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The full-length cDNA encoding a cysteine protease, designated HbCP1, was isolated for the ﬁrst time from Hevea
brasiliensis by the rapid ampliﬁcation of cDNA ends (RACE) method. HbCP1 contained a 1371 bp open reading
frame encoding 457 amino acids. The deduced HbCP1 protein, which showed high identity to cysteine proteases of
other plant species, was predicted to possess a putative repeat in toxin (RTX) domain at the N-terminal and a granulin
(GRAN) domain at the C-terminal. Southern blot analysis indicated that the HbCP1 gene is present as a single copy
in the rubber tree. Transcription pattern analysis revealed that HbCP1 had high transcription in laticifer, and low
transcription in bark and leaf. The transcription of HbCP1 in latex was induced by ethylene and tapping. Cloning
of the HbCP1 gene will enable us to further understand the molecular characterization of cysteine protease and its
possible function in the rubber tree.
[Peng S-Q, Zhu J-H, Li H-L and Tian W-M 2008 Cloning and characterization of a novel cysteine protease gene (HbCP1) from Hevea brasiliensis;
J. Biosci. 33 681–690]

1.

Introduction

Cysteine proteases can be found in the animal and plant
kingdoms as well as in some viruses and bacteria. They
have been implemented in many and diverse aspects of
physiology and development. In plants, cysteine proteases
play an essential role in development, e.g. embryogenesis
(Aberlenc-Bertossi et al 2008), tracheary element
differentiation (Ye and Varner1996; Zhao et al 2000),
development and germination of seeds (Domoto et al 1995;
Shutov and Vaintraub 1987; Davy et al 1998 ), leaf and
ﬂower senescence (Chen et al 2006; Lohman et al 1994;
Guerrero et al 1998; Shen et al 2004; Valpuesta et al 1995),
and in response to biotic and abiotic stresses (d’Silva et al

1998; Krüger et al 2002; Koizumi et al 1993; Lopez et al
2007; Mohan et al 2008; Solomon et al 1999; Williams et
al 1994). The most widely studied plant cysteine protease
is papain from the latex of Carica papaya (Nallamsetty et
al 2003).
The rubber tree (Hevea brasiliensis Muell. Arg.) is an
important perennial crop that produces natural rubber, which
is a cis 1,4-polyisoprene. The economic importance of natural
rubber has prompted investigations into the biochemical and
cell biological aspects of latex biogenesis (Kush 1994), but
the physiological roles of latex remain a scientiﬁc mystery
(Ko et al 2003). Latex has been reported to contain a number
of proteins such as protease-like enzymes (Arima et al 2000;
Arribere et al 1998), chitinase (Haque and Bradbury 1999;
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Lin and Liu 1994), etc. Cysteine proteases are found in the
latex of several plants, but their physiological roles are as yet
poorly understood (Konno et al 2004).
In this study, we report the cloning and characterization
of the cysteine protease gene from Hevea brasiliensis
(HbCP1, GenBank Accession Number: DQ642886). To
our knowledge, this is the ﬁrst cysteine protease gene
cloned and characterized from Hevea brasiliensis. The
genomic organization and expression proﬁles of HbCP1
in Hevea brasiliensis were also investigated. The present
study contributes to an understanding of the molecular
characterization of cysteine protease and its possible
function in the rubber tree.
2.

Materials and methods
2.1

Plant material

Hevea brasiliensis clones RRIM600 were planted at the
Experimental Farm of the Chinese Academy of Tropical
Agriculture. Six-year-old virgin trees were treated with
ethephon and jasmonic acid (JA) prior to their ﬁrst tapping
according to the Hao method (Hao and Wu 2000). For RNA
extraction from latex, rubber trees were tapped using a
tapping knife. The ﬁrst few drops of latex, which contain
mostly debris from the plant, were discarded. The latex
was allowed to drop directly into liquid nitrogen in an ice
kettle. The frozen latex powder was stored at –70°C or used
immediately. For leaf RNA, leaves and bark of the rubber
tree were washed with double-distilled H2O to remove the
latex and immediately frozen in liquid nitrogen. Frozen
leaves and bark were stored at –70°C or immediately used.
2.2

Isolation of DNA and RNA

Genomic DNA was isolated from rubber tree leaves by the
method described by Dellaporta et al (1983). Total RNA
was extracted according to the Tang method (Tang et al
2007). The quality and concentration of the extracted DNA
and RNA were checked by agarose gel electrophoresis
and measured by a spectrophotometer (DU-70, Beckman,
USA).

