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ABSTRACT

Pulp and paper

Paper industry produced significant volumes of liquid wastes termed as ‘effluents’ which is routinely
released in the approaching water bodies. In current study, author aimed to assess the effluents present
in the basin of Aril River in order to understand the potential threats posed to the population due to
activities like irrigation, fishing etc. Additionally, integrated approach of experimental and
computational analysis was carried out to devise strategies for the bio-degradation and detoxification of
the effluents to safeguard the water bodies and the environment. In this sequence, the effluents and soil
samples from five different sites were collected and analyzed for different physico-chemical properties
including pH, TDS, Turbidity, EC, BOD, COD, Nitrate, Phosphate, TKN, Alkalinity Chloride, Sodium
Potassium, Salinity and Heavy metals every month for a period of two years from the river aril receiving
effluent channel of paper industry. Present study puts forward the critical situation of different polluted
sites throughout the study period as they exceeded the permissible limits. Rotated component matrix
showed the source of Principal component 1&2 is effluent and Principal component 3 is earth crust. In
silico analysis regarding the secondary and tertiary structures of proteins concerned, GRAVY score and
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Motif analysis revealed molecular insights of enzymes ‘in action’ and study indicated that the
cupridoxin family of enzymes played important role in molecular transfer reaction which can
break the large recalcitrant molecules into simpler less toxic molecules. In silico analysis further
revealed that aspartic acid based biochemistry can be crucial for detoxification of pulp and paper
industry effluents.

