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Abstract— The MMPs and ADAMs are cell surface proteases
which belong to metalloprotease family. They play an
important role in skin aging, skin disorders, anticancer therapy
and other physiological disorders. Thus there arises the need to
understand the relationships among various parameters of
these proteins for prediction of their classes, structures and
functionality. The computational approaches for prediction of
their classes are fast and economical therefore can be used to
complement the existing wet lab techniques. Realizing their
importance, in this paper an attempt has been made to correlate
them with their amino acid composition and predict them with
fair accuracy. This is a novel method where ADAMs and MMPs
have been classified on the basis of amino acid composition
using Support Vector Machine. The SVM has been
implemented using Lib SVM package. The method
discriminates MMP subfamily from ADAM proteases with
Matthew's correlation coefficient of 0.98 using amino acid
composition. The method is further able to predict three major
subclasses or subfamilies of MMPs with an overall Matthew's
correlation coefficient [MCC] and accuracy of 0.782 and
89.01% respectively using amino acid composition. The
performance of the method was evaluated using S5-fold
cross-validation where accuracy of 98% was obtained.

Index Terms— Metalloproteinases; Support vector machine;
Amino Acid composition; Kernel functions..

I. INTRODUCTION

The MMPs and ADAMs belong to a family of
metalloproteinase’s [MPs]. Both are zinc proteases
responsible for degradation of extracellular matrix proteins
and receptors. Zinc proteases are subdivided according to the
primary structure of their catalytic sites and include gluzincin,
metzincin, inuzincin, carboxypeptidase, and DD
carboxypeptidase subgroups [13]. The metzincin subgroup
[to which the ADAMs belongs] is further divided into
serralysins, astacins, matrixins, and ADAMalysins [13], [15].
The matrixins comprise the matrix metalloproteases, or
MMPs and ADAMalysins comprise the ADAMs [16].

MMPs [Matrix Metalloproteinases] are divided into eight
subgroups on the basis of their domain organization. They
contain predomain, prodomain and catalytic domain which
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are also shared by others besides hemopexin, transmembrane
and cytoplasmic domain [15]. Till now 28 members have
been discovered out of which 23 are found in human.

ADAMs are transmembrane MPs that are distinct from the
MMPs in that they also have an extracellular disintegrin
domain and a cytoplasmic domain that can associate with
intracellular proteins. It also is made of metalloproteinase and
cysteine-rich, EGF-like domains, followed [in most] by
transmembrane and cytoplasmic regions. It is the presence of
these two domains that give the ADAMs their name [a
disintegrin and metalloprotease] also called as MDC
[Metalloprotease, Disintegrin, Cysteine-rich] proteins. Till
now 34 different types of ADAMSs have been discovered in
various organisms. The ADAMalysins subfamily also
contains the class III snake venom metalloproteases and the
ADAM-TS proteases, which although similar to the ADAMs,
can be distinguished structurally [15].

Studies on MMPs began with the discovery of collagenase
in the tadpole tail in 1962, and now it has become a vast
research field. This family of enzymes plays a central role in
the pathological degradation and physiological turnover of
the extracellular matrix [ECM] and other proteins. The
ADAM family is a recently developed gene family, and the
field is growing rapidly. These proteins are involved in
important pathobiological events such as processing of
growth factors and cytokines, ECM degradation and
shedding of membrane proteins. The MMPs and ADAMs
share the substrate specificity and their expression pattern
under certain conditions, but their mutual roles are not well
understood [17].

Despite emerging implications for ADAMs and matrix
metalloproteinase’s [MMPs] in disease progression, the
mechanisms that lead to activation of specific ADAMs and
MMPs and their actions in various diseases is still
incompletely understood. These enzymes are the principle
agents responsible for extracellular matrix degradation and
remodeling, and play important roles in development, wound
healing, and in the pathology of diseases such as arthritis and
cancer [9]. Alzheimer's disease, as well as most of other
neurodegenerative disorders is characterized by the
deposition of insoluble proteinaceous aggregates. Hence
ADAM-dependent proteolytic attack could represent a
valuable therapeutic target [3].

