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Abstract: Problem statement: Arsenic is a known toxic element and its preseacd toxicity in
nature is a worldwide environmental problem. The ©$ microorganisms in bioremediation is a
potential method to reduce as concentration inaroimtated areag\pproach: In order to explore the
possible bioremediation of this element, threerfdatous fungAspergillus niger, Serpula himantioides

and Trametes versicolor were investigated for their potential abilities documulate (and possibly
solubilize) arsenic from an agar environment cdimgjsof non buffered mineral salts media amended
with 0.2, 0.4, 0.6 and 0.8% (w/v) arsenopyrite (EBA Growth rates, dry weights, arsenic
accumulation and oxalate production by the fungwad as the pH of the growth media were all
assessed during this studBesults: There was no visible solubilization of FeAsS paes underneath
any of the growing fungal colonies or elsewheré¢hia respective agar plates. No specific patterns of
growth changes were observed from the growth raifothe fungi on agar amended with different
amounts of FeAsS although growth of all fungi waisnslated by the incorporation of varying
amounts of FeAsS into the agar with the ptioa of A. niger on 0.4% (w/v) amended agar and
T. versicolor on 0.8% (w/v) amended agar. The amounts of drghteiobtained for all three fungi
also did not follow any specific patterns with difént amounts of FeAsS and the quantities obtained
were in the ordelA. niger > S himantioides > T. versicolor. All fungi accumulated as in their
biomasses with all amounts of FeAsS although to/imgrlevels andT. versicolor was the most
effective with all amounts of FeAsS whilA. niger was the least effectiveConclusion: The
accumulation of arsenic in the biomasses of thefteg)i as shown in this study may suggested a role
for fungi through their bioaccumulating capabilitias agents in the possible bioremediation of asen
contaminated environments.
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INTRODUCTION especially in drinking water can have several
carcinogenic, mutagenic and teratogenic
Arsenic is a metalloid that is widely distributed  implicationg"",
the earth’s crust and is present at an average According to estimates, about a third of the
concentration of 2 mg k§". It is generally regarded as atmospheric flux of arsenic is of natural originjcanic
a toxic element and its toxicity to living organistnas action being the most important natural source,
long been acknowledged. For instance, in historicafollowed by low-temperature volatilizatifh Common
times in rural Germany, it was used as a means tanthropogenic sources such as mining, metal srgeltin
dispose of the old owner of a house, farm or landand the use of arsenic containing agricultural dbals,
thereby speeding up the inheritance prd€esslore  as well as the weathering of arsenic-containingkspc
recently, there has been an increased awareness of e.g., arsenopyrite, lead to the contamination of ai
risk to plants, animals and human héeafth water and soit**2. Of total world arsenic production,
In the environment, arsenic is present in more thait has been estimated that about 70% is used ipetim
200 mineral species, the most common of which idreatment as copper chrome arsenate, 22% in
arsenopyrite (FeAsS), an arsenic sulfide. Inorgani@gricultural chemicals and the remainder in glass,
arsenic of geological origin is found in groundwate pharmaceuticals and non-ferrous alldys
used for drinking purposes in several parts ofwbed In nature, the responses of microorganisms tatoxi
such as Bangladesh and West Bengal, ihfliaChronic  metal (loid)s can dramatically alter metal(loid)
exposure to high levels of arsenic and its compsund abundances and elemental speciation, leadingaager
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of transformations such as mobilization, immobtiiaa  quantities of individually autoclaved salts listadove
and mineral neogeneS® In the course of these from stock solutions were added to the molten agar.
transformations, fungi in particular may be able toOne pre-weight foil packet of each amount was added
accumulate these metal(loid)s into their cells. Theto the agar preparation and mixed well to ensure a
intracellular uptake of metal ions from a substiate ~ homogenous distribution of the mineral particlebost
living cells, otherwise known as bioaccumulationyma 20 mL per plate of agar was poured into 90 mm
lead to the biological removal of metals by fulf§i  diameter Petri dishes with or without the additioh
Such accumulation of heavy metals by fungal biomassarsenopyrite. After solidification of the agar, rite
may be particularly relevant because of its potéidw  dialysis membranes prepared by boiling twice
cost application in bioremediation and recovery ofl0 min in ddHO and rinsed thoroughly on each
metals. Furthermore, as fungi play fundamentalsrole  occasion prior to autoclaving at 121°C for 15 mierev

