Volume LXXI, 2002, no. 1

VOJENSKE ZDRAVOTNICKE LISTY - SUPLEMENTUM 17

FUNCTIONAL PROFILE OF FRANCISELLA TULARENSIS PROTEINS

Lenka HERNYCHOVA, Ale¥ MACELA, Jifi STULIK
Institute of Nuclear and Biological Medical Defence, Purkyné Military Medical Academy, Hradec Kralové, Czech Republic

Introduction

In spite of the enormous quantity of information
from genomic and proteomic analysis the data do
not mirror precisely in vivo situation in respect to
functional profile of cellular system studied. Gene-
rally, the function of molecular entities is strictly
associated with their tertiary structure, subcellular
localization inside individual cell compartments
and basically on the consensual sequences, which
compose the functional domains of protein molecu-
le. Moreover, the metabolic and signaling cellular
cascades rely on the protein-protein interactions,
which are also out of the scope of, so called
“expression proteomics”. To overcome this gap, the
construction of virtual proteome using the algo-
rithms of bioinformatics and the systematic study
of protein-protein interactions through the isolation
of protein complexes called “cell-maps proteomics”
precedes the creation of real bacterial proteome.
Moreover, the proteomic study of isolated
individual cellular compartments can bring more
precise information of function-related protein
expression.

Virtual proteome

Virtual proteome increases the preliminary
value of possible interpretation of data obtained
from genome and post-genome studies. Bioinfor-
matics is one of the possible tools for the construc-
tion of virtual proteome that allows summarization
of both 2-DE gel electrophoresis and mass spectro-
metry data in combination with genomic data and
enable their “functional” interpretation including
post-genomic properties (expression level of proteins,
post-translation modifications of proteins, protein-
protein interaction etc.).

The virtual proteome of Francisella tularensis
microbe was created from the existing ORFeom by
translation of tentative ORFs. Translated OFRs
were subsequently evaluated by algorithms, which
predict, on the bases of inserted amino acid
sequences, the function of proteins (COG algorithm),
their intracellular topology (PSORT), discrimina-
tion between soluble and membrane proteins
(SOSUI), or prediction of protein to be secreted
(SPScan, SignalP, Tmpred) [1].

Intracellular bacteria Francisella tularensis strain
Schu4d was sequenced and nucleotide sequence data
from genomic DNA has been partially assembled
to provide 1-83 Mb of the genome sequence [2]. A
preliminary analysis of the whole genome allows
creating complete ORFeom. In total 1804 candidate
ORFs were identified in the data set of which 1289
were thought to encode proteins (743 genes with
known function, 133 genes coding for hypothetical
proteins and 413 genes with no database match)
[3]. The putative proteins encoded by the F tula-
rensis sequence data were assigned to one of 16 dif-
ferent categories, to enable a comparison with other
bacteria whose genomes have previously been
sequenced [3].

Prediction of secondary structure and topo-
graphy of microbial proteins — Application of
SOSUI and PSORT algorithms