The ADAM are a fascinating family of transmembrane and
secreted proteins with important roles in regulating cell
phenotype via their effects on cell adhesion, migration,
proteolysis and signaling. They are involved in diverse
processes such as development, cell-cell interactions and
protein ectodomain shedding [13]. Recently they have been
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found to play an important role in various types of cancer [2].

Similarly MMPs are found to be a key player in skin aging
and many physiological disorders. In animal body they have
role in cancer, neurological disorders, rheumatoid,
osteoarthritis etc. to name a few. Synthetic inhibitors have
recently been developed for MMPs, so as to control cartilage
matrix degradation by them in arthritis and osteoporosis [11].

Some attempts for the understanding of structure and
function of the ADAM and MMP family of proteins have
been made within the past five years. These results have
demonstrated the importance of these proteins in diverse
biological processes. Studies have also raised many
interesting questions that remain to be answered. Questions
concerning substrate specificities of these ADAMs and
MMPs, the physiological regulators that activate or inhibit
these proteases the regulation of the protease, adhesion and
signaling activities of the ADAMs and MMPs in response to
developmental, physiological and pathological stimuli etc.
remain unanswered [17].

The identification of novel type of cell surface proteases
and their cognate substrate is the major focus of
pharmaceutical companies. Hence, highly accurate
identification of protease types will solve the problem of
efficacy and side effects of various drugs. Currently, efforts
are underway to develop new therapeutic agents and
elucidation of metabolic pathway associated with diseases.
Moreover, the mere understanding of different types of
ADAM and MMPs and their substrate-binding properties
will assist in finding novel drug target with minimum side
effects. The experimental attempts are reported in the
literature for functional classification of MMPs and ADAMs
using the structure of their catalytic sites [13]. But no
computational technique is available in the literature for
classification of MMPs and ADAMs based parameter like
amino acid composition. Since the experimental
identifications of them are labor and cost-intensive task, the
computational biology can provide a better alternative to
develop a method for classifying different enzymes of each.

In view of the above an attempt has been made in this
paper to develop a computational approach for predicting and
classifying two types of cell surface proteases, ADAMs and
MMPs. The classification of MMPs has been extended
further where they have been divided into 4 subclasses. In the
first step, binary classification method has been adopted
where the metalloproteinases can be discriminated as MMPs
or ADAMs. In the second step a multiclass classification
approach has been used where MMPs have been divided
further into 4 subfamilies.

It has been shown in past that SVM is an elegant technique
for the classification of biological data [1], [10], [4]-[7]. Here
the same SVM model has been developed for amino acid
composition based prediction identification and classification
of cell surface proteases MMPs and ADAMs.

This paper is a step in the direction where machine
learning and computational biology techniques can be used to
compliment existing wet lab techniques.
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II. MATERIALS AND METHODS

A. Recognition of MMPs from ADAMs

Initially, we developed an SVM module for identifying
MMPs from ADAM proteins. The dataset was derived from
uniprotKB of Expasy server [12]. The final dataset consisted
of 187 proteins belonging to both MMPs and ADAMs
subclass of metalloproteinase’s family [MPs].

To wvalidate our methodology 178 globular proteins
belonging to various enzyme classes other than hydrolase
[E.C. EC 3.4.24] to which metalloproteinase’s belong were
taken into consideration. They were treated as negative
instances.

