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Abstract

Hevea brasiliensis, the major source of natural rubber is a member of the family Euphorbiaceae. In the present study an attempt
has been made for the isolation and characterization of ribulose 1,5 - bisphosphate carboxylase small subunit gene (rbcS) from
| - Hevea brasiliensis (clone RRII 105). The RuBisCO gene was PCR amplified from the genomic DNA of Hevea brasiliensis.
cloned in Topo TA* vector and sequenced. The sequence was compared with the earlier reported cDNA sequence of RuBisCo

from Hevea brasiliensis. The sequence revealed the presence of a 1.7 kb gene which includes a short sequence of 176 bp
corresponding to a signal peptide. TWhb introns of 1115 bp and 97 bp were present in the genomic sequence. The first intron was

seated in the sequence coding for the transit peptide The exon region ofthe isolated genomic sequence was found to be identical
MI.  with the reported cDNA sequence. Signal P prediction results showed a signal peptide probability of 0.991. The existence of
signal peptide and the identification of the promoter can be exploited for a ntunber of transgenic applications including targeted

r-i7  transport of various proteins in Hevea leaf chloroplasts.
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Intrbdnction

Hevea brasiliensiShas been established as the only
commercial source of natural rubber due to its good
lyield and excellent physical properties of the products
developed (Archer and Audley, 1973). The inventions
ofnovel biotechnological tools for gene transfer and the
introduction ofagronomically desirable traits has added
dimensions to crop improvement programmes in
\a. The ability to obtain specific expression of
foreign ornative genesin Fb\/eaopens up the possibility
gﬂcim proving the crop commercially by genetic
manipulation forincreased stress tolerance, rubberyield
and otheragronomic traits. The lack ofgenetic diversity
of this crop makes it highly susceptible to pathogenic
attack and other failures.

RuBisCO is the most abundant protein in the
photosynthetic organisms (Gutteridge and Keys, 1985).
RuBisCO is the bi*functional enzyme playing the key
Irole of catalyzing the carboxylation or the oxygenation
ofribulose 1,5-bisphosphate (RuBp) with caibon dioxide
oroxygen iii the Calvin cycle. Magnesium ions (Mg**)
are needed for enzymatic activity. In this way non-
assimilatory form ofatmospheric carbon dioxide is made
available to organisms in the assimilatory form of
carbohydrates through the ene - diol mechanism. In algae

and other higher plants eight la”e subunits containing
the catalytic site, are supplemented by eight small
subunits which are thought to play aregulatory role. The
large subunit is synthesized in the chloroplast; where as
the small subunitis made on cytoplasmic 80 S ribosomes
and imported into the chloroplast

RuBisCO is oftenrate limiting forphotosynthesis
in plants, and hence it is possible to improve
photosynthetic efficiency by modifying RuBisCO genes
in plants toincrease its catalytic activity and/or decrease
the rate of the oxygenation activity (Spreitzer and
Salvucci, 2003). Approaches have been initiated to
transferRuBisCO genes withvarying specifity from one
organism to another for increasing the level of
expression of the RuBisCO subunits and to alter
RuBisCO genes so as to increase specificity for carbon
dioxide or otherwise to increase the rate of carbon
fixation (Parry etd.yZOOS). One particularly interesting
avenue is to introduce RuBisCO variants with naturally
high s_pe_cificit¥ values such as the one from the red alga
Gﬂ'dlerlapartltainto plants. This would be expected
to improve the photosynthetic efficiency ofcrop plants
(Whitney and Andrews, 2001). Important advances in
this area include the replacement of the tobacco

RuBisCO enzyme with that ofthe purple photosynthetic
bacterium RhOdOSplrlllum rubrum (Andrews and



Whitney, 2003). Although the rbcS genes have been
cloned in higher plants, the chromosomal loci of
individual members oftherbcS genes have notbeenwell
examined (Dean etal., 1989).

In the present study, an attempt has been made
for the isolation and characterization of ribulose 1,5 -
bisphosphate carboxylase small subunitgene (rbcS) from
Hevea brasiliensis (cione RR11 105). The genomic
sequence can be later used for the characterization of
the promoter for the rbcS gene as well as to derive the
signal peptides which opens the door for developing
transgenic rubber trees with increased leaf specific
expression ofagronomically important genes.

