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Cloning, Sequence Analysis, and Prokaryotic Expression of cDNA
Encoding a Putative Non-Specific Lipid-Transfer Protein from the Bracts
of Dovetree (Davidia involucrata Baill.)*

Yun-Xiang Li*
Department of Biology, China West Normal University, Nanchong 637002, Sichuan, China

The 967-bp clone P1A5 was isolated from a suppression subtractive hybridization cDNA library of dovetree bracts
(Davidia involucrata Baill.). A complete cDNA of 1047 bp was obtained via 5'-RACE (5'-Rapid Amplification of cDNA End)
techniques, using the gene-specific primer P1A5-1. Northern blot analyses showed that the gene was predominantly
expressed in the bracts, while the blotting signal from the leaves was weak. Its deduced amino acid sequence was
most highly homologous to the lipid-transfer protein 3 precursor isolated from upland cotton, the lipid-transfer protein
SDi-9 from the common sunflower, and the non-specific lipid-transfer protein precursor allergen from sweet cherry. It also
had features in common with plant nsLTPs (non-specific lipid-transfer proteins), including eight conserved cysteine residues,
a high isoelectric point (8.9), and a lack of tryptophans. The deduced amino acid sequence had two transmembrane
helices -- the first from Position 5 (Gly) to Position 35 (Val); the second, from Position 28 (Ala) to Position 46 (Leu). A
cleavage site for the putative signal peptide was predicted to occur between Positions 28 (Ala) and 29 (Ala). Therefore,
the putative mature form of the protein would comprise 92 amino acids, with a molecular weight of 9.2 kD. All these
results provide compelling evidence that the P745 clone belongs to the nstTP1 gene family, thus being named the
P1A5 putative nsLTP1 gene. This is the first nsLTP gene reported from Davidiaceae.
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Many proteins with in-vitro antimicrobial activity have monomers (liendricks et al., 1994). In addition, their
been identified at the protein and/or DNA level (Garcia- expression can be induced by environmental stress fac-
Olmedo et al., 1995; Broekaert et al., 1997). Among tors, e.g., heat shock or NaCl treatment (Torres-Schu-
them, the non-specific lipid-transfer proteins (nsLTP) in mann et al., 1992). Several nsLTP genes in barley are
plants are well known for their ability to enhance the also up-regulated in response to infection by various
inter-membrane exchange and/or transfer of various polar strains of fungal pathogens (Garcia-Olmedo et al., 1995).
lipids and glycolipids in vitro. These basic and cysteine- Their role in plant defenses has been confirmed by
rich proteins are ubiquitous in the plant kingdom, form- Kristensen et al. (2000), who have reported that nsLTPs
ing a multigenic family. The nsLTPs are synthesized as isolated from the seeds of radish and onion, or the leaves
precursors with N-terminal extensions that have the of barley, maize, spinach, and sugar beet, exhibit
sequence characteristics of signal peptides. Some are antipathogenic activity in vitro.
secreted or bound to the cell walls (Kader, 1996; Davidia involucrata Baill., an ornamental known as the
Douliez et al., 2000). Two main families have been Chinese dovetree or handkerchief tree, is a relic decid-
characterized: 1) nsLTP1, with a molecular mass of about uous species of the Tertiary Period. As the sole member
9 kDa; and 2) nsLTP2, with a mass of about 7 kDa (Kader, of the family Davidiaceae, it is endemic to southwestern
1996; Douliez et al., 2000). NsLTPs share a common China but now also widely introduced elsewhere (Browne
structural fold, which is stabilized by four disulfide bonds and McDonald, 1978; Wyman, 1978; McClintock,
and composed of four helices packed against a C-ter- 1991). This tree's special features include hanging flower
minal arm that is formed by a series of turns (Gincel et clusters or designated head inflorescences, each with
al., 1994; Shin et al., 1995; Heinemann et al., 1996; two (sometimes three) large, showy, white bracts. The
Lee et al., 1998). bracts, unequal in length, are generally 3 to 6+ in. long,

