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ABSTRACT

GDP-mannose 4,6- dehydratese is conserved throughout evolution. This molecule 
catalyzes conversion of GDP-D-mannose to GDP-4-keto-6-D-deoxymannose by 
catalyzing the oxidation of the hydroxyl group. This is the first step in conversion of 
GDP-mannose to GDP-fucose. Defects in GDP-fucose metabolism have been linked 
to leukocyte adhesion deficiency type II. Here, we identified and characterized the 
rat GMDS gene using bioinformatics tools. Rat GDP-mannose 4,6- dehydratese 
gene, consisting of 11 exons, was located within rat genomic contig NW_047491. 
Rat, human, and mouse GDP-mannose 4,6- dehydratese showed 95-98% total amino 
acid identity. The conserved Epimerase domain was identified within GDP-mannose 
4,6- dehydratese protein. This is the first report on identification and characterization 
of the rat GMDS gene. 
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ÖZET

GDP - mannoz 4,6- dehidrataz evrimsel süreç boyunca korunmuştur. Bu molekül 
hidroksil grubunun katalizlenmesi ile GDP-D-mannoz’un GDP-4-keto-6-D-deoxy-
mannoza dönüşümünü katalizler. GDP-mannoz’un GDP-fukoz’a dönüşümü için 
bu ilk adımdır. GDP-fukoz metabolizmasında ortaya çıkabilecek bir defekt tip II 
lökosit adezyon eksikliğine yol açabilmektedir. Bu çalışmada biyoinformatik araçlar 
kullanarak sıçan GDP - mannoz 4,6- dehidrataz genini tanımladık ve karakterize 
ettik. Sıçan GDP - mannoz 4,6- dehidrataz geni 11 eksondan oluşmaktadır ve sıçan 
genomunda 17. kromozom üzerinde genomik kontig NW_047491 üzerinde yer 
almaktadır. Sıçan GDP - mannoz 4,6- dehidrataz proteinin fare GDP - mannoz 4,6- 
dehidrataz proteini ile %98 oranında (365/370) ve insan GDP - mannoz 4,6- dehid-
rataz proteini ile de %95 oranında (357/370) benzerlik gösterdiği görülmektedir. 
Sıçan GDP-mannoz 4,6- dehidrataz proteini üzerinde epimeraz domeyni belirlen-
miştir. Bu çalışma sıçan GDP - mannoz 4,6- dehidrataz geninin tanımlanması ve 
karakterizasyonu üzerine yapılmış olan ilk çalışmadır. 

Anahtar Kelimeler: GMDS, biyoinformatik, sıçan genomu, karşılaştırmalı 
genomik, GDP-mannoz 4,6-dehidrataz
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Introduction

GDP-mannose 4,6- dehydratese (GMDS) is conserved 
throughout evolution (1). GMDS, the first enzyme 
involved in the de novo biosynthesis pathway of GDP-
fucose, has been obtained at different degrees of purity 
from various sources, both from bacteria and mammals 
(2). GMDS catalyzes conversion of GDP-D-mannose to 
GDP-4-keto-6-D-deoxymannose. This is the first step 
in conversion of GDP-mannose to GDP-fucose (3, 4). 
Fucose forms a part of a number of glycoconjugates, 
including the ABO blood groups and the selectin ligand 
sialyl Lewis X. Defects in GDP-fucose metabolism 
have been linked to leukocyte adhesion deficiency type 
II (LADII) abnormalities (5). GMDS is a homodimeric 
protein with each monomer composed of two domains. 
The larger N-terminal domain binds the NADP(H) 
cofactor in a classical Rossmann fold and the C-terminal 
domain harbors the sugar-nucleotide binding site (5).

Here we identified Rat GMDS gene using bioinformatics 
tools. In addition to the structure and the chromosomal 
localization of the rat GMDS gene, the transcribed and 
translated protein product of the GMDS gene is analyzed 
in silico. This is the first report on identification and 
characterization of the rat GMDS gene.

Material and Methods

Identification of novel gene fragments in rat genome

Novel rat gene fragments homologous to human GMDS 
gene was searched for with TblastN (6) program using 
the homology based gene finding algorithm as described 
previously (7,8). Amino acid sequence of Human GMDS 
was used as a query sequence for the TblastN program, in 
which the query amino acid sequence was compared with 
the rat genome sequences and rat expressed sequence 
tags (ESTs) translated in 6 frames.  

Structure and chromosomal localization of the novel 
gene

Exon-intron boundaries around the gene fragments 
identified by the TblastN program were determined 
by examining the consensus sequence of exon-intron 
boundaries (‘gt…ag’ rule of intronic sequence) and 
the codon usage within the coding region. Based on 
the rat chromosomal localization of genome sequences 
in the NCBI database (http://www.ncbi.nlm.nih.gov), 
rat chromosomal localization of the novel gene was 
determined.

