& ) ) . 37
W Journal of Tropical Agriculture 43 (1-2):, 37-42, 2005

Molecular cloning of a cDNA fragment encoding 3-hydroxy-3-methylglutaryl
CoA reductase in kantkari (Solanum xanthocarpum)
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Abstract

A cDNA fragment encoding 3-hydroxy-3-methylglutaryl coenzyme A reductase (HMGR) was cloned from kantkari (Solanum
xanthocarpum), amedicinal herb. cDNA was synthesized by reverse transcription polymerase chain reaction using specificaly
designed primers, with total RNA isolated from tender leaves. The 600bp amplicon obtained was cloned in pGEMT vector and
sequenced, which revealed the presence of two open reading frames sharing homology with HMGR of other plant species.
Sequence comparison of HMGR from eight different plant genera revealed that solanaceous plants belonged to a single cluster.
Northern blotting followed by hybridization of total RNA using homologous probe confirmed the presence of corresponding

mRNA. The full length gene could be cloned and utilized for imparting insect resistance to cultivated plants.
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I ntroduction

Solanum xanthocar pum Schrad. and Wendl., known as
kantkari, isa spiny medicina herb commonly found in
India. Different parts of this plant are used in the
treatment of diseases like fever, asthma, tuberculosis,
kidney disorders, cough, congtipation, tooth-ache, sore
throat, rheumatism and gonorrhea (Govindan et al.,
1996). The plant extract of S. xanthocarpum also
possesses insecticidal and molluscicidal properties
(Singh and Bansal, 2003). In addition, it is reported to
show multiple resistances to major biotic stresses
including insect pests like shoot and fruit borer
(Sebastian, 2000). Phytoactive compounds extracted
from this plant include solanocarpine, solanocarpidine,
diosgenin, carpesterol and sitosterol and steroids
(Josekutty, 1998). Previous workers (e.g., Sokai et al.,
1981; Nelson et al., 1994) showed that isoprenoid
biosynthesis of such defense proteins including
phytoalexinsis catalysed by thekey enzyme, 3-hydroxy
3-methyiglutaryl CoA reductase (HMGR). In plants,

however, thisenzymeisencoded by asmall genefamily,
the members of which are differentially expressed.
Although genes encoding HMGR have been isolated
and characterized from several plant species (e.g.,
Nelsonetal. 1994; Jaineta., 2000; Kondo et ., 2003),
no previous attempts were made to clone hmgr gene
from S. xanthocarpum. In view of the potential
medicina and insecticidal importance of this species,
an attempt has been made to isolate and characterize
cDNA fragment encoding HMGR.

Materials and methods
RNA isolation

Total RNA was isolated by the single-step isolation
method (Chomczynski and Sacchi, 1987) from the
tender leaves of S. xanthocarpumtreated with abscisic
acid by dipping the roots in a 1000 ppm solution for
4h. Two hundred mg of tissue was ground in excess
of liquid N, and RNA was isolated using TRIzol
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reagent (Invitrogen, USA). All glassware and reagents
used in the process were treated with 0.1% DEPC and
autoclaved. The RNA was separated by 0.8% agarose
gel eectrophoresisin tris-borate EDTA (TBE) buffer at
5v/cmfor 3 h. Approximate RNA yield was determined
using a spectrophotometer (Genesys 5, Spectronic
Instruments, USA) by measuring absorbance at 260 nm.