the natural environment especially regardingplaced under aseptic conditions onto the surfacief
decomposition, transformation and nutrient cycliag, agar in each Petri dish. The dialysis membraneveiib
knowledge of their responses in high metalpassage of nutrients and/or metabolites between the
concentration states may be particularly relevianthis  agar and the fungi and provided a convenient meéns
case, to the detoxification of arsenic polluteditzab.  removing the mycelia from the agar.

Prompted by the combined abilities of fungi to rend All the plates (FeAsS-containing and FeAsS-free)
metals soluble from insoluble compounds andwere inoculated with 7 mm diameter discsfofiger,
accumulate them from the dissolved state, thisystudS. himantioides and T. versicolor cut from the margin
sought to evaluate the accumulation and possiblef a three day old grown mycelia on the mineratssal
solubilization of arsenopyrite at different congatibns  medium described above. The inoculated plates were

in solid media by free-living filamentous fungi. incubated at 25°C over an eight-day period. Daily
measurements of the growth radius of the hyphae and
MATERIALSAND METHODS that of any clear zones under or around the cofonie

were taken either until the mycelia reached theseaafg
Organisms, media and culture conditions:. The  the Petri dish or the experimental period was oRetri
following fungi-Aspergillus niger (ATCC No. 201373), dishes were also examined under a light microséape
Serpula himantioides (from Dr N. White, University of any transformations such as formation of clear gpne
Abertay Dundee, UK) andrametes versicolor (from  indicative of mineral dissolution and crystal fortina
Prof. C. Evans, University of Westminster, UK) were in the agar. Growth rates were then calculated fituim
used for the experiment. They were maintained en thdata. After eight days, colonies were harvested int
same medium used for the experiment, a non-bufferedluminium foil cups by peeling the biomass from the
mineral salts medium comprising (§*ldistilled water) ~ dialysis membranes. These were oven-dried at 70°C
(NH),SOs, 5; KH,PO, 0.5; MgSQ.7H,O, 0.2; until reaching a constant weight. The dry weiglitthe
CaCL.6H,O, 0.05; NaCl, 0.1; FegbH,O, 0.0025; mycelia were then measured on a Mettler-Toledo
traces (ZnSQ7H,O, 0.004; MnSQ4H,O, 0.004; PR203 weighing balance.
CuSQ.5H,0, 0.004) and D-glucose, 20. Stock In order to obtain a pH profile of the agar suefac
concentrations of the mineral salt solutions wereunder fungal colonies, pH measurements were made
autoclaved separately at 121°C for 15 min befoe us across the Petri dish at 20 mm intervals at thecétide
The experimental fungi were incubated at 25°C i th experiment using an Orion model 720A pH meter.
dark for 3 days prior to the start of the experitnen All statistical analyses were carried out using

