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Abstract 

l l e  growth of Peniciilrzcrn spccics is sluciicil In rnincral salt medium, both in the absence and prescncc 01 lead acetare 
and sucrose a1 lourn lenlpcrdlure. A lined and r n a r m u m  growth lakes place in < 4 days While sucrose favours, lead 
acclatc mhibm fungal growth. 'The effrct or lead show5 a two-$rep mhiblhon indicaLiiling its ,ole in bath Log and lag 
phases. The tolc~ancc limit for lead acetate incrcssed wllh increa\e I" sucrose supplement. Under opttmun conditions 
(8 days, 10% (wh) sucrose) the Lolcrnncc limits, LDco, LDlm, were found to be less than 50, 65 and 70 mg 1 ' of Pb, 
respeclwaly. 
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1. Introduction 

Filamentous fungi belonging to the genus Penicilliunl are used in industrial fermentation proc- 
esses and antibiotic production.' Metabolic products of this fungus can be used for solubilisa- 
tion of various metak3 Bioprocessing of metals by this fungus is another importanr aspect of 
biotecbnology that is being actively e ~ ~ l o r e d . ~ ~ '  However, environmental awareness and legis- 
lation impose stringent restrictions on the bioprocessing of hazardous wastes, effluents and 
byproducrs. 

While leaching lead oxide, a zinc plant waste (obtained from Hindustan Zinc Ltd. Vishak- 
hapatnam, India) using Penicillium sp., it was found that the organism did not grow satisfacto- 
rily and alao there was insignificanl lexhing of metals."he growth inhibition might have 
been due to toxic effect of heavy metals such as lead and cadmium. The present investigation 
was undertaken to study the cffect of lead on the growth of Penicillium species. The work has 
direct relevance for fungal leaching of lead-containing minerals and waste materials containing 
2 0.07% Pb. 

2. State-of-the art: Fungi and  lead toxicity 

There are various ways in which microorganisms interact with metals. Many reviews have 
dealt mainly with the in-vitru studies or  biochemical and physiological mechanisms where 
metals exert thcir effect on microorganisms.' Heavy metals influence microbes by affecting 
their growth, morphology and biochemical activities. Metals, which are not required for bio- 
logical functions, are considered as pollutants and are toxic to microorganisms. Lead belongs 
to this class of metals7 and is toxic to all microbes. The apparent toxicity of lead to fungi 
has been attributed to the depletion of phosphate of the cells by precipitation as P~,(PO,)?.~ 
About 50 mg I-' of lead reduced the growth oi" Rhizoctonia solani and Asyer-gillus gigantus, 
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and 500mg 1.' inhibited Penicillium brcfeldian~m.'.~, lo About 70 mg 1.' Pb was found to be 
toxic to Penicillium species in the present study. However, repeated adaptation of Penicillium 
sp. to Pb is likely to increase its tolerance level? which would find potential application for 
lead containing/contaminated matelials and wastes. Further work in this direction is worth pur- 
suing. 

3. Materials and methods 

3.1. Microorganism 

A laboratory stock culture of Penicillium species was used in the present study. The organism 
was grown in 100-ml batch in 250-ml Erlenmeyer flasks at room temperature (34 i 2'C) in 
mineral salt medium (g I-') containing NH4N03, 3.0; KH2P04, 1.0; MgS04.7H20, 0.5 adjusted 
to pH 6.5 in the absence and presence of Pb(I1) $150 mg I-', and supplemented with sucrose 
doses of 215% (w/v) at 150 rpm. 

3.2. Source of lead 

Lead (II) acetate trihydrate (Anal& BDH, India) was used as the source of lead. Concentra- 
tion of lead was varied from 0 to 150 mg 1.' in the growth medium to study its effect on Peni- 
cillium species. 

3.3. Method 

Flasks with media were sterilized by autoclaving (120°C, 20 min) and were inoculated with 
I ml of spore suspension of Penicillium containing about lo6 spores1 ml. Incubation was 
carried out for different durations (520 days). pH measurement and harvesting of fungal bio- 
mass were done after inactivation by autoclaving. Biomass was obtained by filtration using 
pre-weighed Whatman No.1 filter paper. Weights of the biomass, w (an indicator of fungal 
growth), were measured using a single pan balance after drying in an oven at 100°C for I h.! 