TaKaRa, Japan) under the following conditions: 1 h reverse
transcription at 50°C, 2 min denaturation at 94°C, followed
by 32 cycles of ampliﬁcation (94°C for 30 s, 54°C for 30 s,
72°C for 30 s). The ampliﬁed product was puriﬁed (Tiangen,
China) and cloned into the pGEM-T easy vector (Promega,
USA) followed by sequencing.
2.4

The 3′-ready cDNA was synthesized by reversely
transcribing 1 μg total RNA with 3′-CDS primer A (provided
in the kit). The 3′-rapid ampliﬁcation of cDNA ends (RACE)
primer 3P1 (5′-GCACTACAGAAGGCAGTCGC-3′) was
designed and synthesized based on the cloned internal
conserved fragment. The 3′-RACE was carried out in a
total volume of 25 μl containing 1 μl 3′-ready cDNA and
performed with 35 cycles of ampliﬁcation (94°C for 15 s,
68°C for 30 s, 72°C for 1 min). The product was puriﬁed
and cloned into the pGEM-T easy vector (Promega, USA)
followed by sequencing.
2.5

5′-RACE of HbCP1

An aliquot of 1 μg total RNA was reversely transcribed
with 5′-CDS primer A and SMART II A oligonucleotide
(provided in the kit) to get the 5′-ready cDNA using
the SMARTTM RACE cDNA Ampliﬁcation Kit
(Clontech, USA). The 5′-RACE primer 5P1 (5′CTTCAGAGTCAATGCCACCAT-3′) and the nested
primer 5P2 (5′-TCCTGCTCAGATAGAGAGATC-3′) were
designed and synthesized based on the cloned internal
conserved fragment. The primary 5′-RACE PCR was
performed with 5P1 and UPM primer (provided in the kit)
in a total volume of 25 μl containing cDNA and denatured
at 94°C for 3 min followed by 32 cycles of ampliﬁcation
(5 s denaturation at 94°C, 10 s annealing at 68°C, 1 min
extension at 72°C). The product of the primary PCR was
diluted 50-fold and used as a template for the nested PCR
performed with primer 5P2 and NUP (provided in the kit).
The product was puriﬁed and cloned into the pGEM-T easy
vector (Promega, USA) and sequenced.
2.6

2.3

3′-RACE of HbCP1

Cloning of the full-length cDNA of HbCP1

Internal conserved fragment cloning of HbCP1

The degenerated primers P1 (5′-AGYTGYTGGGCHTTYAGYGC-3′) and P2 (5′-CATYTGKATRTAICCIGAYTC-3′) were designed according to the
conserved regions of other plant cysteine proteases in
the GenBank, where H is A, C or T; K is G or T; R is A
or G, Y is C or T and I is inosine. Total RNA (1 μg ) was
used for reverse transcription PCR (one-step RT-PCR kit,
J. Biosci. 33(5), December 2008

After aligning and assembling the sequences of the internal
conserved sequence, 3′-RACE and 5′-RACE products, the
full-length cDNA sequence of the HbCP1 gene was deduced
and subsequently obtained using PCR. The open reading
frame (ORF) of HbCP1 was ampliﬁed by RT-PCR using
primers HbCP1F (5′-ATGTTCATGCTCTTGTTCTTCGCT3′) and HbCP-1R (5′-CTAAGTACTGCTTTTCTTGCCTTC3′) with the TaKaRa RNA PCR kit (TaKaRa, Japan).
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An aliquot of 1 μg total RNA was reversely transcribed
according to the manufacturer’s manual, and 2 μl cDNA
was used for the PCR in a total volume of 50 μl under
the following conditions: 94°C for 2 min followed by 32
cycles of ampliﬁcation (94°C for 15 s, 58°C for 30 s, 72°C
for 2 min). The PCR product was puriﬁed and cloned into
the pGEM-T easy vector (Promega, USA) followed by
sequencing.
2.7