1 Introduction
With the constantly increasing population, there arises an ever
increasing demand of pulp and paper in India. In order to meet the
demand and to bridge the gap between demand and supply, a
number of small, medium and large scale paper mills have been
operating throughout the country. The pulp and paper industry is
one of the crucial industrial sectors in India, having 15 th rank
world-wide in paper production, generating more than 0.3 million
direct and around one million indirect employments through
agricultural activities. At present, there are 668 pulp and paper
mills in India, in which 632 units are agro-residue and recycled
fiber based units with manufacturing capacity of 7.6 million
(Ministry of power, GOI, 2015).
Being highly water intensive, it consumes 100-250 m3 freshwater
/ ton paper and also generates the corresponding waste water 75225 m3 wastewater / ton paper (Tewari et al., 2008). Currently
the processes being adopted by this industry for the production of
pulp and paper generates significant volumes of liquid wastes
termed as ‘effluents’ which is routinely released in the
approaching water bodies. However, there are regulations on how
to process and treat these effluents before releasing in the
environment but, there are reports that a number of such facilities
have been failed to follow the guidelines. Therefore, the effluents
being released into the water bodies may contain hazardous
chemicals and substances that pose the great environmental
pollution (Tornero & Hanke 2016)
The value of wastewater for crop production has been recognized
in arid and semi-arid regions of the world including India. In such
areas, effluent has become an important source of irrigation water
as well as a source of plant nutrients such as Nitrogen (N),
Phosphorus (P), Potassium (K) and trace elements like Sodium
(Na), Calcium (Ca) and Magnesium (Mg). Effluent irrigation can
eliminate water shortage; reduce the need for chemical fertilizer
and enhance the soil fertility (Mishra et al., 2013; Tripathi et al.,
2014).
However, unregulated irrigation with untreated effluent poses
serious public health risks, as this is a major source of heavy
metals that cause accumulation in plant parts. Long-term
irrigation with effluents has the potential of increasing organic
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carbon and heavy metals accumulation in soil thereby multiplies
the chances of their entrance in food chain and this ultimately
causes high level of geo-accumulation, bio-accumulation
(Chandra et al., 2010; Chopra et al., 2013). Nevertheless,
certain enzymes produced by microbes found in soil and effluent
of the polluted sites such as ligninases, laccasesMnpeoxidases,
Xylanases and cellulases play a vital role in detoxification of pulp
and paper mill effluent (Qureshi et al., 2014). The aim of current
study was to understand the potential threats posed to the
population due to various activities in the basin of Aril River.
Integrated approach of experimental and computational analysis
was carried out to devise strategies for the bio-degradation and
detoxification of the effluents to safeguard the water bodies and
the environment.
2 Material and Methods
2.1 Study sites and Physico-chemical characteristics
Five sampling sites (1, 2, 3, 4 & 5) were located around the paper
mill (Shakumbhari Straw Products limited) situated on
Moradabad - Aligarh Highway, NH 93, Sites were selected on the
basis of distance of one km along the effluent channel. India.
Various Physico-chemical characteristics such as EC, pH, color,
Tubidity, TDS, DO, BOD, COD, Na, K, Chlorides, Alkalinity,
Nitrate, TKN, Salinity, Phosphate, Cu, Zn, Cd and Cr were taken
as parameters of samples. The temperature of the sample was
determined by mercury thermometer. The pH of the sample was
measured calibrating digital pH meter (Systronics MK6) with
buffer solution of pH 4 and 9.Turbidity was measured by turbidity
meter using the technique of nephelometry, which measures the
amount of light scattered at right angles to an incident light beam
by particles present in a fluid sample (Sadar, 1996).
Total dissolved solids (TDS) of the sample were determined by
Hanna Pocket TDS meter (HI -98130). Conductivity of the
effluent sample was measured with a probe and conductivity
meter. Dissolved Oxygen is the oxygen concentration in the
sample which is defined as the number of milliliters of dioxygen
gas (O2) per liter of water. DO in effluent sample was measured
by Winklers titration while Biological Oxygen Demand (BOD)
was measured after five days BOD at 20ºC was determined by
standard dilution technique according to standard methods.
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Chemical Oxygen Demand (COD) was measured by Potassium
dichromate reflux method.
Nitrate Determination was carried out by spectrophotometer at a
wavelength of 480 nm Cataldo et al. (1975). Inorganic
Phosphate estimation in effluent and soil was done by Vanado
Molybdophosphoric Acid Method. Ammonia of the effluent was
