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ABSTRACT

Isoprenoids are synthesized by condensation of @wanits’ isopentenyl diphosphate (IPP) and dimethylal
diphosphate (DMAPP). The 3-hydroxy-3-methylglut®@glA reductase (HMGR, EC 1.1.1.34) catalyzes the
conversion of HMG-CoA to mevalonate, which is tivet fcommitted step in the pathway for isoprenoid
biosynthesis. In this study, we did bioinforma#ioslyses on 12 HMGR protein sequences in six diftesrganisms
including Arabidopsis thaliana, Drosophila melanager, Gossypium hirsutum, Homo sapiens, Mus musarid
Oryza sativa by computational tools to predict thieylogenetic relationship. Sequence comparison el
revealed there is a high identity between them phglogenetic analysis indicated that there is aatienhship
among species of different organisms. Accordinghtse results, HMGRs should be derived from a cammo
ancestor.
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INTRODUCTION

There are enormous varieties of metabolites intpldrat can be classified into two basic group®mating to their
functions: the primary metabolites and secondaryabwites [1]. The primary metabolites include miclacids,
proteins, fatty acids and others that participateplant basic functions. The secondary metabolidisience

ecological interactions between plants and enviemnfi2]. Structurally and functionally diverse isepoids (also
called terpenoids) are among the largest and thet stiaucturally varied groups of natural producithwver 30,000
known compounds, many of which have essentiallyogioal functions in plants, i. e., sterols as #wsential
components of bio-membranes, carotenoids and gfitigtiins as photosynthesis pigments, plant hormasethe
regulators of plant growth, development and defeseprenoids. Additionally, some isoprenoids argémtant

economically chemicals including flavors, pigmentgxes, rubbers, vitamins, taxol [3], artemising] pnd

ginkgolides [5]. There are two distinct pathways foprenoid biosynthesis in plant kingdom: the lvgélhdied

mevalonate (MVA) pathway and deoxyxylulose 5-ph@dpf2-C-methyl-D-erythritol 4-phosphate (MEP) patlyw
(also called DXP pathway), which is mevalonate-pefedent pathway. Furthermore, these two distinttveeays

are localized in different subcellular compartmenite MVA pathway predominates in the cytosol anel MEP

pathway in the plastid [6]. As shown in Figure ke t3-hydroxy-3-methylglutaryl-CoA reductase (HMGERC

1.1.1.34) catalyzes the conversion of HMG-CoA tovatenate, which is the first step in the pathwayisoprenoid
biosynthesis in plants.
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Figure 1. Schematic representation of mevalonate biosynthetjathway
(Data taken from http://www.biochemj.org)

HMGR is a ratdimiting enzyme that can be inhibited specificaly lovastatin, catalyzes the NAl-dependent
synthesis of mevalonate from HNCoA, which is the most important step of the MV/Adynthetic pathwal7].

HMGR is well studied in archeobacteria, bactetagi, plants and animalln plants, overexpression c-hydroxy-

3-methylgulutaryl€oA reductase (HMGR) in the isoprenoid pathway basn attempted to increase triterper
productivity [8-12]. Despitemproved productivities per unit weight, the traesig plants sometimes show
growth inhibition, probably caused by metabolic at#mces. In fact, overexpression of the HMGR cataly
domain alleviated the growth inhibition caused hg tndividual oerexpression of the HMGR catalytic dom
[13].

Structurally, HMGR consists of three regions: the-terminal region that contains a variable numbel

transmembrane segments (usually seven in mammaksgts and fungi; two in plants)linker, and a C-terminal
catalytic region of approximately 400 am-acid residues. Although little sequence similaigyfound among th

transmembrane domains of HMGBA reductases from different species, tt-terminal catalytic region is highl

conserved. The structumof this region is predicted to consist of ampthigahelices flanking an extenc-pleated

sheet [14].

The catalytic regions of HMGR consist of three doweathe small helical amirterminal N-domain; the large,
central Ldomain harboring two HM-CoA binding motifs (EMPIGYVQIP and TTEGCLVA) and a NADR)-
binding motif (GTVGGGT). Moreover, its architecturesembled a prism with an alpha helix forming teatral
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structural element; the small helical S-domain barlg a NADP(H)-binding motif characterized by thequence
DAMGMNM [15]. The nucleotides correlated to thesetifs are well conserved which can usually be ufsed
designing degenerate primers for isolating the nemlof hmgr gene family. The purpose of this work was
applying bioinformatics analysis on HMGR which iskay gene in six different organisms for elucidatiof
phylogenetic relationship.

MATERIALS AND METHODS

Collection of HMGR sequences

All the HMGR protein sequences (FASTA format) bgmg to the six different organisms includidgabidopsis
thaliana, Drosophila melanogasteiGossypium hirsutumHomo sapiensMus musculusand Oryza sativawere
downloaded from NCBI (http://www.ncbi.nlm.nih.goagcessed, on June 2013) as listed in Table 1.

