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Abstract: The growth of Chaetomium globosum and Stachybotrys chartarum  markedly decreased with
increasing Cu and Co ion concentrations in the medium upto 800 mg/L while, they failed completely

to grow at 1000 mg/L. Cu and Co uptake by the fungal mycelium was increased by increasing their
concentrations in the medium. Whereas, total protein, lipid and carbohydrates in the mycelium were

slightly increased at 200 and 400 mg/L and decreased above this concentration. The perithecia of C.
globosum and sporulation of S. chartarum markedly decreased with increasing both Cu and Co

concentration in the growth medium. High damage in the perithecial seta of C. globosum , conidiophores
and phialides of S. chartarum  was observed with elevated concentrations of Cu and Co. Transmission

electron microscopic study revealed that the cell wall of both organisms increased in its diameter at 400
and 800 mg/L Cu or Co except that S. chartarum  exhibited  a rupture in its wall and damage in the cells

at 800 mg Co/L. It was also observed that fat bodies or more likely oil droplets were found in the
cytoplasm. Moreover, black dense electron areas were also found in the cytoplasm, which may be

aggregates of metal complex that deposited in the form of granules or crystals.
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INTRODUCTION

Heavy metal contamination caused either by natural process or by human activities is one of the most

important environmental problems (Reedy, L.H., M.N.V. Prasad, 1990). Toxic effects include the blocking of
functional groups of biologically important molecules (e.g. enzymes and transport system for nutrients),

denaturation and inactivation of enzymes and disruption of cellular organelle membrane integrity (Ochiai, E.I.,
1987).

Heavy metal uptake by fungi is of fundamental importance to organisms growing in polluted habitats since
tolerance may be determined by the ability to prevent cellular entry of a potentially toxic metal or the ability

to compartmentalize or detoxify it within the cell. Heavy metals accumulated mainly in the fungal cell wall
and in the vacuoles of Glomus intraradices, while minor changes in metal concentrations were detected in the

cytoplasm (Gonzalez, G.M. et al. 2008).  The cell walls of some microbes appear to have a greater and more
selective ability to accumulate some metals. A large portion of the Cu  taken up by Penicillium ochro-chloron2+

was accumulated in the cell walls (Motohiro, F. et al. 1983). 
Localized silver deposition around cell walls and within vacuoles has observed in Cryptococcus albidus,

mercury precipitation in electron-dense bodies occurs in mercury-exposed hyphae of Chrysosporium pannorum
and similar bodies, presumed to contain zinc, occurred in Neurospra vasinfecta after Zn  influx (Simmons,2+

P. et al. 1995).     
Heavy metals were deposited in the form of granules or crystals on the cell wall and in the cytoplasm or

vacuoles of fungal or bacterial cells when grown in vitro under high metal stress.  Analytical electron
microscopy of thin sections of Aspergillus niger hyphae revealed that nickel was localized in the form of

rectangular  crystals  of  nickel oxalate dehydrate with the cell wall and also inside the cell (Magyarosy, A.
et al. 2002). A lead resistant Penicillium spp. accumulated a large amount of lead granules in the cell, as well

as adsorbed on the outer layer of the cell wall, as observed under a transmission electron microscope. These
granules were either in the vicinity of the cytoplasm membrane or in the vacuoles (Sun, F., Z. Shao, 2007).

It was also observed that a heavy metal resistant Cladosporium cladosporioides deposited intracellular crystals
of manganese phosphate when the hyphae grown in a Mn-rich medium (Shao, Z., F. Sun, 2007).
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Bacterial cells exhibited also heavy metal complex deposition in cell walls and cell membrane.

Transmission electron microscopy of a heavy metal resistant Bacillus spp. showed a large amount of electron

dense granules of lead found mainly in cell walls and cell membrane (Kim, S.U. et al. 2007). In this study,

two fungal species tolerant to heavy metals were tested for their ability to tolerate copper and cobalt in the

growth medium and subsequent morphological, ultrastructure and metal deposition in the fungal cells were

studied. 

