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Abstract

The growth of A.niger and A.terreus were markedly decreased with increasing Cr
ion concentrations in the growth medium up to 2000 mg/L. Whereas, A.niger
tolerated Ag up to 800mg/L and A.terreus tolerated it up to 200 mg/L. The
conidiophores of A.niger and A.terreus exhibited a constrictions and distortion in
the conidial heads and phialides with elevated Cr in the growth medium. Except
that at 2000mgCr/L, A.terreus failed to form conidiophores and the mycelia
seemed to be distorted with appearance of intercalary spores. A constriction in the
conidiophores and distortions in the conidial heads and phialides were also
observed when A.niger and A.terreus were grown in elevated concentrations of
silver. Electron microscopic study of A.niger and A.terreus cells grown with
elevated Cr and Ag concentrations, revealed that the cytoplasm of both organisms
aggregated in the form of black dense area inside the cells and also the cell wall
increased in its diameter and appeared electron dense black, which may be due to
deposition of metals in the form of granules or crystals on the cell wall or in the

vacuoles.
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INTRODUCTION

Heavy metal contamination occurred as a natural process or as a result of human
activities is a great environmental problem. The morphological changes induced by
heavy metals are common among all groups of fungi. Some reports are available
on the effect of heavy metals on morphogenesis of the vegetative hyphae (Gabriel
et al., 1996 and Baldrain 2003), sporulation (Duarte et al., 2004).

The morphology of Fusarium moniliforme was completely distorted in the
presence of 3.0% (w/v) of sodium tellurite (Amer et al., 2005). The heavy metals
Cu, CO, Hg, Zn and Cd at concentration between 0.5 and 3.0 mM decreased the
mycelia area and radial extension of Achlya bisexualis and displayed spiral growth
at 3.0 mM Hg (Lundy et al., 2001). Lead has strongly effect on Aspergillus
nidulans where it caused hyphal malformation with many twisted and swollen like
shape at 200 ppm, this malformation increased with increasing metal ion

concentration (Elkhawage, 2011).

Heavy metals were accumulated or deposited in the form of granules or crystals on
the cell wall, cytoplasm or vacuoles of fungal or bacterial cells when grown in the
presence of high metal ion stress. Transmission electron microscopic study showed
that the cell wall of Chaetomium globosum and Stachybotrys chartarum increased
in its diameter at 400 and 800 mg/L Cu or Co. Furthermore, black dense electron
areas were also found in the cytoplasm, which may be aggregates of metals

complex that deposited in the form of granules or crystals (Hefnawy et al. 2009).

Localized silver deposition a round cell wall and within vacuoles has observed in

Cryptococcus albidus. Mercury precipitation in electron dense bodies occurs in



mercury exposed hyphae of Chrysoporium pannprum and similar bodies |,
presumed to contain Zinc, occurred in Neurospora vasinfecta after Zn*® influx
(Simmons et al.,, 1995). 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 et al., 2002).

A lead resistant Pencillium sp. accumulated a large amount of lead granules in the
cell and the outer layer of the cell wall, as observed under a transmission electron
microscope. Theses granules were either in the vicinity of the cytoplasm
membrane or in the vacuole (Sun and Shao, 2007). Pencillium brevicompactum
grown at 50 ppm cobalt exhibited the presence of more dense electron deposits in
the vacuoles and on the outer layer of the cell wall(Rasha , 2009). This work aims
to investigate the tolerance of two studied fungal species to chromium and silver
stress with subsequent morphological, ultra-structure changes metal deposition in

the fungal cells.
MATERIALS and METHODS

Organisms and culture conditions: A. niger and A. terreus were isolated from
industrial polluted area of Quesna, Egypt on Czapek’s —Dox agar medium
containing 100 mg/L chromium or silver and identified according to (Raper and
Fennell, 1965).

