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ABSTRACT

The full-length cDNA of Pinellia ternata agglutinin (PTA) was cloned from inflorescences using RACE-PCR.

Through comparative analysis of PTA gene (pta) and its deduced amino acid sequence with those of other

Araceae species, pta was found to encode a precursor lectin with signal peptide and to have extensive homology

with those of other Araceae species. PTA was a heterotetrameric mannose-binding lectin with three mannose-

binding boxes like lectins from other Araceae and Amaryllidaceae species. Southern blot analysis of the ge-

nomic DNA revealed that pta belonged to a low-copy gene family. Northern blot analysis demonstrated that pta

constitutively expressed in various plant tissues including root, leaf, stem and inflorescence. The pta cDNA

sequence encoding for mature PTA protein was cloned into pET-32a plasmid and the resulting plasmid, pET-

32a-PTA containing Trx-PTA fusion protein, was investigated for the expression in E. coli BL21. SDS-PAGE

gel analysis showed that the Trx-PTA fusion protein was successfully expressed in E. coli BL21 when induced

by IPTG. Artificial diet assay revealed that PTA fusion protein had significant levels of resistance against

peach potato aphids when incorporated into artificial diet at 0.1% (w/v). The cloning of the pta gene will enable

us to further test its effect in depth on aphids by transferring the gene into crop plants.
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INTRODUCTION

Using pest-resistant varieties to control pests in

various crop species is very economic, effective and

safe compared with using pesticides. However, con-

ventional breeding of such plants is a difficult and long

process, which has not been so successful for insect

resistance. A very important group of insects that suck

the phloem of plants (including aphids and

planthoppers) was proven difficult to control by con-

ventional plant breeding, a matter made worse by their

importance as vectors of plant viruses[1]. Recent stud-

ies showed that some plant lectins were toxic to sap-

sucking insects in artificial diet assays[2, 3], among

which the lectin (GNA) from snowdrop (Galanthus

nivalis), encoded by the gna gene, was the most toxic.

Transgenic tobacco and rice expressing GNA showed

significant insecticidal activity towards the peach po-

tato aphids (Myzus persicae Sulzer)[4] and rice

planthoppers including Nilaparvata lugens[5, 6] and
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Laodelphax striatellus[7] respectively in bioassay and

feeding tests.

Pinellia pedatisecta and Pinellia ternata are tra-

ditional Chinese medicinal plant species, belonging

to family Araceae. Recent insect bioassay studies

showed that lectins from P. pedatisecta and P. ternata

had significant insecticidal activities towards cotton

aphids (Aphis gossypii Glover) and peach potato aphids

(M. persicae Sulzer) when incorporated into artificial

diets at 1.2 g/L and 1.5 g/L respectively[8, 9]. The

insecticidal activities of Pinellia lectins are very simi-

lar to that of GNA, making Pinellia lectins potential

candidates in controlling aphids by genetic

engineering. In this paper, the cloning of the lectin

gene from P. ternata was presented, which will en-

able us to further test its effect in depth on aphids by

transferring the gene into crop plants.

MATERIALS AND METHODS

Plant materials and RNA isolation

P. ternata plants were collected from Shanghai Chinese Medical

University, China. The inflorescence from P. ternata, served as the

starting material for RNA isolation, was powdered in liquid nitro-

gen with mortar and pestle and the total RNA was extracted using

TRIzol Reagent (GIBCO BRL, USA) according to the manufacturer's

instruction.

3' RACE (Rapid Amplification of cDNA Ends) of P.
ternata agglutinin (PTA) gene

cDNA synthesis was performed with the 3' RACE System for

Rapid Amplification of cDNA ends (RACE PCR Kit, GIBCO BRL,

USA). Essentially, an aliquot of isolated RNA (120 ng) was reversely

transcribed with a cDNA synthesis primer AP (adaptor primer, 5'-

GGCCACGCGTCGACTAGTAC(T)16-3'). As most of the monocot

mannose-binding lectins have conservative mannose-binding sites

with the conservative amino acid sequence being MQG/EDCNL,

primer PXF2 (5'-ATGCAGGGCGACTGCAACCT-3') was designed

according to the conserved amino acid sequence and synthesized

(Shanghai Sangon Biotechnological Company, China). The 3' RACE

was performed essentially according to the manufacturer's

instructions. PCR was carried out in a total volume of 50 ml con-

taining 2 μl cDNA, 10 pmol each of PXF2 and AP primers, 10 μM

dNTPs, 1  cDNA reaction buffer and 5U Taq polymerase. PCR

reaction for 3' and 5' RACE was the same and was performed under

the following condition: cDNA was denatured at 94 oC for 5 min

followed by 35 cycles of amplification (94oC for 30 sec, 59oC for 50 sec,

72oC for 1 min) and 5 min at 72oC. The PCR product (PX3', 0.6 kb)

was purified and cloned into pGEM-T vector (Promega, Madison,

WI, USA) followed by sequencing.