MATERIAL AND METHODS

Organisms and culture conditions. Chaetomium globosum and  Stachybotrys chartarum   were isolated from

industrial polluted area of Helwan Egypt. They were isolated on modified Dox agar medium containing

4 4200mg/L Cu SO  or Co SO  and identified according to (Domsch, K.H et al. 1980). The Dox agar medium

3 2 4 4 2 4 2contains (g/L) sucrose, 30; NaNO , 2; KH PO , 1; MgSO 7H O, 0.5; KCl, 0.5; FeSO .7H O, trace; agar, 20; .

and 1 L distilled water. The pH was adjusted to 6.5. 

Growth, metal content and biochemical analysis. C. globosum and S. chartarum  were grown on Dox liquid

medium supplemented with different concentrations of Cu and Co (0.0, 200, 400, 600, 800 & 1000 mg/L).

Both fungi were grown in 250-ml Erlenmyer flasks containing 100mL of the medium (pH 6.5). The flasks

were incubated for 7 d. at 28 ºC ±2; the mycelium was harvested, washed several times by distilled water and

dried at 85 ºC until a constant weight and the mycelium dry weight was determined. The dry mass (0.2g) was

treated with 10 mL of 0.5mol/L HCl at 50 <C for 30 min with occasional shaking, after centrifugation the

supernatant was analyzed by atomic absorption spectrophotometer, Perkin Elmer As-60 apparatus

(Venkateswerlu, G., G. Stotzky, 1989).Sugar determination was carried out using the anthrone technique as

described  by  (Umbriet, W.W. et al. 1959). Total protein was determined by the method of (Lowery, O.H.

et al. 1951) While, total lipid was determined using phosphovanillin reagent after extraction by chloroform

methanol mixture (Barnes, H., J. Blackstock, 1973).

Morphological and sporogenesis studies. The test organisms were grown on Dox agar medium in the

presence of different concentrations of Cu and Co. The morphological features of both organisms were studied

under the light microscope and light micrographs were obtained. 1cm  of the agar colony was cut and2

suspended in 9mL sterile distilled water. The spores or cleithtothecia was counted per mL of the suspension

using a Haemocytometer.  

Electron microscopy. Hyphal tips obtained from mycelium grown in the presence of different

concentrations of copper and cobalt ions were fixed separately for 1 h. in 0.05% sodium phosphate buffer (pH

6.9) containing 1% formaldehyde, 3% glutaraldehyde and 0.05% tannic acid and then washed with 0.1 mol/L

sodium phosphate buffer (pH 6.9) for 10 min. Mycelial pieces were treated with 0.5% osmium tetroxide in

0.1 mol/L sodium phosphate buffer (pH 6.9) and then left over night at 4 ºC. Fixed mycelia were dehydrated

in an ethanol series and transferred to 2-methyloxirane for ½ h. and embedded in Spurr’s resin. Thin sections

were cut with glass knife and collected on uncoated copper grids, stained with concentrated uranyl acetate for

5 min followed by lead citrate for 10 min and observed with a Jeol JEM 100SX electron microscope.   

RESULTS AND DISCUSSION

Results:

Chaetomium globosum and Stachybotrys chartarum were able to tolerate Cu and Co metal ions in the

growth medium upto 800 mg/L and failed completely to grow at 1000mg/L. Their growth markedly decreased

with increasing metal concentrations in the medium (Table I and 2). 50% growth inhibition of C. globosum

occurred approximately at 400 mg/L Cu or Co. while it was between 400-600mg/L Cu or Co for S.

charatarum . The dry mass of C. globosum  sharply decreased to approximately 87.5 and 90.2% when it was

grown at 800 mg/L Cu or Co respectively. On the other hand the growth of S. chartarum  at 800 mg/L Cu or

Co markedly decreased to approximately 85.6 and 87.4% respectively. Metal content in the mycelium of both

fungi was subsequently increased with increasing metal concentrations in the medium and represented high

affinity to absorb Cu more than Co. On the other hand, total protein, lipid and carbohydrates showed also a

slight increase in the mycelium with elevated Cu and Co concentrations up to 400 mg/L and decreased above

this concentration.

