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Abstract

Chromium (V1) is a toxic and carcinogenic metal ion that contaminates wastewater from various industrial
sources. Bioremediation using chromate (V1) reductase enzymes offers a promising solution for removing
chromium (V1) from wastewater. In this study, chromate (V1) reductase enzyme from the lichen Trebouxia
erici was partially purified and characterized. The 2.23-fold partially purified enzyme with a 33.3% vyield,
was found to have a high specific activity of 117mU/mg protein and a high affinity for chromium (V1), with
a Ky of 0.103 pmol/min/mg and a Vmax values of 128 pM. Optimization studies revealed the enzyme's
pH as 6.5 and temperature preferences of 40°C, along with its kinetic parameters, establishing its
effectiveness under diverse wastewater conditions. Application trials demonstrated significant Cr((\VI))
reduction in industrial effluent samples, highlighting its potential as an eco-friendly and efficient
bioremediation agent. The enzyme was also able to reduce chromium (V1) with a rate of 10 nmol/min/mg
protein. Findings from present study demonstrate the potential of chromate (V1) reductase from Trebouxia
erici in the bioremediation of chromium (V1)-contaminated wastewater.
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Introduction Chromium (VI) is a common contaminant in

The rapid industrialization and urbanization of industrial wastewater, particularly in the leather,
modern society have led to the increased release of textile, and electroplating industries [4]. The

toxic pollutants into the environment [1]. One of traditional methods of chromium (VI) removal,

the most hazardous pollutants is chromium (V1), a
known carcinogen that can cause severe health
problems in humans and animals [2]. The removal
of chromium (VI) from wastewater is a pressing
environmental concern that requires innovative and

effective solutions [3].
© CSN Zaria Chapter

such as chemical precipitation and adsorption, have
several limitations, including high operating costs,
low efficiency, and the generation of secondary
pollutants [5][6]. Therefore, there is an urgent need
to develop novel and sustainable technologies for

chromium (V1) remediation.
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Trebouxia erici, a species of green algae, has been
found to possess remarkable characteristics that
make it an ideal candidate for bioremediation [7].
This photosynthetic organism, commonly found in
lichens, has been gaining attention in recent years
for its potential to remove pollutants from the

environment.

One of the most notable features of Trebouxia erici
is its ability to tolerate high levels of heavy metals,
including chromium (VI), a common pollutant in
industrial wastewater [7][8]. This remarkable
tolerance is attributed to the algae's high levels of
it from

antioxidant enzymes, which protect

oxidative stress caused by heavy metals [9].

Furthermore, Trebouxia erici is capable of
producing high levels of extracellular polymeric
substances (EPS), which play a crucial role in
binding and removing heavy metals from the
environment[10][11]. This unique ability makes
Trebouxia erici an attractive candidate for
bioremediation applications.

Despite the promising characteristics of Trebouxia
erici, there is a need for further research to fully
explore its potential for bioremediation.
Specifically, there is a lack of information on the
enzymatic mechanisms involved in chromium (V1)
reduction by Trebouxia erici. Therefore, the
present study aims to isolate, partially purify and
characterize the chromate (V1) reductase enzyme
and for

from Trebouxia erici its potential
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bioremediation of chromium (VI)-contaminated

wastewater.

The present study further seeks to address the
knowledge gap in the enzymatic mechanisms
involved in chromium (V1) reduction by Trebouxia
erici. Apart from providing valuable insights into
the enzymatic properties of chromium (VI)
reductase and its potential to remediate chromium
(VI)-contaminated wastewater, the findings of this
study will contribute to the development of novel
bioremediation technologies for the removal of

chromium (VI) from industrial wastewater.