5' RACE

Based on the sequence of the 3' RACE product, specific primers

PXR2 (5'-TAGTCACCCTGCTTGGAGCT-3') and PXR3 (5'-

TGTTGGACTGCCAGCCGTACTT-3') were designed to amplify the

5' end of PTA. The first round of PCR was performed with primer

P X R 2  a n d  a b r i d g e d  a n c h o r  p r i m e r  ( A A P ,  5 ' -

GGCCACGCGTCGACTAGTACGGGIIGGGIIGGGIIG-3'). The

PCR product was diluted 50-fold for a second round of amplifica-

tion with primer PXR3 and abridged universal amplification primer

(AUAP, 5'-GGCCACGCGTCGACTAGTAC-3'). The PCR product

(PX5', 0.8 kb) was purified and cloned into pGEM-T vector followed

by sequencing.

Generation of PTA full-length cDNA sequence

By comparing and aligning the sequences of PX3' and PX5', the

full-length cDNA sequence of Pinellia ternata lectin gene was ob-

tained through RT-PCR reaction using primer F1 (5'-

A G T A T C A C G G C G A A C A A G T A - 3 ' )  a n d  R 1  ( 5 ' -

GGGGGGGAGCCATATTTATT-3'). The thermal cycling program

was the same as that utilized for 3' and 5' RACE. It was then ana-

lyzed for the presentation of signal peptide and mannose-binding

sites as described before[10].

Southern blot analysis

Total genomic DNA was isolated from 1 g fresh weight of P.

ternata leaf tissue according to the procedure described before[].

Aliquots of DNA (30 μg) were digested overnight at 37oC with BamHI,

PstI and EcoRI respectively, fractionated by 0.8% agarose gel

electrophoresis, and transferred to a positively charged nylon mem-

brane (Boehringer Mannheim). The probe for Southern hybridiza-

t i o n  w a s  g e n e r a t e d  b y  P C R  u s i n g  t h e  P X F 1  ( 5 ' -

ATGGCCTCCAAGCTCCTCCT-3 ' )  and the PXR1 (5 ' -

ATTCACTCTTCTCCGTCACC-3') primers that amplified the cod-

ing sequence (about 0.8 kb) of PTA gene. The probe was labeled with

digoxigenin (DIG)-dUTP using the PCR DIG Probe Synthesis Kit

(Boehringer Mannheim) and purified using QIAquick Gel Purifica-

tion Kit (QIAGEN) according to the manufacturer's instructions.

Hybridized bands were detected using the DIG Luminescent Detec-

tion Kit (Boehringer Mannheim) and signals were visualized by

exposure to Fuji X-ray film at 37oC for 1 h.

Northern blot analysis

Total RNA was isolated from roots, stems, leaves and inflores-

cences of P. ternata according to the manufacturer's instructions

(TRIzol Reagents, Gibco, USA). Aliquots of total RNA (50 μg) were

denatured in glyoxal gel and DMSO and fractionated by 1.2% (w/v)

agarose gel. Following the electrophoresis RNA in the gel was trans-

ferred to a positively charged nylon membrane (Boehringer

Mannheim). The probe and hybridization procedure for Northern

blot analysis was the same as those for Southern blot analysis.

Hybridized bands were detected using the DIG Luminescent Detec-

tion Kit (Boehringer Mannheim) and signals were visualized by

exposure to Fuji X-ray film at 37oC for 1 h.
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Data analyses

DNA sequences and associated molecular information were

analyzed using programs from PCgene, Genepro, Vector NTI Suite

6.0 and Clustal W.

Expression of PTA in E. coli

The sequence encoding for the PTA mature protein was amplified

with primer PX1 (5'-GCGCCATGGGTGGGCACCAACTACCTA-

3') containing NcoI restriction site and primer PX2 (5'-

GCGAAGCTTTTAATTCACTTCTCCGT-3') containing HindIII

restriction site. The amplification product was digested with NcoI

and HindIII and the digested fragment was ligated into bacterial

expression vector pET-32a (Invitrogen) pre-digested with NcoI and

HindIII. The resulting recombinant plasmid, pET-32a-PTA, con-

tained the PTA mature protein sequence fused downstream of the

gene encoding for the thioredoxin protein (Trx). Correct insertion

of the fragment was confirmed by DNA sequencing. The recombi-

nant plasmid was subsequently introduced into E. coli BL21(DE3)

strain (Invitrogen).

