A-Nd =

Journal of Plantation Crops 2006, .*4(3) : 539-5.M

Isolation and charucterization of hevein gene promoter
fr'm Hevea brasiliensis
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Abstract

Hevea brasiliensis, the Pararubber irec is tin- major sourcc of commercial natural rubber and accounts for 99 % of the total world
production. Hevein is an acidic chitin Wh»".<g protein with high-level exfwssion in the latex vessels of rubber tree. Wounding
and application of plant hormones such as c-ie|*on and abscisic acid were found to stimulate the hevein gene expression. Inthe
present study, a promoter sequence of hein gene was isolated by random amplification of genomic DNA ends (RAGE). The
genomic DNA of Hevea clone RRIMO5 was restriction digested with various enzymes. The digested fragments were ligated
with specially designed adapters. The adapter ligated fragments were PCR amplified with adapter specific forward and gene
specific reverse primers. Initially, withDm “digested DNA a 626 bp fragment was amplified. Further, using the reverse primer
based on the S'region of the 626 bp fragMient a 1416 bp second fragment was amplified. Finally, a 1934 bp fragment was
amplified from the genonuc DNA using the forward primer designed based on the 5° region of the 1416 bp firagment and the
gene specific reverse primer. This 1934 bp fragment contains 1865 bp promoter sequence upstream to the transcription initiation
codon (TIC), ATG The isolated promoter contains 48 more nucleotides upstream to the earlier reported sequence. The promoter
sequence contains the “TATA’ element at -81 and a ‘CAAT’ box motif at *198 position from the TIC. Several gene regulatory
elements reported from other plants were «ijo present in this sequence. Since. Hevein is a protein with high expression in latex,
its promoter could be exploited for the high level expression of various recombinant proteins in the laticiferous cells of transgenic
Hevea brasiliensis.
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Introduction binding protein inhibits various chiun containing fungi (Van

The importance ofnatural rubber has p:ompted active Parjis € @l, 1991). xavier €t @l. (1993) reported the
investigation in the molecular aspe “s of rubber formation of polyvalent bridging between hevein and
biosynthesis in Hevea brasiliensis. Natui il rubber, cis- rubberparticles during latex coagulation. A cDN A clone
1, 4-polyisoprene is obtained from tiie latex, the of 1018 bp encoding hevein gene was isolated earlier from
cytoplasmic content of the highly specialized cells called a HEVEA latex cDNA library (Broekaert €t al., 1990)

laticifers. Laticifers have been sho'vn to exhibit Gene expression studies revealed a high level expression

differential gene expression and several ~.*nes involved of this protein in latex. Wounding as well as the applicaiior

in rubber biosynthesis and plant defense were found lo of ethephon and abscisic acid induces the hevein gent

have higher expression in these cells C|a|.’ 1990). expression in latex, leaf and stem but not in root'

o . . . . (Broekaert €L 11I, 1991).
Hevein is one ofthe major proteins pres.nl in the lutoid

bodies of rubber tree latex (Archer etal, 1969). This is Promoters are the 5' regulatory sequences responsibL
a small single chain chitin binding protein of 43 amino for the regulation of spatial and temporal expression o
acids rich in cysteine and glycine (Walujono aa|’ 1975). genes, which determines when, where and to whai exten
Hevein is involved in wound plugging and being a chitin the protein, is to be expressed. Promoters contain highi;

eAuthor for correspondence



H\dii liovpi atreli fiou HovalresHas s

conserved TATA'and ‘CAAT'motifs (Joshi. 1987)and
oilier cisacting elements, the site were the transacting
regubiory proteins bind. The cisacling elements can be
up rotziiialors called onhancers or down regulators called
silcncers. The availahilily of regulatory sequences or
promoters lo largei gene expression lo appropriate cells,
tissues or Jcs clopnienial stages is an essential component
torengineering desired traits in transgenic plants. Guilley
I’t <|I (19S2) identified the promoter element directing
the synthesis of S RNA in Cauliflower mosaic virus.
Odell |||||| (197)0) identified the specific DN A sequence
required for the activity ofCaM V 35S promoter and also
toundilku CaMV 35S promoteris expressed constitutively
in niosi dicots (Rogers et al., 1987). The use of fusion
between promoter and reporter genes has allowed a
detailed monitoring of the activity of numerous plant
promoters. Promoters of hevein (Pujade- Renaud et al,
2tX)5). rubber elongation factor (AY 712939) and p-
l.3glucanase (.AY 325498) genes were reported earlier
from Hevea brasiliensis.