Multiple alignments and bioinformatic analyses

Comparative and bioinformatic analyses of HbCP1 were
carried out online at websites (http://www.ncbi.nlm.nih.gov).
The nucleotide sequence, deduced amino acid sequence
and ORF encoded by HbCP1 were analysed and sequence
comparison was conducted through database searches using
the BLAST program (http://www.ncbi.nlm.nih.gov). The
phylogenetic analysis of HbCP1 and cysteine protease from
other species was aligned with CLUSTAL W (1.82) using
default parameters. A phylogenetic tree was constructed
using MEGA version 2.1 (Kumar et al 2001) from
CLUSTAL W alignments. The neighbour-joining method
(Saitou and Nei 1987) was used to construct the tree.
2.8

Southern blot analysis

Genomic DNA (25 μg/sample) was digested completely
with EcoR I, Hind III overnight, and then separated by
electrophoresis in 1.0% agarose gels, blotted onto a HybondN+ nylon membrane (Amersham Pharmacia, UK) and probed
with the HbCP1 ORF (32P-labelled ) or the fragment encoding
the repeat in toxin (RTX) domain of HbCP1 (32P-labelled ).
The cDNA fragment encoding the RTX domain of HbCP1
was generated by PCR using HbCP1 full-length cDNA as a
template, and PF (5′-ATGTTCATGCTCTTGTTCTTCGCT3′) and PR ( 5′-CAATCCGACCCTGTAGGTCCG-3′) as
primers. Probe labelling and hybridization were performed
according to the standard method of Sambrook et al (1989).
2.9 Analysis of HbCP1 expression
RT-PCR for the analysis of HbCP1 expression was
performed using total RNA from rubber tree tissues,
ampliﬁed with the HbCP1-speciﬁc primers P1 (5′GCAAATGCAACTGGAAGCGG-3′) and P2 (5′-ACAGCCTGCTAGCAAAGAGG-3′). Speciﬁc primers were
designed from the low homology regions of HbCP1 coding
sequences and the 3′-untranslated regions (UTRs). The
PCR reaction was carried out in 22 cycles of programmed
temperature control for 30 s at 95°C, 30 s at 50°C and 1
min at 72°C with a 5 min preheat at 95°C and a 10 min
ﬁnal extension at 72°C using HbCP1-speciﬁc primers for
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ampliﬁcation of HbCP1. The PCR products were analysed
by agarose gel electrophoresis with ethidium bromide
staining.
3.
3.1

Results

Cloning and characterization of HbCP1

A 500 bp fragment was ampliﬁed by the degenerated
primers P1 and P2, which showed similarity with other
plant cysteine protease genes revealed by a BlastX search.
Based on the sequence of the fragment, 3′-RACE and
5′-RACE primers were designed and used in RACE,
generating a 789 bp fragment and a 524 bp fragment,
respectively. By aligning and assembling these three
sequences, the full-length cDNA sequence of HbCP1
(GenBank Accession No. DQ642886) was deduced,
ampliﬁed by PCR and conﬁrmed by sequencing. The fulllength cDNA was 1597 bp and contained a 1371 bp ORF
(ﬁgure 1), with a 3′ UTR of 207 bp downstream from the
stop codon and a 5′ UTR of 18 bp upstream of the start
codon.
The deduced HbCP1 protein consisted of 457 amino
acid residues with a calculated molecular weight of 50.63
kDa and isoelectric point (pI) of 5.37. BLAST showed
that HbCP1 belonged to the papain family. HbCP1
shared 85.7%, 76%, 74%, 72% and 70% identities with
cystein protease from Manihot esculenta, Platycodon
grandiﬂorus, Phaseolus vulgaris, Arabidopsis thaliana
and Zea mays, respectively. Multiple alignments of HbCP1
with cystein proteases from other plants indicated that
the HbCP1 and Manihot esculenta cystein protease were
the most similar (ﬁgure 2). A conserved domain search
revealed that HbCP1 contains three domains (ﬁgure 3).
The ﬁrst domain (residues 44–134) is an RTX domain
of 91 amino acid residues at the N-terminal of HbCP1,
which has not been found in the papain family. The
second domain (residues 130–342) is peptidase-C1A that
contains three active catalytic sites of eukaryotic
cysteine proteases (ﬁgure 2). The third domain (residues
367–424) is the granulin (GRAN) domain of 58 amino acid
residues at the C-terminal of HbCP1; most members of
papain family do not have these (Chen et al 2006; Yamada
et al 2001).
3.2