Minitab for Windows 12.1 (Minitab Inc., USA).
Mineral preparation and experimental set up: Correlation analysis was completed using the Pearso
Ground (i.e., powdered) arsenopyrite with partgilees  correlation method.
between 38-106 pm were obtained from R.G.
Widdowson (Scarborough, UK) and used for theArsenic content determination: For arsenic content
experiment. Amounts of arsenopyrite which wouldegiv analysis of the biomasses, 2 mL concentrated FINO
0.2, 0.4, 0.6 and 0.8% (w/v) in the final agar @dat was added to each biomass sample in a fume hood and
were weighed out into aluminium foil packets an@émv incubated for at least 6 h after which they were
sterilized at 70°C for at least 24 h. The agar wagransferred to a heating block at 90°C for 20 hsehic
prepared using 15 gt Lab M Agar No. 1 (IDG, was then determined using the methods described in
Lancashire, UK) and autoclaved at 121°C for 15 minAgrawal et al.!. Briefly, 1 mg mL* arsenic stock
After cooling (to about 55°C) in a water bath, rated  solution was prepared by dissolving 173.34 mg of
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sodium arsenite in 100 ml dd®l To a 1 mL aliquot of shown in Table 1 and are expressed in terms ajgati
nitric acid-digested biomass, 0.4 mL of 1% potassiu The growth ratio is the colony growth rate in the
iodate was added followed by the addition of 0.2 @fiL presence of the mineral compound,|Relative to the
0.5 M HCL. The reaction mixture was gently shakencolony control growth rate (#'®. There was no visible
upon the addition of 0.2 mL leucocrystal violetwg@n  solubilization of FeAsS particles underneath anyhef
and 1-2 drops of 2 M NaOH solution. Leucocrystalgrowing fungal colonies or elsewhere in the respect
violet solution was prepared by adding 25 mg ofagar plates. As a result, solubilization rates @¢owt be
leucocrystal violet, 20 mL ddid and 0.3 mL of 85% obtained nor ratios calculated. A growth ratio tgea
(v/v) phosphoric acid into a 250 mL Erlenmeyer las than 1.0 indicates that growth of the fungus was
gently shaking until the dye dissolved and themtdd  stimulated by the addition of the metal compound. O
to give a final volume of 100 mL. Each aliquot bét the other hand, a growth ratio less than 1.0 indga
nitric acid-digested biomass reaction mixture waptk growth inhibition. No specific patterns of growth
in a heating block at 40°C for 5 min. The solutisas  changes with different amounts of FeAsS were
diluted to 5 mL with ddkD and the absorbance was observed from the ratios. The incorporation of 0.2%
measured at 592 nm using a VERSAMhxurnable (w/v) FeAsS into the agar medium stimulated the
microplate reader spectrophotometer with SOFTtax growth of A. niger as the growth ratio was greater than
PRO software (Molecular Devices, California, USA). 1.0. When 0.4% (w/v) FeAsS was present, the growth
ratio was 0.95 indicating growth inhibition withish
Oxalate determination in agar: In order to determine amount. Growth at higher amounts of 0.6 and 0.8%
the amounts of oxalate formed in the agar, aganfro (wi) was stimulated with ratios of 1.05 and 1.07
each plate (mineral-containing and mineral-frees wa respectively. The growth ofS himanticides was
mashed and put into 250 mL Erlenmeyer conical 8ask stimulated in the agar medium with all amounts of
40 mL of 1 M HCI was added to each flask and thereAss since the derived growth ratios were ighér
flasks were shaken overnight in a rotating incubato  than 1.0. WithT. viride, growth was stimulated with all
120 rpm. A 1 mL aliquot of the resulting liquid 86bn  amounts except when 0.8% (w/v) was present in the

for each sample was collected in an eppendorf tttbe, agar medium. The ratio when this amount was present
which cation exchange resin (Bio-Rad AG 50W-X4:in the agar was 0.95, thus indicating inhibition.

BioRad Laboratories, Richmond, CA, USA) was added.

The oxalate content of the samples was then detedni pry weights of fungal biomass and pH of agar: The
enzymatically according to the methods described inyry weight values recorded fé niger, S himantiocides

the Sigma diagnostics oxalate kit (Procedure nOgng T. versicolor are shown in Fig. 1. Increasing
591fl In summary, Sigma sample diluents andamounts of FeAsS had differing influences on the
oxalate reagents A and B were reconstituted acegrdi piomasses of all three fungi. With niger, the highest