Table 1: Dry mass, metal, protein, lipid and carbohydrate content of Chaetomium globosum  grown in presence of different concentrations
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of copper and cobalt.

M etal conc. Dry m ass M etal content protein ipid Carbohydrate

(m g/L) ------------------------- ----------------------- ------------------------- ----------------------- --------------------------

Cu Co Cu Co Cu Co Cu Co Cu Co

0.0 256±6.2 260±6.6 0.0 0.0 44±0.6 45±0.6 53±0.8 52±1.2 172±4.4 172±4.2

200 175±5.4 184±4.2 34±0.6 30±0.2 45±0.4 50±1.2 54±1.1 55±0.8 175±4.8 174±5.4

400 120±3.3 142±4.2 40±0.8 35±0.4 51±0.8 60±1.4 56±0.8 58±1.4 186±5.4 182±4.0

600 52±1.2 62±1.4 46±1.2 41±0.8 43±0.4 42±0.8 44±1.6 43±0.6 171±3.3 165±3.4

800 32±1.4 25±1.2 56±0.8 44±1.4 32±0.6 31±0.4 41±0.6 41±0.4 143±4.4 140±3.6

Data are expressed as mg per 100 mL liquid medium and µg metal, protein, lipid and carbohydrate per mg dry mycelium ±SE of three

investigations.

Table 2:  Dry mass, metal, protein, lipid and carbohydrate content of Stachybotrys cartarum  grown in presence of different concentrations

of copper and cobalt.

M etal conc. Dry m ass M etal content protein ipid Carbohydrate

(m g/L) ------------------------- ----------------------- ------------------------- ----------------------- --------------------------

Cu Co Cu Co Cu Co Cu Co Cu Co

0.0 167±3.4 167±3.4 0.0 0.0 43±0.4 45±1.6 50±1.8 51±1.7 146±3.4 147±5.2

200 145±4.2 149±3.2 28±0.4 25±0.4 47±1.2 49±1.2 51±1.1 52±0.8 149±2.8 155±6.4

400 112±4.1 131±2.4 33±0.8 28±0.4 47±0.8 50±1.3 52±1.6 55±1.6 150±5.6 157±4.4

600 50±2.4 57±1.4 40±1.4 38±0.6 43±0.4 39±0.8 48±0.6 43±0.8 143±3.6 140±3.8

800 24±0.5 21±0.2 47±1.2 40±1.4 30±0.5 30±0.6 36±0.8 35±0.6 134±2.4 130±3.5

Data are expressed as m g per 100 mL liquid m edium  and µg metal, protein, lipid and carbohydrate per mg dry mycelium  ±SE of three

investigations.

C. globosum  produced moderate growth of wooly mycelium with white colour on the surface of the control

agar plate, while the reverse is pale yellow. Perithecia were bright yellow in color and pyriform in shape,

surrounded by helical or erect, spine like setae. When the fungus was grown at different concentrations of Cu

or Co, the mycelium became loose wooly with dark gray color, while the reverse was dark brown. Perithecia

of C. globosum  were bright yellow at the control medium, while at 400 and 600 mg Cu/L it was dark brown,

round in its shape, smaller than at the control with complete absence of its seta. Whereas, it disappeared at

800 mg Cu/L (Fig.1). In contrast to the effect of Cu their size tend to increase with increasing Co

concentrations in the growth medium up to 600 mg/L, while it disappeared at 800 mg/L.

It was observed that the number of perithecia significantly decreased with increasing metal ion

concentrations in the growth medium. At 600 mg/L Cu or Co the number of perithecia exhibited a high

decrease to approximately 70 and 75% respectively (Table 3). 

S. chartarum   gave slow growth of powdery pink mycelium with black reverse on the control medium,

Where in the presence of Cu and Co, the mycelium becoming waxy with dark pink or black color. The number

of spores markedly decreased with increasing metal ion concentrations in the growth medium till it reached

to approximately 66 and 62% reduction at 600 mg/L Cu or Co respectively (Table 3). Microscopic examination

of S. chartarum  grown in the presence of Co and Cu showed a decrease in the diameter of conidiophores with

constrictions and damage in the conidiophores and phialides. Whereas, at 800 mg Cu or Co/L a complete

absence of the conidiophores were occurred (Fig. 2).