Phylogenetic tree analysis

A phylogenetic tree was constructed based on the cysteine
protease sequences retrieved from GenBank to investigate
the evolutionary relationship among the cysteine proteases
of different species. The result showed that HbCP1 and
other plant cysteine proteases were separated from those of
bacteria and viruses, and were grouped into one large cluster
J. Biosci. 33(5), December 2008
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Figure 1. Nucleotide sequence and deduced amino acid sequence of HbCP1 (GenBank Accession No. DQ642886).
J. Biosci. 33(5), December 2008
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Figure 2. Sequence alignment of deduced HbCP1 and other plant cysteine proteases. MeCP, Manihot esculenta (Genbank Acc. No.
AAX84673); PgCP, Platycodon grandiﬂorus (BAE80740); PvCP, Phaseolus vulgaris (CAB17076); AtCP, Arabidopsis thaliana (NP_
568620); ZmCP, Zea mays (BAA88898). Amino acid residues that are identical in all six sequences are shaded dark, while well-conserved
residues are shaded grey. The amino acid residues contained conserved eukaryotic cysteine proteases. Cysteine active catalytic sites are
underlined.
J. Biosci. 33(5), December 2008
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Figure 3. Comparison of the HbCP1 domains with the cysteine protease domains of Manihot esculenta (MeCP). HbCP1 (A) is composed
of three domains: RTX domain, peptidase-C1A domain and GRAN domain. MeCP (B) is composed of three domains: inhibitor-I29;
peptidase-C1A domain and GRAN domain.

(ﬁgure 4). The cysteine proteases of bacteria and viruses
diverged earlier than those of plants.
3.3

Southern blot

To investigate the genomic organization of HbCP1 in the
rubber tree, genomic DNA was digested with EcoRI and
HindIII, which are not present in the HbCP1 sequence,
and hybridized using the full-length ORF of HbCP1 or the
fragment encoding the RTX domain of HbCP1 as a probe.
The results showed that only one hybridized band was
present in each lane (ﬁgure 5), indicating there is only one
copy of the HbCP1 gene in the rubber tree.
3.4

Differential expression of HbCP1 in different rubber
tree organs

In order to study the HbCP1 transcription pattern in different
tissues, total RNA was isolated from latex, leaves and bark,
and subjected to semi-quantitative RT-PCR analysis. The
results showed that HbCP1 was constitutively expressed
in all tested tissues but at different levels, with the highest
transcription in latex, followed by leaves and bark,
suggesting that the gene is laticifer-preferential (ﬁgure 6).
3.5

Effects of ethephon, JA and tapping on HbCP1
expression

To test whether HbCP1 gene expression was regulated by
tapping, ethephon or JA, total RNA was isolated from the
latex of six-year-old virgin trees, which had been treated
(except the control) with ethephon and JA at their ﬁrst
tapping and subjected to semi-quantitative RT-PCR analysis.
Figure 7 shows that the HbCP1 transcript was induced by
tapping and ethylene, while HbCP1 expression was not
induced by JA.
J. Biosci. 33(5), December 2008

4.