to the reagent preparation instructions contaimethe  amount of biomass was obtained when 0.2% (w/v)
kit. A known volume of sample diluent was adde@o  Feass was present in the agar. There were subsequen
equal volume of agar sample for analysis. The pl Wagecreases in biomasses with increasing FeAsS amount
measured intermittently and adjusted using eith& 1 fom 0.4-0.8% (w/v). Dry weights 0§ himanticides
HClor 1 M KOH until the pH was between 5 ahd \yere increased by the presence of FeAsS in thetgrow
1 mL of oxalate reagent A was added to each samplgiedium with all amounts although it followed no
after which 0.1 mL of oxalate reagent B was addedgspecific pattern. Biomass was highest in the 0.6%
Upon addition, each sample was mixed by gentiqy/) FeAsS-amended medium, followed by 0.8%,
inversion and incubated at room temperature (betweethen 0.2 and 0.4% (w/v) FeAsS-amended ianed
18-37°C) for 5 min. Standards were prepared in the

following concentrations 0 mM (blank), 0.125 MM, taple 1: Growth ratios oAspergillus niger, Serpula himantioides and

0.25 mM, 0.5 mM and 1 mM. Absorbances of standards Trametes versicolor on non-buffered mineral salts medium
and samples derived from the agar were measured at amended with different amounts of FeAsS after 8ovth
590 nm using a VERSAmMAY turnable microplate Amount of FeAsS (w/v)
reader spectrophotomgter Wlt_h S_OFTF’?1a><PRO Organism 0.2% 0.4% 0.6% 0.8%
software (Molecular Devices, California, USA). Aspergillus niger 107 0.95 105 107
Serpula himantioides 1.27 1.15 1.19 1.29
RESULTS Trametes versicolor 1.40 1.15 1.46 0.95

. Control growth rates (mean values + standard efrorean; three replicates
Growth rates: The growth rates of the fungi grown on each) fora. niger = 3.81:0.39 mm day, S himantioides = 3.44:0.62 mm

agar containing different amounts of arsenopyrite a day*andT. versicolor = 2.12:0.42 mm day
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Table 2: pH valueststandard error of the mean miedsunderneath growing coloniesAspergillus niger, Serpula himantioides and Trametes
versicolor on non-buffered mineral salts medium amended different amounts of FeAsS after 8 d and incubate2b°C. The figures
shown are average values of three replicates

Amount of FeAsS (w/v)

Biotic
Organism Contrél 0.2% 0.4% 0.6% 0.8%
Aspergillus niger 2.010.00 2.0%0.00 2.1%0.00 2.1%0.00 2.220.00
Serpula himantioides 3.06:0.01 3.020.01 3.130.01 3.330.02 3.4%0.05
Trametes versicolor 2.96:0.00 2.980.00 3.5%0.03 3.720.03 4.130.07
Abiotic control 4.68:0.03 5.420.04 5.7&0.03 5.830.03 5.940.01

§: The values under the biotic control column repre the pH underneath growing coloniesfdohiger, S. himantioides andT. versicolor on
FeAsS-free agar (i.e., 0% FeAsS) with the excepiaime abiotic control. *: The values in the abBiatontrol row represent the pH of agar with
the addition of the respective amounts of FeAs8& it fungal growth (i.e., agar only)

Table 3: Amounts of As in nmol mgdry weighttstandard error of the mean accumuldtediomasses ofAspergillus niger, Serpula
himantioides and Trametes versicolor on non-buffered mineral salts medium amended diffierent amounts of FeAsS after 8 day and
incubated at 25°C. The figures shown are averalyesaf three replicates

Amount of FeAsS (w/v)

Organism 0.2% 0.4% 0.6% 0.8%
Aspergillus niger 13.734.53 64.2818.60 41.4818.60 27.3082.96
Serpula himanticides 74.08:18.50 112.8628.80 62.236.60 112.8814.50
Trametes versicolor 208.5@13.50 284.0810.50 195.0812.40 229.0810.30
14€ produced by the fungi thus show negative corretatio
. . betwee_n the amounts of FeAsS in the agar media and
. dry weights forA. niger andT. versicolor (r = -0.412
g 100] and-0.447 respectively). There was however, aigesit
£ correlation in the case & himantioides (r = 0.817).
T g The values presented in Table 2 show a gradual
z increase in the pH of the experimental medium (outh
g 60 any fungal growth, i.e., abiotic control) from 446803
£ (mean valuetstandard error of mean; three repBcate
@ 40 f each) in the FeAsS-free medium to 50841 with
20] 0.8% (w/v) FeAsS-amended medium. Fungal growth on
7 7 FeAsS-free media (control) revealédd niger was the
ol 4 ‘ 4 ‘ most acidic with a pH of 2.01, followed By versicolor
0 02 04 0 0¢ with a pH of 2.96, therS. himantioides with a pH of

