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ABSTRACT 

Asperg i l lu s  fumigatus  and Penic i l l ium 
chrysogenum were cultivated on Dox medium amended 
with O.l%(wlv) cadimum sulphate. The presence of 
cadmium in the growth medium induces the 
biosynthesis of several low molecular weight  
metalothionein chelators as well as several short chain 
cadmium chelatins in 0 .chrysogenum. A. fumigatus 
was able to  synthesis everal low molecular weight 
cadmium organo-chelators.  Their  amino acids 
composition indicate the presence of restricted number of 
amino acids. The general characteristics feature is the 
detection of high levels of cysteine, cystine, glycine, 
asparagine, serine, methionine and leucine The results 
conjirmid our previous thought that fungi detoxify the 
action of heavy metals by synthesizing high levels of 
low molecular weight peptides, chelators and chelatins. 

Index Entries : A. fumigatus, P .  chrysogenum, 
heavy metal chelatins, amino acids, chelators cadmium 
chelatins 

INTRODUCTION 

Lt is evident that fungi can withstand levels of heavy metals 

far in  excess of those tolerated by higher plants. Even in 

uncontaminated habitat fungi tend to have greater internal levels of 

heavy metals than angiosperms (Hinneri, 1975). 



Cadmium Organo-Cjhelators ......... 

Several heavy metal-binding compounds have been 

isolated,e.g.two cadmium-binding peptides have been isolated from 

the fission yeast Schizosaccharomyces pombe and from higher 

plant as well ( Salt et al., 1989). 

Razak (1989) reported out the biosynthesis of several 

cadmium-binding proteins in Aspergillus carbsnarius and a strain 

of penicillium. 

The biosynthesis of tellurium, selenium and copper 

organobinding chelators were induced in fungi in the presence of 

their heavy metal correspondances. Those organobinding 

compounds were identified as non enzymatic metalloproteins, 

metallothioneins, short chains of peptides (chelators) and very short 

chains of peptides chelatins (Razak et al., 1990 a and b; 

El-Meleigy., 1991).More recently, Abbass and Razak(l991) reported 

on the biosynthesis of cadmium, selenium and tellurium-binding 

low molecular weight proteins and metallothionein in A. terreus. 

The organochelators, in fungi have been extensively 

investigated in this laboratory in order to establish a new mode of 

detoxification mechanism of toxic heavy metals in fungi. 

The present investigation is the latest report in series of 

research work aiming at establishing a new mode of detoxification 

mechanism in heavy metals, tolerant fungi. 
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i MATERIALS AND METHODS 

Organisms 

Previously identified cadmium-toterant fungi, Aspergillus 

furnigatus and Peniciliurn chrysogenum were used (Ramadan et al, 

1989). The fungi were cultivated on Dox medium supplemented - 
with 0.1% (w.v) cadmium sulphate. The pH was adjusted at 6.5 and 

incubated at 28rt 2 OC for 7 days. 

The harvested mycelia of each fungus were homogenized with 

an approximately equal volume of 70 % (v / v) ethanol using a 

MSE homogenizer followed by a morter. The slurry was centrifuged 

at 8000 rpm for 10 min. The supernatant was collected and 

concentrated using a vaccumed dessicator. 

Gel Filtration 

The concentrates of A. furnigatus and P. chrysogenum were 

applied separately on the top of pharmacia column (2.0~70) cm and 

1 .5~30  cm) packed with sephadex G25 fine (pharmacia) and allowed 

to pass into the gel by running the column with potassium 

phosphate buffer of pH 7.1, after discarding the void volume, 30 

fractions of 5 ml each from the first colum while 48 fractions of 2 

ml each from the second were collected, cadmium as well as the 

protein content of each fraction were determined. 

To  determine the approximate molecular weight of the 



Cadmium Organo-Cjhelators ......... 

isolated peptides,a mixture of several standard proteins as well as 

dyes of known molecular weights were mixed together and 

fractionated on both columns under the same conditions. The used 

proteins are : Thyroglobulin,669000; Ferritin, 440000; Catalase, 

232000; Lactate dehydrogenase 140000; Bovine serum albumin 

67000;  Myoglobulin, 18  1800; Ribonuclase,  137000; 

~hym-otrypsinogen A, 25000, Ovalbumin, 45000 and Dextrane, 

2000000. The used dyes are : Methylthymol blue, 844.76; Methyl 

blue, 799.80, Light green, 792.86; Bromophenol blue, 669.96; 

Eosin 409.93 and Methyl orang, 327.34. 

Amino acid separation 

Amino acids were separated chromatographically on 20x20 cm 

glass plates with layer cellulose using the two dimensional 

separation technique, phenol / water : ammonia(200:l,v/v) in the 

first and n- butano1:acetic acid : water(90:10:29, v / v) in the 

second direction following the previously reported methods as 

described in a previous report ( Ramadan et al., 1989). The 

molecular weight of different fractions were constructed from 

standard curves of the different known molecular weight compounds 

fractionated under the same conditions 

Determination of cadmium 

Cadmium content was performed by an Atomic Absorption 

spectrophotomeny (Per kin Elmers, model 2380 at central research 
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laboratory, Faculty of Science, El-Menoufyia Universty, Shebin 

El-Komm, Egypt). 

Determination of protein 

Protein was determined quantitively with the Folin phenol 
/ 

reagent according to the method of Lowry et a1,(1951) bovine serum 

albumin was used as standard protein. 

RESULTS 

The fractionation of a mixture of the different molecular 

weight dyes under the same separation conditions indicated the 

approximate molecular weight of the obtained fractions of the 

fungal proteins. The results (Tablel) showed that, proteins of 

molecular weight over 5000 Da passed htrough the first 10 ml after 

discarding the void volume. 