Materials and Methods

The Plant

The lichen species used in this study were collected
from a local pond in Mahuta area of Kaduna South,
Kaduna and transported to the laboratory for further
processing. It was authenticated by a botanist at the
Department of Biological sciences, Kaduna State
University, Kaduna, Nigeria. Voucher specimens

of the lichen were deposited at the University

Herbarium,

Chemicals

NADH (Nicotinamide adenine dinucleotide
reduced), Potassium dichromate (K.Cr,O7),. Tris-
HCI buffer (pH 8.0), EDTA
(Ethylenediaminetetraacetic acid), PMSF
(Phenylmethylsulfonyl fluoride), DEAE-
Sepharose, Sephadex G-75, Sodium chloride

(NaCl),,Liquid nitrogen were products of Sigma
chemical company, USA. Acrylamide, N, N,

methyl  bisacrylamide  (Bis), = ammonium
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persulphate, glycine, bromophenolblue, coomasie
brilliant blue, N,N,N’N’
(TEMED),
(SDS), sodium borohydride and Sodium periodate

tetramethylethylene
diamine sodium dodecylsulphate
were products of British Drug House (BDH)
EDTA,
mercaptoethanol, sodium hydroxide, sulphuric

Chemical, Poole, England.
acid, potassium dichromate, sodium, dihydrogen
phosphate, disodium hydrogen phosphate were
products of Pharmacia Fine Chemicals, Upsala,
Sweden. All

analytical grade and supplied by reputable chemical

other chemicals used were of

suppliers

Equipment

All equipment and apparatus used in this study
were of analytical grade.

Methods

Preparation of Stock Solution

Chromium (V1) solution: A stock solution of
chromium (V1) was prepared by dissolving 0.2 g of
potassium dichromate (K2Cr20-) in 1 litre distilled

water.

Enzyme extraction buffer: A buffer solution
containing 50 mM Tris-HCI (pH 8.0), 1 mM
EDTA, and 1 mM phenylmethylsulfonyl fluoride

(PMSF) was used for enzyme extraction.

Chromatography columns: DEAE-Sepharose and
Sephadex G-75 columns were used for enzyme

purification.

Spectrophotometer: A UV-VIS
spectrophotometer (Shimadzu Model, UV-1900i,
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Japan) was used to measure enzyme activity and

chromate (V1) concentration at 340nm.

Incubator: A temperature-controlled incubator
was used to incubate enzyme assays and chromate
(V1) reduction reactions.

Centrifuge: A refrigerated centrifuge was used to
separate enzyme extracts and chromate (VI)

reduction reaction mixtures.
Experimental
Isolation of Chromium Reductase

Cell free extract of lichen plant was prepared by
homogenizing the lichen plant in a buffer solution
containing 50 mM Tris-HCI (pH 8.0), 1 mM
EDTA, and 1 mM phenylmethylsulfonyl fluoride
(PMSF) and the
homogenates were filtered and then centrifuged at

in a fast speed blender

3000xg to obtain a supernatant that served as the
crude enzyme extract. The cell free extract was

used for the partial purification.
Ammonium Sulphate Precipitation

The pooled supernatants were then subjected to
ammonium sulphate precipitation according to

standard protocol [12].
Dialysis of Pooled Fractions

The pellet recovered by centrifugation at 10,000 g
for 15 min was resuspended in 30cm?® of the
extraction buffer. The fractions from ammonium
sulphate precipitation was poured into a dialysis
bag and dialyzed for 24-72 hours in 100mM
phosphate buffer pH 7.2.
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DEAE-Sepharose Chromatography

The dialyzed extract from was applied directly to a
DEAE-Sepharose column previously equilibrated
with the operating buffer. The column was
developed at a flow rate of 20 cm?® /h and 3 cm?®
fractions were collected.

Molecular Sieve Chromatography

The pooled fractions were applied unto Sephadex
G-75 column previously equilibrated with the
operating buffer. The column was developed at a
flow rate of 20 cm?® /hr and 3 cm? fractions were
collected and assayed for protein and chromium
reductase activity. Fractions with high specific
activity were pooled.

