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ABSTRACT 

Aspergillus carbonarius and a strain of Penicillium, a cadmium 
tolerant fungi, are able to metabolize cadmium chloride up to 2% 
(w/v). Their amino acids analysis on cadmium free and cadmium 
chloride containing media indicated certain disorders in their meta- 
bolic activities. Cystathionine was only detected in both fungi in the 
presence of cadmium chloride. However, cadmium was incorporated 
into several types of low and high molecular weight proteins. The 
amino acids hydrolyzates of a cadmium containing protein are char- 
acterized by the presence of high levels of sulfur amino acids; cysteine 
and methionine. Ethylasparagine was detected in the hydrolyzate of 
that cadmium containing protein as well. 

Index Entdes: Cadmium-tolerant fungi; cadmium proteins; 
Aspergillus carbonarius; strain of Penicillium; Cd/protein ratio. 

INTRODUCTION 

Microorganisms seem able to alter their metabolic activities in order  
to c o m p e n s a t e  for the presence  of toxic c o m p o u n d s  in their external 
e n v i r o n m e n t .  C a d m i u m  was found  to be associated with low molecular  
we igh t  prote in  in horse k idney  (1). This protein was later t e rmed  metal- 
lo th ionein  because of its metal  and  high sulfur conten t  (2,3). Metallothio- 
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nein has since been shown to be present in human  renal cortex (4), 
human  liver (5), and several animal tissues (5-9). 

Metallothionein has been described as a low molecular weight pro- 
tein with an extremely high content of cysteine, which comprises about 
30% of its amino acids (10,11). 

Accommodat ion and fungal tolerance to cadmium effect can possi- 
bly be evaluated with identification of cellular micro- and macro- 
molecules. The deleterious influence of cadmium on the metabolic activ- 
ities would certainly affect the biosynthetic abilities of certain important  
compounds  such as amino acids and proteins. So, in this work the 
influence of cadmium on amino acids biosynthesis as well as its possible 
incorporation into proteins are concerned. 

MATERIALS AND METHODS 

Organisms 

A previously identified cadmium tolerant fungi from Sinai soil at 
Egypt; Aspergillus carbonarius and a strain of Penicillium were used for the 
s tudy (12). 

Preparation of Fungal Cell Free Extract 

Aspergillus carbonarius and Penicillium sp. were cultivated on 50 mL 
Harrold's media supplemented with different concentrations of cad- 
mium chloride (w/v): 0.1, 0.5, 1.5, and 2% as well as cadmium free 
media.  Triplicates for each treatment were  considered.  The cultures were  
incubated at 28~ for 7 d. 

The harvested mycelia for each treatment were homogenized  with 
an approximately equal volume of 70% ethanol using a MSE homoge-  
nizer. The slurry was centrifuged at 6000 rpm for 10 rain then dried in a 
vacuumed desiccator. 

Amino Acids Separation 

Amino Acids were separated chromatographically on 20 x 20 cm 
glass plates of thin layer cellulose using two-dimentional separation 
technique (13). 

Identification of amino acids were carried out according to the previ- 
ously described methods (14). 

Determination of Protein 

Protein was determined quantitatively with the Folin-phenol reagent 
using bovine serum albumin as a standard protein (15). 
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Disc Electrophoresis 

Polyacrylamide gel electrophoresis was carried out using a Phar- 
macia Power Supply EP 400/500 and a Pharmacia gel electrophoresis GE 
2/4 (15). Ten x 0.8 cm glass tubes were used for the preparation of the gel 
rods. 

Gel Fdtration of the Fungal Protein Extract 

The concentrate of 45 g fungal extract, 5 mL, was applied on the top 
of a Pharmacia column (2.6 x 70 cm) packed with Sephadex G 150-120 
(Sigma) and allowed to pass into the gel by running the column with tris 
HCI buffer, pH 7.1. After discarding the void volume, 15 fractions of 5 
mL each were collected. 