determined as Total Kjeldal Nitrogen (TKN) by Kjeldahl method
(1883). Chlorides of the samples were estimated by silver nitrate
solution, Sodium, Potassium, Calcium and Magnesium in effluent
and soil were measured by Flame Photometer (systronics).
Alkalinity of the sample was measured by EDTA titration method.
Salinity of the effluent was measured by salinity meter Wattson
(WS-SA 287). For heavy metals i.e. Cu, Cd, Cr and Zn in effluent
and soil samples were analyzed by ICP-OES spectrophotometer.
2.2 In silico analysis
2.2.1 Motif analysis
Motif analysis was carried out by using MEME tool and
sequences with an E-value less than 10 the p-value of a hit must
be less than 0.0001 are included for the analysis.
2.2.2 Protein Primary, secondary and tertiary structure
prediction
Amino acid compotion or linear structure of enzyme was analysed
by the Bioedit stanalone tool. The secondary structure was
predicted by chau fassmann secondary structure prediction server
(CFSSP). The tertiary structure prediction of all the enzymes was
done by using RaptorX server. PMDB server was used to submit
all the pedicted model.
2.2.3 GRAVY (grand average of hydropathy) and molecular
weight Analysis
The grand average of hydropathy value for a protein is calculated
by Protein GRAVY online tool of Sequence Manipulation Suite
(web server) which calculates the grand average of hydropathy
value for each sequence. Increasing positive score indicates a
greater hydrophobicity (Kyte & Doolittle, 1982).
2.2.4 Conserved domain analysis
The Conserved domain database is a large collection of protein
domains. A multi FASTA format file containing protein
sequences of all five enzymes was used to be searched for
database at the default E-Value 1.0. The result obtained by the
sequence searched was described the number of hits (domain)
found in the sequences their description.
Journal of Experimental Biology and Agriculture Science
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2.2.5 Phylogenetic analysis
MEGA (Molecular Evolutionary Genetics Analysis) Version 6.0.6
was used to predict the evolutionary relationship among the
enzymes used in this study. Statistical parameters are considered
as default and boot strap values use for tee generation was taken
1000.
3 Result and Discussion
Effluent analysis of different sites i.e. 1 to 5 is presented in the
table 1. As the table shows most of the parameters were found
exceeding the permissible. Annual average during the study
period is shown in table 2. Through Rotated component matrix
(RCM) analysis was done to explain. Results of RCM are the key
output of Principal component analysis. It contains the estimates
of correlation between each of the variable and estimated
compartment. This helps in estimating the value of component in
total value. It states that the maximum number of variables, i.e.
TDS, EC, TKN and Potassium were characterized by first
component, while second component is characterized by COD
Nitrates and Chlorides. The third and fourth components were
characterized by Turbidity and sodium respectively. The first four
components (TDS, EC, TKN and Potassium) were chosen for
interpretation of the data, which accounts for 71.38% of the total
variance in the data set. Table 3 & 4 represents the initial eigen
value, percent of variance and cumulative percent of total variance
of effluent data. This shows that hydrochemical constituents of
the effluent are mainly controlled by TDS and EC. It is inferred
that the out of the total variance in which the first component
accounts for 48.49% of the total variance. The second component
explains 19.49%, the third component 7.04% and fourth
component exhibit 6.295% of the total variance. Guidelines have
been developed for determining the number of factors to be used.
For interpreting of the data the method of Kaiser Criterion, is
followed which retains only those factors having eigen values
greater than 1. The first four factors having an eigen value greater
than 1 has been used for interpretation. The number of eigen
values can be estimated from a scree plot demonstrated in
Figure1. As shown in this figure, the eigen value sharply decrease
within the first four components and then slowly stabilize for the
remaining ones (Figure 3).
Table 4 represents the factor loading which were used to measure
the correlation between variable and factors. Component loading
higher than 0.6 is taken into consideration as suggested by
Mazlum et al. (1999). The components with larger variance are
more desirable since they give more information about the data.
The highest factor loading of TDS and EC is 0.943 and 0.925,
respectively indicating the strong relationship between these two
variables (Table 4), which is further supported by cluster analysis
(Dendrogram) as shown in Figure 2.
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Table 1 Total average value of various parameters of Effluent at all five sites during study period September 2009 – 2011 (mg/l)
Parameters