Table 1.The six species analyzed in this study

Index | Abbreviation Species Family Number of Sequence
1 At Arabidopsis thaliana Brassicaceae 2
2 Dm Drosophila melanogaster Drosophilidae 2
3 Gh Gossypiumhirsutum Malvaceae 2
4 Hs Homo sapiens Hominidae 2
5 Mm Musmusculus Muridae 2
6 Os Oryza sativa Gramineae 2

Bioinformatics analyses

Several online web services and software were tdisedinalyses of HMGRs in six different organism$eT
phylogenetic analysis of HMGRs was done with DNAS package (MegAlign) using CLUSTAL-W with default
parameters. Phylogenetic trees were constructed) MEGA (version 5) from aligned sequences. Fivehaoes
were used to construct the trees.

RESULTS AND DISCUSSION

The biosynthesis pathways of isoprenoid have bdstodered and investigated. The encoding enzymessge
involved in both the MVA and MEP pathways have begentified. These may lead to the possibilities fo
bioengineering the isoprenoid biosynthetic pathwagerious novel strategies are likely to furthecelerate the
progress of isoprenoid metabolic engineering [1p-TBe results of the sequence alignment showadHNGRS in
six different organisms have a high homology witte @nother. HMGRs contained two HMG-CoA-binding ifsot
(ENPVGYVQIP and TTEGCLVA) and two NADP(H)-binding atifs (DAMGMNM and GTVGGGT). In this
study, 12 HMGR protein sequences belongingAtabidopsis thaliana Drosophila melanogasterGossypium
hirsutum Homo sapiensMus musculusndOryza sativawere aligned by CLUSTAL-W. The alignment of protei
sequences showed high homology among differentnsges. Figure 2 shows the percentage identitiesngmo
proteins in the multiple alignments of HMGR.

Percent Identity

2 3 4 5 6 7 8 9 10 11 12
36.8 72.6 67.8 39.6 39.6 59.8 40.2 41.2 68.4
69.9 69 43.4 43.4 56.3 45.2 37.7 63.3
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29.8 37.4 101.6 | 101.1 43.2 43.2 61.6 43.2 41.9 67.2 GhHMGR-AACO05089
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Figure 2. The degree of percentage sequence identity of regiek across the six different organisms’ protein segnces that are shown in
Figure 3

As shown in Figure 3, motifs 2 (TTEGCLVA), 3 (DAMGNWM) and 4 (GTVGGGT) were more conserved than
motif 1 (ENPVGYVQIP) in six different samples.
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Phylogenetic trees were constructed based on timoaanid sequences of HMGRs from six different oigens to
investigate the evolutionary relationships amongnth According to the result of phylogenetic tre&®, protein
sequences of HMGR were defined approximated siMpgoThe results revealed that HMGRs were derikat in
ancestor gene and evolved into different groupsheve relationship with one another (Figure 4).
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Figure 3. Multiple alignment of amino acid sequencein six different organisms. Shade with light yetiw residues: match the consensus
exactly; shade with bright lime residues: differ fom the consensus. The putative HMG-CoA-binding site(1, 2, 3 and 4) were indicated
in the shape. Alignments were performed with CLUSTA-W method
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Figure 4. The phylogenetic trees of HMGRs from sixifferent organisms using the CLUSTAL-W (MEGA 5) program. The Maximum
Likelihood, Minimum Evolution, Maximum Parsimony, N eighbor-Joining and UPGMA methods were used to cotrsict the trees. The
percentage of 1000 bootstrap replicates was giveheach node

Recently, bioinformatics and genomic tools haveohationized the studies of organisms metabolism . The
novel technologies, including engineering the isopid-based plant defenses, improving the quafitgraps, such
as “Golden Rice” [16], breaking the isoprenoid piahetic bottleneck in plants to produce a higheoant of
essential oils in peppermint [22], rebuilding ahyedy in bacteria to produce pharmaceuticals sucértasnisinin
[23], altering the metabolic flux to the desiraldEection to yield high-content pharmaceutical @gesuch as
terpenoidindole alkaloids [24], blocking the chegky along the pathways to develop new herbici@&$ &nd anti-
parasite drugs [26]. Furthermore, isoprenoid bitisysis is also important for plant growth and bissproperties
[27]. Even though good progress has been madeeimrmtétabolic engineering of isoprenoids, it is dillargely
undiscovered field [28, 29].

CONCLUSION

To identify phylogenetic relationships among siffatent organisms includingrabidopsis thalianaDrosophila
melanogasterGossypium hirsuturHomo sapiensMus musculugindOryza sativa bioinformatics analyses on 12
HMGR protein sequences were done. Different conjmual tools were used in this study. The alignmeas
performed by MegAlign and the phylogenetic treesenenstructed by Molecular Evolutionary Genetiagakysis
(MEGA), version 5. Sequence comparison analysisvelothat there is a high identity between thesespecies
and phylogenetic analysis indicated that therenslaionship among species of different organishigese results
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of phylogenetic tree showed HMGR from differentattges have a relationship with each other, alsmit be
proved they were derived from an ancestor genesmalyed into different groups.

Abbreviations

DMAPP, dimethylallyl diphosphate; DXP, 1-deoxy-Dhilpse 5-phosphate; HMGR, 3-hydroxy-3-methylglutary
coenzyme A reductase; IPP, isopentenyl diphospiR, 2C-methyl-D-erythritol 4-phosphate; MVA, mémaic
acid
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