbreviaticns OEsed:- DNP - 2:4 Dinltrophenol, 
EDTA - Ethylenediamlne 
tetraacetle aoid. 
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TJ3IE 2 

E f f e c t  o f  a d d i t i o n  o f  some i n h i b i t o r s  t o  t h e  g rowth  
medium on a f l a t o x i n  p r o d u c t i o n  by A. p a r a s i t i c u s  

NRR~ 3240 

Myoe - 
Concen-  lial 

Inhibitor added tratlon dry 
Aflatoxins mg/t00 ml 

medium we, ight 
g/t00 in n in mycelium 

B @ ml ne- B @ 
dium 

i t �9 

N i l  3 .0  6.1 4.2 12.1 3.5 

Malenlo acid 1.0 3.1 5.8 3.1 12.8 3.6 
10.0 3.2 6.5 4,7 12.0 4.1 

I o d o a o e t i c  a o i d  0.1 2 .6  2 .4  1.1 5 . 2  1.5 
1.0 2.7 1.7 0,6 2.6 0~ 

2:4 Dinitrophenol 0.01 2.8 4.7 2.8 14.1 4,4 
0.1 3.0 3.4 1.3 6.0 1.2 

Sodium fluoride 1.0 2.4 6.1 4.2 4~I 2.2 

Ethylenedismine I 0 2.0 6.1 1.4 4.2 0.9 
tetraacetic aoid " 

Potassium 1 0 2.8 2.9 2,0 0,9 0,2 
a r s e n a t e  

p - N i t r o b e z o i c  a c i d  1 .0  2 .7  8.1 5 .5  12.9 3 .9  

p-Amlnosalicyli@ 
acid 1.0 2.6 5.6 3.7 14.1 5,2 

Dehydroacetic aoid 1.0 2.9 2.1 0.8 2.6 0.6 

In  c o n t r a s t  t o  i n c r e a s e  i n  t h e  s p e c i f i c  a c t i v i t i e s  
o f  a f l a t o x i n s  o b s e r v e d  i n  p r e s e n c e  of  m a l o n i c  a c i d ,  
l o d o a c e t i c  a c i d ,  sod ium a r s e n i t e ,  DNP, EDTA and 
p - a m i n o s a l i c y l i c  a c i d  a t  low c o n c e n t r a t i o n s  i n  t h e  soEs- 
pension n addition of saine levels of malonic acid, 
DNP and p-aminosalicylic acid fo the grow~h medium did 
not have any appreciable effect on either growth or 
toxln production. Addition of iodoacetic acid, EDTA and 
sodium arsenite mark edly decreased bcth growth and 
toxin prodttot ion. 
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The i n h i b i t i o n  o f  g r o w t h  and a f l a t o x i n  p r o d u c t i o n  
in the presence of EDTA oin be ascribed to the cheltlon 
of essential trace elements whereas inhibition in pre- 
senoe of sodium fluoride is probablF due to inhibition 
of enolase and hence of glycolysioe. DAVIS and DIENER 
(1967) have reporte~ the effect of fluorlde on a 
sucrose-yeast extract medium. They round no effect on 
growth and a 25 and 30 per cent redoEction in toxln 
ductlon at fluoride levels of about 1.0 and 10 mM. PTals 

r~- 

is a very mild effect when compared with its effects in 
the present stldy. Dehydroacetic acid had very little 
effect on the growth, but reduced toxln production 
drastically ai 1.0 mM concentration. In the suspension 
system also, there was a marked decrease in acetate in- 
corporation into aflatoxins. It bas been reported that 
dehydroacetic acld is toxic to fungi. !t appears that 
the production of aflatoxlns is more affected by dehy- 
droacetlc acid than the growth of the f~ngus. 

SUNNARY 

The e f f e c t  o f  a namber  o f  m e t a b o l i c  i n h i b i t o r s  on  
t h e  i n c o r p o r a t i o n  o f  a c e t a t e - 1 - 1 4 C  i n t o  a f l a t o x i n s  was 
i n v e s t i g a t e d ,  u s i n g  r e s t i n g  m y o e l i a  o f  A s p e r g i l l u s  
p a r a s i t i c u s  s u s p e n d e d  i n  p h o s p h a t e  b a f f e r .  M a l o n a t e ,  
i o d o a o e t a t e ,  sod ium a r s e n i t e ,  2 : 4  d i n i t r o p h e n o l ,  sod ium 
f l u o r i d e  and p - a m i n o s a l i o y l a t e  s t i m ~ l a t e d  t h e  i n c o r p o -  
r a t i o n  a t  low c o n c e n t r a t i o n s  and i n h i b i t e d  t h s  saine a t  
h l g h  c o n c e n t r a t i o n s ,  p - N l t r o b e n z o i c  a o i d  was i n h i b i t o r y  
a t  a l 1  t h e  c o n c e n t r a t i o n s  t r i e d .  F l u o r i d e ,  a r s e n l t e ,  
a r s e n a t e  and i o d o a c e t a t e  l m h i b i t e d  b o t h  g r o w t h  and 
a f l a t o x i n  p r o d u c t i o n  when added  d i r e o t l y  t o  t h e  g r o w t h  
medium. I n  g e n e r a l ,  t h e r e  was a g r e a t e r  i n h i b i t i o n  i n  
g r o w t h  n156 t h a n  w i t h  t h e  s u s p e n d e d  n 

T h i s  i n v e s t i g & t s  was s u p p o r t e d  i n  p a r t  by  a 
?L-480 g r a n t  No .YG-Ih -438 .  
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