Protein as well as cadmium content of each fraction were deter- 
mined. Cadmium was determined using Dithiol Loral solution reagents 
(17). Cadmium chloride was used as a standard cadmium containing 
compound. 

RESULTS 

Influence of Cadmium 
on the Fungai Amino Acids Pools 

Amino Acids analysis of A. carbonarius cultivated on both Cd free 
and Cd. containing media (Table 1) indicated some alterations in the 
metabolic pathways. Aspartic acid, glycine, citrulline, hydroxyproline, 
and ~-amino-butyric acid were not detected in the presence of cadmium. 
However, other members of their specific pathways were detected. So, 
on conclusive action of cadmium could be derived from such pattern. 
Cystathionine and ~/-glutamyl derivative of an amino acid were only 
detected in the presence of cadmium. 

On the other hand in the amino acids pool of the Penicillium sp. 
(Table 2) cysteine, phenylalanine, hydroxyproline, and ~/-amino butyric 
acid were not detected in the fungus grown on cadmium containing 
media. However, other members of their specific pathways were de- 
tected. Alternatively cystathionine, glycine, and citrulline were detected 
only in the presence of cadmium. 

Cystathionine has been proved to be synthesized in Penicillium chrys- 
ogenum and Candida humicola only in the presence of selenium in high 
concentrations (18). Glycine is known to play an important part in detox- 
ificiation of foreign compounds in mammals by a mechanism of conjuga- 
tion with certain toxic compounds (19). 

Possibly, cystathionine is synthesized as a result of certain disorders 
in the metabolic activities. Glycine likely plays a similar role in microorga- 
nisms as in mammals. 
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Table 1 
Influence of Cadmium on the Biosynthesis of Amino Acids in A. carbonarius 
Grown on Harrold's Liquid Media Provided with Different Concentrations 

of Cadmium Chloride for 7 d at 28~ 

Cd C1 a concentration, %w/v 
Amino acids 0 0.5 

Cysteic acid M M 
Cysteine T S 
Cystine T W 
Cystathionine O W 
Aspartic acid M O 
Glutamic acid M W 
Asparagine M M 
Glutamine T M 
Glycine W O 
Serine M W 
oo-amino adipic acid S M 
Threonine W M 
Tyrosine M M 
Citrulline M O 
Hydroxy proline M O 
Valine M M 
Norvaline M M 
~/-aminobutyric acid W O 
Leucine/isoleucine M M 
Arginine W M 
Methionine sulfone M M 
~/-glutamyl derivative of an amino acid O M 

'Data are expressed according to the intensity of amino acids reactions with 
ninhydrin as; S, strong; M, medium; W, weak; T, traces; and O, not detected. 

Incorporation of  Cadmium into Proteins 
of  A. carbonarius and Penicinium sp. 

Electrophoretogram of fungal proteins showed the presence of sev- 
eral protein bands of irregular distribution (Fig. 1). Generally, no drastic 
action of cadmium on the qualitative protein biosynthesis was observed. 
However,  it is not clear whether  the absorbed cadmium is incorporated 
into proteins or any other cellular metabolites or just precipitated as a 
foreign compounds  within the fungal cells. 

The estimated cadmium content of one cm long gel rod (Table 3) 
showed that relatively high quantities of cadmium were detected over a 
wide range of protein bands. The highest quantities of cadmium contents  
were mostly estimated in the protein extract of A. carbonarius grown at 
0.5% Cd Dl2. Although rnetallothionein is known to be of low molecular 
weights, the highest cadmium contents were associated with a high 
molecular weight proteins. Similar pattern was observed in the Pen- 
icillium sp. as well. 
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Table 2 
Influence of Cadmium on the Biosynthesis of Amino Acids in Penicillium sp. 
Grown on Harrold's Liquid Media Provided with Different Concentrations 

of Cd C12 for 7 d at 28~ ~ 

Cd C1 z concentration, % w/v 
Amino acids 0 0.1 

Cysteic acid S W 
Cysteine S M 
Cystine W O 
Aspartic acid S M 
Glutamic acid S A 
~-amino adipic acid A W 
Serine W M 
Methyi-glutamic acid A S 
Asparagine W M 
Glutamine M M 
Threonine W W 
Tyrosine M M 
Valine M M 
Leucine/isoleucine M M 
Phenyl alanine M O 
Hydroxy proline M O 
~/-amino butyric acid M O 
Cystathionine O M 
Glycine O M 
Citrulline O W 