The performance of the module was evaluated using a
5-fold cross-validation test. The SVM was trained with a
fixed-dimensions vector [20] obtained on the basis of the
amino acid composition of protein sequences

B. Recognition of subfamilies of MMPs

Prediction of subfamilies of matrix metalloproteinase’s is a
multi-class classification problem. In this case, the three
dataset belonging to three subfamilies and one dataset
including members of rest of the matrix metalloproteinase’s
were taken for classification. To handle this multi-class
situation, we designed a series of binary SVMs. For N class
classification, N SVMs were constructed. The ith SVM was
trained with all samples of the ith subfamily being labeled as
positive, and the samples of all other subfamilies being
labeled as negative. The SVMs trained in this way were
referred to as 1-v-r SVMs. In this classification approach,
each of the unknown proteins will achieve four scores. An
unknown protein will be classified into the subfamily that
corresponds to the 1-v-r SVM with the highest output score

The dataset consisted of all MMPs proteins family
members extracted from swissprot/uniprot data bank of
expasy server [12]. All the entries marked as fragments were
not included in the dataset. Since the number of sequences
belonging to many subclasses of MMPs are too less to be of
any statistical significance therefore they were combined as
belonging to one. The various subclasses of MMPs on the
basis of domain organization are depicted in figurel below.

The data set of MMPs consisted of A] Gelatin binding
MMPs B] Simple hemopexin domain containing MMPs C]
Transmembrane MMPs D] Others, which include members
of rest of the classes which were too less in number to be
examined individually. The number of sequences belonging
to various subclasses used for training the classifier is
mentioned in table 1. The test dataset included 11, 12, 17 and
15 instances belonging to A, B, C, and D subfamily other
then those taken for training. Only non redundant sequences
were taken for our study. Any two sequences with more then
90% sequence similarity were excluded from inclusion in the
training data set since they can cause over training of the
system

The number of instances for training was 85, whereas for
testing other instances were used which also non fragmented
non repeated entries also obtained from Expasy [12]. Entries
marked as predicted or putative were also verified on testing
as belonging to that class which explains the utility of the
model and accuracy of amino acid composition in
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differentiating proteins.

Name of subclass | Member MMPs Year of
discovery
Minimal domain MMP-7/ Matrilysin 1980, 1988
MMPs MMP-26/ Endometase 2001
Simple MMP-1/ Collagenase-1 1962, 1986
hemopexin MMP-8/ Collagenase-2 | 1968, 1990
domain
containing MMP-13/ Collagenase-3 | 1994
MMP-18/ Collagenase-4 | 1996
MMP-3/ Stromelysin-1 1974,1985
MMP-10/ Stromelysin-2 | 1988
MMP-12/ 1981, 1992
Metalloelastase
MMP-19/ RASI-1 1996
MMP-20/ Enamelysin 1997
MMP-22/ CMMP 1998
MMP-27 2001
Gelatin-binding MMP2/ Gelatinase A 1978, 1988
MMPs
MMPY/ Gelatinase B 1972, 1989
Furin-activated MMP11/ Stromelysin-3 1990
secreted MMPs
MMP28/ Epilysin 2001
Transmembrane MMP14/ MT1- MMP 1994
MMPs
MMP15/ MT2- MMP 1995
GPI-linked MMP17/ MT4- MMP 1996
MMPs
MMP25/ MT6- MMP 1999
Vitronectin- like MMP21/ XMMP 1998
insect-less MMPs
Cysteine/ MMP23 1998
Proline-rich IL-1
receptor like
domain MMPs
Figure 1. History and domain knowledge of MMPs with their history [20].

The data set of MMPs consisted of A] Gelatin binding
MMPs B] Simple hemopexin domain containing MMPs C]
Transmembrane MMPs D] Others, which include members
of rest of the classes which were too less in number to be
examined individually. The number of sequences belonging
to various subclasses used for training the classifier is
mentioned in table 1. The test dataset included 11, 12, 17 and
15 instances belonging to A, B, C, and D subfamily other
then those taken for training. Only non redundant sequences
were taken for our study. Any two sequences with more then
90% sequence similarity were excluded from inclusion in the
training data set since they can cause over training of the
system
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TABLEI. THE NUMBER OF SEQUENCES BELONGING TO
MATRIX METALLOPROTEINASE’S FAMILY USED FOR
TRAINING THE CLASSIFIER