Transmission electron microscopic study of C. globosum  grown at different concentrations of copper and

cobalt revealed that the fungal cells greatly affected by the presence of high concentration of heavy metals.

It is obvious that the cell wall markedly increased in its diameter with increasing both Cu and Co in the

growth medium comparing with the control medium  (Fig. 3). The walls appear electron dense black, this may

be as a result of metal deposition on it.  It was also observed that fat bodies or more likely oil droplets were

found in the cytoplasm at 400 and 800 mg Cu or Co /L while, it was not found in the control cells. Black

dense electron areas were also found in the cytoplasm, which may be aggregates of metal complex, which may

be in the form of granules to ameliorate the metal ion toxicity.

The same observation was also found in S. chartarum cells grown at 400 and 800 mg Cu or Co/L. The

cell walls markedly increased in its diameter comparing with the control cells except that at 800 mg Co/L it

was highly disrupted.  Fat bodies were found at 400 mg Cu/L where it highly increased in their number and

diameter at 800 mg Cu/L. Aggregates of metal complexes were also deposited in the cytoplasm at 400 and

800 mg Cu/L. The same observations were also observed in cells grown at 400 mg Co/L whereas, the cells

were highly damaged and the cell wall was disrupted at 800 mg Co/L (Fig. 4). 
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Fig. 1: Light micrograph of Chaetomium globosum  grown on Dox agar medium containing mg/L (A)0.0,

(B)400, (C)600 Cu and (D) 400, (E) 600 Co  (Magnification X800).

Table 3: Effect of different concentrations of heavy metals on sporgensis of  Chaetomium globosum  and Stachybotrys chartarum. 

Species C.  globosum  ( No. of perithecia/mL) S. chartarum ( No. of conidia/ mL)

------------------------------------------------- -----------------------------------------------

M etal conc. (mg/L) Cu Co Cu Co

0.0 250 200 1500 1000

200 150 125 1125 875

400 125 75 750 500

600 75 50 500 375

Data are expressed as No. of  Perithecia and Conidia × 10
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Fig. 2: Light micrographs of Stachybotrys chartarum  grown on Dox agar medium containing mg/L (A)0.0,

(B)400, (C)600 Cu and (D) 400, (E) 600 Co. (Magnification X560).

Discussion:

Copper and cobalt are toxic to C. globosum and  S. chartarum  where their growth markedly decreased

with increasing Cu and Co concentrations in the growth medium. However, both fungi were able to tolerate

Cu and Co up to a concentration of 800 mg/L. In other work, it was found that Streptomyces anulatus and

Penicillium citrinium  were able to tolerate copper in the growth medium up to 1000 and 400 mg/L respectively

(Azab, A.A., M.A. Hefnawy, 1999). A strain of Fusarium oxysporum  was found to tolerate Cu in the growth
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Fig. 3: Electron micrograph of Chaetomium globosum grown in the presence of (A) 0.0, (B) 400, (C) 800

mgCu/L and (D) 400, (E) 800 mg Co/L. ( X 47800).

medium up to 600 mg/L (Hefnawy, M.A., A.A. Razak, 1998). Other fungal species such as Thelephora
terrestris proved high tolerance to Cu at 100 and 500 mg/L in agar plates (Jones, D., A. Muehlchen, 1994).