A software system, SOSUI, was previously
developed for discriminating between soluble and
membrane proteins together with the prediction of
transmembrane helices [4]. SOSUI system is a
www-based tool with its Internet address
http://www.tuat.ac.jp/~mitaku/sosui. The perfor-
mance of the system was 99% for the discrimina-
tion between two types of proteins (membrane ver-
sus soluble protein) and 96% for the prediction of
transmembrane helices [5]. This theoretical method
does not depend on the sequence alignment but on
the physicochemical properties of amino acid
sequences. The average hydrophobicity of the most
hydrophobic helices in membrane proteins had a
characteristic relationship with the length of the
protein [6]. Two prediction and two graphs are pre-
sented in the output page: (1) the type of protein,
(2) the region of transmembrane helices when the
protein is a membrane type, (3) a graph of the hyd-
ropathy plot, (4) helical wheel diagrams of all
transmembrane helices. SOSUIsignal Beta Version
calculates signal peptides from amino acid sequen-
ce of protein. The results from SOSUI algorithm
for identified proteins are presented in tables 1 and
2. Other version of SOSUI program SOSUI (Batch)
allows analysis of large amount of amino acid
sequences of individual proteins. Preliminary analysis
of Francisella tularensis ORFeom by SOSUI sys-
tem predicted that 34% from putative proteins ana-
lyzed till now could be classified as a membrane
proteins.
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The topology of proteins listed in tables 1 and 2
was evaluated by PSORT algorithm. PSORT algo-
rithm can be used for prediction of gram-positive
and gram-negative bacterium, yeast, animal and
plant proteins localization. Algorithm is displayed
on Internet address: http://psort.nibb.ac.jp. The pre-
dicted candidate localization-sites for gram-nega-
tive bacterium are bacterial outer membrane, bacte-
rial periplasmic space, bacterial inner membrane
and bacterial cytoplasm. In gram-negative bacteria,
most periplasmic and outer membrane proteins
have a signal sequence in the N-terminus, which is
cleaved off after the translocation to the cytoplasmic
membrane. Some cytoplasmic membrane proteins
have signal sequence un-cleavable, which remains
on mature protein as transmembrane segment.
PSORT first predicts the presence of signal sequen-
ces by McGeoch’s method [7] modified by Nakai
and Kanehisa [8]. It considers the N-terminal
basically charged region and the central hydrophobic
region of signal sequences. A discriminant score is
calculated from the three values: length of central
hydrophobic region, peak value of central hydro-
phobic region, and net charge of N-terminal
basically-charged region. A large positive discriminant
score means a high possibility to possess a signal
sequence whether it is cleaved off or not. Next,
PSORT applies von Heijne's method of signal
sequence recognition [9]. It is a weight-matrix method
and incorporates the information of consensus
pattern around the cleavage sites and thus it can be
used to detect uncleavable signal sequences. A
large positive output means a high possibility that it
has a cleavable signal sequence. The position of
possible cleavage site is also reported. Next para-
meters that PSORT calculates are transmembrane
segments and lipoproteins. Transmembrane segments
exist in the cytoplasmic membrane proteins only.
Thus, these segments can be regarded as the sorting
signal into the cytoplasmic membrane. PSORT
employs Klein et al.’s method to detect potential
transmembrane segments [10]. The discrimination
between the cytoplasmic membrane and the outer
membrane is done as follows based on the experi-
ment of Yamaguchi [11]. If a lipoprotein has a
negatively charged residue at second or third position
of the mature part, it is sorted to the inner membra-
ne; otherwise, it is sorted to the outer membrane
(see PSORT Users” Manual at http://psort.nibb.ac.jp
/helpwww.html).

Structure-function relationship of microbial pro-
teins — Exploitation of COG program. The predicted
functional profile of tentative proteins listed in tab-
les 1 and 2 was obtained by applying of COGs
algorithms. The database of Clusters of Ortholo-
gous Groups of proteins (COGs) has been incepted

as phylogenetic classification of proteins from com-
plete genomes [12]. COGs were delineated by com-
paring protein sequences encoded in 43 complete
genomes, representing 30 major phylogenetic linea-
ges to serve as platform for functional annotation of
newly sequenced genomes and for studies on genome
evolution, and post-genomic evaluation of protein
analysis [13]. The COGs have been classified into 17
broad functional categories, including a class for
which a general function prediction, usually that of
biochemical activity, was feasible and a class of
uncharacterized COGs. In strict sense, the
COGNITOR program that accompanies the COGs
database and assign new proteins, typically from
newly sequenced genomes [14], was used for predic-
tion of identified Francisella tularensis proteins func-
tion. COGs algorithm is a www-based tool with its
Internet address http://www.ncbi.nlm.nih.gov/COG.

Conclusion

Computer algorithms evaluated data from geno-
me and proteome analysis complete the mosaics of
basic information ordered to virtual proteome. The
complexity of information collected in virtual pro-
teome offers the possibility to use the discriminative
features for the creation of real proteome. The
basic distinctness between virtual and real proteo-
me can be seen in unambiguous expression of real
protein species in in vivo system under strictly defi-
ned conditions. Moreover, the precise identification
of protein species including posttranslational modi-
fication and evaluation of structure-function relati-
onship using knockout gene and point mutation
technologies should be the stipulate attribute of real
proteome. The information created real proteome
can backward influence the virtual proteome in res-
pect to higher probability of protein properties pre-
diction.
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