4. Results and discussion 

Penicillium sp. grows in mineral salt media in the presence of sucrose (Figs 1 and 2). Usually, 
fermentation of sugars is carried out under similar condition.12 The pH of the medium de- 
creases from 6.5 to as low as 2.8 due to the release of various carboxylic acids as metabolites." 
The growth is significantly lower in the presence of lead acetate (Fig. 2). 

Pb@) is likely to be precipitated out a) as PbS04 and Pb3(PO4)? due to the presence of 
SO:- and PO:- in the mineral salt media (Table I), b) on the cell wall as Pb3(P04)2 due to 
bio-accumulation process." The soluble part of the Pb(I1) remains as PbZ+, P b O F  and P ~ A , ~ ' :  
where A- is acetate ion in the media. Due to increase in fungal growth, the concentration of 
carboxylic acid (such as oxalic, citric, succinic, etc. acids) metabolites increases resulting in 
the decrease of pH and binding of Pb(I1) by carboxylate anions through chelation (Table I) 
leading to a) resolubilisation of PbS04 and Pb;(PO& and b) less possibility of damage by 
phosphate to functional groups of fungal cell 

PbAz = pb2+ + 2 A- log K,, = 2.75 (1) 
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FIG 1. Effecr of nmc oil biomass and pH FIG. 2. Effect of sucrose and 50 mgli Pb an blornass and 
pH 

pb2- + H?O = P ~ O H +  + H' 
pbZ+ + ~ 0 ~ ~ -  = PbS04 

Glycerol 2-phosphate Pho'phaa"se > 
~ b "  + PO?. = Pb,(PO& 

pb2' + H,,L = [P~H,,L]'"""''- + (n-m) Hi 

where H,,L are cauboxylic acids (fungal metabolites). 

4.1. Factors affecting the growth ofPenicillium species 

4.1.1. Effect of time 

log Khl = -7.71 (2) 

log K,, = 5.54 to 7.79 (3) 
Glycerol + Po4'- (4) 

log K,, = 42.1 ( 5 )  

log K1 (see Table I) (6) 

The :rowrh, w. vs time, t is, l inea (5  4 days) and remains constant beyond this period In rnin- 
;I..LI ialt media in the presence of 2% (wlv) sucrosc: 

Such type of growrh kinetics was already observed in many other s t u d i e ~ . ' ~ . ~ ~  With increase in 
time, the weight of the fungal biomass (or growth) increases almost linearly till about 4 days at 
2% (w/v) sucrose in the presence of 50 mg 1.' Pb (Fig. 2) similar to the trend in the absence 

Tabie I 
Stability constant and soiubility product of some selected Ph(I1)-ligand 
species at 25°C &Ib 

Llgand Log K,, Log& Log Kz Log fi Log & 

Hydroxide 17.12 -7.71 -17.12 -28.06 
Sulphate 5 54-7.79 2.4 
Phosphare 42.1 
Acetate 2.75 2.1-2.17 298  3.18 3 4 
Oxalate 9.32 
Succinate 2.4-2.8 3.73 4.11 
Malonate 2.6-3.1 6.7-8.9 
Cirrate 4.08-4.34 3.62 4.32 
o-gluconare 2 6 
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of Pb. However, both lag and log phases (5 4 days) could not be distinguished. After 4 days, 
the growth vs time attains more or less a steady constant value of 3.3 g 1.' (Fig. 1). 

w (g 1.') = A't - 0.82t (day). (8) 

The steady weight of biomass with time (2 4 days) may be due to the exhaustion of su- 
crose. To study the effect of other parameters such as sucrose and lead acetate concentrations, 
the growth (in terms of biomass weight, w) at 8th day is monitored. 

