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Abstract

Infracellular chromate reductase enzyme extracted from a
chromium folerant strain Trichoderma pseudokoningii was partially
purified by ultrafilfration and gel filtfration chromatography. The
purified fraction showed highest reducing activity in presence of
1% (w/v) hexavalent Chromium. NADPH at a conentration of 2 mM
was found to act as elecfron donor in the reduction reaction. The
infracellular chromate reductase was found to have an optimum pH
and temperature of 7.4 and 70 °C respectively. The enhancement
of reductase activity in presence of exogenous thiols indicated the
presence of thiols at active site.

Introduction

In nature, chromium exists in two oxidation states: hexavalent
and trivalent, of which chromium (III) is considered to be one of
the essential trace elements in the human body and is required
in metabolism of glucose [1]. On the other hand, chromium (VI)
is well known for its higher toxicity and carcinogenicity. Hence
improper disposal of hexavalent chromium, discharged from
tanneries, industries engaged in electroplating, paint pigment, dye
manufacturing and stainless steel production makes chromium
pollution one of the most important environmental problems in
many regions of the world [2].

Bioconversion of hexavalent chromium to its less toxic trivalent
counterpart is the most promising way of bioremediation and is
accomplished by enzyme chromium reductase. In aerobic conditions,
the enzyme chromate reductase is reported to reduce Cr(VI) to
Cr(III) inside or outside the plasma membrane and utilize NADH as
electron donor, while under anaerobic condition membrane bound
chromate reductase reduces Cr(VI) through respiratory chains
involving cytochromes [3-5]. The most efficient Cr(VI) transforming
enzymes that have been described to date are flavo-proteins, but
these require expensive NADPH cofactors to power reduction, and
stoichiometric addition of these cofactors is not an economically
viable proposition for large scale applications [6-10]. Das and
Chandra [11] have reported that Cr(VI) was reduced to Cr(IIl) in
the presence of NADPH in the cell extract of Streptomyces species
and existence of NADPH-dependent chromium (VI) reductase in
Pseudomonas ambigua G-1, E.coli [12,13].

Many microorganisms have been reported to reduce the highly
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soluble and toxic Cr(VI) to the less soluble and less toxic Cr (III),
of which fungi like Aspergillus niger and Aspergillus parasiticus [14],
Paecilomyces [15], Fusarium sp. [16] and some yeasts are well known
for their bio reduction potential [17].

Attempts have also been made to isolate the chromate reductase
particularly from soluble cell-free extracts of Pseudomonas putida
MK 1 but so far the literature survey is concerned, no such report is
available on chromium reductase from Trichoderma spp. [12].

Present study includes isolation and partial purification chromate
reductase enzyme from Trichoderma pseudokoningii and elucidation
of its Cr(VI) reduction potential.

Materials and Methods
Microorganism

The strain was isolated from the soil sample collected from
tannery effluents in Kolkata, India and was screened by serial dilution
for 3-4 times. The strain was identified as Trichoderma pseudokoningii
by Agharkar Research Institute, Pune, India and was maintained at 4
°C for further studies [18].

Cultivation of the strain

For production of chromate reductase the strain was cultivated
in 100 mL Erlenmeyer flasks each containing 10 mL Basal Medium
(BM) composed of (g L"): peptone 0.9; (NH,),HPO, 0.4; KCl 0.1;
MgSO,.7H,0 0.5%, dextrose and 0.2 mg ml" of K,Cr,O, for 48 hours.
The initial pH was adjusted to 7.0.

Enzyme extraction and purification

Cells mass were centrifuged at 8000 rpm for 7 min at 4 °C,
suspended in phosphate buffer (10 mM, pH 7.4) and washed two
times in the same buffer. Cells in ice bath were disrupted in a Sonicator
(Rivotek, India) with an ultrasonic probe using two pulses of 20 s
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Figure 1: Gel filtration for the chromatography of Superose 12 column
attached to FPLC.
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Figure 2: Temperature optimum and stability of the partially purified chromate
reductase from Trichoderma pseudokoningii.

at 35 s each and the cell mass was extracted with 20 ml phosphate
buffer (pH 7). The sonicated material of the fungal crude extract was
centrifuged at 10,000 rpm at 4 °C for 10 min and filtered to obtain the
soluble extract.

The enzyme extract was now ultrafiltered through a molecular
membrane of 30 KDa cut off in a Tangential flow filtration system (
PALL, Mumbai, India) and the concentrate was applied to a Superose
12 FPLC gel filtration column (50 X 20 cm) (Amersham Biosciences,
Model No. 10/300 GL). The column was equilibrated with 10 mM
phosphate buffer (pH 7) and fractions were collected by an automatic
fraction collector at a flow rate of 1 mL/2 min. Each fraction was
tested for chromium reductase activity and the fractions showing
highest activity were collected, concentrated and used for further
characterization.

Chromate reducing enzyme assay

The reaction mixture for the enzyme assay contained 500
uL of 1 mM of K,Cr,0, as hexavalent chromium, 250 uL of the
enzyme (purified fraction) and 250 puL of NADPH. The residual
Cr(VI) was measured spectrophotometrically at 540 nm in UV
visible spectrophotometer (Shimadzu, Japan) after 10 min using
diphenylcarbazide method [19]. One unit of enzyme activity was
defined as the amount of enzyme that reduced 1 nM of Cr (VI) per
minute at 30 °C [20]. Proper controls were made one without the
substrate and the other without the enzyme.

Protein measurement

The protein content of each fraction was measured at 280 nm and
the total protein was measured by the Lowry method using bovine
serum albumin (Sigma Chemical Co.) as standard [21].