Number of
sequences

Name of subfamily

Gelatin binding domain MMPs 12

Simple hemopexin domain containing | 36

MMPs
Transmembrane MMPs 15
Others 22

C. Support vector machine [Binary classification]

Kernel-based techniques [such as support vector machines,
Bayes point machines, kernel principal component analysis,
and Gaussian processes] represent a major development in
machine learning algorithms. Support vector machines [SVM]
are a group of supervised learning methods that can be
applied to classification or regression. In a short period of
time, SVM found numerous applications in Bioinformatics.

SVM is a supervised machine learning method which is
based on the statistical learning theory [18], [19]. When used
as a binary classifier, an SVM will construct a hyperplane,
which acts as the decision surface between the two classes.
This is achieved by maximizing the margin of separation
between the hyperplane and those points nearest to it.

The SVMs were implemented using freely downloadable
software, libSVM [8]. In this software there is a facility to
define parameters and choose among various inbuilt kernals.
They can be radial basis function [RBF] or a polynomial
kernel [of given degree], linear, sigmoid.

D. SVM software; LIBSVM

Simulations were preformed using LIBSVM version 2.89
[a freely available software package] [8]. For our study RBF
Kernel was found to be the best. The SVM training was
carried out by the optimization of value of regularization
parameter and the value of RBF kernel parameter.

E. Amino acid composition

Previously, this parameter has been used for predicting the
subcellular localization of proteins [10]. The amino acid
composition is the fraction of each amino acid type within a
protein. The fractions of all 20 natural amino acids were
calculated by using Equation 1,

Fraction of amino acid i [where i can be any amino acid]

Toral Number of amine acid {
" Total number of aming aclds in g protein

F. Evaluation of Performance

The performance of our classifier was judged by 10 fold
cross validation. The LibSVM provides a parameter selection
tool using the RBF kernel: cross validation via grid search. A
grid search was performed on C and Gamma using an inbuilt
module of libSVM tools as shown in figurel. Here pairs of C
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and Gamma are tried and the one with the best cross
validation accuracy is picked. On using the values of C=2 and
Gamma=0.125 obtained through grid search an accuracy of
98.87% was obtained.

nmpadan_TF

Best log2(C) = 1 logecgamma) = =3 accuracy = 99,7441}
C=2 gamma = 0.125 9

AR P 144
¥ rd __12

Py A 1-10

log2(ganna)

log2(t)

Figure 2. Coarse Grid Search on C = 2-5, 2-4 ... 210 and Gamma = 25,
24...2-10

III. PRDICTION SYSTEM ASSESSMENT

10-fold cross validation was performed to evaluate the
accuracy of the classifier where, the data set was partitioned
randomly to ten equally sized sets. The training and testing of
each classifier was carried out ten times using one different
set for testing and the other nine sets for training. Four
threshold-dependent parameters, sensitivity, specificity,
accuracy and Matthews’s correlation coefficient [MCC] [14],
were used to measure the performance of this module.
Calculations of sensitivity, specificity, accuracy and MCC
were carried out as follows:

Sensitivity = [TP/TP + FN] * 100 Eq. 1

Specificity = [T /TN + FP] * 100 Eq. 2

Accuracy = [TP+TN/TP+TN+FP+FN] * 100 Eq. 3

MCC = [TP * TN] - [FP * FNJ/{[[TP + FP] * [TP + FN] *
[TN + FP] * [TN+FN]J0.5 [TN + FP] * [TN+FN]J0.5 }
Eq. 4

Where TP, TN, FP and FN represent true positive, true
negative, false positive and false negative respectively

IV. RESULTS AND DISCUSSION

Both MMPs and ADAMs have been implicated in various
diseases and a key player in many protein degradation
processes. Realizing their implication in above we have
chosen these two family of metalloproteases for our study.