Growth and metal tolerance: Both organisms were cultivated on Czapek’s —Dox
ligued medium containing different concentrations of chromium sulphate (0.0, 100,
200, 400, 800, and 2000mg/L) and silver sulphate(0.0, 10, 20, 30, 50, 100, 200,



400, 600, and 800mg/L) separately. They were grown on 250 ml Erlenmyer flasks
containing 50 ml of the medium (pH 6.5). The flasks were inoculated with 7 mm
disc from the margin of 5 days old colony of tested fungi, incubated at 27+1° C in
an orbital shaker at 120rpm for 7 days. After incubation period, the cultures were
filtered and the fungal pellets were dried in an oven at 80°C till constant weight
(Hefnawy and Azab, 2000), and their weights were determined. Three replicates

were made for each treatment and the dry mass was determined.

Morphological examinations: Both organisms were grown on Czpek’s -Dox agar
medium supplemented with different concentrations of chromium sulphate (800
and 2000 mg/L), the most effective concentrations, for A.niger and A.terreus
separately and silver sulphate (200and 600 mg/L) for A.niger, (100 and 200mg/L)
for A.terreus. The plates were incubated at 27+1° C for 2-3 days after inoculation.
The morphological features of both organisms were examined by light microscope

and photographed.

Ultrathin section examination: A.niger and A.terreus were grown separetely on
Czapek’s-Dox agar plates containing different concentrations of Cr (0.0 and
800mg/L) for both fungi and Ag (0.0, 600mg/L) for A.niger while, (0.0 and
50mg/L) for A.terreus. After growth for 3 days at 27+1°C. The hyphal tips of the
fungal mycelia were cut, fixed separately for 1 h. in 0.05% sodium phosphate
buffer (pH 6.9) containing 1% formaldehyde, 3% glutraldehyde 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 sodium phosphate
buffer (pH 6.9) and then left over night at 4 °C. Fixed mycelia were dehydrated in

an ethanol series (Zain, 1998), and transferred to 2-methyloxiran for half an hour



and embedded in Spurrs resin. Thin sections were cut and collected on coated
carbo, stained with concentrated uranyl acetate for 5 min followed with lead citrate
for 10 min and examined with a JEOL 1010 Transmission Electron Microscope at
the Regional Center for Mycology and Biotechnology (RCMB), Al-Azhar

University.

RESULTS and DISCUSSION

Growth and metal tolerance: A.niger and A.terreus were able to tolerate Cr ions
in the growth medium up to 2000 mg/L. Their growth showed a slight increase at
200 mg Cr/L while, it was markedly decreased by increasing chromium
concentrations above this concentration (Table 1). At 2000 mg Cr/L, A.niger and

A.terreus growth decreased to approximately 32% and 49% respectively.

A.terreus was able to grow on Cazpek’s- Dox liquid medium supplemented with
different silver concentrations up to 200mg/L. While, A.niger could grow in the
presence of silver up to 800mg/L. The growth of both fungi was decreased by
increasing silver concentrations in the growth medium. The growth of A.niger
slightly decreased at 50mgAg/L while, the dry mass markedly decreased to
approximately 81.5% at 800 mg Ag/L. Whereas, A.terreus was able to grow in the
presence of silver up to 200mg/L. At this concentration its growth was markedly
decreased to approximately 84%. The difference between fungal species in
tolerance to heavy metals may be due to the presence of one or more types of
tolerance strategies or resistance mechanisms exhibited by different fungi as
explained by Zafar et al ., (2007).



In this study, the growth of A.niger and A.terreus were decreased with increasing
silver and chromium concentrations in the growth media and this may be due to the
toxic effect of heavy metals on the fungal cell. Many studies revealed that the
presence of toxic metals in the growth medium inhibited fungal growth, Al-
Kadeeb (2007) found that by increasing Cu and Pb concentration in the growth
medium, the growth and colony diameter of eighteen fungal isolates decreased.
(Hefnawy et al., 2010) mentioned that, the dry mass of Stachybotrys chartarum

was markedly decreased with increasing Cu and Co in the growth medium.