Similar results were also observed where fungi isolated from metal contaminated agricultural soil belonged to
genera Aspergillus, Penicillium, Alternaria, Geotrichum, Fusarium and Trichoderma showed a significantly

tolerance to heavy metals. The minimum inhibitory concentration (MIC) ranged from 0.2 to 5 mg/mL for Cd,
0.3 to 7 mg/mL for Cr, 0.6 to 9 mg/mL for Cu and 0.1 to 5 mg/mL for Co depending on the isolate (Zafar,

S., F. Aqil, et al. 2007). 
Metal uptake by the fungal mycelium was affected by the growth conditions, where Cu and Co content

in the mycelium of both tested organisms was increased with elevated concentrations of both metals in the
medium. Similar results were also observed with Schizosaccharomyces pombe and Candida glabrata grown

in the medium containing 100mg Cd/L could incorporate 20 and 8 mg Cd/g dry mass respectively (Krumov,
N. et al. 2007). Total protein, lipid and carbohydrates in the mycelium of both tested organisms slightly

increased at 200 and 400 mg Cu or Co/L and decreased above those concentrations. Quite similar results were
also observed in Rhodotorula sp. in the presence of cadmium pressure (Li, Z., H. Yuan, et a.l 2008).

The morphological characteristics of C. globosum and  S. chartarum  were greatly affected by the presence
of Cu and Co in the growth medium. The perithecia and spores were markedly decreased in their number with

damage of seta, conidiophores and phialides. The effect of toxic metal ions on growth, morphology and
functions of Saccharomyces cerevisiae were investigated with significantly changes in cell forms and its activity

(Yang, H.C., L.L. Pon, 2003). 
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Fig. 4: Electron micrograph of Stachybotrus chartarum grown in the presence of (A) 0.0, (B) 400, (C) 800
mgCu/L and (D) 400, (E) 800 mg Co/L. ( X 47800).

C. globosum and  S. chartarum  could accumulate Cu and Co either on the cell wall or in the cytoplasm,

where black dense granules were observed by transmission electron microscope. These may be a deposition

of metal complexes as a mean of compartmentation of these ions inside the cell. Quite similar observations

were also found by Aspergillus niger, where analytical electron microscopy revealed that nickel was localized

in the form  of  small  rectangular crystals associated with the cell wall and inside the cell (Magyarosy, A.

et al. 2002). Ultrastructural localization of heavy metals in the mycelium of Glomus intraradices revealed that

metals were accumulated mainly in the cell wall and in the vacuoles. These results suggest that is essential

for metal detoxification (Gonzalez, G.M. et al. 2008).

Another study, which may sustain our results, showed that Cladosporium cladosporioides could sequester

manganese in the form of intra-cellular crystals as shown by transmission electron microscope (Shao, Z., F.

Sun, 2007). Penicillium spp. Was also accumulated a large amount of lead granules in the cell as well as on

3 2the outer layer of the cell wall when grown in the presence of 24 mM Pb (NO )  as observed by electron

microscope (Sun, F., Z. Shao, 2007).

Large bodies were also observed in the cytoplasm of Chaetomium globosum and Stachybotrys chartarum .

These bodies may be fat bodies or oil droplets and might be formed as a result of some metabolic changes

due to the presence of toxic metal ions. Similar bodies were also found in the cytoplasm of Fusarium

oxysporum  cells grown under copper stress (Hefnawy, M.A., 1996).
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In conclusion, both tested organisms confront the toxic effect of metal ions by binding it on the cell wall

or by transform it into metal complex granules which may deposit on the wall or sequestered in the cytoplasm

to ameliorate its toxicity. 

REFERENCES

Reedy, L.H., M.N.V. Prasad, 1990. Heavy metal binding proteins/ peptides. Occurrence, structure, synthesis

and functions. A review, Environ. Exp. Bot., 30: 251-264.

Ochiai, E.I., 1987. General principles of biochemistry of the elements. New York: Plenum press.

Gonzalez, G.M., L.H. Melville, N. Ferrol, J.N. Lott, Azcon, A.C. R.L. Peterson, 2008. Ultrastructural

localization of heavy metals in the extraradical mycelium and spores of the arbuscular mycorrhizal fungus

Glomus intraradices. Can J. Microbiol., 54(2): 103-110. 

Motohiro, F., Y. Sunao, T. Shozo, 1983. Distribution of copper in the cells of heavy metal tolerant fungus,

Penicillium ochro-chloron, cultured in concentrated copper medium. Agric. Biol. Chem., 47: 1367-1369.

