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Abstract
Currently data mining is an essential tool to discover the hidden data and important patterns from a large data 

set. The present work is a pilot study that compares the result of sequence based phylogenetic study and some of 
the physicochemical and structural feature based clustering of Laccase enzyme sequences. Total of 50 homologous 
sequences were obtained specific to each of the organism like plant, fungi and bacteria. Multiple sequences alignment 
of sequences was performed followed by phylogenetic tree construction and consistency study also to observe the 
major clusters. Again the major domain and motif analysis was done to support the study in the divergence pattern of 
Laccase enzyme sequences. There after 13 numbers of physicochemical and structural features were computed for 
each enzyme sequences. Then data normalisation and k-means clustering technique revealed that the fungi, bacteria 
and plant were obtained in three distinct clusters. The analysis indicates that the result of sequence based classification 
is in a good agreement with physicochemical basis of classification of proteins. The methods can be further optimised 
for different clustering algorithm to obtain specific physicochemical features that would help to classification of proteins. 
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Introduction
Laccases are a group of multi-copper containing enzymes that 

catalyze the oxidation of phenolic compounds by reduction of oxygen 
to water [1].These enzymes having a broad natural substrate range, 
which is a major attractive feature of Laccases to biotechnological/
industrial applications [2]. Laccase have been found in organisms 
from the bacteria to plants and fungi that are present in a wide 
spectrum of environments. The occurrence of the conserved domain 
and motif was found in both pro and eukaryotic proteins that include 
a variety of enzymes led to the concept that sequence and structure 
pattern is responsible for the common function of the enzyme under 
a great variety of environmental impact. More than 60 fungal strains, 
belonging to various classes such as Ascomycetes, Basidiomycetes 
and Deuteromycetes, have been observed to produce Laccase [3,4]. 
Laccases are originally discovered in the exudates of Rhus vernicifera, 
the Japanese lacquer tree and subsequently demonstrated as a 
fungal enzyme as well [5]. There are many plant species in which 
the Laccase enzyme has been detected includes lacquer, mango, 
mung- bean, peach, pine, prune, and sycamore [6]. Laccase has also 
been discovered in a number of bacteria including Bacillus subtilis, 
Caulobacter crescentus, Escherichia coli etc. [7]. In the presence of 
different mediators, Laccases are widely used in many industrial 
processes and environmental bioremediations purposes. Their 
commercial applications are found in the pulp and paper industry, 
bio-bleaching, biosensing and beverage refining [8]. Various methods 
have been adopted to classify the Laccase enzyme sequences and one 
of the common methods is phylogenetic based classification, which is 
a sequence based clustering method by Multiple Sequence Alignment 
(MSA) [9]. 

Sequence analysis of proteins which are shared by diverse 
taxonomic groups provides the information about their divergence. 
Comparison of the amino acid sequences in between different species 
having functionally similar proteins has been used to estimate the 
amount of genetic similarity between species [10]. The usual methods 
of protein based phylogeny are based on multiple alignments of protein 
sequences and calculation of distances (insertions, deletions and 
mutations) between these sequences. From the distance matrix the 

appropriate clustering method is used to obtain the phylogenetic tree. 
Basically the phylogenetic analysis of enzyme sequences is a powerful 
tool for organization and interpretation of the taxa. With even a very 
basic understanding of general principles and conventions, it is possible 
to obtain clear valuable information about the origin, evolution and 
possible function of the proteins from a phylogenetic tree [11]. But 
most of the time the output obtained from the multiple alignment 
method usually fluctuates with the alignment parameters (number of 
matches, mismatches and gaps) [12]. So there is a haunt for suitable 
methods, which are to be adopted for obtaining a reliable alignment 
among sequences. Methods have been proposed for clustering of 
biological sequences based on their physicochemical properties [13,14]. 
The identification of similar groups or clusters of data showing similar 
behaviour is an important aspect of classification [15]. Hence the 
clustering methods play a major role which has been extensively applied 
specifically in sequence analysis to group homologous sequences into 
gene or protein families [16,17]. 