Primer designing and cDNA synthesis

The mRNA and amino acid sequences for hmgr genes
from various plant species available in the databank of
Nationa Centre for Biotechnology Information (http:/
Awww.nchi.nfm.nih.gov) were used to locate conserved
boxes by multiple sequence alignment through
CLUSTALW 1.8 and primers with the following
seguence were designed.
hmgr 3 (forward) 5
ACAGAAGGATGTTTAGTGGCTAG 3 (Tm63°C)
hmgr6 (reverse) 5
CTTGCCATCATTTACAGCCTC C 3 (Tm 61°C)

cDNA synthesis was carried out using 2ug total RNA
in 50 pl reaction mix using single step reverse trans-
cription polymerase chain reaction (RT-PCR) kit
(Qiagen, Germany) in athermal cycler (MJ Research,
USA). First strand synthesis was carried out a 50°C
for 30 min and second strand synthesis at an annealing
temperature of 58°C for 1 min. At the end of the run,
reaction mix was loaded on 0.8% agarose gel and the
ampliconeluted using gel eutionkit (Qiagen, Germany)
in 25 ul of elution buffer.

Cloning and sequencing

Three ul of RT-PCR product eluted from gel wasligated
with pGEMT vector using pGEM-T Easy Vector
(Promega, USA) and transformed into competent cells
of Escherichia coli DH5o: prepared by CaCl, treatment.
Recombinants were selected through blue-white
screening on Luriaagar. Presenceof theinsertinsingle
white colonies was confirmed by PCR with the same
primer combination and sequenced using T7 primer a
the DNA Sequencing Facility, Delhi University South
Campus, New Delhi.
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Theoretical analysis of the nucleotide sequence and
deduced amino acid segquence was carried out using
various algorithms online, e.g., nucleotide sequence
analysis included homology search by BLAST (http://
www.nchi.nim.nih.gov/blast), restriction analysis (http:
IIwww.seqtool/sdsc.edu/), construction of phylogenetic
tree (http://www.ebi.ac.uk/clustalw), amino acid
sequence by ‘GOR’ secondary structure prediction
(http://segtool. sdsc.edu/), InterProscan domain search
(http:www.ebi. ac.uk/InterProscan) to locate the
functiona domains, domain structureanalysisby CATH
structura database (www.biochem.ucl.ac.uk/bsm/cath)
and Kyte & Doolittle hydropathy plot (http://
occawlonline.pearsoned.com).

Northern blotting and hybridisation

RNA was dectrophoresed on 1% denaturing agarose
gel in sterile water, containing 10% of 10X MOPS (pH
7.0, 0.2 M MOPS, 50 mM sodium acetate, 10 mM
EDTA) and 17.5% formal dehyde. Samplewas prepared
with RNA 4 ul, 5X MOPS 3.12 ul, formaldehyde 3.12
ul and deionized formamide 8.88 ul. Sample was
heated at 60°C for 7.5 min, cooled inicefor 5 min and
4wl loading buffer was added (MBI Fermentas, USA)
using 1X formamide as running buffer. After a pre-run
for 10 minutesin 1X MOPS, samples were |oaded and
electrophoresed at 5 v cm? for 3 h.

The gel was washed and immersed in 100 ml of 10X
SSC for 45 minutes with gentle shaking. The separated
RNA was transferred on to nylon membrane with 20X
SSC overnight, and immohilized on nylon membrane
by baking at 80°C for 2 h. The RT-PCR product cloned
inpGEMT wasreamplified using hmgr 3 and 6 primers,
%P |abelled by random primer labeling using random
primer labeling kit (Bangalore Genei, India). Thenylon
membrane was immersed in 30 ml pre-heated pre-
hybridization solution (6X SSC, 2X Denhardt’s reagent
and 0.1% SDS) for 4 h at 68°C. Heat denatured probe
was added to 30 ml of preheated hybridization solution
(6X SSC, 2X Denhardt’s reagent, 0.1% SDS and
denatured salmon sperm DNA). Hybridization was
allowed to proceed overnight at 68°C with gentle
shaking. Nonspecifically bound activity was removed
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by washing the membrane for 20 minutes at room
temperature in 1X SSC and 0.1% SDS followed by
three washes at 68°C in 0.2X SSC and 0.1% SDS. The
membrane was exposed to X-ray film (Kodak) for 48 h
at -70°C to develop autoradiograms.