Simmons, P., J.M. Tobin, I. Singleton, 1995. Consideration of the use of commercially available yeast

biomass for the treatment of metal containing effluents. J. Indust. Microbiol., 14: 240-246. 

Magyarosy, A., R.D. Laidlaw, R. Kilaas, C. Echer, D.S. Clark, J.D. Keasling, 2002. Nickel accumulation

and nickel oxalate precipitation by Aspergillus niger. Appl. Microbiol. Biotechnol., 59(2-3): 382-388.

Sun, F., Z. Shao, 2007.  Biosorption and accumulation of lead by Penicillium  sp. Psf-2 isolated from the

deep sea sediment of Pacific Ocean. Extrimophiles, 11(6): 853-858.

Shao, Z., F. Sun, 2007. Intracellular sequestration of manganese and phosphorus in a metal-resistant fungus

Cladosporium cladosporioides from deep-sea sediment. Extrimophiles, 11(3): 435-443.

Kim, S.U., Y.H. Cheong, D.C. Seo, J.S. Hur, J.S. Heo, J.S. Cho, 2007. Characterization of heavy metal

tolerance  and   biosorption  capacity  of  bacterium  strain  CBP4  (Bacillus  spp).  Water  Sci.  Technol.,

 55(1- 2): 105-111.

Domsch, K.H., W. Game, T.H. Anderson, 1980. Compendium of soil fungi, Academic Press, London.

Venkateswerlu, G., G. Stotzky, 1989. Binding of metals by cell walls of Cunninghamella blakesleeana

grown in presence of copper or cobalt. Apl. Microbiol. Biotechnol., 31: 619-625.

Umbriet, w.w.,  R.H.  Burris,  J.F.  Stauffer,  P.P.  Cohen,  W.J.  Johnse,   G.A.  Leepage,  U.R. Patler,

W.C. Scheider, 1959. Manometric techniques, a manual describing methods applicable to the study of tissue

metabolism, pp. 239. Burgess publishing company.

Lowery, O.H., N.J. Rosebrough, A.L. Furr, R.J. Randell, 1951. Protein measurement with folin phenol

reagents. J. Biol. Chem., 193: 265-275.

Barnes, H., J. Blackstock, 1973. Estimation of lipids in marine animals and tissue. Details investigation

of the sulphophospho vanillin’s method for total lipids. J. Exp. Mar. Biol. Ecol., 12: 103-118.

Azab, A.A., M.A. Hefnawy, 1999. Copper metal-protein in Streptomyces anulatus and Penicillium

citrenium . J. Union Arab Biol, Cairo (8) B Microbiol. And Viruses, pp. 403-415.

Hefnawy, M.A., A.A. Razak, 1998. Alteration of cell wall composition of Fusarium oxysporum  by copper

stress. Folia Microbiol., 43(5): 453-458.

Jones, D., A. Muehlchen, 1994. Effect of the potentially toxic metals, aluminum, zinc and copper on

ectomycorrhizal fungi. Journal Environ. Sci. Health A. Environ. Sci. Eng., 29(5): 949-966.

Zafar, S., F. Aqil, I. Ahmad, 2007.  Metal tolerance and biosorption potential of filamentous fungi isolated

from metal contaminated agricultural soil. Bioresour. Technol., 98 (13): 2557-2561.

Krumov, N., S. Oder, I. Perner- Nochta, A. Angelov, C. Posten, 2007. Accumulation of CdS nanoparticles

by yeasts in a fed-batch bioprocess. J. Biotechnol., 132(4): 481-486.

Li, Z., H. Yuan, X. Hu, 2008. Cadmium- resistance in growing Rhodotorula sp. Y11. Bioresour. Technol.,

99(5): 1339-1344.

Yang, H.C., L.L. Pon, 2003. Toxicity of metal ions used in dental alloys: a study in the yeast

Saccharomyces cerevisiae. Drug Chem Toxicol., 26(2): 75-85.

Hefnawy, M.A., 1996. Phospholipids and fatty acids composition in copper tolerant Fusarium oxysporum .

Proceedings of the First International Conference on Fungi: Hopes & Challenges Cairo 2-5 Sept., 1: 21-30.