Latex is aunique biological system and is promising
for the transgenic expression of valuable recombinant
proteins (Yeang etal.., 2002). The present work is focused
on the isolation and characterization of the laticiferous
specific hevein promoter and explore the possibility of
using this promoter for the overexpression of transgenes
in the laticifer cells. Characterization of such promoters
would be useful in the overexpression ofimportant genes
inN'olved in rubber biosynthesis, genes for the production
of recombinant protein and also for the expression of
genes induced by wounding and ethephon treatment.

M aterials and Methods

The popular Fb\/eaclone RRII 105 was selected for
this study. Leaf samples were collected from the
gemiplasin nursery ofRubberResearch Institute of India.
DN .\ was isolated from young leaves following the
modified CTAB procedure (Doyle and Doyle, 1990).
R -\G E technique was followed to am plify the 5’ regulatory
sequence (Siebbert etal., 1995). DN A was digested with
blunt end cutting enzymes generate blunt-ended
fragments. Several blunt end- cutting enzymes such as
Eorv. Dra Sﬂ) I. 5//d, |‘pa1. Axs | were tried and
those which provide good digestion were selected for
further study. Ten tg DN A each was separately digested
overnight at 37® C vyith 10 U of enzymes in 100 i!
reactions containing 10 X reaction buffer supplied by the
ntanufacturer (New England Biolabs). Sm | and Hpa |
enzymes were added at 15 il each. The digestion was
checked in O.H 0/Oagarose gel. The DN A fragments were
purified using the GFX"" PCR, DNA and Gel Band

Purification Kit (Ajnersham Pharmacia, USA) following
manufacturer’s instruction.

An adapter was designed for this purpose, which
consists ofa long arm and a shortarm with amino link at
its 3’ end to prevent any erroneous extension during PCR.
Adapter Sequences are as follows:

Long arm : 5’ CTAATACGACTCACTATAGGGCTC
GAGCGGCCGCCCGGGCAGGT 3

Shortarm : 5"ACCTGCC C-NH~”

The two oligonucleotide adapter arms were
synthesized at Sigma Genosys (India) and the adapter
was prepared by mixing 100 iM each of the two
oligonucleotides and incubation at 96® C for2 min followed
by slow cooling toroom temperature for annealing.

Adapter was ligated to restriction digested DNA
fragments. The ligations were carried outin 20 il volume
containing 10 il DN A digest, 2 il ligase buffer (I0X). 1
il adapter to a final concentration of 5 iM and 20
ligase enzyme (New England Biolabs) at 16® C and kept
overnight. Several dilutions of this reaction mixture were
used as PCR template using hevein gene (NCBI
Accession No. M36986), specific reverse Primer |
(5STAGGGTTTATTGGGGCAGAGC3’) and adapter
specific forward primer | (5’ATACGACTCAC
TATAGGG3’). For confirmation a nested PCR was
performed with the productoffirstPCR as template using
a second adapter specific forward primer (5’ATA
GGGCTCGAGCGGC3') and gene specific reverse
primer (3'TTGCCGACCACATTGCTCAG 5").

Initially a 606 bp fragment was am plified with adapter
ligated Dra| digested DN A fragments. The amplified
fragment was cloned by TOPO TA Cloning Kit
(Invitrogen, USA) according to the manufacturer’s
instruction. Transformed bacterial colonies containing
inserts were selected through blue white screening in
plates containing am picillin (50ig/m1), X - galand IF iu .
Recombinant plasmids were then isolated through
modified alkaline lysis method (Tartof etal, 1987) and
sequenced (M/S Macrogen, Korea).