"Amino acids concentrations were judged according to their color intensity as: A, 
abundant; S, strong; M, moderate; W, weak; and O, not detected. 

For further clarifications, protein extracts of A. carbonarius was frac- 
tionated using a gel filtration columns (Table 4). Obviously, cadmium is 
mostly distributed over the fractionated proteins. No conclusive pattern 
of cadmium distribution with protein fractions in respect to their molecu- 
lar weights could be derived. It is distributed with both high and low 
molecular weight  proteins. Although Cd/protein ratios in the different 
gel filtration fractions are very low, the occurrence of cadmium over the 
majority of the separated protein bands on gel electrophoresis as well as 
on mostly the gel filtration fractions may indicate its actual incorpoation 
into proteins forming cadmium protein complexes. 

Amino Acids Composition of Protein l~dro~yzate 
of the Seventh Fraction of A. carbonarius Extract 

The detected amino acids in that hydrolzate were aspartic acid, 
asparagine, glutamic acid, glutamine, alanine, serine, glycine, threonine, 
tyrosine, valine, leucine, methionine (sulfoxides), cysteine, and eth- 
ylasparagine. 

Biological Trace Element Research Vol. 22, ! 989 



282 Razak 

Fig. 1. Patterns of fungal protein extreacts on polyacrylamide gel. S, 
standard proteins; Th, thyroglobulin (669000); F, ferritin (240000); C, catalase 
(232000); Ld, lactate dehydrogenase (140000); B, bovine serum albumin 
(67000); and L, lipase (38000). The indicated numbers; 0, 0.1, 0.5, 1.5, and 2 
represent Cd C12 concentrations (% w/v). 

Methionine and cysteine were detected in relatively high quantities. 
Moreover, the detection of ethylasparagine is unusual. 

The presence of cysteine and methionine has been known for several 
metallothionein as a major constituents of their amino acid hydrolyzates. 

DISCUSSION 

Aspergillus carbonarius and the Penicillium sp., which tolerate high 
levals of cadmium in their environment,  have been unable to control 
cadmium passage into their cells. However,  they seem to have the ability 
to alter their metabolic activities, avoiding the deleterious action of cad- 
mium. The amino acids contents were mostly normal in the presence of 
elevated levels of cadmium. More likely, the main biosynthetic pathways 
are well operated; most of the aspartate and glutamate families members 
of amino acids were detected. No marked differences were obtained for 
the fungus grown on cadmium free or cadmium containing media. Such 
results indicate the ability of the fungi to adapt their metabolic activities 
and accommodate themselves against cadmium toxicity. 

The fractionation of the fungal protein on polyacrylamide gel electro- 
phoresis as well as on gel filtrations revealed the actual incorporation of 
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Table 4 
Gel Fractionation of A. carbonarius Protein Extract Cultivated on Harrold's 
Liquid Medium Amended with 0.1% Cd Cl 2, using a Pharmacia Column 

(2.6 x 70 cm) Packed with Sephadex G150-120 Equilibrated with Tris 
HCI Buffer, pH 7.1, Protein was Eluted with the Same Buffer" 

Fraction Protein conc., Cadmium conc., Cd/protein 
number ~g/5 mL ~.g/5 mL ratio 

1 1300 0.33 0.00025 
2 U 0 0 
3 1020 0.88 0.00086 
4 2500 1.55 0.00062 
5 1200 2.05 0.001710 
6 1060 2.16 0.00204 
7 1150 2.45 0.002130 
8 1200 2.05 0.001710 
9 1020 1.95 0.001910 
10 3200 1.42 0.00044 
11 2400 1.65 0.00069 
12 U 0.52 U 
13 U 0.63 U 
14 U 0.48 U 
15 350 0.84 0.00240 

~ U, unmeasurable quantity. 

cadmium into high and low molecular weight proteins, such wide distri- 
bution in respect to the molecular properties of proteins consistent with a 
copper proteins (20). 