In P. chrysogenum cadmium was found to be mostly 

associated with all proteins and peptides fractions However, their 

ratio varied from one fraction to the other although, the highest 

levels of cadmium were associated with fractions number 6, 7, 9, 

10, 11 and 14, of molecular weight over 1600 Da. The highest cd / 

protein ratio was obtained in fractions number 36, 37, 38, 39, 41 

and 42 indicate the high capacity of these very low molecular 

weight peptides for binding cadmium. Such compounds are more 

likely serving mainly as cadmium binders, chelatins. The 

biosynthetic abilities of the fungus to synthesize such wide range 
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Table (1) :Fractionation pattern of P. Chrysogenwn cell free extract 
fractionated on a pharmacia column ( 1 . 5 ~ 3 0  cm) packed 
with sephadex G25' he. 

Fracion mgm Proteinacious PPrn of Cd per Cd / protein or peptide 
no. ~ m p ~ n d s  per 2 ml ratioy 
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of cadmium binding low molecular weight peptides and such very 

low molecular weight peptides of the extraordinary high levels of 

cadmium supported the fungal growth and thriveness in the 

presence of such toxic heavy metal. However, i t  seems unable to 

channel cadmium incorporation into different compunds. 

r 

Amino acids composition of different fractions of P. crysogenum 

Fraction number 7 reprsented a metallothionein of molecular 

weight around 1700 Da.Its hydrolysate revealed the presence of 

cysteine, Cystine,glycine, lysine, serine, hydroxyproleine, 

asparagine and arginine in addition to several other unknown 

ninhydrin reacting compounds. 

While, fraction 22 represent a metallothionein of molecular 

weight approx. 1400 Da. Its hydrolysate contained very restricted 

number of amino acids, cystine, glycine, threonine and 

methioneine. It seems possible that is some other amino acids in 

very low concentrations of undetectable quantities. 

Although fraction number 41 is a peptide of molecular weight 

around 500 Da, its hydrolysate contained cysteine, glycine, serine, 

tyrosine and methioneine. 

Interstingly most of the detected amino acids have more than 

group of lone pair of electrons which enable the amino acids to 

form complex with the cadmium atom. 
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On the other hand, the fractionation of A. fumigatus cell free 

extract (Table 2) revealed the presence of only 6 cadmium 

containing fractions. 

The first fraction contained high molecular weight proteins, 

so it will not be considered. -- 

Fraction number 5 contained a metallothionein of molecular 

weight approx.1600 Da and the rest of fractions,4 fractions 

contained peptides of molecular weight in the range of 799-844 Da. 

Such pattern may indicates the inability of the fungus to 

synthesize organochelators compounds or propably the fungus 

succeeded to channelize the passage of cadmium and consequently 

its incorporation into active secondary metabolites.Nevertheless, 

the low molecular weight peptide chelated more cadmium than the 

higher molecular weights.It was found that the lower the melecular 

weight the higer cadmium chelating capacity presumably, the 

fungus seemed able to descriminate between cadmium as toxix 

element and the other compounds. So,it synthesized several 

peptides of an extraordinary high capacity of binding cadmium. 

Amino acids composition of different fractions of A .  
fumigatus cell free extract. 

Two fractions are considered for the amino acids composition 

of their peptides content. 

Fraction number 5 contained metallothionein of molecular 
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weight approx.1600 Da, its amino acid composition contained 

cysteine, cystine, glycine, serine, proline, methionine and leucine. 

While fraction number 11 is a peptide of molecular weight 

approx.799, it  is a cadmium chelation peptide.Its amino acids 

composition revealed the presence of cysteine, cystine, asparagine, 

glycine, serine, methionine and leucine. 

The general feature in the amino acids composition of those 

cadmium chelators is the presence of cysteine, cystine glycine, 

serine, those compounds are known to have lone pair of electrons 

which enable them to chelate cadmium. 

DISCUSSION 

With regard to the previous reports concerning detoxification 

mechanisms in fungi (Razak and Ramadan,l984; Ragab et al., 1989; 

Razak et a1.,1988; Ramadan et al., 1989; Razak et al.,1990, Razak 

et al ;I990 a & b ; Abbass and Razak 1991). the present report is 

the final of a long series investigating the role of low molecular 

weight proteins and peptides in detoxifying the harmful action of 

toxic heavy metals. 

It have been concluded that the deleterous action of selenium, 

tellurium and copper were avoided in fungi by several mechanisms, 

one of them is  the biosynthesis of metal chelators, 

metallothionein, chelators and chelatins (Razak et al., 1990 a, b; 

El-Meleigy ,1991). The results in this report are consistent with 
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those achevied in the same Iaboratory that tolerant-fungi are able to 

synthesize heavy metals chelators, chelatins in high quantities, 

while non tolerant are not able to do so. Nevertheless, the variation 

in amino acids compsition of metals chelators may indicate that 

fungi synthesize non enzymic high molecular weight proteins, low 
fl 

molecular weight proteins (metallothionein), peptids ( Chelators) 

and very short chains peptides of very restricted number of amino 

acids composition (chelatins) at different levels and structure 

depending on the fungus itself and the heavy metal as well. such 

results are detracted from the previously held views that the 

tolerance of heavy metals is mainly dependent on the organism 

itself. 

Conclusively, i t  is become evident that heavy metals 

tolerant-fungi seem able to synthesize high levels of very low 

molecular weight peptides(Che1ators and che1atins)acting mainly for 

the binding of heavy metals. 

Such nechanism is evident and certainly considered new mode 

of detoxification mechanisms. 

Further consideration in bacteria and higher plants are in 

progress at the labortory as well. 

We would like to acknowledge prof A.A Razak for his 
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collaboration and valuable discussions during carrying out the 

work. 
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