When the OD600 of the E. coli BL21(DE3) harboring the recom-

binant plasmid (pET-32a-PTA) reached 0.6, IPTG ( 1 mM) was

added into the culture and the culture continued growth at 37oC for

4 h to induce the expression of the fusion protein (Trx-PTA). The

fusion protein was analyzed by SDS-PACE along with the E. coli

BL21(DE3) and E. coli BL21(DE3) harboring pET-32a as controls.

Artificial diet bioassays

The artificial diet used was that described by Li for the rearing of

aphids[12]. Purified PTA fusion protein was incorporated at 0.1%

(w/v). Controls containing no protein and containing no diet were

set up for each trial. The diet solution was incorporated into feeding

vessels based on those described by Hilder et al [4]. Petri dishes (90

mm diameter) were lined with water-soaked filter paper. Ten neo-

nate peach potato aphids (M. persicae Sulzer) were transferred from

the host plant with a moistened camel hair brush and the petri

dishes sealed with a stretched parafilm membrane. An aliquot of

500 μl diet was added on the parafilm membrane and the diet was

covered with a layer of stretched parafilm membrane to form a

feeding sachet through which the aphids could imbibe the diet. Three

replicates were set up for treatment and controls. The feeding cham-

bers were maintained in greenhouse, illuminated with a 16/8 h light/

dark at a temperature of 252oC. Diets were changed every other day

to ensure a fresh nutrient supply. The number of surviving aphids

was recorded every 2 days.

RESULTS

Isolation and characterization of PTA gene

Using the RACE PCR method the full-length cDNA

of P. ternata lectin was cloned. It contained 1191 bp

with an 810 bp open reading frame encoding 269

amino acids with a calculated molecular mass of 29.4

kD (pI 6.58) (Fig 1). According to the rules of predict-

ing lectin signal peptide[13], a 24-amino-acid signal

peptide with the signal peptide-cleavage site being

Fig 1. The full-length cDNA and deduced amino acid sequences

of Pinellia ternata agglutinin (PTA). The start codon was un-

derlined and the stop codon was underlined italically. The ar-

row indicated the cleavage site of signal peptide (between A

and V).
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between A24 and V25 was identified from the PTA full-

length sequence. Thus, the deduced mature protein

of PTA is composed of 245 amino acids with a calcu-

lated molecular mass of 26 kD (pI 6.07).

Sequence analysis of PTA

A database search with BlastP2.2.3 (National Cen-

ter for Biotechnology Information databases) showed

that PTA was 72.8% identical to the 12 kDstorage

Cloning and characterization of Pinellia ternata lectin gene

Fig 2. Comparison of amino acid sequences among PTA, AMA and CEA. Identical amino acid

residues among the three lectins were indicated with single letters. Mannose-binding sites

(QDNY) were boxed.

Fig 3. The alignment of amino acid sequences of the two domains within PTA. Query: Domain

(A) Sbjct: Domain (B). Identical amino acid residues were indicated with "letter". Homologous

amino acid residues were indicated with "+".
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protein (mannose-binding) in the tubers of Colocasia

esculenta Schott (CEA)[14] and 70.7% identical to the

mannose-binding lectin from Arum maculatum (AMA)

[15] (Fig 2).

The computer analysis detected two putative con-

served domains of similar size in PTA protein deduced

from the cloned pta gene that were agglutinins or

lectins (mannose-binding). Domain A was between

T27 and W130 amino acid (calculated molecular mass of

11.4 kD) and Domain B was between C147 and S250

(calculated molecular mass of 11.6 kD). They were 42%

identity (Fig 3).

Analysis of the secondary and three-dimensional struc-
tures of PTA

The secondary and three-dimensional structures

of PTA were analyzed with Vector NTI Suite 6.0 (Fig

4). PTA consisted of twenty-one -sheets connected

with turns and coils (Fig 4a). The signal peptide and

the C-terminal formed -helix. It was noteworthy

that -sheets occurred predominantly in the structure

of PTA. The overall folding of PTA, which was typi-

cally built from -sheets connected by turns and

loops, created very tight structural scaffold (Fig 4b).