Metallothionein is known to play a recognized role as an intermedi- 
ate in the processing of toxic elements by ceils (21). 

Possibly, both organisms seem capable of producing compounds  
that bind the metal ions by an absorbents or able to incorporate such ions 
into certain nonenzymic  proteins. The detection of such high quantities 
of cadmium containing proteins could be a mode of metabolic adaptation 
against cadmium toxicity. 
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REFERENCES 

1. M. Margoshes and B. L. Vallee, J. Am. Chem. Soc. 79, 4813-4814 (1957). 
2. J. H. R. Kagi and L. L. Vallee, J. Biol. Chem. 235, 3460-3465 (1960). 
3. J. H. R. Kagi and G. L. Vallee, J. Biol. Chem. 236, 2435-2442 (1961). 
4. P. Pulido, J. H. R. Kagi, and B. L. Vallee, Biochem. 5, 1768-1776 (1966). 

Biological Trace Element Research Vol, 22, 1989 



Incorporation of Cd into Proteins 28.5 

5. R. H. O. Buhler and J. H. R. Kagi, FEBS lett. 39, 229-234 (1974). 
6. M. Piscator, Nord. Hyy,. Tidskr 45, 76-82 (1964). 
7. G. Nordberg, M. Nordberg, M. Piscator, and O. Vesterberg, Biochem. J. 126, 

491-498 (1972). 
8. M. Nordberg, B. Trojanowska, and G. Nordberg, Environ. Physiol. Biochem. 

5, 396-403 (1974). 
9. J. H. R. Kagi, S. R. Himmelhoch, P. Whanger, J. Bethune, and B. L. Vallee, 

]. Biol. Chem. 249, 3537-3542 (1974). 
10. Y. Kojima, C. Berger, B. L. Vallee and J. H. R. Kagi, Proc. Natl. Acad. Sci. 

USA 73, 3413-3417 (1976). 
11. F. N. Kotsonis and C. D. Klassen, Toxicol Appl. Pharmacol. 41, 667-680 

(1977). 
12. S. E. Ramadan, A. A. Razak, and H. G. Soliman, Biol. Trace. Element Res. 18, 

179-190 (1988). 
13. R. L. Bieleski and N. A. Turner, Anal. Biochem. 17, 278-298 (1966). 
14. S. E. Ramadan, A. A. Razak, A. M. Ragab, and M. EI-Meleigy, Biol. Trace. 

Element Res. 20, (3) 225-232 (1989). 
15. O. H. Lowry, N. J. Rosebrough, A. L. Furr, and R. J. Randell, ]. Biol. Chem. 

193, 265-275 (1951). 
16. B. L. Davis, Ann. NY  Acad. Sci. 121, 404-427 (1964). 
17. A. I. Vogel A Textbook of Quantitative Inorganic Analysis Including Elementary 

Instrumental Analysis, 3rd ed., Longmans, Green and Co. Ltd., 1961, pp. 
800-801. 

18. S. E. Ramadan, Ph.D. thesis, University of London (1980). 
19. D. A. Bender, Amino Acid Metabolism, J. Wiley, 1978, p. 59. 
20. G. Rotilio, Metalloproteins, U. Weser ed., Verlag Stuttgart, New York, 1979, 

pp. 1-81. 
21. M. Nordberg and Y. Kojina, Metallothionein, J. H. R. Kagi and M. Nordberg 

ed., Birkhauser, Basle, 1979, pp. 41-124. 

Biological Trace EJement Research VoL 22. 1989 