The aim of present work is to analyse the Laccase enzyme sequences 
from different sources of organism by both phylogenetic analysis 
and data mining approach. This ultimately aims to cluster various 
physicochemical and structural parameters of the sequences despite of 
their origin.

Materials and Methods 
Phylogenetic study and Motif/domain computation 

Laccase enzyme representative sequences for plants, bacteria and 
fungi were retrieved from uniprot data base. The individual sequences 
were further analysed by PSI-BLAST, which was carried out to find their 
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group specific homologs. All the group of sequences were combined 
to form a common data set. Phylogenetic analysis was carried out by 
MEGA 4 software [18]. Initially an unrooted tree was obtained by NJ 
method and a particular out group was chosen and added based on 
branch length. Further accordingly the root was placed based on out 
group and consistency of tree was analysed by NJ methods [19]. This 
Neighbour Joining (NJ) algorithm does not make the assumption of 
molecular clock and adjust for the rate of variation among branches. It 
begins with an unresolved star-like tree. Each pair is evaluated for being 
joined and the sum of all branches length is calculated of the resultant 
tree. The pair that yields the smallest sum is considered the closest 
neighbours and is thus joined. Then a new branch is inserted between 
them and the rest of the tree and the branch length is recalculated. 
This process is repeated until only one terminal is present. Similarly 
UPGMA (Unweighted Pair Group Method with Arithmetic Mean) is 
a simple agglomerative or hierarchical based clustering method used 
commonly in bioinformatics for the creation of phenetic trees in a 
stepwise manner [20]. 

Physicochemical feature retrieval

For calculation of various physicochemical features of the protein 
sequences Protparam tool was used and secondary structure was 
predicted GORV software The types of physicochemical parameters 
like no. of amino acids, no. of atoms, molecular weight, isoelerctric 
point, number of negatively and positively charged amino acids, 
extinction coefficient, instability index, aliphatic index and GRAVY 
(grand average hydropathy) were calculated. In addition to this 
secondary structures were calculated by GORV software and added 
to the existing computed features. Details data have been given 
in supplementary material. The computational methods used to 
calculate the physiochemical and structural features by the server 
is given as below. The pH at which a protein carries no charge and 
exists as zwitterion is termed as Isoelectric point (pI). The instability 
index which gives clue about the stability of a protein in vitro 
can be calculated using the following formula: i=L-1. Instability 
index=(10/L) *Sum DIWV(x(i)x(i+1)) at i=1. Where L denotes length 
of sequence, DIWV(x(i)x(i+1)) is the instability weight value for the 
dipeptide starting in position i. The aliphatic index (AI) which is 
defined as the relative volume of a protein occupied by aliphatic side 

chains. Aliphatic index=X(Ala)+a*X(Val)+b*X(Leu)+b*X(Ile) where 
X (Ala), X (Val), X (Ile) and X (Leu) are the amino acid compositional 
fractions. The Grand Average hydropathy (GRAVY) value for a 
peptide or protein is calculated as the sum of hydropathy values of all 
the amino acids, divided by the number of residues in the sequence. 
Similarly the secondary structure features was predicted using GOR V 
server. The GOR V algorithm computes secondary structure from the 
sequence information by combining the information theory, Bayesian 
statistics and evolutionary information. The GOR in its fifth version 
has been achieved an accuracy of prediction Q3 of 73.5% [21].

Data normalisation and clustering 

Data normalisation is done to obtain an unbiased result while 
clustering the data. All the computed data were normalised to a 
linear manner so that all the values will remain between 0 and 1. 
For normalisation of the data following formulae was used. Further 
k-means clustering of the computed features was done by Genesis 
tool [22]. 