Site 1

Site 2

Site 3

Site 4

Site 5

Temperature

14.9 ±3.13

14.8 ±3.2

14.8 ± 3.2

14.9 ±2.68

14.7 ±3.40

pH

7.5 ± 0.43

7.33 ± 0.27

7.32 ± 0.237

7.391 ± 0.362

7.42 ± 0.731

ECmho/sec

1452 ± 32.8

1579 ± 46.28

1475 ± 77.53

1575 ± 86.54

1450 ± 134.35

TDS

1334.4 ± 90.2

1289 ±74.34

1285.5 ± 59.58

1295.29 ± 62.64

1229.7 ± 167.04

DO

1.5 ± 0.6

1.38 ± 0.39

1.454 ± 0.4

1.53 ± 0.39

3.23 ± 2.4

BOD

286.0 ± 75.9

260 ± 30.86

264.58 ± 32.69

254.29 ± 35.64

2.11 ± 65.65

COD

713.1 ± 73.50

671.7 ± 67.4

674.25 ± 57.17

680.2 ± 62.04

521.97 ± 172.31

Na

336.6 ± 61.5

276.33 ± 52.75

301.25 ± 51.67

282.04 ± 69.81

198.91 ± 98.01

K

286.4 ± 62.8

245.95 ± 31.7

204.29 ± 71.87

229.95 ± 30.41

202.41 ± 58.86

Chloride

703.0 ± 82.2

652 ± 71.23

661.33 ± 53.6

607.75 ± 15.24

615.91 ± 79.61

Alkalinity

672.1 ± 79.5

641.58 ± 30

655.13 ± 3.59

635.41 ± 51.12

618.75 ± 109.67

Nitrate

434.0 ± 108.5

391.58 ± 88.2

360.95 ± 70.57

368.95 ± 77.76

361.95 ± 77.13

TKN

393.4 ± 61.4

338.83 ± 44.22

394.65 ± 64.71

353.87 ± 131

373.58 ± 92.47

Salinity

2.6 ± 1.4

2.71 ± 1.89

2.05 ± 0.94

2.1 ± 1.09

1.88 ± 1.08

Turbidity

67.1 ± 17.5

60.62 ± 12.3

60.04 ± 9.96

60.66 ± 12.72

59.54 ± 11.52

Phosphate

691.3 ± 55.4

584.66 ±59.7

629.16 ± 65.1

623.83 ± 73.88

610.16 ± 63.91

Cu

0.91 ± 1.0

0.583 ± 0.63

0.6 ± 0.491

0.431 ± 0.329

0.31 ± 0.22

Zn

1.4 ± 0.4

1.9 ± 0.60

1.41 ± 0.64

1.033 ± 0.521

0.808 ± 0.575

Cd

0.2 ± 0.4

0.13 ± 0.19

0.15 ± 0.219

0.23 ± 0.27

0.3 ± 0.29

Cr
0.8 ± 0.7
1.67 ± 1.02
Value given after ± represent Standard deviation

1.68 ± 1.09

1.35 ± 1.36

1.17 ± 1.1

Table 2: Annual average of all parameters of effluent during 2009-10 and 2010-11.(mg/l)
2009-10

2010-11

Average

Average

Temperature

13 ± 0.82

14.6 ± 0.84

pH

7.41 ± 0.16

7.45 ± 0.11

Parameters

Turbidity

57.00 ± 5.20

63.98 ± 6.64

TDS

1305.78 ± 44.42

1286.92 ± 31.65
465.54 ± 103.91

EC

591.95 ± 46.01

DO

695.62 ± 981.70

1.30 ± 0.059

BOD

242.22 ± 15.39

265.00 ± 12.76

COD

684.80 ± 48.50

667.85 ± 36.05

Nitrate

402.80 ± 64.70

339.65 ± 31.46

Phosphate

610.87 ± 15.39

634.80 ± 20.20

TKN

338.35 ± 25.01

388.02 ± 13.42

Alkalinity

629.78 ± 8.89

654.77 ± 21.71

Chloride

684.90 ± 34.45

608.93 ± 29.12

Na

301.15 ± 26.78

286.23 ± 27.84

K

233.43 ± 24.48

226.62 ± 33.87

Salinity

3.07 ± 0.54

3.87 ± 0.97

Cu

0.60 ± 0.22

0.43 ± 0.12

Cr

2.22 ± 0.15

0.73 ± 0.14

Cd

0.26 ± 0.04

0.14 ± 0.01

1.44 ± 0.17

1.43 ± 0.03

Zn
Value given after ± represent Standard deviation
Journal of Experimental Biology and Agriculture Science
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Table 3 Rotated Component Matrix
Components

Parameters

1

2

3

4

Temp

0.201

0.018

-0.117

0.757

pH

0.139

0.109

0.398

0.671

Turbidity

0.217

0.233

0.653

0.079

TDS

0.851

-0.052

0.323

0.049

EC

0.860

-0.298

0.337

0.100

DO

-0.215

-0.023

-0.759

-0.050

BOD

0.678

0.354

0.345

-0.117

COD

0.210

0.789

0.355

0.016

Nitrate

-0.314

0.841

0.087

-0.052

Phosphate

-0.716

0.522

-0.303

-0.038

TKN

0.891

-0.146

0.073

0.045

Alkalinity

0.534

0.403

0.059

0.241

Chlorides

-0.080

0.782

-0.042

0.164

Sodium

0.430

-0.045

0.596

-0.029

Potassium

0.804

0.112

0.352

-0.032

Salinity

-0.652

0.476

0.000

-0.204

Table 4 Total Variance Explained
Initial Eigenvalues
Component
(Parameters)

Extraction Sums of Squared Loadings

Rotation Sums of Squared Loadings

Total

%
Variance

Cumulative

Total

% Variance

Cumulative

Total

% Variance

Cumulative

1

6.160

38.499

38.499

6.160

38.499

38.499

5.074

31.711

31.711

2

3.119

19.495

57.994

3.119

19.495

57.994

2.922

18.265

49.976

3

1.128

7.049

65.043

1.128

7.049

65.043

2.226

13.911

63.886

4

1.007

6.295

71.338

1.007

6.295

71.338

1.192

7.451

71.338

5

.880

5.499

76.837

6

.682

4.260

81.096

7

.650

4.061

85.157

8

.551

3.442

88.599

9

.425

2.658

91.257

10

.367

2.293

93.550

11

.320

1.998

95.548

12

.219

1.366

96.913

13

.175

1.092

98.005

14

.167

1.044

99.049

15

.127

.794

99.843

16

.025

.157

100.000

Extraction Method: Principal Component Analysis.
Journal of Experimental Biology and Agriculture Science
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Table 5 Rotated component matrix (soil)