M aterials and Methods
DN A isolation

The plant material used in the present
study was collected from the germplasm nursery of
Rubber Research Institute ofIndia. Genomic DN A was
isolated frOm the young, uninfected leaves of HEVEA
CldERR I1 105 following the modified CTAB protocol
of Doyle €t Al (1990). The isolated DN A was checked
for quality via agarose gel electrophoresis

PCR amplification ofRuBisCO small subunit gene
from the HEVEAclone RR 11 105

For the amplification ofrbcS gene, primers were
designed based on a earlier reported cDN A sequence
(Chye et al., 2004; Genbank accession no: M60274).
The nucleotide sequence of the designed primers were
as follows:

Forward primer: 5*atg GCTTCATxrTfATOCcm ¢ 3’

Reverse primer: 5'tta ttc agc”gcc N r agg ctt gta 3’
The PCR wascarried outin 20 fxlreactions, which

contained 1 X buffer having 1.5 mM M gClj (pH 8.3),

100 fiM ofeachdNTP’s, 0.5 unitof DN A polymerase
(M/ S Bangalore Genei, India), 20 ng oftemplate DN A
(genomic DN A from leaf) and 250 nM ofprimersin a
thermal-cycler (Perkin EImer480). The PCR conditions
were; initial denaturation at 94®C for 3 minutes followed
by 36 cycles with denaturation al 94®C for | minute,
annealing temperature of 60~ for 1 minute and an
extension at 72®C for 1 minute. The final extension was
carried out at 72®C for 10 minutes. Am plified products
were separatedin a 1 % agarose gel.

Cloning and Sequence Characterization of the
rbcS gene

The amplified rbcS fragment was “oXcd ota

using the DN A gelband purification kit (M/S Amersham
Pharmacia Biotech, USA) following the manufacturer’s
instructions. The amplified product after purification was
used directly for cloning. Cloning of the amplified
genomic DN A was carried outusing TOPO TA* cloning
kit for sequencing (M/S Invitrogen Life Technologies,
USA) following the manufacturer’s protocol. The cloned
gene was transformed into the chemically competent E
CO" (DH5a) cells supplied along with the kit. The
transformed cells were plated on the LB agar plates
containing 50 ~g/mlampiclUin and the positive colonies
were selected.

Confirmation of transformation

A few colonies were selected after 16 hours of
incubation and colony PCR was done to identify positive
clones. A tip touch ofindividual colonies were used as
template. The initial denaturation temperature was
increased to 96°C for 10 minutes. Plasmidswere isolated
from positive clones using Perfect prep Plasmid i >
Kit (M/S Eppendorf, USA). The confirmation of
transformation was done by ampUfication of the insert
from the plasmids obtained. About2 ngofplasmidDNA
was used as template in a PCR reaction of 30 cycles
with the same primer used to amplify the ibcS gene.
Amplification was checked through 1.5 % agarose gel
electrophoresis.

Characterization ofthe DN A sequence forrbcS gene

The recombinant plasmids obtained were
sequenced at M/S Macrogen, Korea. Sequence was
aligned using the CLUSTAL W software atthe EMBL
EB I site (Thompson etd."1994) with thereported cDNA
sequence of rbcS sequence (Accession no: M60274).
BLAST analysis (Altschul et a]., 1997) was also
performed to compare the obtained sequences with the
reported sequence from other species.

Results and Discussion

The genomic DN A isolated from the leaves'®
(Fig. 1) was used for the isolation of the gene through]
PCR amplification using the designed gene specific :
primers PCR amplified product had a molecular weight
ofapproximately 1.7 kb (Fig.2). The amplified product
wias cloned in TOPO TA vector (M/S Invitrogen life
technologies, USA). Positive transformants were
identified through colony PCR (Fig. 3). The isolated
plasmids from the positive transformants (Fig. 4) were.
sequenced to characterize the gene insert.

The sequence analysis shewed tViat tiie isolated
gimc finagmeni» havTi* 1762baie pairsthditwoimrot
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1. DNA hoiatlon fnm RR 111105

~83 - 1298bp, 1432 - 1529 bp) (Fig. 5). The genomic
lence has been registered in N CB | with the accession
fno: EU449763. The sequence comparison using
XUSTALW oftheisolated sequence with the reported
~DNA sequence of rbcS gene (NCBI accession No:
160274) showed 100 %sequence homology in the 549
W epair exonregion with (Fig. 6). The gene codes fora
~“tein of 183 amino acids. BLAST analysis revealed
ffpquence homology with rbcS mRNA sequence

H k. 2. PCR amplification of RuBisCo small subunit
Amnarkcr
Laaes I&2>primer controls

Fig. 3. Colony PCR of trasformed colonies
M*'Marker

Fig. 4. Plasmid 1&2: Plasmid osolation from transrerred colonies
Lnaes I&2:Plasmld osolated fro” the positive transformed
cononies i
Lane 3 : Control plasmid k

(M60274) from Hevea brasiliensis (1oo%)and from
other species like Manihot eSCl.Jlenta(88%), Oyza
Satlva(79%) etc. Bioinformatic tools like ‘Signal P* was
used for the prediction ofsignal peptides present in the
sequence. Signal P prediction results showed a signal
peptide probability 0f0.991 (Fig. 7). The existence of
transit peptide sequence (176bs) is located between 27
- 203 nucleotides within the isolated genomic sequence.