Morphological characteristics examination: A.niger produce colonies covering
the whole Petri dish with white mycelium covered by black conidial heads with
reverse pale to bright yellow. Conidiophores borne from hyphae with heavy
smooth walls, with spherical heads or vesicles bearing closely packed phialides
over the whole surface of conidial heads. The presence of 800 mg Cr/L in the
growth medium leads to increase in the length of conidiophores with appearance of
some constrictions in the conidiophores and distortion in the conidial heads.
Whereas, in the presence of 2000 mgCr/L the number of conidiophores highly
decreased with the presence of distorted short conidiophores (Fig.1). On the other
hand, the morphology of A.niger in the presence of 200mgAg/L exhibited
constrictions in the conidiophores and distortions in the conidial heads and
phialides. Whereas, at 600mgAg/L, the conidiophores were very short with

complete absence of phialides and spores (Fig. 2).

A.terreus produces quite dense velutinous colonies with white mycelium, heavy
brown conidia, reverse dull brown or yellow brown. Conidiophores borne from

surface hyphae long, smooth walled with hemispherical conidial heads and dense



phialides. Growing of A.terreus in the presence of 800mgCr/L causing some
constrictions in the conidiophores and complete distortions in the phialides with
appearance of intercalary spores. Whereas, at the presence of 2000mgCr/L the
fungus failed to form conidiophores and the mycelia seemed to be distorted with
appearance of intercalary spores (Fig. 3). On the other hand, at 100mg Ag/L the
conidiophores showed some constrictions and also distortion in the conidial heads
and phialides while, at 200mgAg/L the fungus failed to form a vesicles with

complete distortion in the conidial heads and phialides (Fig. 4).

The effect of toxic heavy metals on the morphological characterisitic of
filamentous fungi have been studied, cobalt, nickel and mercury were suppressed
the growth and morphology of A.nidulans and Fusarium oxysporium and caused

malformation of conidiophores (Elkhawaga, 2011).

It has been also observed that heavy metals exhibited high effect on the
reproduction of fungi. The perithecia of Chaetomium globosum and sporulation of
Stachybotrys chartarum markedly decreased with increasing both Cu and Co
concentration in the growth medium and also high damage in the perithecial seta of
C.globosum, conidiophores and phialides of S.chartarum was also observed at high

concentrations of Cu and Co ( Hefnawy et al., 2009).

Also similar results were also obtained, tellurite and selenite caused obvious
malformation in the morphology of Aspergillus parasiticus var. globosus under the
presence of different levels of selenite or tellurite ( Zohari et al., 1997). Another
studies showed also morphological distortions of A.fumigatus, A.terreus, A.niger
and A. tamarii in the presence of tellurite in the growing medium ( Aboul- Dahab,
1991 and Razak et al., 1990).



Ultra thin section examination: Electron micrographs of thin sections of A.terreus
cells grown in the control medium revealed the presence of electron transparent
cytoplasm with numerous vacuoles and spherical mitochondria. The cytoplasm
filled the cell with the presence of several vacuoles and also hyaline cell wall and
plasma membrane were appeared. Whereas, when A.terreus grown in the presence
of 800mgCr/L the cytoplasm was aggregated in the cells and appeared electron
dense and also the cell wall which may be due to binding of Cr to the cell wall and
cytoplasm. The same finding was also observed in the cells grown in the presence
of 50mgAg/L (Fig. 5).

The cytoplasm of A.niger cells grown in the presence of 800 mg Cr/L was
aggregated and separated from the cell wall and appeared black dense which may
be due to the presence of Cr in it. Whereas, at 600 mg Ag/L the cell walls were
increased in its diameter and appeared electron dense black which may be due to
precipitation of Ag on the cell wall and also the cytoplasm was aggregated inside
the cell ( Fig. 6).