4.1.2. Effect of sucrose 

The growth of the fungus was found to increase about 250-fold with increase in sucrose con- 
centration, [S] 5 15% (wlv) (Fig. 2). However, beyond 10% (wlv) sucrose dose, there was only 
a marginal increase in growth. The above trend can be expressed in a Michael Menten's-type 
relation (or for simplicity in an empirical power equation) as: 

where a, b, c, p, q and rare empirical constants. In the absence of sucrose, we get cqn (10) 

At [Sl 2 15% (wlv), eqn 9 can be rearranged as: 

(w-a)l[S] = X (say) = b - cw = (10.88 F 0.07) - (0.973 i: 0.012)w, R' = 0.9996. (1 1) 

The values of b and c could be obtained as 10.88 and 0.973, respectively, from the intercept 
and slope of the X vs w plot. 

4.1.3. Effect of sucrose in the presence of 50 mg I" lead 

Similar trend of growth vs sucrose concentration, [Sl (Michael Menten's type) is observed both 
in the absence and presence of leadm) at 50 mg 1.' (Fig. 2) 

where a', b', c', p', q' and r' are empirical constants. In the absence of sucrose and lead(I1). eqn 
(12) reduces to eqn (13). 

At sucrose 2 15% (wlv), eqn (12) can he rearranged as 

The plot of X' vs w yields the values of b' and c' as 3.26 (intercept) and 0.36 (slope), respec- 
tively. The growth vs pHf is related as pH = pH, - w2 indicating their direct relationship. 

4.1.4. Effect of lead(I1) acetate 

The growth of fungus is low in the absence of sucrose and it became very low in the presence 
of added lead acetate, making it difficult for measurement. However, the effect of lead could 
be studied conveniently in the presence of added sucrose supplement. For this purpose, the 
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Frc. 3. Effect of Pb(l1) on bromass. 

dose of sucrose was fixed at 10% (wlv), which is the maximum level in growth vs sucrose plot 
(Fig. 3). It can be seen that the growth of the fungus is found to decrease almost to a constant 
level of about 25-30% lower than the control in the Pb level of 5 to 50 mg I-' in the first 
step. Further increase in lead concentration showed a very high rate of growth decrease in 
the range of 50 to 100 mg I-' (Fig. 3).-The fungal growth became more or less constant at 
0.22 g 1.' above 150 mg 1.' Ph. Both the overall LDso and LDloo of the second phase fall in lead 
level of 60-70 mg 1.' (or more accurately at 62 and 68, mg I-'), respectively, coinciding with 
LDso. The growth inhibition due to the presence of lead acetate can be expressed as: 

w (g I-') = (.f+ Cg,[Pb]'j/il + Ch,[PbIJ) (15) 

where5 g,, h, are empirical constants, and i, j = 1,2, ..., n. 

The two-step decrease in growth with increase [Pb] can be treated as follows: 

a) The first portion of growth vs [Pb] 5 50 mg I-' could be fitted (Fig. 3) as: 

w (g 1-I) = V+ gl[Pbl)/(l + hl[Pb]) = (10.6 + 3.8[Pb])l(l + O.S5[Pbl). (16) 

However, more data at [Pb] 5 10 mg 1.' is needed to precisely determine the exact values of g~ 
and hi since this type of data would be close to the permissible level of lead contamination and 
its toxicity relevant to potable water system and aquatic environment (0.05 mg 1.' Pb). In this 
concentration range, most probably a major portion of Pb(I1) precipitates or fonns complex 
precipitates as PbSOd and/ or Pbs(PO& as the mineral salt media contains these 
anions.'' The data in Table I indicate that the K or K,, > [Pb]*[Xm7" for P b L  where X" = 
SO:, PO:-, etc. and hence most of the Pb(I1) is likely to be present as PbX,, complex species 
and/ or Pb,X, solid species. So the decrease in growth may be due to decrease in these nutri- 
ents and/ or toxicity of very low concentration level of soluble Pb(I1) species. 

b) The second portion of growth vs [Pb] 2 50 mg 1.' could be fiaed (Fig. 3) as: 

w (g 1.') = f /(I + h;[pblk = 10.61(1 + 1 x 1 0 - ~ [ ~ b ] ~ l .  (17) 