NsLTPs may actively participate in the biosynthesis and surround the inflorescence. Even though the species

of the cutin layer and surface wax by transporting acyl

"The nucleotide sequence data reported here has been released
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was discovered in 1869 (McClintock, 1991), little is still
known about the function of its bracts in evolutionary
and reproduction biology, or their molecular develop-
ment. The objective of the study presented here was
to identify those molecular processes as a follow-up to
research that established a subtractive hybridization
cDNA library using the bract as tester and the leaf as
driver (unpublished). Here, the complete cDNA of a new
nsLTP1 clone, P1A5, was cloned, sequenced, and ana-
lyzed before examining its prokaryotic expression.

MATERIALS AND METHODS

Plant Materials

In February or April, the leaves and bracts of D.
involucrata were collected after sprouting two to three
days, respectively, at the National Natural Reserve of
Longchi-Hongkou, Dujiangyang County, Sichuan Prov-
ince, China. The tissues were immediately frozen in lig-
uid nitrogen for a few minutes, then stored at —80°C.

Construction of Suppression Subtractive Hybrid-
ization cDNA Library of Bracts

Total RNAs were extracted from the frozen leaves
and bracts with the Plant Total RNA Kit (TaKaRa). A
suppression subtractive hybridization cDNA library,
which took the bract as tester and leaf as driver, was
constructed essentially as described in the manual for
the CLONTECH PCR-Select™ cDNA Subtraction Kit
{Clontech).

Full-Length cDNA Sequence Amplification

5-RACE was carried out using the gene-specific primer
P1A5-1 (5-ATAACACTCTGGGCACCTGTGACTC-3)),
according to the procedures for the SMART™ RACE
cDNA Amplification Kit (Clontech). Briefly, 1 pg of total
RNA was extracted from the bracts, then reverse-tran-
scripted with 10 pmol 5-CDS primer [5-(T),sN.1N-3',
N=AGCorTN;=A G, or(], 10 pmol SMART Il
A oligo (5"AAGCAGTGGTATCAACGCAGAGTACGC-
GGG-3), and 10 pmol of dNTP mixture by PowerScript
Reverse Transcriptase. The amplification was performed
with primer P1A5-1 and UPM (containing two com-
ponents, Long: 5-CTAATACCACTCACTATAGGGCAA-
GCAGTGGTATCAACGCACAGT-3"; Short: 5-CTAATA-
CGACTCACTATAGGCC-3") in an Amp 2400 thermal
cycler (Perkin Elmer Cetus) for 25 cycles of 5 s at 94°C,
10 s at 65°C, and 3 min at 72°C. The single, ca. 380-
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bp DNA product was then cloned into the pMD18-T
vector (TaKaRa) and sequenced with a DYEnamic Direct
dGTP Sequencing Kit (Amersham) and a 373A DNA
sequencer.

Northern Blot Analysis

Hybridization analyses of RNAs were conducted
according to the method of Maniatis et al. (1982). RNA
was fractionated in a 1% (w/v) agarose gel containing
6% (v/v) formaldehyde. All RNA samples (10 pg each)
were denatured in the presence of 1 mg ethidium bro-
mide. Nylon membranes were pre-hybridized in a
solution containing 50% (v/v) formamide, 5x SSC,
2X Denhardt’s, 40 mM NaHPO, (pH 6.5), 10 mM
EDTA, and 0.2 mg mL™" herring sperm DNA. After 12 h,
a DIG-labeled probe was added, and hybridization
proceeded for 16 h. Final washes were carried out
with 2Xx SSC, 0.1% SDS at 50°C. All RNA blots were
performed twice with replicated samples from two
independent extractions. A P1A5 gene-specific probe
spanned the deduced coding region, from 448 to 905
bp. The fragment was obtained by PCR amplification
with two gene-specific primers: PTA5-2 (5-ATAGAAA-
TGGGTAGGTCAGGAGTCGTCAT-3Y) and PT1A5-3 (5'-
ACTCAAGTGAGCCTCGTGCTATCTCCATCT-3). The
DNA probe was labeled by random-priming with
digoxigenin-dUTP, essentially following the procedure
for the DIG High Prime DNA Labeling and Detection
Starter Kit Il (Roche Molecular Biochemicals).