−
=

−
Original data value Minimum data value

Normaliseddata
Maximum data value Minimum data value

To the normalised data, k-means clustering approach was 
performed. In data mining technology, k-means clustering is a method 
of cluster analysis which aims to partition n observations into k clusters 
in which each observation belongs to the cluster with the nearest mean. 
Given a set of observations (x1, x2, …, xn), where each observation is a 
d-dimensional real vector, k-means clustering aims to partition the n 
observations into k sets (k ≤ n) S = {S1, S2, …, Sk} so as to minimize the 
within-cluster sum of squares. 
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Where, µi is the mean of points in Si and || Xj -µi ||2 is a chosen 
distance measure between a data point Xj and the cluster centre µi.

The detailed procedure of the present work has been given in a 
schematic manner as below (Figure 1).

Results and Discussion 
Analysis of phylogenetic consequences 

All total 50 sequences from all species were selected for the present 
study. The sequence data about 50 sequences were found to be reliable 
for phylogenetic analysis as well as for data mining approach [23-25]. 
After complete alignment of the sequences by Clustal–W tool integrated 
with MEGA 4 software, boot- strapping was performed for 1000 times. 
Further Neighbour-Joining (NJ) and Unweighted pair of arithmetic 
means (UPGMA) methods was used to construct the unrooted and 
rooted phylogenetic tree. The phylogenetic tree shows a taxonomic 
clustering through the major taxa (Planate, Fungi, and Bacteria) (Figure 
2). Again to check the reliability an out group sequence Halobacterium 
sp. DL1 was chosen based on the PSI-BLAST score and then clustering 
was made to observe the out group position in the clusters of sequences 
(Figure 3). The multiple sequence analysis shows, a total of 18 different 
conserved amino acid positions. This suggests that these conserved 
amino acid residues have an important function in case of Laccase 
sequences and its evolution from lower organisms (bacteria) to higher 
organisms (fungi and plants). The information may also be useful to 
design PCR (polymerase chain reaction) primers for the Laccase gene 
isolation purpose.

The taxonomic relationship between plant, bacteria and fungi 

Collection of homologous sequences from
individual organism like fungi, plants and

bacteria

All are grouped together to make acommon data set of Laccase
enzyme sequences

Phylogenetic analysis by
MEGA 4 software

and Motif/Domain analysis

Physicochemical and sstructural
property calculation,Clustering 

Analysis of the Result

Figure 1: The detailed methodology followed for the present work.
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species based on Laccase enzyme sequences was revealed by 
constructing the unrooted tree with and without out groups (Figure 4).

Further to root the tree, it is necessary to add an outgroup, which 
is a (unrelated) group of species or single species that is not included in 
the group of species under the study [26]. The outgroup Halobacterium 
sp. DL1 was selected on the basis of scores of the sequence alignment. 
Placing of the out group taxa onto the phylogeny by connecting them 
somewhere below the ancestor for the entire taxa group was performed 
(Figure 5). To analyse the consistency of the phylogenetic tree bootstrap 
method is used [27]. The bootstrap is statistical procedures that resample 
the data and determines how strongly supported are different nodes on 
the tree. It is a measure of the internal consistency of the data. Boot 
strap values range from 100%, which indicates strongest support, up 
to ≥ 90% indicates very strong support also the values <50% indicates 

that the branch is less or not even supporting. In this case these samples 
were resampled the data with 1000 replicates. In this analysis, it was 
found that except few branches almost all branches having its bootstrap 
support is >70% (Figures 4 and 5). Generally bootstrap values of 70% 
and higher indicate the real groupings which have been proved [28].

Motif and Domain level analysis 

A total 5 conserved prosite motif signatures were found in the 
sequences also 9 prodom domains and 5 pfam domains have been 
obtained. Multi cupper oxidase signature domain 1 is present in fungi 
alone and both signature 1 and 2 are present in plants and bacteria. 
Similarly Cu-oxidase, Cu-oxidase 2 and Cu-oxidase 3 pfam computed 
domains were obtained for almost all sequences.

Detail data are available in supplementary material 2. Combined 

Figure 2:  Unrooted phylogenetic tree constructed by NJ method by MEGA 4 tool after 1000 bootstrap.
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with the results of phylogenetic analysis presented above confirm that 
the three different group of organisms are having distinct phylogeny 
based on both sequence and structure. Our comparative analyses have 
also identified a specific number of motif and domain distributions in 
whole protein sequence of Laccsae enzymes from different organisms, 
which are distinctive characteristics of the species. 

