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Abstract

Signal-peptides are found in proteins, and target proteins to different organelles in the cell. Proteins that are
targeted to the endoplasmic reticulum (ER) are either retained in the lumen of the ER, or further transported to
other cellular organelles. Specific targeting of proteins to inside the cell is defined by specific sequence motifs.
The presence of signalpeptides in human proteins was investigated in silico to determine overall distribution of
proteins in the cell. 2000 human proteins were retrieved from the UniprotKB database. Different bioinformatic
tools were utilized to determine these proteins cellular localization. Highest number of proteins was found to be
located in the ER (~85%) and around 15% were found in the golgi apparatus or the mitochondria, suggesting
that proteins leaving the ER, are most likely to be directed to the golgi or mitochondria. Smaller number of
proteins was also found in lysosomes, cytoplasm or membrane. Cellular compartmentalization into organelles is
an important mechanism of the cell. Incorrect transport of proteins to intracellular compartment can lead to
pathological conditions, as the protein does not reach its proper site, causing either inactivation or misregulation
of important signalling cascades.

Introduction

The N-terminal newly synthesized secretory and membrane proteins are usually signal sequences ranging
from 16 to 50 amino acid residues. The signal sequences direct proteins to different organelles like insertion
into the endoplasmic reticulum (ER) membrane in eukaryotes and consequently get cleaved off by signal
peptidases found in the ER. These signal peptides are either degraded or may function on their own. Different
signal peptides direct the protein towards different organelles, and mostly signal peptides are composed of a
recognition motif, which is interpreted by the targeting machinery (Kunze and Berger 2015; Mukhopadhyay et
al., 2004).

The N-terminal signal sequence dictates the targeting of membrane and nascent secretory proteins to the
ER. The signal sequences (normal 15-30 amino acids) consist of three different regions: A hydrophobic core
region (h-region) which is flanked by an n- and c-region. The h-region, the most vital part for targeting and
membrane insertion, comprise of mostly hydrophobic residues (7-15 amino acids). The n-region consist of
positively charged hydrophobic residues such as Arg and Lys, and the c-region contains mostly neutral and
polar residues with helix breaking Pro, Gly and small uncharged residues around the cleavage sites of signal
peptides. The signal sequences get cleaved off either co-translationally or post-translationally following protein
translocation (Mukhopadhyay et al., 2004; Nicchitta, 2002). The great variability of signal sequences length and
amino acid composition suggests that ER targeting and translocation etc. is modulated by the signal sequence.
The nuclear localization signal (NLS) is a signal peptide that directs the protein to the nucleus. It mostly consists
of five basic, positively charged amino acids and can be located anywhere in the peptide chain (Kosugi et al.,
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2009). The mitochondrial signal peptides comprise of a sequence with alternating hydrophobic and positively
charged amino acids at the N-terminus (mitochondrial targeting signal (MTS)). Matrix proteins have a signal
sequence of 20-30 residues, which fold into an amphiphilic helix with positive charge. Proteins which are
imported into other subcompartments of the mitochondria contains an additional signal sequence that re-routs
the protein. These additional targeting signals are normally removed when the protein has reached its destination
(Kunze et al., 2015; Mukhopadhyay et al., 2004; Schatz, 1996).

N-acetylation which is a co-translatinal process can inhibit ER translocation, and represents an early
determining step in the cellular localization (Forte et al., 2011). In this work the second amino acid (P2) in
mammalian proteins is investigated to determine its role in proteins intracellular targeting.

The goal of this present study is to investigate the presence of signal peptides in mammalian proteins and
their subcellular location by using readily available bioinformatic prediction tools.

Materials and Methods

Proteins FASTA sequences were retrieved from the UniprotKB database (Wu et al., 2006). Two different
prediction methods were utilized: PrediSi (Prediction of Signal peptides) and Predotar.

PrediSi is a prediction tool for signal peptide sequences and gives the position of cleavage in eukaryotic and
bacterial amino acid sequences (Hiller et al., 2004). It is based on neural networks that are trained on different
sets of eukaryotic and prokaryotic sequences, and trained on using sequences extracted from the SwissProt
databases.