Escherichia coli Expression Analysis

Prokaryotic expression was carried out according to
the QlAexpressionist™ protocol for high-level expression
and purification of 6xHis-tagged proteins (QIAGEN).
Briefly, to obtain the coding region sequence, two prim-
ers with additional restriction digestion sites -- Sphl and
Pstl -- were designed based on the coding region of the
deduced amino acids (PT1A5-2: 5-ATAGCATGCCC-
TAGGTCAGGAGTCGGTGAT-3' and P1A5-3: 5-ACTCT-
GCAGAGCCTCGTGCTATCTCCATCT-3, respectively).
After amplification, with the PTA5 clone serving as
template, the amplified product and the expression
vector pQE30 were digested synchronously by Sphi and
Pstl and purified. The ligated DNAs, comprising the
insert DNA and the vector, were then used to transform
competent cells of E. coli strain M15. Positive clones
were preliminarily screened out by a colony-blot pro-
cedure. Those that contained the inserted DNA were
induced for 5 h by 250 uM PTG at 37°C in a liquid
broth containing 100 pug mL™" ampicillin and 25 pg miL™
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kanamycin. Positive strains without IPTG induction were
set as the control. Total proteins were extracted from
the induced and uninduced strains, and subjected to
SDS-tricine-gel electrophoresis (Schagger and von Jagow,
1987) to validate expression of the inserted fragment.
The SDS gel was stained with Coomassic solution
(0.25% Coomasic Brilliant Blue R-250, 45% MeOH, and
9% HOAC in water). Afterward, the background was
de-stained with a solution of 5% MeOH and 7.5%
HOACc in water.

Sequence Analysis

Sequence analyses for the DNA and deduced amino
acids were carried out using DNATools 5.0, OMIGA 2.0,
the BLAST program, SignalP V2.0.b2, and TMHMM
(v. 2.0).

RESULTS

Molecular Cloning of nsLTP1 cDNA from Dovetree
Bracts

Twenty dones were randomly selected and sequenced
from the suppression subtractive hybridization cDNA
library. Among these, clone P1A5, which is 967 bp
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Figure 1. cDNA fragments of the P1A5 gene from dovetree
bracts. Lane 1, amplified expression fragment; Lane 2, prod-
uct of 5-RACE; Lane 3, inserted fragment of clone P1A5
from subtractive hybridization library.

long (Fig.1, Lane 3) and having a poly(A) tail, was of
particular interest because it was strongly expressed in
the bracts and was highly homologous to the nsLTP1
genes. A single, 375-bp product containing primer
sequences was obtained by 5-RACE with universal
primer UPM and the gene-specific primer P1A5-1 (Fig.
1, Lane 2). Correct amplification was confirmed because
the fragment completely overlapped the original 967-bp
fragment. Sequence analysis showed that the entire
cDNA was 1047 bp long. It contained a complete ORF
that encoded a polypeptide of 120 amino acids, with
the initiation (start) codon ATG at Position 454 and a
stop codon at Position 816. Other features included a
5- (453-bp) and a 3"- (221-bp) untranslated sequence,
and a long poly(A) tail (Fig. 2).