Comparing eqns (16) and (17), we observe that f =/ a 10.6 g I-'. The very high concentration 
range of lead is relevant to the bioleaching of lead a) containing minerals and ores and b) 
contaminated industrial byproducts and wastes. This concentration range most probably ex- 
ceeds the threshold level of anions (soa'- and PO.,-) of the media responsible for the precipita- 
tion of Pb(l1) and hence the toxicity of all the soluble Pb(I1) species (such as phzi, PbOH', 
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P~A:", etc. contribute to decrease in fungal growth. The high value of K = 1 x indicates 
the possible multiple interaction of Pb(l1) species with the fungal cell wall. 

c) The whole range of [Pb] 5 150 mg 1.' studied for its effect on fungal growth can be ap- 
proximated as the simple factor contribution of the above two concentration ranges: 

However, eqn (18) is found to be overestimating the decrease of growth in the range of 
20 < [Pb] < 80 mg 1.'. By incorporating another factor, (h'+ hl" [Pb]) in the numerator, the 
fitting is found to be satisfactory. 

w(1 + hl[Pb])(l + hl[pb]V(f+ gl[Ph]) =f + g'l[Pb] = 1 + 5 x 10.' [Pb] (19) 

Equation 20 indicates that the system is very complex due to a) precipitation of Pb(II), ~ 0 ~ ' -  
and PO? in the minimal salt media through h,g j ,  b) Pb(I1j attacks the fungal cell wall in mul- 
tiple sites as indicated by hi15, and c) the possible fungal tolerance for Pb(I1) toxicity due to 
some other interactions as quantified by the g, coefficients. 

4.1.5. Combined effect ofparameters 

The overall effect of all the parameters in the whole range of study can be expressed as: 

At t < 4 days and [S] 1; 5% (wlv) the growth shows the following: 

a) At {Pb] 5 20 mg I-', w (g 1.') = A[S]tl(l + El[Pb]) (22) 

Equations (21-23) would be very useful for scale up and simulation purpose. 

Microbe-metal interactions are very complex and the estimation of binding constants for 
such systems are not easy.? Binding of Penicillium sp. with Pb in more than one bind- 
inglinteraction steps is observed similar to metal-Ligand systems. Attempts to resolve such 
complex systems through Penicillium sp.-Pb(I1) toxicity through eqns (16-23) were dealt with 
is interesting to note that the initial mild toxicity 60-70 mg I-' Pb gives a binding constant of 
about 3.8 mg 1-I. However, above this level, there is a multiple binding of Pb, viz. 2 5 with a 
binding constant of the order of 1 x without any adaptation constant. So multiple adapta- 
tion starting with the initial 50-70 mg I-' Pb may increase Ph tolerance in subsequent genera- 
tions of Penicillium sp. which will have potential application for bioprocessing of Pb- 
containing/contaminated materials. The findmgs of the above study would be relevant to the 
fermentation process, bioleaching of lead containing materials and aquatic environment in gen- 
eral. 
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5. Conclusions 

1. The biomass growth of Pmicillium species increases almost linearly with time and attains 
maximum level at 2 4 days in minimal salt media containing 2% (wlv) sucrose both in the 
absence and presence of 50 mg 1-I Pb. Beyond this period, there is no increase hut a mar- 
ginal decrease in biomass weight. 

2. The growth increases with the increase in sucrose concentmtlon 4 5 %  (wlv) boch in the 
absence and presence of 50 mg 1.' Pb. 

3. The growth shows a two-step decrease with increase m [Ph]< 150 mg I-'. The first step at 
[Ph] 5 50 mg 1-' shows about 25% decrease in growth w-here Pb(I1) undergoes mainly ex- 
ogenous precipitation by thc media constituents. The second-step decrease of growth at 
50 S [Pbl 5 150 mg 1-' may be due to the crossing of the threshold limit of Pb(I1) precipita- 
tion by the media resulting in the damage of fungal cell wall phosphate functional groups 
and bioaccumulalion of Pb. 

4. Growth vs pH indicated a direct relationship. 

5. The effect of parameters snch as  time, sucrose and lead could be empirically related to the 
biomass growth. 
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