Scree Plot

Parameters

Figure 1 Scree plot for number of factor and its corresponding Eigen
values of effluent

Tree Diagram for 22 Variables

PCA1

PCA2

PCA3

pH

0.77

-0.53

0.14

N

0.99

0.02

0.06

PO4

0.97

0.02

0.22

Na

0.98

0.01

0.02

K

0.15

0.92

0.12

Cr

0.97

0.08

0.13

Cu

0.90

0.33

0.31

Cd

0.93

0.18

0.22

Zn

0.87

0.12

0.25

Pb

0.17

0.10

0.96

Eigen values

6.96

1.31

1.15

% of Variance

69.69

13.17

11.5

% of cumulative

69.69

82.86

94.41

Single Linkage
Euclidean distances
temp
pH
DO
NewVar10
NewVar7
NewVar9
NewVar8
NewVar6
NewVar12
turbidity
NewVar11
BOD
Potassium
Sodium
Nitrate
Phosphate
TKN
COD
Chloride
Alkalinity
EC
TDS

But if the input of pollutants is higher than the purifying
capacity of soil, the pollution of soil decreases
microorganism effectiveness, considerably and as such
nutrient on are removed from soil solution or added to soil
solution, ultimately the soil always adversely affected
(Table 5).
Present study puts forward the critical current situation of
0

1000

2000

3000

4000

5000

6000

Linkage Distance

Figure 2 Cluster analysis of all parameters of effluent (Using Ward method)

the different polluted sites throughout the study period.
Biotechnological techniques like molecular biology,
enzymes

Scree Plot

engineering,

genetic

engineering

and

bioinformatics are playing a key role in developing
economically feasible and well-designed methods in
production of pulp and paper sector. Nevertheless some of
the studies have reported that certain enzymes are
responsible for phyto-remediation of effluent and soil in
these polluted sites. Yet the situation is somehow
controlled by the natural cleaning process by the enzymes
present in soil produced by various microbes. Considering
this in mind we have selected some enzymes like
ligninases, laccases, Mn peroxidases, Xylalanases and
cellulases and their in silico analysis including domain
feature, primary, secondary and structure and molecular
characterization have been performed, which would be

Figure 3 Screen plot for number of factor and its corresponding
Eigen values of soil
Journal of Experimental Biology and Agriculture Science
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helpful for the process of detoxification of effluent in
natural environment (Kirk & Chang, 1990).
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3.1 In-silico analysis

3.1.2 Structural Analysis

3.1.1 Motif Analysis of enzymes

3.1.2.1 Primary Structure of Enzymes

In the motif study it was found that ligninase, Mn peroxidase and
Laccase have similar motif structure whereas cellulase and
Xylanase were found in similar motif structure. Findings of
present study indicate that certain conserved residues in these
motifs are involved in the waste treatment. The sequences
of all motifs were indicated in different colors (Figure 4)
( Bailey et al., 2009).

Linear structure study of all five enzymes suggested that alanine,
glycine, leucine, serine, threonine and valine are found in excess
compare to other amino acids. Aspartic acid i.e. negatively
charged enzyme also have a good amount in all the enzymes.
Some amino acids like cyctine methionine, tryptophan and
tyrosine were found in less proportion (Figure 5)(Gasteiger et
al., 2005; Garg et al., 2016).