Northern Blot Analysis

Expression of the P1A5 gene was examined by
northern analysis of the sprouting bracts and leaves. A
fragment that spanned the coding region (Fig. 1, Lane
1) was amplified and labeled with non-radioactive
digoxigenin-dUTP. This was used as a probe for

AGAGAGTTGTTCACCATOGGGAGAAGTACCTGCAAGGTOTTATCGTCAGATARAGAACAN €0
GCCCTACCCAAAATCACGGTACATTTTAAAATTTGTAGATGTCCATAGCTTCATTTGAGA 120
AARTAGTCTCGACACT TAATTAATTGCACACAATATCGGAGTARAAAGCTATTGTCCTCCT 180
TTAACAGTCTITGAATACCGAGCAATTCCACGTCAAAAACTTCAAATTGTTTTGCACTGAA 340
GAAGGTAGAANNGT CCCACTGACGGTCCCAGTTCTOGAGGAATAATTATTCTICTTTTICC 300
CCCCAGGTCTCATGTCTTGAATTCCTTCTTCARMATCCTOGAACCAATGCTTTAGTTCCTA 360

P PlAS5-1
CTCGGATTTTTOCAGUAGTCACAGGTGCCCAGAGTATTATATAGCTAGGCTANGTTCTCT 420

PIAS-2 >

GTTCAGTCATATATCATATATATATTCATAGAAATGGGTAGGTCAGGAGTGGTGATTANG 480

M G R S @ V V I K 160
ar JGGTGCTGATGTGCATGATOGTGAGTGCACCCCATGCCAAAGCAGCA 540
vV 8 I VAV LMNCMVYJYVSB8APUHA MLER-AA 180
ATAACATGCGACACGGTGACAGTCAGCCTGRCACCGTGCTTGAACTACCTGAAGARGGAT 600
I TCGT VTV SLAPCTLNTYTLTZEKTEKG 200
GOTCOGGTACCOCCAGCCTACTGCAACOGAATTAAGT CCCTCAACGCAACAGCCARGACE 660
G P VP PACCNO GTIT KT BS8TLNAARANA AR KT 220
ACAGCTGACCGCCAGGCTGCTTITAATTGCCTGAAMACAGCTTCTACCAGCATCGCTAGGC 720
T ADROQAALCNT CLT KT AZST S I AG 240
ATCAACCTGAGCTATGCTTCCAGCCTCCCTGGCAAATATAATGTCAACGTTCCCTACAAG 780
I R L 8 YASSL PGAGKeKGCGCGVY NV P YK 260
ATCAGCCCTAGCACTGATTGCTCCANGUTGCAUTGAGGTTGATAAACACGTGAGGTTITCT 840
I 8P B TDCS KUV Q * PIAS-3 280
ACTGCCGGATCTAATCT: AATAAA ,'__wu CACGAGACTCACT 900
TGAGTGGGCCTCCAGTTCTAGT TTCCTTTTATGCAGAAGTCT TGATGGTTGTATATGTAG 960
CAACTACTTGATGITTACATGTAACNACTATATTATCTAATAGTCCTTATACAGTATACT 1020
AAAAAAAAARAAAR 1047

Figure 2. Nucleotide sequence of full-length cDNA of P1A5
gene from dovetree bract, and its deduced amino acid
sequence. Numbers to the right refer to nucleotide and
amino acid sequences. Primers for 5-RACE (P1A5-1) and
expression analysis are indicated by arrow-headed lines.
Solid, underlined letters refer to a putative polyadenylation
signal, and the consensus sequence of the translation start
site is indicated by dashed underline. Asterisk denotes the
stop codon.
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Figure 3. Northern hybridization of dovetree total RNAs,
and probe of fragment spanning the coding region of the
P1A5 gene. Lane 1, bract; Lane 2, leaf.

hybridizing total RNAs from each tissue type. A single,
ca. 1000-nucleotide RNA transcript was detected in
both bracts (Fig. 3, Lane 1) and leaves (Fig. 3, Pane 2),
with the signal intensity being much stronger in the
former.

E. coli Expression Analysis

Using E. cofi, the expression potential of the P1A5 gene
was determined in the dovetree bracts. Total proteins
were fractionated according to the predicted molecular
weight of the deduced peptide. A stronger band
(~12 kDa) appeared in the induced strain but not in
the control (Fig. 4). This indicates that the deduced
polypeptide was indeed expressed in E. coli, although
it was not the final mature form of nsLTP1s.