Amount of FeAsS (% wiv) 3.00t0.01. Also, all three fungi reduced the pH of

varying amounts of FeAsS-amended media and in all
himantioides (o) and Trametes versiolor () cases, there was reduced acidity with higher ansnount.
grown on FeAsS-free agar medium and agai” other words, as the amounts of FeAsS in the anedi
amended with 0.2, 0.4, 0.6 and 0.8% (W/V)lncreased, pH as a result of fungal growth also
FeAsS oven-dried at 70°C to constant Weightincreased with all three fungi and this is indichite the
after 8 d growth. The figures used for the graphoositive correlation between both variables=(0.997,
were average values of three replicates. Bar.987 and 0.990, foA. niger, S himantioides and
indicate the Standard Errors of the Mean (SEM)T. versicolor respectively).

=

Fig. 1: Dry weights ofAspergillus niger (m), Serpula

The incorporation of 0.2% (w/v) FeAsS into the agarArsenic accumulation: The data presented in Table 3
media had no effect on the biomass Tofversicolor shows the amounts of arsenic (As) accumulateden th
when compared with the control and the highest amou biomasses ofAspergillus niger, Serpula himantioides
of biomass was obtained with growth on 0.4% (w/v)and Trametes versicolor. The values are expressed in
FeAsS-amended media. There were decreases imol mg® dry weight and they show th#it versicolor
biomasses of this fungus with increasing FeAsShad the highest levels of As accumulation per mg dr
amounts. Statistical descriptions for amounts ofrliss  weight of biomass with all amounts of FeAsS indlear.
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Table 4: Amounts of oxalate in mMx+standard errottef mean produced Aspergillus niger, Serpula himantioides and Trametes versicolor
grown on agar containing varying amounts of FeA& & day and incubated at°€5 The figures shown are average values of three

replicates
Amount of FeAsS (w/v)
Organism Control 0.2% 0.4% 0.6% 0.8%
Aspergillus niger 0.056t0.003 0.070.003 0.05%0.006 0.0520.009 0.0410.001
Serpula himantioides 0.2790.031 0.1530.025 0.2040.011 0.3060.052 0.1880.025
Trametes versicolor 0.0630.029 0.1030.019 0.0310.009 0.05%0.022 0.0410.007