Discussion

In this study, HbCP1 was cloned from the rubber tree.
According to the deduced amino acid sequence, HbCP1 can
be classiﬁed as a cysteine protease belonging to the papain
family. HbCP1 contains three domains: peptidase-C1A
domain, GRAN domain at the C-terminal and RTX domain
at the N-terminal (ﬁgure 3). A characteristic feature of
HbCP1 is the presence of a putative RTX domain. The RTX
motif is a structural motif found in a number of cytolysins
produced by Gram-negative bacteria as well as in several
other potential bacterial pathogenic proteins (Bauche et al
2006; Chatterjee et al 2008). To our knowledge, this is the
ﬁrst cysteine protease in the papain family with a putative
RTX domain. Southern blot analysis indicated that the
sequence encoding the RTX domain at the N-terminal of
HbCP1 is speciﬁcally recognized in the rubber tree genome
(ﬁgure 5), conﬁrming that the HbCP1 was from the rubber
tree and not due to extraneous contamination. In addition,
the result of the phylogenetic tree analysis identiﬁed that
HbCP1 was clearly clustered with cysteine proteases of
other plants. HbCP1 showed the highest identities with the
cystein protease from Manihot esculenta (ﬁgure 4), which
belongs to the same family (Euphorbiaceae) as Hevea
brasiliensis. GRAN is a family of evolutionarily ancient
proteins involved in the regulation of cell growth and
division in animals, and concerned with wound restoration,
although most members of the papain family do not have the
GRAN domain (Chen et al 2006; Yamada et al 2001).
Plant cysteine proteases are implicated in plant response to
adverse environmental stresses. Cysteine proteinase mRNAs
are induced by drought in Arabidopsis (Koizumi et al 1993;
Williams et al 1994); salt stress and drought in pea (Jones
and Mullett 1995); cold temperature in tomato (Schaffer and
Fischer 1988); wounding in tobacco (Linthorst et al 1993);
and ethylene in chickpea (Cervantes et al 1994) and carnation
(Jones et al 1995). It is well known that ethylene inﬂuences
plant growth, development and some defence responses.
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Figure 4. Phylogenetic analysis of HbCP1 and other species by MEGA version 2.1 from CLUSTAL W alignments. The neighbour-joining
method was used to construct the tree. The cysteine proteases used in the evolutionary analysis were retrieved from Genbank including
Manihot esculenta (AAX84673), Phaseolus vulgaris (CAB17076), Brassica oleracea (AF454957), Arabidopsis thaliana (AAK62661),
Daucus carota (BAD29960), Dianthus caryophyllus (AAA79915), Lycopersicon esculentum (AF172856), Solanum tuberosum
(CAB53515), Medicago truncatula (ABD32628), Brassica oleracea (AA160579), Pisum sativum (CAA46863), Zea mays (BAA88898),
Polaribacter dokdonensis (EAQ41344), Stappia aggregate (ZP_01549321), Stappia aggregate (EAV42215), Xanthomonas oryzae pv.
Oryzae (AAW74741), Cryptosporidium hominis (EAL37663), Flavobacteria bacterium BBFL7 (EAS20050), Cryptosporidium hominis
TU502 (XP_667895 ), Broad bean wilt virus (NP_51029), Tomato ring spot virus (NP_734006), Cycas necrotic stunt virus (NP_734016),
Beet ring spot virus (NP_734034), Satsuma dwarf virus (NP_734024).

Tapping is a kind of mechanical wounding. Wounding not
only physically damages plant tissues, but also provides
potential infection sites for pathogens. Therefore, in order
to build a barrier against opportunistic microorganisms,
defence-related genes are expected to be expressed at
the wound sites. The transcription of HbCP1 in latex was
induced by ethylene and tapping (ﬁgure 7), suggesting
that HbCP1 may be actively involved in protecting rubber
tree plants against pathogen invasion and environmental
conditions that may involve ethylene signalling.

Papain-like cysteine proteases possess remarkable
toxicity against insect pests in plants (Konno et al 2004;
Lopez et al 2007; Mohan et al 2005, 2008). The classic
example of a cysteine protease that potentially defends
plants against herbivory is papain, which is abundant in
papaya latex. It has been directly demonstrated that papain
or papain-like enzymes in the latex of papaya and ﬁg (Ficus
virgata) inhibited the growth of lepidopteran larvae (Konno
et al 2004). The HbCP1 expressed in E. coli showed that
HbCP1 has physiological toxicity to the host cell (data not
J. Biosci. 33(5), December 2008
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Figure 7. Effects of tapping, ethephon and jasmonic acid on the
expression of HbCP1 in latex. RNA extracted from the extruded
latex of rubber trees and treated with ethephon or jasmonic acid
(JA) for 0, 6, 24, 48 or 72 h was subjected to RT-RCR assay;
Actin was used as control. (A) The HbCP1 transcript is induced
on tapping. (B) The HbCP1 transcript is induced on ethephon
treatment. (C) The HbCP1 transcript in latex is induced by JA.

in developing resistance against pathogens and insects in
other crops.
Figure 5. Southern blot analysis of HbCP1. Rubber tree genomic
DNA was digested with EcoRI (E), HindIII (H), respectively,
followed by hybridization with 32P-labelled HbCP1 open reading
frame (ORF) (A) and a 32P-labelled cDNA fragment encoding the
RTX domain of HbCP1 (B) as the probe.
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Figure 6. Transcription pattern analysis of HbCP1 in leaf (LE),
laticifer (LA) and bark (BA) of the rubber tree. RNA was extracted
from leaf, latex and bark of the rubber tree, respectively, and 0.5 μg
RNA was used as the template for RT-PCR with Actin as control.

shown). HbCP1 in rubber tree latex may be providing the
rubber tree with a defence mechanism against insects.
In summary, we successfully cloned a new gene encoding
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