For theamplification of further upstream elements two
reverse primers, R* (5'TTAACTCGATCTTATCTC3’)
and R, ;5'TATCTCTATCTTATCATC3’') were designed
from the 5’ end of previously amplified 606 bp fragment.
Using these primersin combination with adapter specific
forward primers, a second fragment of 1.4 Kb, upstream
to the 606 bp promoter was amplified from the adapter
ligated $pl D N A digests. Finally, a forward primer (5’
ATTCATTAATTAAT(7rAT3’) designed from the 5’
region of the sccond RAGE product and gene specific



reverse primer mentioned earlier a 19'4 nucleoiide
fragment was amplified. The PCR reaction was canied
outin 20 il volumes containing 100 iM dKTPs. 250 nM
of each primer, 1.5 mM MgClj and 0.5 U Tag DNA
polymerase (Geni, Bangalore) with 20 ng: 'mplate DN A
in a thermal cycler (Perkin ElImer-4b'). The PCR
conditions were: an initial denaturationat i’C for 3 min,
followed by 35 cycles 0f94®C for 1 min and annealing at
60°C for I min and extension at72°C for 2 t*in. The final
extension was at 72 ®C for 10 min. Th efragment so
obtained was cloned, sequenced and co!"*Mirmed for the
. eam to the
transcription initiation codon. The promoter sequence
obtained was analyzed using the bioinformatics tool
“PLACE” (Lescot et ai, ZCDZ) for identification of
regulatory motifs and compared with earlier reported
sequences in the GenBank database.

presence of promoter sequence up

Results and Discussion

Genome walking through adapter anchored random
amplification ofgenomic DN A ends is one of the popular
methods for the characterization of promoter elements,
controlling the expression of genes. In the present study,
good quality DN A was isolated fi'om the H'\Baleaftissue
and subjected to restriction enzyme diges; on. Out of six
blunt end cutting enzymes, EDRV, Dal, ﬁ]l, Stu|,
|‘pal and ASSI initially tried for DN A digestion, 4

enzymes, Drai, $pl, |‘pal and U1 showed uniform

digestion satisfactory for RAGE.

In the initial attempt, PCR with the adapter ligated
DNA fragment digested with the four ‘izymes using
the adapter specific forward and hevein gene specific
reverse primer, a 0.6 Kb region was amplified from the
Dal enzyme digest (Fig. 1). In the nested PCR this
was again amplified as a single band ar-J confirmed as
the correct amplification (Fig. 2). Tlje nucleotide
sequencing was done after cloning the ainplicon in the
TOPO TA cloning vector. After the removal of adapter
sequence from the 5‘ end and the coding sequence of
the gene including the transcription initiation codon from
the 3‘ end, a promoter sequence of 507 nucleotides was
obtained. For the isolation of further upsueam promoter
sequence a reverse primer was designed based on the 5°
end ofalready isolated 507 bp sequence. Using this primer
and adapter based forward primer a 1.4 Kb fragment
was amplified from the adapter ligated 1DNA digested
fragment, which was further confirmed by nested PCR
(Fig. 3 and 4). On analysis of nucleotide sequence, this
fragment contains 1358 bp upstream to tho initially isolated
507 bp promoter sequence. Full lengtl- fragment with
respect to second RAGE product was amplified from
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the genomic DN A of the done RRIl 105 u”i*g torward
primer designed based on the 5’ end ot second RACtL
product and gene specific reverse primer. Under optimum
PCR conditions an approximately 2.0 Kb iragtncnt
obtained (Fig. 5). Excluding the adapter sequence from
the 5’ end and gene sequence from the 3‘ end. a promotei
region of 1865 bps was obtained upstream to the
transcription initiation codon of hevein gene.