In this respect the cell wall of Chaetomium globosum and Stachybotrys chartarum
increased in it’s diameter in the presence of 400 and 800 mg/L Cu or Co and also
black dense electron areas were found in the cytoplasm as a result of metal
deposition in the form of granules or crystals (Hefnawy et al., 2009). It was also
observed that localized silver deposition around cell walls and within the vacuoles
has found in Cryptococcus albidus, mercury precipitation in electron dense bodies
were occurred in mercury exposed hyphae of Chrysosporium pannorum (Simmons
etal., 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 under
high metal stress. A. niger localized nickel in the form of rectangular crystals of
nickel oxalate dehydrate with the cell wall and also inside the cell (Magyarosy et
al., 2002). Another work, which may sustain this study, showed that Cladosporium
cladosporioides could sequester manganese in the form of intra-cellular crystals.
Penicillium sp. was also accumulated large amount of lead granules in the cell as
well as on the outer layer of the cell wall when grown in the presence of 24 mM
pb(NO3), (Shao and Sun, 2007). Large bodies which may be fat bodies or oil
droplets might be formed in the cytoplasm of Fusarium oxysporium grown in the
presence of high concentrations of CuSO, (Hefnawy,1996). Penicililum
brevicompactum highly tolerated cobalt concentrations up to 1000 ppm through

cell wall and intracellular sequestration (Rasha, 2009).

In conclusion, both tested organisms were able to tolerate high concentrations of
Cr and Ag in the growth medium through sequestering or immobilization of these
toxic metals in the cytoplasm and cell wall. Finally, A.niger and A.terreus could be
used as a module for purification of heavy metal polluted soil and also waste water

by sequestering or accumulation of these toxic metals.



Table 1. Mycelial dry weight of A.niger and A.terreus grown on Czapek’s -Dox
liquid medium supplemented with different chromium concentrations.

Dry mass (mg)
Chromium concentrations mg/L

A.niger A.terreus
0 626.5+1.25 442.8+0.98
200 642.2+0.25 520.2+1.02
400 544.2+0.25 444.7+0.99
800 507.1+1.03 372.3+0.98

2000 427.6£0.25 229+1.01

Table 2. Mycelial dry weight of A.niger and A.terreus grown on Czapek’s-Dox

liquid medium supplemented with different silver concentrations.

Silver Dry mass (mg) Silver Dry mass (mg)
concentrations _ concentrations
mg/L A.niger mg/L A.terreus
0 616.2+1.06 0 550.8+1.02
50 529.2+1.22 10 452.3+1.005
100 490.6+0.98 20 254.7+0.85
200 254.2+1.02 30 201.3+0.54
400 198.8+0.58 50 164.9+1.03
600 145.7+0.86 100 153.1+0.23
800 114+0.76 200 90+0.23




Fig. 1. Light micrographs of A.niger grown on Czapek’s Dox agar (a) control,
(b) 800 mg/L chromium, and (c) 2000 mg/L chromium.(Magnification, x560)

Fig. 2. Light micrographs of A.niger grown on Czapek’s Dox agar medium (a)
control, (b) 200 mg/L silver, and (c) 600 mg/L silver.(Magnification, x650)

Fig. 3. Light micrographs of A.terreus grown on Czapek’s Dox agar medium
(a)control, (b) 800 mg/L chromium, and (c) 2000 mg/L chromium.
(Magnification, x650)

Fig. 4. Light micrographs of A.terreus grown on Czapek’s Dox agar medium
(a) control, (b) 100 mg Ag/L, and (c) 200 mg Ag/L. (Magnification, x650)

Fig.5. Transmission electron micrograph of thin section of cells of A.niger
after growth for 3 days on Czapek’s- Dox agar medium (a) control, (b) 800
mg/L chromium, and (c) 600 mg/L silver

Fig. 6. Transmission electron micrograph of thin section of cells of A. terreus
after grown on Czapek’s -Dox agar medium (a) control, (b) 800 mg/L
chromium, and (c) of 50 mg/L silver.
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