Figure 4 Motif analysis by MEME Sever

Figure 5 Amino acid composition of different enzymes
Journal of Experimental Biology and Agriculture Science
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3.1.2.2 Secondary Structure Prediction
Secondary structure of all these five enzymes was done by using
CFSSP Server. In figure 6 it was clearly described that how much
amino acids are involved in the formation of Helix, Sheet, Turn
and Coil. Laccase (C. versicolor) which is the very first in the
figure 6 and denoted by ‘A’ have much region of sheet (green

color). Xylanase (B. stearothermophilus), Cellulase (B. subtilis),
ligninase (P. chrysosporium) and Mn peroxidase (G.
subvermispora) are denoted by ‘B’, ‘C’, ‘D’ and ‘E’ have more
region of helix formation (red color).
In the secondary structure prediction of the above enzymes
(Figure 7) it was found that laccase and cellulase have high

Figure 6 Secondary Structure of all five enzymes predicted by CFSSP server A, B, C, D, E. Red color shows the helix region,
green shows Beeta Sheet, turn shows in blue and coil shows in yellow color.

Enzymes

Figure 7 Helix, Sheet and Turn proprtion of laccase (C. versicolor), Xylanase (B. stearothermophilus), Cellulase (B. subtili),
ligninase (P. chrysosporium) and Mn peroxidase (G. subvermispora).
Journal of Experimental Biology and Agriculture Science
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Table 6 Tertiary structure prediction of enzymes by RaptorX server.

S.No

Enzyme

1

Ligninase
(P. chrysosporium)

2

Tertiary Structure

Cellulase
(B. subtilis)

region of sheet formation and others have similar
secondary structure i.e. approx. equal proportion of the
Helix, sheet and turn (Kumar, 2013).
Tertiary structure of all enzymes (Table 6) was predicted
by the Raptor X server, which use the best template
automatically with higher identity from protein data
bank. The pink color in the structure is denoted the helix
region and yellow color shows the sheet region in the
structure (Kallberg et al., 2014).
The grand average of hydropathicity (GRAVY) for all
enzymes were calculated as described by Kyte &
Doolittle (1982). It was calculated by adding the
hydropathy values of each amino acid residues and
dividing by the number of residues in the sequence or
length of the sequence. Table 7 shows that enzymes with
negative GRAVY scores were significantly more abundant
than those with positive GRAVY scores. The GRAVY
values of most proteins were negative, which is indicating
that most of them were hydrophilic. More than 6000 Dalton
molecular weight, Xylanase has top position among all
enzymes (Figure 8).
3.1.3 Domain Analysis

3

Mn peroxidase
(G. subvermispora)

4

Xylanase
(B. stearothermophilus)

5

Laccase
(C. versicolor)

Journal of Experimental Biology and Agriculture Science
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Proteins are generally composed of one or more
functional regions, commonly termed domains. Different
combinations of domains give rise to the diverse range of
proteins found in nature. The identification of domains
that occur within proteins can therefore provide insights
into their function. Following conserved domains were
found that may have a vital role of the waste treatment by
biological ways (Table 8). Cupredoxins are involved in
some biological inter-molecular electron transfer
reactions. Cupredoxins are blue copper proteins that
containsa mononuclear type 1 (T1) copper site.
Structurally, the cupredoxin like fold consists of a betasandwich with 7 strands in 2 beta-sheets, which is
arranged in a Greek-key beta-barrel. Multi-copper
oxidases with three cupredoxin, domains are involved in
Cell cycle control, cell division, chromosome
partitioning, Inorganic ion transport and metabolism, Cell
wall/membrane/envelope.
Group
of
Glycosyl
hydrolasesare a type of enzymes, which hydrolyse the
glycosidic bond between two or more carbohydrates.
Heme-dependent peroxidases similar to plant peroxidases
are enzymes belong to a group of peroxidases containing
a heme prosthetic group, and involved in the catalysis of
a multistep oxidative reactions which involved in the
electron acceptor reactions. Fungal peroxidase extension
region is found as an extension to a haem peroxidase domain

Experimental and computational approaches for assessment, bio-degradation and detoxification of paper industry effluents
Table 7 GRAVY and molecular weight analysis
Enzymes

Peptide

GRAVY
Score

Laccase (C. versicolor)

MGKFHSFVNV

-0.007

Xylanase (B. stearothermophilus)

MPTNLFFNAH

-0.393

Mn peroxidase (G. subvermispora)

MAFASLFTLV

0.122

Cellulase (B. subtilis)

MKRSISIFIT

-0.59

ligninase_(P._chrysosporium)

MAFKQLFAAI

-0.073
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in some fungi. Apart from the above domains, Cellulose binding
domain was also found. As we know that Cellulose is an ideal
matrix for large-scale affinity purification procedures. CBDs can
be applied in the modification of physical and chemical properties
of composite materials and the development of modified materials
with improved properties(NCBI Resource Coordinators. (2013).
Phylogenetic analysis of all five enzymes was done by using MEGA
6.0 stand-alone tool and it was found that mn peroxidase and ligninase
were grouped in a cluster whereas laccase, cellulase and Xylanase
were fall in separate clusters (Figure 9)(Tamura et al., 2013).

