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NLS (Nuclear Localization Signal) Prediction
Keun-Joon Park and Minoru Kanehisa

The nucleus of eukaryotic cells contains many nuclear proteins that function for delivery of molecular information

between cytosol and nucleus, and for control of gene expression. After the synthesis on the ribosomes in the

cytoplasm, these proteins enter the nucleus through pore complexes in the nuclear envelope. Nuclear proteins are

transported into the nucleus, if they contain nuclear localization signals (NLSs). In this work we developed a

method that predicts a location of NLS on a query protein sequence by computational analysis. We employed

Hidden Markov Model (HMM) in our method to find NLSs in the amino acid sequences. The prediction

performance was assessed by leave-one-out cross-validation.

keywords: Nuclear transport / Protein sorting / Database / Bioinformatics

  In eukaryotic cells, there are functionally distinct,

membrane-bounded compartments. The intracellular

compartments in eukaryotic cells contain their own

characteristic proteins with different functions. Most

nuclear proteins move into nucleus through the nuclear

pores that penetrate nuclear envelope (Fig. 1). Nuclear

pore is formed by a large, complex structure known as

the nuclear pore complex (NPC). The selective transport

of proteins through the NPC is performed by their own

nuclear localization signals (NLSs).  The first NLS was

found from SV40 T antigen as a short cluster of five

contiguous positively charged residues in the sequence

126 PKKKRKV 132 (3). A family of simple NLSs of this

type were generally characterized by one short basic

stretch of sequence (4-8 residues) containing several

lysine and arginine residues. The precise location of an

NLS within the amino acid sequence of a nuclear protein

is not important unlike other signal peptides (4). Robbins

et al. found other type of NLS in the nucleoplasmin, the

major nuclear protein of the xenopus oocyte (5,6). This

type of signal, known as bipartite NLS motif, contains

two interdependent positively charged clusters separated

by a mutation tolerant linker region of 10-12 amino acids.

    In this study we developed a method that predicts the

location of NLS and the possibility of a nuclear protein

by computational analysis of NLSs. For this purpose, we

constructed data sets from the SWISS-PROT protein

sequence database (simple NLS 100 entries and bipartite
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NLS 75 entries). We used Hidden Markov Model (HMM)

for predicting NLSs within the amino acid sequences and

for calculating the strength of the signals. We trained two

(simple and bipartite) HMMs for unaligned sequences of

NLSs in our data sets.

Figure 1. Nuclear protein import

(NLS: Nuclear Localization Signal;  NPC: Nuclear Pore

Complex)

    The performance of the HMMs to recognize NLSs

trained on the data sets may be improved by using

calculation with fewer different kinds of amino acids

(alphabet characters). In this work we changed all

arginines (R) to lysines (K) in the sequences of the data

sets and the query proteins, since these two positively

charged residues would likely to have the same function

in NLSs. It seems that the NLSs are usually situated at

the extended loop structure that is accessible to the solvent

(7). Therefore we examined the frequency of amino acid

residues in the NLSs and their secondary structure

propensity in order to reduce the number of amino acid

types for training. Some amino acids were selected for

HMM training and the other amino acid residues were

changed into residue Xs in both of the two NLS cases.
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    To test the performance of the HMM, each protein

sequence in the data set was selected once as a test

sequence for the HMMs trained for the other sequence in

the data set. Specifically, the performance was assessed

by leave-one-out cross-validation ; the leave-one-out idea

is often called "jack-knife test". In the training step, one

NLS is left out from the training set. Then the protein

sequence containing the NLS is used for checking the

performance of the trained HMM. The HMM for simple

NLSs was trained for 99 from 100 samples and tested on

the remaining one. This process was repeated 100 times

for different test sequence. The second HMM for bipartite

NLSs was trained for 74 from 75 data set entries and

yielded 75 different HMMs. We examined whether two

HMMs can recognize their own NLS sequences in their

data set or not.  As a result, the prediction accuracy of our

method was 88.0% and 90.7% for simple and bipartite

NLSs, respectively. In conclusion, we confirmed that the

two HMMs could predict NLS in amino acid sequences

with high performance.

Acknowledgments

This work was supported in part by a Grant-in-Aid for

Scientific Research on Priority Areas ‘Genome Science’

from the Ministry of Education, Science, Sports and

Culture in Japan. The computation time was provided by

the Supercomputer Laboratory, Institute for Chemical

Research, Kyoto University.

Nucleus

Cytoplasm

GDP

Ran

Importin β

Importin α

NLS protein

NPC NPC

NLS protein

Importin α

Importin β




