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Abstract

SUMOuylation has been identified as a crucia post-translational modification
responsible for many if not all cellular processes. A considerable amount of
information pertaining to this process is still elusive. The available
information can still be used in development of in-silico procedures to guide
the prediction of SUMOuylation sites in protein substrates. Since a highly
accurate prediction system is essential to guide efficient experimental designs.
We put forth a SUMOQuylation site prediction program using support vector
machines for discriminating SUMOylating substrates from non-SUMOylating
substrates. The algorithm uses manually curated data of experimentally
verified SUMOuylation sites as training data As the number of
experimentally verified proteins increases, the accuracy and efficiency of the
program will increase accordingly. The web interface for the tool is still under
development, meanwhile the stand aone version of the program can be
requested from the corresponding author at the given email address.

Keywords. SUMOuylation, Site Prediction, Support Vector Machines and
Bioinformatics.

Introduction

SUMO (Small Ubiquitin-like Modifier) proteins constitute a family of proteinsthat
covalently binds and subsequently disengages from other proteins in cells, thus
altering their function. SUMOylation is a type of post-trandational
modification central to various cellular processes like transcriptional regulation,
nuclear-cytosolic transport, maintaining stability of proteins, apoptosis, succession
through the cell cycle and response to stress [1]. SUMO proteins are comparable
to ubiquitin, and SUMOylation follows an enzymatic cascade similar to that in
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ubiquitination. Unlike ubiquitin, SUMO is not used to mark proteins for elimination.
Activated SUMO is formed when the last four amino acids of the C-terminus have
been cleaved off. It permits the creation of an isopeptide bond between an acceptor
lysine on the target protein and C-terminal glycine residue of SUMO. SUMOylation
of proteins has many outcomes. The most common and best studied are nuclear-
cytosolic transport, protein stability and transcriptional regulation. Usualy, only a
small portion of a given protein is SUMOlated and this alteration is rapidly inverted
by deSUMOylating enzymes. RanGAP1 when modified by SUMO-1, leads to its
transport from cytosol to nuclear pore complex [2][3]. Similarly in hNinein, SUMO
modification results in its trafficking from the centrosometo the nucleus [4]. Many
times transcriptional regulators undergoing SUMO modification results in inhibition
of transcription [5]. SUMO proteins being smaller in size; are about 100 amino
acidsin length and 12 kDain mass.

The support vector machine (SVM) algorithm is a classification agorithm that
offers high degree of performance in a wide range of application domains which
includes object recognition, handwriting recognition, face detection, text
categorization, and speaker identification [6]. During the past three years, SVMs have
been applied very broadly within the field of computational biology, to various
problems like pattern recognition which encompasses recognition of tranglation start
sites, microarray gene expression anaysis, functional classification of promoter
regions, protein remote homology detection, prediction of protein-protein interactions,
and peptide identification from mass spectrometry data.

I mplementation

SUM QOylation and Sequence conservation

The identification of a consensus SUMO-acceptor site was possible after mapping
acceptor Lys residues in just a few SUMO targets, which included RanGAPL [7][8],
PML20, Sp100 [9], inhibitor of nuclear factor-xB (IxBa) [10], p53 and c-Jun [11].
The SUMO-acceptor site was shown to be WKXE (in which ¥ is an aiphatic branched
amino acid and x is any amino acid). This motif is crucial for predicting whether a
protein undergoes the process of SUMOylation or not.

Data Preparation

Our dataset consists of manually curated protein sequences obtained via usage of
“SUMO” and related keywords in Pubmed. Since we had all the swiss-prot IDs, it
would have been a very tedious task to extract every sequence one by one from the
database. To overcome this lengthy procedure we designed a supplementary program
“FEST (Fasta Extractor for Swiss-prot/Tremble)” to automate this task.

Algorithm

The agorithm isolates potential SUMOylation peptides with lysine (K) residue
neighbored by “n” residues upstream and “n” residues downstream [12]. This
assumption is based on the hypothesis that the biochemical properties of a
SUMOylation site mainly depend on the neighboring amino acids. In our program, we
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use n=7, which is validated by the prediction performance. A raw protein sequence is
entered by the user into the text area provided in program input window [Figure 1].
Program searches for all lysine residues in the sequence and notes their respective
positions. A fifteen residue fragment is extracted from all the positions. Four hundred
and twenty four features of each of these fragments are calculated. Support vector
machine then classifies al the fragments into two classesi.e. positive or negative. All
the predicted positive fragments are then displayed along with their positions in the
output [Figure 2].

Enter Protein Sequence:

Submit H Reset H Exit |

Figure 1: Input window of our prediction system.

Enter Protein Sequence:
KaavaDaTRNGD G TRRFFRGNTHGIGMTSIRKRRSPODELLY &
|LELMQYLF‘QHTIET‘(RG!QQQQQHQHLLQKQTSIQSPSSYGNS‘
LINPQGRNALTPTTIPDGMGANIPMMGTHMP MAGDMNGLSFTA
PPYPTDCSIVSFLARLGCSSCLOYFTTQGLTTIVOIEHYSMDDLY
ILDHRQLHEF S5PSHLLRTPSSASTVSYGSSETRGERVIDAVRI
FNFDMDARRNKOQRIKEEGE =
(4] Il | [ ]
‘ Submit || Reset H Exit |

PREDICTED SITE FOSITION

|

MODLASLKIPEQFRHA 585
DMDARRMNKQQRIKEES 671
FNKQQRIKEEGE B7H

Figure 2: Output window of our prediction system.
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Results

The factors used to determine the prediction performance of our program are
sengitivity (Sn), specificity (Sp) and accuracy (Ac) [Table 1]. Sensitivity measures the
positive predictions while specificity measures negative predictions. Also, accuracy
ascertains the correct prediction ratio. We used various kernel functions and their
parameters to achieve maximum accuracy while keeping low false positive rate. We
have also employed a correlation coefficient (CC) to evaluate the prediction system.
CC values range between -1 to 1, and the nearer to 1 a CC is, the more precise the
prediction is. Positive data set consists of known SUMOylation sites, whereas other
lysine residues in known in sumoylated proteins are considered as negative.

Sn=TP Sp=TN

(TP+FN) (TN +FP)

Ac= (TP+TN) CC= (TPxTN)—(FN x FP)

(TP+FP+TN +FN) V(TP +FN) x (TN + FP) x (TP + FP) x (TN + FN)]

Where TP= True Positive, TN = True Negative, FN = False Negative and FP = False
Positive

Table 1: Prediction performance of Our Program, SUMOsp and SUMOplot

Predictor Ac (%) Sn (%) Sp (%) CC (w)
SUMOsp 92.71 83.68 93.08 0.5012
SUMOplot 89.94 79.50 93.31 0.4825
Our Program | 90.34 85.72 92.29 0.4987

Discussion and Conclusion

False positive rate of this tool can be further reduced if BLAST score is used. The
predicted positive fragments can be compared with the known positive fragments and
a high similarity will enable the program to set a reliable cut off value. This cut off
value will then be used to filter out false positive fragments. This feature is not yet
included in to program due to our limited understanding of integrating BLAST into
our agorithm. Also our program is standalone application whose performance has
been tuned for running offline. Our best efforts are underway to develop an online
version so that it more easily accessible to the scientific community at large.

Although experimental validation is inevitable in SUMOylation research,
computational prediction systems can greatly aid in designing workflows for such
experiments. Also, it would considerably decrease the amount of time previously
required to identify SUMOylation sites invivo or invitro. Computational approaches
like these can be useful for performing various forms of analyses which include large
scale proteome studies.
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