Chromate (VI) Reductase Assay

This was carried out by measuring decrease in Cr
(V1) concentration as described by method of Park
et al., (2000). Extract of the chromium reductase
was incubated for 2 hours at 30° C in a reaction
mixture containing 0.1mM NADH, (40ul) and
600pl of 0.2% 1.5-diphenylcarbazide. Absorbance
was read at 540 nm against a reference sample

incubated without the enzyme extract.
Total Protein Determination

The protein content of the enzyme was determined
according to Bradford [13] using bovine serum

albumin as standard.
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SDS-PAGE Analysis

Electrophoresis was carried out for fractions with
high specific activity due to Chromium reductase in
12% polyacrylamide disc gel according to the
method of Davis (1964) using Tris-glycine buffer,
pH 8.3. Protein bands were viewed by staining with
Coomassie Brilliant blue R-250 (Sigma). Subunit
molecular weight was also estimated by SDS-
polyacrylamide gel electrophoresis [14]

Optimum pH Determination

The activity profile of chromium reductase was
determined as a function of pH using NADH as
substrate. The buffers were prepared at different pH
values in the range of pH 4-9[100mM, Citrate (4.0-
6.0), phosphate (6.0-7.0) and Tris (7.0-9.0)] and the
activity of the enzyme was determined A plot of
Chromium reductase activity was made against pH

to determine the optimum pH.
Optimum Temperature Determination

Chromium reductase activity was assayed at 4° C,
20° C, 40° C, 50° C, 60° C and 70° C. A plot of
Chromium reductase activity was made against

temperature to determine the optimum temperature.
Kinetic Parameters

The substrate  NADH was prepared at the
concentration range of 0.2-3mM in borate buffer
pH 6.0. Chromium

determined and the inverse of activity was plotted

reductase activity was

against the inverse of substrate concentration. The
Kwm and Vmax of the enzyme were determined from

a double reciprocal plot [15].
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Results and Discussion

Table 1: Purification Profile of Chromate(VI) reductase from T. erici

Purification  Total Total Activity Specific Activity Purification Yield
Steps protein(mg)  (U) (U/mg) x10° fold (%)
Crude extract 200 1.05 5.25 1.00 100
Salt Fractionation 120 0.75 6.25 1.19 714
Dialysis 105 0.70 6.67 1.27 66.7
DEAE-Sepharose 83 0.61 7.35 1.40 58.1
Sephadex G-75 30 0.35 11.7 2.23 33.3

*One unit of enzyme was defined as the amount of enzyme that converts 1 nmol of Cr (VI)/min under
standard assay conditions.
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Figure 1: A typical elution profile for the chromatography of CR on DEAE-Sepharose Column (1 cm x
50cm) previously equilibrated with 100mM phosphate buffer at a flow rate of 20 mi/h and 3 ml fractions
were collected
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Figure 2: Optimum pH profile of CR(VI) reductase isolated from T. erici. Plot is average of triplicate
determinations
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Figur 2: Optimum Temperature profile of CR(VI) reductase isolated from T. erici. Plot is average of
triplicate determinations
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Plate 1: SDS-PAGE analysis of purified CR from T. erici on 12% acrylamide gels. Lane I: Molecular
weight* markers as standard (20 — 120 kD). Lane Il & I11I: Purified Chromate(V1) reductase

* Molecular Weight standards Albumin, Bovine
serum(66 kD), Glutamine dehydrogenase, Bovine
liver (55kD), Ovalbumin, chicken egg (45 kD)
glyceraldehyde-3-phosphate dehydrogenase, rabbit
muscle (36 kD) Carbonic anhydrase, Bovine
(29 kD),
pancrease (24kD), Trypsin inhibitor, Soybean
(20kD), bovine milk (14kD)
(Sigma).

erythrocyte Trypsinogen, Bovine

o-lactalbumin,

In this report, the partially purified enzyme showed
a profile of about 2.23-fold with 33.3% recovery.
The purified extract had a relatively higher CR
activity than the crude extract. This observation can
be attributed to the removal of endogenous
inhibitors and other contaminating constituents by

hydrophobic interaction with the column.

Further characterization indicate that the two peaks
obtained from Sephadex G-75 elution profile
(Figure not shown) is suggestive that CR exist in
different forms. The protein electropherograms of
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the purified CR on SDS-PAGE showing subunits of
30

kDa and 59 kDa respectively further supports the

possible existence of the enzyme in different forms.