Results and discussion

Total RNA from theleaves of S. xanthocarpumyielded
five intact bands of RNA with no genomic DNA
contamination (Figs. 1-3); and the approximate RNA
yield was 3ug wlt. RT-PCR reaction with primer
combination hmgr3 and hmgr6 yielded a single crisp
band of 600 bp (Fig. 2), designated as ‘sxhmg 36'.

M

Fig. 1 Totd RNA from Solanum
xanthocarpum
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Plasmids from true recombinants al so yielded the same
600 bp amplicon in polymerase chain reaction.

The cDNA fragment cloned length of theinsert was 533
bp and had 7 open reading frames. Homology search
usingtrandated BLAST (blastx) reved ed that thelongest
ORF of 402b (134 amino acid residues) showed more
than 90% identity with HMGR in Lycopersicon
esculentum, Nicotiana tabacum and Solanum tuberosum
(Table 1). The ORF on +2 strand was 162b (53 amino
acid residues) long and contained stop codon. ThisORF
aso shared homology with HMGR from N. tabacum,
L. esculentumand Capsicumannuum. Generally, plant
HMGRs show maximum identity in the C-termina

hmgr 3 and hmgr 6 primers
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Fig. 2RT PCR product with

Fig. 3 Northern blot analysis
a total RNA on denaturing gel b: autoradiogram

Table 1. Deduced amino acid sequence of ORFs and identity with other plant hmgr genes

ORF Details of sequences sharing homology
position Amino acid sequence
and length Accession  ldentity Plant species Function
in bp No. (%) assigned
+3402 L RIPSTLRLFLLVFNK AAB62581 93 Lycopersicum esculentum
SSRARLQSIQCAIAGK BAB20771 93  Solanum tuberosum hmgr
NLYRDLASTGDAMGM AAQ11737 92 Datura stramonium
NMVSKGVQNVLDYLQ AAD28179 90  Capsicum annum
NEYPDMDVMGISGNF AAB87727 88  Nicotiana tabacum
CSDKKPAAVNWIEGR AAT52222 85  Catharanthus roseus
GKSVVCEAIIKEEV VK AAB69726 81  Camptotheca acuminata
KVLKTEVAALVELNM
LKNLTGSAMA
+2162 M TRAPVVRFATAKRA AAL16927 87  Lycopersicum esculentum hmgr
AEMKFFVEDPINFETL AAA93498 90  Solanum tuberosum
SSCVQQIKQICKITEH AAQ11737 63  Datura stramonium
SMCYSW AAD28179 65  Capsicum anhum
AALS54879 61  Nicotiana tabacum
AAT52222 59  Catharanthus roseus
AABG69726 81  Camptotheca acuminata
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catalytic region and the membrane spanning region
(Denbow et a., 1996).

Restriction analysis of the nucleotide sequence
(GenBank Accession No: AAP15468) revealed that
many of the commonly used restriction enzymes
(EcoRlI, EcoRV, Hindlll, Pstl, Sau3Al and Smal) did
not have recognition sequences within. However, the
enzyme Alul had three sites, Mbol two sitesand BamHI,
Dpnl, Hhal, Hincll and Sacl had one site each within
the cloned sequence (Fig. 4). Eight plant generasharing

Alul  Sacl Mbol,
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Analysis of the amino acid composition showed that
histidine residues were absent (Table 2). Generaly
among the members of HMGR family two histidine
residues are conserved. One residue is transiently
protonated during the conversion of HMG CoA to
mevaonate (Liscum et d., 1985). Glycine that plays
an important role in the maintenance of secondary
structure constituted 6.21 mol% (10 residues). Cysteine
residues, congtituting 2.48 mol%, are important in the
active site since HMGR is known to require high
concentration of thiol-reducing agents (Liscum et al.,

BamHI Dpnl
Hhal // Alul Alul Hincl | Mbol
0 ‘ Length in base pair — » 600

Fig. 4. Restriction map of sxhmg 36

homology with S. xanthocarpum hmgr gene showed
that plants belonging to family Solanaceae, formed a
single mgjor cluster with two sub-clusters, implying
genetic similarity among them (Fig. 5).