Different proteins synthesized in the cytoplasm
find out their targetto corresponding organelle by means
ofa transit peptide present in the N - terminal end. This
principle is widely used in transgenic technologies
(Gupta etal, 1993). The transit peptide aids in the
translocation ofthe protein to the respective organellles.
The role of these nuclear-encoded small subunits in
RuBisCO structure and function is not yet fully
understood. It is assumed that the small subunits may
have originated during evolution to support large-subunit

Fif. 5. Genomic sequence of RuBISCO small subunit gene from
the clone RR 11105

Start codon
Exons
Introns
Nucleotide sequence for the Transit peptide
Stop codon
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Fig. 6. CLUSTAL W multiple sequence alignment of RuBisCO small
subnnltgene (rbcS) from the clone RRII IOSwith thatofthereported
cDNA sequence (M60274)
active sites, but the extensive divergence of structures
among prokaryotes, algae, and higher plants seems to
indicate that small subunits have more-specialized
functions. Further, plants and green algae contain
families of differentially expressed small subunits,
raising the possibility that these subunits may regulate

Fig. 7. Signal peptide prediction

>atggcttcat

Prediction: Signal peptide

Signal peptide probability: 0.991

Signal anchor probability: 0.002

Max cleavage site probability: 0.238 between pos. 59 and 60

the structure or function of RuBisCO. Studies of
interspecific hybrid enzymes have indicated that small
subunits are required formaximal catalysis and in seve
cases contribute to (D]O\specificity. Although geneuv
engineering ofsmall-subunit remains difficult in higher
plants, directed mutagenesis ofcyanobacterial and green*
algal genes has identified specific structural regions that
influence catalytic efficiency and COj/O” specificity. It
is thus apparent that small subunits will need to be taken
into account and strategies developed for creating better
RuBisCO enzyme. As any other nuclear encoded
chloroplast protein rbcS is also synthesised on cytosolic
ribosomes, usually as precursors with aitransient N -
terminal extension called a transit peptide and imported
into chloroplasts.

Some features common to transit peptides found
in HEVEA rbcs transit peptide include the abundance of
the hydroxylated aminoacids serine and threonine
(30.5%); the presence ofsmallhydrophobic aminoacids
alanine and valine (22 (V() and the paucity of aci
aminoacids (only asingle aspartic acid residue at position

14) (chye etal,, 1991).

Bowler €t aI (1991), reported a chimaeric gene
construct, where signal sequence of mitochondrial
M nSOD replaced with chloroplastic signal sequence of
RuBisCO small subunit protein and the resultant
transgenic plants were found to be resistant to oxidative
damageinduced by light dependent methylviologen and
ozone. Studies on the functional characterization of
sequence motifsin Arabi(kﬁiSsuggested thatthe transit
peptides contain multiple motiffs and that some ofthem
act in concert or synergistically (Lee et aI." M)
Secondary or tertiary structural features of precursor
proteins are also important forprotein import, along with

>



the transit peptide for the import of protein in the
chloroplasts (Lubben etd./\1989). This principle could
be better exploited to over express various stress related
genes in I‘E\/ealeaf chloroplasts. The isolation of the
rbcs gene from HEVEA can also be utilized to further
characterize the 5* regulatory sequence of the gene.
Isolation of the regulatory elements provide a way to
[express transgenic proteins in |‘bvea leaf using a
fcombination of rbcS gene promoter and the gene of
linterest. This can be exploited for the over expression
of proteins like PR proteins (eg. Chitinase and b-1, 3-
Glucanase) which play a major role in the defense
mechanism of the host plant against the foliar fungal
izathogens. Since mostofthe PR proteins reported from

are potent allergens (Allenius et al 2002), the

over expression of these genes in the latex has serious
allergic implications. The leaf specific promoter of
iBisCO can be utilized for the leaf specific over
tpression of these defense genes in the leaf without

causing any harm.
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