The results of classifying MMPs from ADAMSs using
amino acid composition are given in Table2 and that of

classifying subfamily of MMPs are given in Table3.

TABLE II. PERFORMANCE OF MMPS AND ADAMS RECOGNITION
S. | Protei MC Accura | Sensi | Recal | Precis
N | nsub C cy tivity | 1 ion
o. | family
1] MMPs | 0.97 | 98.98% | 0.99 98.96 | 98.96
% %

2] | ADA [ 097 | 9888% | 0.98 | 98.87 | 98.87

Ms % %

The results obtained here will be helpful in differentiating
between different metalloproteinases i.e. whether MMPs or
ADAMs. A new protein discovered can be shown to either
belonging to ADAMs or MMP subfamily of proteins.

Our results clearly highlight the importance of amino acid
composition in differentiating between these families. This
model can also be an important tool to understand the
differences between MMP and ADAMs hence a step towards
assisting various wet lab techniques in devising novel drugs
and therapeutic agents against these two. The correlation of
MMPs and ADAMs with their amino acid composition
explored here can be useful to obtain better insight about
these proteins. Their molecular and physiological roles along
with the substrate affinity can also be correlated with amino
acid composition.

The overall accuracy and MCC of the amino acid
composition-based classifier for classifying the two
subfamilies of metalloproteinases was 98% and 0.97,
respectively. It proved that metalloproteinases can be
correlated with amino acid composition and can be easily
distinguished on this basis.

The receiver operating characteristics [ROC] score was
usually used as the primary measure of the machine learning
method performance and provided an overview of the
possible cut-off levels in the test performance. The roc curves
for both MMPs and ADAMs are depicted in Figure3 which
shows that majority of instances fall in the true positive range

TABLE III. PERFORMANCE OF MMPS SUBFAMILY RECOGNITION USING
SVM
Subfamily Sensitiv | Specific | Accurac | MCC
ity ity y

Gelatin 66.66% | 100% 85% 0.723

binding 7

domain

MMPs

Simple 72.73% 100% 91.17% 0.802

hemopexin

domain

containing

MMPs

Transmembr 71.42% 90.90% 83.87% 0.681

ane MMPs

Others 92.85% | 100% 96% 0.922
S
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ROC curve of adan.test on mpadan.TF (AUC = 6,3067)
1 1] T T

0.9

0.8

6,7

0,6

0.5

0.4

True FPositiwve Rate

0.3

.2

01

0 ; ; :
[] 0,2 0.4 0.6 6.8 1
False Positive Rate

Figure 3. ROC curve for both MMP [above] and ADAM [below] proteases

depicting FP and TP

V.CONCLUSION

The SVM model developed here is computationally
efficient and effective in predicting and classifying the
MMPs and ADAMs. This is evident from the accuracy [98%]
in the results. Further the amino acid composition contains
very significant information for discriminating the classes of
above proteins.

This model can be used to analyze other enzymes, such as
entire proteomics data. Such type of prediction systems can
be very useful for understanding the above proteases in a
better way so as in conclusion, a novel method for classifying
MMPs and ADAMs is presented.

This method will nicely complement the existing wet lab
methods. It will assist in assigning the correct class to which
these proteins belong or classifying them as either of the two
subclasses. The prediction method presented here may be
useful for the annotation of the piled-up proteomic data.

This model can also be an important tool to understand the
differences between various subfamilies of MMPs and hence
a step towards assisting various wet lab techniques in

devising novel drugs and therapeutic agents against these two.

Here we are attempting as well to correlate MMPs with their
amino acid composition which can also help to better our
understanding about these proteins. Their molecular and
physiological roles along with the substrate affinity can also
be correlated with amino acid composition. It is well
established that machine learning methods require large
number of examples for reliable prediction therefore due to
less number of sequences we combined subclasses other then
A, B, and C as one into D.

The author awaits discovery of more of these proteins in
the future so that accuracy of the prediction model can be
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increased further and a server developed for public use.
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