Analysis of k-means clustering method

 K-means clustering is an algorithm among several methods, which 
attempts to find groups in the data [20]. The clustering was done for k=3 
as three different group of organisms were studied; also 3 major clusters 

were obtained as done by the phylogenetic analysis (Figures 2-5). The 
clustering approach resulted 3 different clusters of the three organisms 
cluster 1 consists of fungal Laccase sequences, followed by plants and 
bacteria in cluster 2 and 3 respectively (Figure 6). The conventional 
method for classification is sequence based phylogenetic analysis, also 
considering various structural features like motif, domains etc [29]. 
But the physicochemical and structural descriptors of the proteins also 
can be used to classify proteins. Various computational approaches 
including clustering methods has been successfully used in many cases 
for efficient classification of protein sequences as well as structure 
and function [30]. After clustering result was obtained, based on the 
cluster the original data set was again analysed to find out the causes of 

FUNGI

PLANT

BACTERIA OUT GROUP

Figure 3: Unrooted phylogenetic tree with out-group sequence Halobacterium sp. DL1 constructed by NJ method by MEGA 4 tool after 1000 bootstrap.
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the physicochemical and structural information can also be applicable 
to find out the relationship among the taxa.The results obtained in this 
insilico analysis indicates that, the fungal, bacterial and plant derived 
Laccase can be classified both by sequence based cluster and also by 

variations that makes them into a group (cluster). The major features 
obtained were tabulated (Table 1).

There are many phylogenetic analysis has been performed to analyse 
the protein sequences by considering the alphabet. Whereas based on 
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Figure 4: Phylogenetic tree constructed by NJ method (with out-group) that show the relationship among 50 sequences of Laccase enzymes. There are 3 major 
clusters; red colour indicates bacteria, black colour fungi and green colour indicate plant and the out group indicated as blue dots. 
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Figure 5: Phylogenetic tree (rooted) was constructed by UPGMA method (without out group) also show the three major clusters; red colour indicates bacteria, black 
colour fungi and green colour indicate plant. 
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physicochemical and structural properties i.e. the taxa in terms of 
Laccase enzyme sequences that are distinct not only in phylogenetic 
terms but also in molecular, structural and physicochemical terms 
(Figure 6).

Analysing properties of the proteins experimentally is a difficult 
task. But due to application of data mining technology we are able to 
obtain the important information that well suitable for classification 
of a group of proteins from different sources. This classification can 
significantly contribute in the understanding of the evolutionary 
relations between the species at molecular level. Due to the 
considerable importance of Laccase enzymes, more contribution is 
expected for the detailed investigation of the activity and functional 
analysis of enzymes. The data mining (clustering method) used in 
this work shows how to find out the similar group of the sequences 
without go for aligning them. Moreover the data mining approach is 
a useful tool to extract new features like “physicochemical fingerprint”, 
which make it enable for classification of a large number of protein 
sequence data set.
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Figure 6: Clusters obtained after clustering the normalised data by k- means clustering method. The abbreviations used are, MW (molecular weight), NCR (negatively 
charged residues), CRP (positively charged residues), PI (isoelectric point), AA (amino acids), Ext. Coefficient (extinction co-efficient), GRAVY (grand average 
hydropathy).

Clusters No. of sequences Charged Residues Secondary Structure (%) Instability Index pI  range
Cluster 1 (Fungi) 20 No. of negative charge is more Coil > Sheet>Helix All are stable 4.21-5.54
Cluster2 (Plants) 9 No. of positive charge is more Coil > Sheet>Helix All are stable 9.09-9.84

Cluster3 (Bacteria) 21 No. of negative charge is more Coil > Sheet>Helix All are stable except one sequence 4.89-8.81

Table 1: Major feature variations obtained from clustered sequences.
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