Analyses of deduced amino acid sequence

Prediction of coding region as well as translation into 
amino-acid sequence were performed using ORF Finder 

program (www.ncbi.nlm.nih.gov). The homolog amino 
acid sequences of the novel constructed gene product 
were searched for with the BLASTp program. Amino 
acid sequences of human, mouse and rat GMDS genes 
were aligned using the ClustalW program(9). Domain 
structure of the novel protein was searched for with the 
pfam program (10). 

Results

Identification of rat GMDS gene

Rat genome sequences and ESTs homologous to human 
GMDS were searched for with the TblastN program 
using the amino acid sequence of human GMDS as the 
query sequence. TblastN analysis of human GMDS 
revealed that GMDS homologous gene fragments were 
located within rat genome contig NW_047491 on the 
chromosome 17 and NW_047469 on the chromosome 
16. GMDS homologous gene fragments on NW_047469 
(chromosome 16) did not seem to code for any protein 
because there weren’t any corresponding ESTs or cDNAs 
in this region.

Structure of rat GMDS gene

Rat GMDS gene consists of 11 exons in the rat genome 
(Figure 1a). Precise exon-intron boundaries of rat GMDS 
gene were determined based on the contig NW_047491 
on the chromosome 17 of rat by examining the consensus 
sequence of exon-intron boundaries and the codon usage 
within the coding region (Figure 1b). The rat GMDS 
gene, consisting of at least 11 exon, was located on the 
chromosome 17 at the nucleotide position 12.777.888-
13.332.937 Therefore, the GMDS gene was found to be 
a long coding sequence with a size of about 555 kb.

Amino acid sequence of rat GMDS

Nucleotide sequence of rat GMDS mRNA was 
determined by combining nucleotide sequences of its 
predicted exons. Rat GMDS mRNA was found to consist 
of least 28 bp of 5’ UTR, 1110 bp of coding region, 
and at least 332 bp of a 3’ UTR region (Figure 2). The 
predicted mRNA of the GMDS gene encodes a peptide 
of 370 amino acids.

The Blastp program revealed that rat GMDS has a 98% 
(365/370) and 95% (357/370) total amino acid identity 
with GMDS of Mus musculus, H. sapiens, respectively. 
ClustalW alignment of GMDS proteins, Mus musculus 
GMDS, and Homo sapiens GMDS displayed very high 
similarity of GMDS proteins in these species (Figure 
3). pfam result revealed that rat GMDS protein harbor a 
big Epimerase domain spanning from amino acid 28 to 
358, which also contain a signature of NAD dependent 
epimerase / dehydratase family proteins (Figure 3). 
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Discussion 

We identified and characterized the Rat GMDS gene 
using bioinformatics tools in this study. Complete 
coding sequence of GMDS gene was determined by 
assembling the identified 11 exons within the genomic 
contig NW_047491 of rat chromosome 17p.12 (Figure 
1a). Rat GMDS protein (370 aa) was identified based 
on the nucleotide sequences of the exons (Figure 2). 
Even though there are some homolog segments on the 
chromosome 16, these segments did not seem to assemble 
into a functional gene. 

Rat GMDS protein includes an epimerase domain 
(Figure 3). This domain is found in the NAD dependent 
epimerase/dehydratase family proteins. Proteins in this 
family are enzymes utilizing NAD as a cofactor in a 
variety of biochemical reactions involving nucleotide-
sugar molecules as substrates (11). 

High homology between the rat, mouse, and human 
GMDS genes indicate that they may well have been 
conserved and this conservation may be of paramount 
importance for its role in the cellular physiology. 

Methods of bioinformatics have a role in the 
confirmation of established laboratory-based work and 
in de novo analysis (12). However results of in silico 
(bioinformatical) studies generally needs confirmation 
by lab experimentations. Therefore findings of this study 
need to be confirmed by wet-lab experimentation. 

Figure 1. Structure and chromosomal localization of rat GMDS gene. 
A, GMDS gene located on rat chromosome 17p.12. B, Exon–Intron 
boundries of rat GMDS gene. Rat GMDS gene consists of 11 exons, 
spans nucleotide position 12.777 kb - 13.333 kb of rat chromosome 17 
(the Genomic contig NW_047491).

Figure 2. Rat GMDS mRNA and rat GMDS protein. Nucleotide 
sequence of rat GMDS mRNA and amino acid sequence of rat GMDS 
protein are shown. Nucleotides and amino acids are numbered on the 
right. 
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