Mannose-binding sites emerged from the convergence

of flexible loops, which was proved to be important to

enhance the ability of lectins to bind mannose[16].

PTA had three conserved mannose-binding sites

(QDNY) which were symmetrically arranged on PTA

molecular (Fig 4).

By above comparison of the structure of PTA and

other mannose-binding lectins, PTA was found to have

many characters commonly possessed by mannose-

binding lectin family. It was a heterotetrameric mem-

ber of the family of Araceae lectins. The X-ray crystal

structure analysis will further elucidate the detailed

structure of PTA.

Northern blot analysis

To investigate the pta expression patterns in vari-

ous tissues of P. ternata, total RNA was isolated from

different tissues and allowed to hybridize with the

DIG-labeled PTA coding sequence. Northern blot

analysis revealed that strong hybridization signals

were detected in all the tested tissues including

inflorescence, root, stem and leaf (Fig 5). As the pta

mRNA was detected in all the tested plant tissues, the

pta was considered to be a constitutively expressing

gene.

Southern blot analysis

In order to test if the pta belongs to a multigene

Jian  Hong  YAO  et  al

Fig 4. The secondary and three-dimensional structures of PTA. (A) The secondary structure. Helix, sheet,

turn and coil were indicated respectively with blue, red, green and yellow vertical lines. (B) The three-

dimensional structure. b-sheets and a-helices were indicated in green and red patches. Turns and loops

were indicated in silver patches. The amino acid residues constituting mannose-binding sites were

indicated as balls.
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family, Southern blot analysis was performed by di-

gesting the genomic DNA isolated from P. ternata

leaves with various restriction enzymes (BamHI, PstI

and EcoRI) respectively and allowed to hybridize with

the DIG-labeled PTA coding sequence(Fig 6).  The

result revealed that there were a few hybridization

bands, indicating the pta belongs to a low copy gene

family.

Fig 5. Northern blot analysis. Northern blot analysis of PTA

mRNA expression in Pinellia ternata inflorescence, root, stem

and leaf was performed using DIG-labeled PTA coding sequence

as a probe.

Fig 6. Southern blot analysis. Genomic DNA was isolated from

leaves of Pinellia ternata and digested with BamHI, PstI, EcoRI

respectively followed by hybridization with the DIG-labeled

PTA coding sequence.

Expression of PTA fusion protein in E. coli

The pta cDNA sequence encoding for mature PTA

protein was cloned into pET-32a plasmid and the re-

sulting plasmid, pET-32a-PTA containing Trx-PTA

fusion protein was investigated for the expression in

E. coli BL21(DE3). SDS-PAGE gel analysis showed

that the Trx-PTA fusion protein was successfully ex-

pressed in E. coli BL21 when induced by IPTG  (Fig

7). The molecular weight of the expressed PTA, when

subtracting the Trx from Trx-PTA, was the similar

size with that of the deduced mature PTA, indicating

the pta could be normally translated in E. coli as

predicted.

Fig 7. SDS-PAGE analysis of the expression of Trx-PTA fusion

protein in E. coli. Lane 1: protein molecular weight marker (97

kD, 66kD, 43kD, 31kD, 20kD and 14 kD from top to bottom).

Lane 2: E. coli BL21(DE3) without IPTG induction. Lane 3: E.

coli BL21(DE3) with IPTG induction. Lane 4: E. coli BL21

(DE3) harboring pET-32a without IPTG induction. Lane 5: E.

coli BL21(DE3) harboring pET-32a with IPTG induction. Lane

6: E. coli BL21(DE3) harboring pET-32a-PTA without IPTG

induction. Lane 7: E. coli BL21(DE3) harboring pET-32a-PTA

with IPTG induction.

Fig 8. Artificial diet bioassay of the PTA fusion protein against

peach potato aphids (Myzus persicae Sulzer). No diet: aphids

were fed without diet. Diet-PTA: aphids were fed with diet

containing no PTA fusion protein. Diet+PTA: aphids were fed

with diet containing 0.1% (w/v) PTA fusion protein.

Aphid artificial diet assay

The insecticidal effect of PTA fusion protein against

peach potato aphids has been tested at 0.1% (w/v) in a

Cloning and characterization of Pinellia ternata lectin gene
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wholly defined artificial diet. Results showed that PTA

fusion protein had significant levels of resistance

against aphids (Fig 8). All the aphids fed without diet

died on day 6. The mean number of aphids fed with

diet containing 0.1% PTA fusion protein was signifi-

cantly less than that fed only with diet constantly

throughout the assay period with the differences sig-

nificant at P < 0.05 after day 6, and all the aphids fed

with diet containing 0.1% PTA fusion protein died on

day 12.