Effect of pH and temperature

The optimum pH of the partially purified enzyme was
determined by carrying out the chromate reduction at 70 °C at
various pHs ranging from 6 to 8 maintained by 10 mM phosphate
buffer. The optimum temperature of the partially purified enzyme
was determined by incubating the reaction mixture of the enzyme
at different temperatures ranging from 30 °C to 90 °C for 10 min. In
order to determine the effects of pH on the stability of the enzyme, the
partially purified enzyme protein was exposed to various pHs (6-8) for
30 minutes at 4 °C overnight. The thermostability of the enzyme was
measured by exposing the enzyme protein at various temperatures
(30 °C to 90 °C) maintaining the initial pH 7.4 for 30 minutes in water
bath followed by rapid cooling.

Effect of electron donors and additives

Chromate reductase activity of the partially purified fraction of
the enzyme was measured by incubating it in presence of various
electron donors and additives (metal ions and thiol compounds)
at a concentration of 1 mM and 10 mM respectively at 28 °C for 30
minutes followed by the assay of enzyme activity in usual procedure.

Atomic absorption spectroscopy

Change in extracellular and intracellular contents of chromium
were determined by Atomic Absorption Spectrophotometer (Model-
Perkin and Elmer 3110) analysed by UV spectrophotometer as per
standard methods [22].

Chemicals

All reagents used were of analytical grade and were purchased
from Sigma, USA, Himedia, India and Merck, Germany.

All experiments were done in triplicate and the values were
averaged.

Table 1: Change in Chromium content from the extracellular and intracellular
medium of Trichoderma pseudokoningii.

Hours Amount of total Chromium in Amount of total Chromium in
Extra cellular medium (mg/l) Intra cellular medium (mg/l)

0 220 £ 3.5 0

24 71+3.3 21.3+34

48 36.23 + 2.87 0.34+2.1

Table 2: Effects of electron donor on Cr(VI) reductase activity of Trichoderma
pseudokoningii.

Electron donor Relative enzyme activity (%)
None 0
NADH 17+£25
NADPH 100 £ 2.6
Glutathione ND
Glucose ND
Formate ND
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Figure 3: Effect of pH on activity and stability of the partially purified chromate
reductase from Trichoderma pseudokoningii.
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Figure 4: Effect of hexavalent Chromium (K2Cr207) on relative activity of
Chromate reductase from Trichoderma pseudokoningii.
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Figure 5: Effects of additives on the relative activity of chromate reductase
from Trichoderma pseudokoningii.

Results and Discussion

The working strain Trichoderma pseudokoningii was found
to convert the hexavalent chromium and as evident from the data
of atomic absorption spectroscopy (Table 1) it did not accumulate
Cr(VI). Gradual and rapid depletion of hexavalent chromium from
the extra and intra cellular medium indicated the reduction of Cr(VT)
to Cr(III), which was accomplished by chromium reductase enzyme.
Hence a chromium reductase enzyme must be synthesised by the
strain.

The fungal culture supernatant did not contain any reductase
activity, whereas the pellet showed the presence of an active reductase
enzyme having a specific activity of 1.03 U mg'. The ultrafiltered
chromate reductase (5 ml) subjected to gel filtration although showed
four protein peaks at 280 nm, but gave a single peak of activity at
19* fraction (Figure 1). This fraction was subsequently used for
elucidation of the properties of the enzyme.

The partially purified enzyme showed temperature optima at 70
°C and was found to retain 71% of its activity at this temperature even
after 10 minutes of exposure (Figure 2). Nearly similar temperature
optimum of 80 °C was reported from Pseudomonas putida [20],
whereas in Escherichia coli ATCC 33456 the chromium reductase
showed maximum activity at 37 °C [13].

The chromium reductase enzyme was found to be active within
a narrow range of pH and maximum activity was found to be at pH
7.4 The enzyme activity reduced sharply at a pH of 8 (Figure 3). This
might be due to rapid denaturation of the enzyme protein at alkaline
condition. Chromium reductase enzyme isolated from Escherichia
coli ATCC 33456 showed maximum activity at pH 6.5 [13] whereas
in Bacillus sp. ES29 (CRB) [19] and Pseudomonas G1DM21 [23]
maximum enzymatic activity was found to be at neutral pH (pH 7).

The enzyme chromium reductase showed maximum activity
(Figure 4) at 1% substrate concentration (1 mM of K,Cr,0,) and
reduced most of the hexavalent chromium probably to its trivalent
state within 15 minutes of incubation (data not shown). Very high
concentration of substrate actually hindered the activity by saturating
the total active site of the enzyme.

While studying the effect of various inhibitors on reductase
activity, it was found that exogenous thiols like DTT, GSH and
cysteine increased the enzymatic activity, which clearly indicated the
presence of thiol residue(s) at the active site of the enzyme (Figure
5). Among the other metals and inhibitors Mg** acted as enhancer
whereas heavy metals like Hg** and Cu** reduced the enzyme. Similar
negative effect of metal ions like Hg*, Zn *, Ag*, Cd** were also
found in Escherichia coli ATCC 33456 [13].

Among the electron donors tested, the reductase activity was
found to increase upon supplementation of NADPH in the reaction
mixtures (Table 2) the oxidation of which donates an electron to the
chromate reductase enzyme, which in turn was transferred to Cr(VI),
converting it to the intermediate form, Cr(V), which might have
accepted two electrons from other organic substances to produce
Cr(IIn) [17].

Conclusion

The present report deals with a preliminary study of the properties
of a partially purified chromate reductase synthesised by a newly
isolated strain of Trichoderma pseudokoningii. The enzyme was found
to operate at high temperature and moderate alkaline condition in
presence of NADPH as electron donor. The rapid rate of hexavalent
chromium reduction efficacy of the enzyme extracted from the fungal
strain might be used for effective bioremediation.
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