Generally, accumulation of As in the fungal bionesss This study has demonstrated this may not alwaythde
was in the orderT. versicolor > S himantioides >  case. The increased growth which resulted when EeAs
A. niger. Upon statistical analysis, there was a positivewas present in the media at most amounts, relative
correlation between the amounts of FeAsS in theianed the control indicate these fungi show some resigtdo
and the amounts of As accumulatedAyniger andS.  As toxicity although the precise mechanism(s) by
himantioides (r = 0.107 and 0.324 respectively) while which toxic effects are overcome remain unclear. A
there was a negative correlation with versicolor plausible explanation for this is the possibleizdiiion
(r=-0.091). of Fe present in FeAsS for fungal growth. One
mechanism however, by which fungi may be able to
Oxalate production: The amounts of oxalate produced survive in and tolerate high toxic metal-containing
by the fungi as shown in Table 4 indicate wkhniger,  environments is through the formation of oxalates
the incorporation of 0.2% (w/v) FeAsS into the agarwhich results from the oxalic acid they secfdte
increased oxalate production from 0.88803 mM  Despite the negative correlation of increasing ammu
(mean valueststandard error of mean; three repBcat of arsenopyrite to oxalate production in all thfeagi
each) to 0.07€0.003 mM followed by a decrease with shown by statistical analysis (r = -0.731 Aomiger,
increasing FeAsS amounts. A similar pattern was0.071 forS. himantioides and-0.544 fofT. versicolor),
followed byT. versicolor as there was an increase fromthere was an increase in growth by the fungi when
0.063:0.029 mM in the control to 0.188.019 mM  compared to the control in the majority of casesthw
when 0.2% (w/v) FeAsS was present in the mediumthe exception of growth bg. niger on 0.4% (w/v) and
No specific pattern was detected wBhhimantioides  T. versicolor on 0.8% (w/v) FeAsS amended media,
although the presence of 0.6% (w/v) FeAsS led to afungal growth was enhanced with the addition of
increase in oxalate production to 0.20052 mM  arsenopyrite to the media. Biomasses produced dy th
when compared to the control where 027931 mM  fungi with the varying amounts of FeAsS were either
oxalate was produced. The amounts of oxalat@dual to or greater than that produced by the obirtr
produced byS. himantioides were greater than those of each case except for versicolor grown on 0.8% (w/v)
either A. niger or T. versicolor with all amounts of FeAsS amended medium.
FeAsS. When subjected to statistical analysis, ethes  Oxalate, organic acid production and acidification
results showed negative correlations between théhrough proton exudation by fungi may result in the
amounts of FeAsS in the media and oxalate productiosolubilization of insoluble metal-bearing mineralg
by A niger, S himantioides and T. versicolor fungal species. Often times especially with organic

(r =-0.731,-0.071 and -0.544 respectively). acids, this is usually evident through crystal fation
in the solubilized zones, underneath growing c@sni
DISCUSSION and elsewhere in the agar. In contrast to previous

studies in  which such solubilization was
The three fungi tested in this study accumulateddiemonstraté??, no visible solubilization of
arsenic from arsenopyrite in their biomasses tgingr  arsenopyrite by these fungi occurred throughout the
degrees. T. versicolor was the most efficient in duration of this study. Also, upon examination unde
accumulation with all amounts, accumulatingtop light microscope, no crystals (usually indicativé o
15 times the amounts accumulated Ayniger which ~ cation immobilization as oxalates) were observed
was the Ileast effective in accumulation. Inunderneath growing colonies of the fungi or elsewhe
environments or media laden with high toxic-metalin the agar plates with all amounts of FeAsS. Thus,
concentrations, the general expectation is usually there was no biological immobilization of arsenit i
reduced microbial growth response as a result ef ththis study and although possible arsenic immoliitira
toxicity exerted by the pollutants on microbial Isel as crystals has implications for disposal and
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bioavailability, it has only been demonstrated by3.

physico-chemical process$es2* and there is yet to be
any evidence that microorganisms can play a role in
achieving this.

Environmental factors such as pH influence the

abundance of different arsenic forms in naturaly

environmenté®. For instance, a decrease in pH is
known to increase heavy metal availabffity In this
study, the addition of increasing amounts of FefsS
the experimental agar generally increased the ptHeof

media in all cases. However, fungal growth with the™

varying FeAsS amounts reduced the pH of the media
when compared with the abiotic controls (i.e., agghn

the addition of the respective amounts of FeAsS
without fungal growth). With all three fungi, adigi
generally reduced with higher amounts of FeAsS and
the order of acidification of growth media by thengi
was A. niger > S himantioides > T. versicolor. In
addition, the differences in the pH of the agathwitie
different amounts by all three fungi were statstic
significant (p<0.05). Fungal acidification of media
could have arisen through organic acid secretiagindu
growth, proton extrusion via the proton translaogti
ATPase, absorption of nutrients in exchange fotqme
or carbonic acid formation through respiratory . CO
productioff®.

CONCLUSION 9.

In summary, while the immobilization of arsenic as
a result of fungal interaction with arsenopyritel aiot
occur in this study, the accumulation of arseni¢he
biomasses of the test fungi may suggest a roléufugi
through their bioaccumulating capabilities as agént

the possible bioremediation of arsenic contaminatedo.

environments.
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