Ftg. 1*5RAGE anal>Ses for the isoiatkm ofhevetn promotersequence

Flg.l. 1PCR( IRAGE)wiihadapicrspccificfonvanJandgenespeciricnf'en-.
primer forthc amplification of hcNtMnpnmxer M-NM-W | Maiier.Laiu
1-8amplification ofadapter ligated DNA digested b) SSp\ (1&21. Hpti
(3&4). Dm 1(5&6)andSm 1 (7&8)

Fig. 2. Nested PCR using | PCR produa as template M - Mot. \Vi. Marker. Lai:
I anplificalion of | RAGE product

Fig. 3. IPCR(IIRACE)forthcamplilicatii>iirt'fuitK Tupsia'ampmmiXcr5emici\
uningreverse priinerbx”’donihe 5'rcgiouofthe 1IRAGE pnxliM M « Mi
Wi, Mailer,Lane 14 amplification«iihadaptoi ligaicd /)ml..Vi/’ 1.5;.
AIf>(ildii:cstcdDNA  fragnil'ni

Hg.4. Nosted rC'R of the Il RAGI: punjuct M - Ml Wi, Maiker. Laiw
iimpliticatlon of Il RAGEpriKlikn

rig. 5. Atnpliflcalion of full length piomniorirajiiivni in'‘mgvnomu’ DNA N
Mol, \Vi. Marker. Lane 1Pii'iiluHei scqucnciMniplifiodu>ing loiw..
pnnier based on the 5' region ofihc 1RAGE pnxluci and ivversepir-
based on the Vrcaionof hevein gene



This lievein gene promoter sequence amplified from
fioveobrasHeEsISC\ONt R R 11-105 is AT rich and contains
a putative TATA box at-81 and a CAAT box motif at -
198 positions from the TIC. TATA element has a role in
deiermininy the transcription initiation site. Deletion of
TATA box was found to reduce gene expression. It is
a'poiicd in several systems that experimental addition or
deletion of TATA box does not prevent gene expression;
instead transcription initiation occurs at some other sites.
CAAT box. which is found upstream toTATA box appears
to have little effect in the expression of some genes,
although it appears to be important for others. There are
reports that insertion or excision of nucleotides between
CAAT boxand TATA box reduces gene expression. Itis
interesting to note that although hevein expression is
induced by ethylene, the ethylene responsive element
called GCC box, a conserved 11 base sequence °
TAAGAGCCGCC’'(Ohme-Takagi etal, 1995) is absent
in the reported sequence. A repetition of 11 nucleotides
I'GAAAAATAAAT" was observed at -364 and -382
position from the TIC. From ihe comparison of the
promoterregion ofthe plantgenes so farisolated a number
ofconsensus motifs were reported as cisacting elements.
Cisucting elements observed in this promoter includes
GATAbox. | box, MYB coreelements, MYBSTI, MAR
box, WRKY elementsand AM Y Box.

The 1865 bp hevein gene promoter isolated in the
present study from the clone RRIl 105 was compared
with an earlier reported 1830 bp promoter sequence by
Pujade-Renaud etd (2005). An additional 48 nucleotides
were observed upstream to theearlier reported sequence.
On comparison with the earlierreported sequence,a major
deletion of 23 nucleotides “CATATTATATAT
GAATAATATTT" at -1117, six nucleotide sequence
deletion “CAAGGA” at -513 and addition of 9
nucleotides each at -1276 "TTGCCTCTG ” and -1286
"AAAAATATT” positions from the TIC were found It
has been proposed that the combination ofdifferent cis-
elements and trans acting factors may produce the
diversity and specificity required for the regulation ofgene
expression (Menkens etal, 1995; Martin and Paz-Ares,
1997). The 35S CaMV promoter has been extensively
used in plant biotechnology as it directs high levels of
iransgene expression in dicot plants. Promoter sequences
that confer tissue specificity, inducibility are promising
lor the effective regulation of transgene expression in
nansgonic plants. Suqulsingly. there are rclatively few
dlicrnaiivcs or adjuncts to these promoters, yet such
promoters are needed for the delivery of multiple
iransjionic \iaits and help lo avoid the risk oftvansgenc
silciicinj: iVom (he repealed use of the same promoter

(Flaveli, 1994; park €t al., 1996). HOVEA being a
renewable source of metabolites is an ideal system for
molecular farming and could be benefited from the
availability of laticifer specific promoters that control the
expression of transgene in target tissue.
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