Predotar is also a neural network based prediction program, which is capable of recognizing signal peptides
targeted for ER and mitochondrial. Predotar was designed for systematic secreening of large batches of proteins
for the identification of putative targeting sequences. Its best quality is its accuracy as it has very low rate of
false positives as compared to other programs (Small et al., 2004).

More than 80% of mammalian proteins undergo acetylation in the N-terminal, and is amongst the most
common eukaryotic protein modifications. NetAcet is developed on a neural network based method with a 74 %
sensitivity on mammalian data (Kiemer et al., 2005). This tool was utilized to determine N-terminal acetylation
of proteins and the role of P2 amino acid in cellular compartilization.

Results

In this work the sequence of 1000 randomly chosen mammalian proteins sequence data and their
subcellular location was retrieved from UniProtKB. PrediSi was utilized for prediction of signal peptides, and
the Predotar database was used to predict the presence and their subcellular locations.

Subcellular locations of mammalian protein from UniProtKb/SwissProt: Mostly proteins are secreted and
are located in the ER or lysosomes and few are located in the mitochondria, cytoplasmic membrane, cell surface
cell membrane and other as not found as shown in Table 1. The 1000 proteins which were collected from
UniproKB, 801 were secreted proteins, 50 protein‘s sub cellular location was ER, 35 contain lysosome as their
subcellular location, 19 as membranous, 3 as cell surface, 3 as cell membrane, 4 as cytoplasm, 4 resides in golgi
apparatus and 81 are not found. The important thing about the secretory proteins is that these proteins do pass
through the ER and often these proteins contain signal peptides that target them to the ER. The proteins that
contain the subcellular location of ER include all the location in endoplasmic reticulum like ER lumen,
sarcoplasmic reticulum, and rough ER. The proteins that contain the subcellular location of Golgi apparatus
include all the areas in golgi like its lumen. Some proteins that localized in ER were also seen to be localized in
golgi apparatus and lysosomes. Few proteins reside as membranous, cell membranous, cytoplasm and cell
surface proteins.

Prediction of signal peptides by PrediSi: The prediction of presence or absence of signal peptides in
mammalian proteins is determined by calculating its score and cleavage site by the Predisi tool. The signal
peptide prediction, score and site of cleavage is shown in Table 1. PrediSi server provides a score on a scale
between 0 and 1. A score greater than 0.5 indicates that the polypeptide or protein contains a signal peptide.
PrediSi also give putative signal peptidase cleavage position in the examined protein sequence as shown in the
Table 1. The predicted signal peptides were present in 933 sequences out of 1000 and absent in 67 sequences.
Number of the proteins targeted to specific organelles is: 887 to ER, 16 to mitochondria, 17 to possibly
mitochondria, 11 to none and 2 were discarded due to the absence of N-methionine terminal.

Prediction of organelle targeting by Predotar: Predotar provides a probability estimate, which tells if a
sequence has an ER or mitochondrial targeting sequence. A large number of proteins were directed to the ER,
some to mitochondria and others elsewhere. The probabilities of each protein are predicted by Predotar as
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shown in Table 1. Out of 1000 mamalian proteins, the frequency of proteins targeting to ER is 852, to
mitochondria is 13 and 73 proteins predicted as none. While the proteins that targeted to possibly ER or
mitochondria are about 43 and 17 respectively and 2 sequences are not predicted and discarded as they contain
no terminal methionine.

Determination of second amino acid in mammalian protein: N-terminal acetylation, which is an early
determining step in the cellular sorting of polypeptides, is an important and conserved process. The
bioinformatics tool NetAcet was utilized to determine N-terminal acetylation of proteins and to determine the P2
amino acid. When examining P2 amino acid in 1000 mammalian proteins, it became evident that the occurence
of Ala was highest, followed by Lys, Arg and Gly (Fig. 1). 981 proteins showed potential for N-terminal
acetylation except 19 proteins which lacked Met at position 1 in their sequence. The sequence of amino acids
from highest to lowest present at second positions in ER targeting peptides was found as following:
Ala> Lys> Arg> Gly> Leu>Ser>Pro

Proteins targeted to mitochondria showed highest number of Ala at P2 followed by Val and Gly. When proteins
were targeted to the golgi apparatues it was found that Gly, Ser and His were most likely to be present at P2.

Table 1. Subcellular locations of mammalian Protein form UniProtKb/SwissProt.