DISCUSSION

In the present study, we report the successful

cloning of the full-length cDNA of P. ternata lectin

(pta) using the RACE PCR method. The full-length

cDNA of pta was 1191 bp, a size very similar to those

of other Araceae species[14, 15], and contained a 810

bp open reading frame encoding 269 amino acids. Like

mannose-binding lectins of other Araceae species such

as C. esculenta and A. maculatum[14, 15], PTA was

predicted to have a signal peptide and the deduced

mature protein of PTA was composed of 245 amino

acids. A database search with BlastP2.2.3 showed that

PTA had high homology with mannose-binding lectins

from C. esculenta (CEA)[14] and A. maculatum

(AMA)[15], indicating PTA was a member of mono-

cot mannose-binding lectin superfamily. Previous re-

ports indicated that all the characterized Araceae

lectins such as CEA and AMA were heterotetramers

composed of four polypeptide chains. Two chains were

identical but different from other two chains. Each

chain had similar size of 11-14 kD[14, 15]. Studies on

the purification of PTA from tubers of P. ternata re-

vealed that PTA was a tetramer of 40-50 kD composed

of four polypeptide chains, each with similar molecu-

lar mass of 11-14 kD but with different pI[8, 9]. In

the present study, the computer analysis also detected

two putative conserved domains of similar size in PTA

protein deduced from the cloned pta gene that were

agglutinins or lectins (mannose-binding). It was pre-

sumed that PTA, like CEA and AMA, was first syn-

thesized as a large precursor that was post

translationally processed into two polypeptides of simi-

lar size. The two polypeptides were respectively com-

posed of, namely, domain A and domain B. Therefore

computer analysis confirmed the result from the puri-

fication of PTA from the tubers[8, 9] that, like CEA

and AMA, PTA was heterotetramer composed of four

non-covalently linked polypeptide chains of similar

size.

Sequence analysis revealed that PTA had three

conserved mannose-binding sites (QDNY). The amino

acid sequences of the sites were the same or similar as

those of GNA[17, 18], CEA[14] and AMA[15] and

symmetrically arranged on PTA molecular. The struc-

ture of PTA was very similar to the three-dimensional

structures of other plant mannose-binding lectins[10,

14, 15, 19], further implying that PTA was a monocot

mannose-binding lectin.

In the present study, Northern blot was performed

to investigate the expression pattern of the pta in vari-

ous tissues of P. ternata. The result showed that the

pta mRNA could be detected in all the tested tissues

including inflorescence, root, stem and leaf, indicat-

ing that the pta was a constitutively expressing gene.

The presence of multicopies of mannose-binding lec-

tin gene in the genome has been reported in some

plant species, particularly those belonging to

Amaryllidaceae and Araceae families[10, 15, 16, 20].

Southern blot analysis in the current study indicated

that the pta belonged to a low copy gene family, which

was different from most of the mannose-binding lec-

tin genes from other Araceae and Amaryllideae spe-

cies[10, 14, 15, 17, 20] although extensive sequence

homologies were found among PTA and other Araceae

species such as CEA and AMA.

Earlier studies showed that many mannose-bind-

ing lectins from monocotyledonous families

Amaryllidaceae and Araceae had more or less insecti-

cidal activities in feeding experiments with both arti-

ficial and transgenic plants[2, 4, 5, 8, 9]. It was also

found that the insecticidal activities of lectins were

directly proportional to the number of subunits pos-

sessed by lectins. Tetrameric lectins had generally

higher insecticidal activities than dimeric lectins[16].

Recent insect bioassay studies showed that lectins

(tetrameric) from P. pedatisecta and P. ternata had

significant insecticidal activities towards cotton aphids

(A. gossypii Glover) and peach potato aphids (M.

persicae Sulzer)[8, 9]. Our current aphid artificial bio-

assay result is consistent with the previous result on

feeding aphids with purified PTA isolated from the

plant tubers[8], indicating the potential utilization of

the pta gene in crop protection against aphids by ge-

Jian  Hong  YAO  et  al
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netic engineering. In addition to anti-pest properties,

recent studies showed that some mannose-binding

lectins from monocotyledonous species such as

gastrodianin from Ochidaceae also had antifungal

properties[21]. The cloning of P. ternata lectin gene

will enable us to further test its role in depth in con-

trolling pests and fungal diseases by transferring the

gene into crop plants.
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