solanum
‘ reicolimra

—potaio

r tornafo
(i o Tl
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calfaranthus

camptotheca

Fig. 5. Dendrogram of eight genera of plants sharing
homology with S xanthocar pum from sequence comparison
of hmgr genein BLAST

Table 2. Amino acid composition of HMGR protein in
Solanum xanthocarpum

Amino &cid No. of residues Mol (%)
Alanine 16 9.94
Arginine 8 497
Asparagine 10 6.21
Agpartic acid 7 4.35
Cysteine 4 2.48
Glutamic acid 10 6.21
Glutamine 4 248
Glycine 10 6.21
Higtidine 0 0.00
Isoleucine 7 4.35
Leucine 13 8.07
Lysine 13 8.07
Methionine 10 6.21
Phenylalanine 8 497
Proline 4 248
Serine 1 6.83
Threonine 6 3.73
Tryptophan 1 0.62
Tyrosine 3 1.86
Valine 16 9.94
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1985). Asparagine residues associated with glyco-
sylation sites made up 6.21%.

Secondary structure analysis of the deduced amino acid
sequence by GOR algorithm indicated that the protein
consisted of 45% o-helix, 37% random coils and 18%
[B-sheets (Fig. 6). Motif scan of deduced amino acid
sequence revealed presence of two motifs viz. HMGR
signature 1 and HMGR family profile (Table 3). A
comparison of the CATH structural database indicates
oxido-reductase domain and domain 2 of HMGR chain
A. These are similar to conserved regions in HMGR
class | (containing N-terminal membrane region) and
class Il (soluble due to lack of membrane region),
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upon hybridization under stringent conditions with 2P
labelled homologous probe reveded positive signd in
the autoradiogram (Fig. 3) confirming the presence of
mRNA corresponding to HMGR protein.

In view of the multiple resistance of the plant to mgjor
bictic stresses, especidly toinsects, besdesthemedicina
properties of plant extracts, cloning hmgr gene from S
xanthocarpum and incorporating the same through
genetic transformation would be useful inimproving the
biotic stress tolerance of cultivated plant species. In
particular, attempts may be madefor isolation of thefull-
length gene and cloning it under a strong congtitutive or
tissue-specific promoter, for better expression of thegene.

Sequence LLRDGMTRAP VVRFATAKRA AEMKFFVEDP INFETLSLVF NKSSRFARLQ
Structure ccccccCCCH HHHHHHHHHH HHHHHHHCCC CCCCHHHHHH CCCCHHHHHH

Sequence SIQCAIAGKN LYMRFSCSTG DAMGMNMVSK GVQNVLDYLQ NEYPDMDVMG
Structure HHHHHHCCCC EEEEEEEEEE CCCEEEEEEC CCHHHHHHHC CCCCCCEEEE

Sequence ISGNFCSDKK PAAVNWIEGR GKSVVCEAII KEEVVKKVLK TEVAALVELN
Structure ECCCCCCCCC CCEEEEEECC CCCCHHHHHH HHHHHHHHHH HHHHHHHHHH

Sequence MLKNLTGSAM A
Structure HHHCCCCCEE C

Fig. 6. Secondary structure of HMGR protein in S. xanthocarpum (H-o-helix, C-Random cails, E-B-Sheets)

predominant in eukaryotesand prokaryotesrespectively
(Goldstein and Brown, 1990)

No putative transmembrane regions could be detected
in the amino acid sequence by the Kyte & Dooalittle
hydropathy plot. This could be because the N-terminal
portion of the protein was not represented in the cloned
sequence. In plant HMGRs two transmembrane regions
are generally present anchoring the enzyme to
endoplasmic reticulum (Basson et al., 1988). The
denaturing gel stained with ethidium bromide confirmed
the presence of RNA. Northern blotted nylon membrane
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