Subcellular Locations Uniprot Predisi Predotar
Secreted 801 - -
Endoplasmic Reticulum (Possibly ER) 50 887 852 (43)
Golgi Apparatus (Post Golgi) 4 - -
Mitochondria (Possibly Mitochodria) 16 (17) 13 (17)
Lysozomes 35 - -
Cell surface/ Cellular membrane 6 - -
Cytoplasm 4 - -
Membrane 19 - -
Not found 81 11 73
Signal Peptide - 67 -
Discarded - 2 2
Total 1000 1000 1000
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Fig. 1. Distribution of P2 amino acids in 981 mammalian proteins targeted to the ER.
Discussion

Protein subcellular localization is vital for understanding the function of proteins, but also the organization
of the cell as a whole. Proteins subcellular localization is predicted by using different bioinformatic tools,
thereby providing information for a large numbers of proteins in a short period of time.

The signal peptide has a crucial part in protein translocation and directed targeting in cells of eukaryotic and
prokaryotic origin (Redrejo-Rodriguez et al., 2012). Proteins encoded with a short sequence peptides acting like
postal addresses are targeted for secretion or transferred to other organelles. But signal peptides are not found in
all proteins, which suggest that other protein targeting mechanisms exist. Mostly secreted proteins contain an
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ER signal sequence, generally at the N-terminus consisting of 5-10 hydrophobic amino acids. All these proteins
are further delivered to the Golgi apparatus from the ER. In the C-terminal proteins containing an additional
sequence, KDEL (lys-asp-glu-leu) end are retained or are returned back to the ER. This C-terminal KDEL motif
is conserved in mammals, and works as an ER retention signals (Stornaiuolo et al., 2003). The mitochondrial
signal peptide directs proteins to the matrix, and contains a sequence consisting of positive charged and
hydrophobic amino acid residues at the N-terminus, also called MTS (Schatz, 1996).

All the mammalian proteins and their subcellular location were retrieved form the UniProtKb/SwissProt
database (Table 1). The number of secreted proteins were 80%, followed by proteins that direcly go to the ER or
its lumen (about 50 proteins). In the ER secretory proteins are synthesized and assembled, and then further
processed in the Golgi apparatus. First they arrive at the trans-Golgi where they are sorted and packed into
carriers of post-Golgi, and then fuse with the cell surface after being transported into the cytoplasms. Secreted
proteins do pass through the ER, so maximum number of proteins either resides in the ER or pass through it.

For targeting protein to its subsequent location the presence of signal peptide is compulsory that cleaves
from protein upon reaching its targeted location. Once the protein has reached its destination, its signal peptide
is cleaved, and it becomes a matured protein (Kunze and Berger 2015; Mukhopadhyay et al., 2004). By using
the PrediSi software signal peptides were determined and it was found to be present in 933 proteins, whereas 67
proteins lacked signal peptide. Mostly proteins containing signal peptides targeted to specific locations in the
cell were localized in the ER. Predotar was used to determine the targeting locations of N-terminal signals. For
every sequence, the tool provides a probability estimate about whether a protein sequence contains an ER or
mitochondrial targeting sequence, and sometimes no targeting sequence is present. It was found that the
frequency of proteins targeting to ER was 852, to mitochondria 16 and 35 proteins predicted as none. The
proteins targeted to possibly ER or mitochondria are about 43 and 17 respectively and 2 sequences are not
predicted and discarded as they contain no terminal Met. This indicates that the ER has first preference
regarding localization of proteins and are either utilized in the ER or further transported to other organelles in
the cell. This phenomenon was also observed in the proteins targeted to the golgi apparatus, as they also have
the ER targeting sequence included in their targeting sequence.

Conclusion

The insight about the function of a protein can be determined by knowing where and when it is located in
the cell i.e. the proteins location. Most proteins contain N-terminal sequences that, in one way or another, guide
the cell where to move unmatured proteins. The information regarding proteins subcellular localization in
medical sciences can be helpful in target directed drug discovery. For example, drug molecules are easily
accessible to secreted and plasma membrane proteins due to their localization. Aberrant subcellular localization
of proteins may lead to several pathological conditions, such as Alzheimer’s disease and cancer (Davis and
Williams 2012; Hughes et al., 2000).
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