GPCR and G-protein Coupling Selectivity Prediction
Based on SVM with Physico-Chemical Parameters
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Introduction

G-protein coupled receptor (GPCR), which is composed of seven transmembrane helices, plays as the interface
of signal transduction. The external stimulation for GPCR, such as binding amine, peptide, hormone, odorant,
molecules, induce the coupling with G-protein (Gi/o, Gq/11,Gs, G12/13) followed by different kinds of signal
transduction to inner cell. About half of distributed drugs is intending to control this GPCR-G protein binding
system, and therefore this system is important research target for the development of effective drug. For this
purpose, it is necessary to monitor, effectively and comprehensively, of the activation of G protein by identifying
ligand combined with GPCR. Since, at present, it is difficult to construct such biochemical experiment system, if
the answers for experimental results can be prepared beforehand by using bioinformatics techniques, large
progress is brought to G protein related drug design.
Previous works for predicting GPCR-G protein coupling selectivity [1,2,3,4] are using sequence pattern search,
statistical models, and HMM representations showed high sensitivity of predictions. However, there are still no
works that can predict with both high sensitivity and high specificity. In this work we extracted comprehensively
the physico-chemical parameters of each part of ligand, GPCR, G protein, and choose the parameter which has
strong correlation with the coupling selectivity of G protein. These parameters were put as a feature vector, used
for GPCR classification based on SVM

2. Method
We consider that GPCR, and G protein serve as a joint complex, works as one system, therefore, all the
physico-chemical features of ligand, the extra-cellular loops, transmembrane helices, cytoplasmic loops correlate
with G-protein coupling selectivity. The physico-chemical parameters were extracted from ligand, loop region,
and transmembrane helices. The correlation nature of these parameters and G protein selectivity was analyzed,
and the parameters with high correlation are picked up, and they were referred as feature vector when classifying
it according to SVM. We focus on only Class A family, having 3D structure representative (rhodopsin), and
transmembrane helix regions of a sequence were predicted from the sequence alignment with that of rhodopsin.

2.1 Dataset
132 amino acid sequence of GPCR(Gi/o binding type: 61sequences、Gq/11 binding type: 47 sequences, Gs
binding type: 24sequences) are picked up from SWISS-PROT, TrenBL database with ligand and G-protein
information written in TiPS [5] and GPCRDB [6]

2.2 Classification by using SVM
The SVM calculation was performed using software packages LIBSVM [7]. From this package we tried several
kind of combination of kernel functions and parameter C . The evaluation was performed using various types of

kernel functions such as linear, polynomial, radial basis, sigmoid functions. The SVM was provided with feature
vectors obtained from physico-chemical parameters of several regions of GPCRs.
Cross-validation test of n-fold divide randomly known Gi/o Gq/11 and Gs sequence (N sequences) into n equal
parts, and consider N (1-1/n) sequence as a training set, and N/n sequence as a test set. This recombination is
performed n times. Evaluation of sensitivity, specificity was carried out about distinction of a test set.

3.Result
We first evaluated the performance for classifying individual G proteins based on SVM using known GPCR
dataset. The Gs coupling predictions showed the highest sensitivity (= 83.33%) and specificity (= 95.24%). when
five physico-chemical parameters: (a)The third intercellular (I3) loop length, (b) C terminal loop length, (c) amine
profile score and (d)existence of Pro at 170-th position of rhodopsin, (e) total Lys and Arg number at C terminal
side of I3 loop, are applied as feature vectors, using RBF kernel functions. On the other hand, the performance
of prediction for Gi/o indicated the highest sensitivity (= 91.80%), specificity (=94.91%) and those for Gq/11
indicated the most high sensitivity (= 93.617%) and specificity (= 89.80%), when seven parameters (above five
parameters and additional two parameters: (f) Peptide-profile score, (g) The ligand molecular weight) were used
with polynomial kernel function.
Since the two cases of Gs prediction and others prediction require different parameter sets and conditions to
achieve the best performance, we constructed the hierarchical system, in which Gs coupling is predicted at first
stage and Gi/o or Gq/11 are discriminated from sequence which was not judged as to couple with Gs protein
(second stage). Applying this hierarchical system to known sequences through 10000 times of 4-fold cross
validation, the averaged discrimination sensitivity and specificity became 85% and 88% for Gi/o, 85% and 84%
for Gq/11, and 87% and 88% for Gs, respectively. Thus, this system enables us to reduce false positive as
compared with the previous works[1,2,3,4]. Of course the SVM methodology is one of the factors for increasing
predicting ability, however we think that the physico-chemical parameters we choose here also become the
dominant factor. It is expected that the analysis of these parameters lead to understanding the GPCR-G protein
coupling mechanism. We hope this system will contribute to predict the function of orphan receptors.
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