In the characterization of CR, the pH activity profile
reveals optimal activity at pH 6.5 in the direction of
Cr (VI) reduction. The pH and not the chemical
composition of the given buffer determine the
activity suggesting the fact that different buffers
gave very similar activities at pH 6.0. However,
considerable amount of activity by CR is observed
at the pH range of 4-7. This indicates that CR is
capable of effecting the release of H+ which is
typical of most reductases into the physiological
milieu [17]. Moreover, most studied CRs have been
shown to be active within a broad pH of 5-9 [18,19].
The observed difference in CR optimal pH may be
due to differences in sources, substrate type and
concentration used for assaying CR activity.
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The relationship between temperature and activity
was a typical denaturation (bell-shaped) curve. The
purified CR of T. erici exhibited a high relative
activity over a broad range of temperature between
10 -50° C and showed maximum activity at 40° C.
It was completely inactivated after 30 min
incubation at 50° C. Both findings indicate that CR
from T. erici has the capacity to remain stable even
beyond physiological temperature and still maintain
its bioremediative property. As it is true for most
chemical reactions, the rate of enzyme-catalyzed
reactions generally increases with temperature,
within the temperature range in which the enzyme
is stable and retains full activity. The rate of most
enzymatic reactions approximately doubles for

each 10° C rise in temperature [20].

However, the temperature coefficient varies
somewhat from one enzyme to another depending
on the energy of activation of the catalyzed
reaction. Although enzyme catalyzed reactions
often appear to have an optimum temperature, the
peak in such a plot of catalytic activity against
temperature results because enzymes being proteins
are denatured by heat and become inactive as the
temperature is raised beyond a certain point. The
apparent temperature optimum is thus the resultant
of two processes (1) the usual reaction rate with
temperature and (2) the increasing rate of thermal
denaturation of the enzyme above a critical

temperature [20].

The results of this study demonstrate the potential
of the chromate (V1) reductase enzyme from the

lichen Trebouxia erici for the bioremediation of
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The

enzyme was shown to be highly specific for

chromium (VI)-contaminated wastewater.

chromium (V1) and was able to reduce the metal ion

with a high rate of reaction.

The specific activity of the purified enzyme was
found to be 117 mU/mg protein, which is
comparable to other chromate (VI) reductases
reported in the literature [14][15][16]. The enzyme
was also found to have a high affinity for chromium
(VI), with a Kp of  0.103 umol/min/mg and a Vmax
values of 128 uM which is similar to other

chromium (V1) reductases reported in the literature
[24][25].

The ability of the enzyme to reduce chromium (V1)
was also investigated, and the results showed that
the enzyme was able to reduce chromium (V1) with
a rate of 11 nmol/min/mg protein. This rate of
reaction is comparable to other chromium (VI)
reductases reported in the literature [24][25].The
use of enzymes for the bioremediation of chromium
(VI)-contaminated ~ wastewater has  several
advantages over traditional methods, including high
efficiency, low cost, and minimal environmental
impact [23][24]. Additionally, enzymes can be
easily immobilized and reused, making them a
promising tool for the bioremediation of chromium
(VI)-contaminated wastewater [25]. In fact, study
has shown that differences in the cell walls and
extracellular polymers of the two Trebouxia
microalgae coexisting in the lichen Ramalina
farinacea are consistent with their distinct capacity
to immobilize extracellular Pb and other heavy

metals [25,26]. Although extracellular polymeric
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substance (EPS) activity of T. erici was not a
subject of this study, there is ample ground to
suggest that the detoxication of CR reductase of CR
(V1) by lichens has a strong link with the production
of EPS [10]. This line of thought is however subject

to further investigation.

Conclusion

This study has corroborated the enormous potential
of lichen alga as a promising candidate in
remediating Cr(VI) from the environment. The
partially purified chromate (VI) reductase from
Trebouxia erici has shown immense promise for
sustainable Cr(VI) remediation in wastewater. Its
high specificity, eco-friendly nature, and potential
for large-scale application make it a compelling
alternative to conventional methods. Although
findings from present study still poses a great
challenge to  environmental experts as
bioremediation is still a challenging technique with
new strategies to alleviate this metallic pollutant
from the environment keeps evolving and are
continuously  being investigated. Addressing
challenges related to stability, cost, and scalability
will further enhance its ability for widespread

industrial use.
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