Figure 8 Pictorial representation of molecular weight of all enzymes.

Table 8 Conserved domain analysis of enzymes involved in the treatment of industrial waste.
Query

Laccase
(C. versicolor)

Xylanase
(B. stearothermophilus)
Mn peroxidase
(G. subvermispora)
Cellulase
(B. subtilis)
Ligninase
(P. chrysosporium)

From

To

E-Value

Bitscore

Accession

Short name

27

151

9.90E-81

247.251

cl19115

Cupredoxin superfamily

348

497

1.24E-77

240.259

cl19115

Cupredoxin superfamily

167

322

1.59E-75

235.381

cl19115

Cupredoxin superfamily

40

496

5.78E-74

243.891

cl28276

SufI superfamily

52

164

2.77E-10

62.3488

cl28277

PRK10965 superfamily

20

437

0

639.01

cl04124

Glyco hydro 52 superfamily

440

616

3.06E-50

174.729

cl23725

Glyco hydro 1 superfamily

22

355

1.60E-166

468.414

cl00196

Plant peroxidase like superfamily

285

356

5.31E-41

138.602

cl12163

Peroxidase ext superfamily

50

296

1.41E-82

256.915

cl23725

Glyco hydro 1 superfamily

9

445

3.42E-56

192.315

cl27621

BglC superfamily

356

436

3.05E-24

95.7221

cl03026

CBM 3 superfamily

29

350

0

529.276

cl00196

Plant peroxidase like superfamily

292

350

1.81E-20

83.9036

cl12163

Peroxidase ext superfamily
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enzymes involved in detoxification. Thus aspartic acid based
biochemistry may hold the key of futures research regarding
detoxification and biodegradation of industrial effluents.
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Figure 9 Phylogenetic analysis of the enzymes involved
in the pollution control
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Table 9 Protein tertiary structure in Protein Model database
with their accessions
S.No.

PDB Structure of Enzymes

PMDB
Accession

1

Laccase (C. versicolor)

PM0081332

2

Xylanase (B. stearothermophilus)

PM0081333

3

Mn_peroxidase_(G._subvermispora)

PM0081334

4

Cellulase (B. subtilis)

PM0081335

5

ligninase_(P._chrysosporium)

PM0081336

3.3 Protein model Submission
All the structures of enzymes predicted by RaptoX server were
submitted to PMDB (Protein Model Database) (Table 9). Protein
Model Data Base collects three dimensional protein models
obtained by structure prediction methods, a joint project between
CASPUR and the Biocomputing group of the Department of
Biochemical Sciences of the University of Rome "La Sapienza".
The PMDB Protein Model Database (Castrignano et al. 2006).
These protein structures of enzymes would be further use by
research community for their structure level analysis (Tiwari et
al., 2016; Yadav et al., 2016)
Conclusion
All the study sites showed dismal picture of pollution status
throughout the study period. Rotated component matrix and
statistical analysis of effluent of all parameters showed that source
of PCA1, PCA 2 is effluent and of PCA3 is earth crust. In silico
analysis of different enzymes involved in detoxification of
effluent reveals that cupredoxin family of enzymes play important
role in inter-molecular transfer reaction which could break the
large recalcitrant toxic molecules into simpler less toxic or
nontoxic molecules. Further analysis takes us to the conclusion
that the enzymes which have the large surface area, reaction sites
along with the conserver binding domain (as depicted by
secondary and tertiary structure and Gravy score) could be crucial
in process of detoxification of paper industry effluent. In silico
analysis has further revealed that aspartic acid as component of all
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