Homology to Non-Specific Lipid-Transfer Protein
Precursors

The deduced amino acid sequence of the PTA5 cDNA
clone is 120 amino acids long, and shares homology
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Figure 4. SDS-PAGE to examine prokaryotic expression of
the P1A5 coding region. Arrow refers to the expressed band
for Lane 1. Lane 1, total protein extracted from E. coli strain
MT15 containing inserted coding region induced by IPTG;
Lane 2, total proteins isolated from M15 strain containing
inserted coding region but not induced.
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Gossypium hirsutum LRGSGAGAVEPOCCSSI KSLNSAMITTPDRQAACRCIKSARAGIT
Prupus avius VRG. . GGAVPPACCNSIRNINNLAXTTADRQTACNCLEQLSASYP
Helianthus annuus LTK. . GGAVPPACCSGVKSLNSAAKTTPDRQANCGCLESAYNSIS
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Davidia involucrata 101 GINLSYASSLPGKCGVNVPYKISPSTDCSXVQ 120

Gossypium hirsutua GINFGLASGLPGKCGVNIPYKISPSTOCNSVK
Prunus avium GVNANNAAALPGECGVNVPYKISPSTNCATVK
Helianthus annuus GYRAGNAASFPGKCGVSIPYKISPSTDCSKVQ

Figure 5. Comparison of the deduced amino acid sequence
of the P1A5 gene, a non-specific lipid-transfer protein precursor
gene from dovetree, and three precursors of nsLTP1s from
C. hirsutum (GenBank accession no. AAG29777; Liu et al.,
2000), P avium (GenBank accession no. Q9M5X8), and H.
annuus (GenBank accession no. $71564; Ouvrard et al., 1996).
Identical residues are indicated by asterisks. Gaps marked by
dots have been introduced to optimize alignment.

with precursors of the nsLTP family. Its sequence was
compared with the three plant nsLTP1 precursors that
had the highest degree of similarity (Fig. 5), and gaps
were introduced to optimize the alignment. Based on
these results, P1A5 shows 63% identity to the lipid-
transfer protein 3 precursor isolated from upland cotton
(Gossypium hirsutum; Liu et al., 2000); 59% to the
lipid-transfer protein SDi-9 from common sunflower
(Helianthus annuus; Ouvrard et al., 1996), and 57% to
the non-specific lipid-transfer protein precursor ALLER-
GEN PRU AV3 from sweet cherry (Prunus avium,
GenBank Accession Q9M5X8).

When the amino acid sequences of nsLTPs are com-
pared among various plant species, only a few residues
are conserved (Couthos-Thevenot et al., 1993). Among
these are the 8 cysteines and 12 positions occupied
by hydrophobic or aromatic residues (Broekaert et al.,
1997). In the current study, the deduced amino acid
sequence for the P1A5 clone largely corresponded to
this sequence homology, e.g., eight cysteines at con-
served positions (Numbers 32, 42, 58, 59, 79, 81, 104,
and 118 in Fig. 5), the lack of tryptophans, and a high
isoelectric point (8.9).

Two strong transmembrane helices, i.e., one from
Position 5 (Gly) to Position 35 (Val), and another from
Position 28 (Ala) to Position 46 (Leu), were predicted
by TMpred (Hofmann and Stoffel, 1993) using a pre-
dicted TM-helix length of 17 to 33. The most likely
cleavage site of the signal peptide, as calculated by the
SignalP V2.0.b2 program, was between Positions 28 (Ala)
and 29 (Ala): AEA-Al; a similar result was obtained
with the TMHMM (v. 2.0) program. The deduced
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amino acid sequence had a molecular weight of 12.1
kDa. Thus, the predicted mature form, after cleavage
of the signal peptide, would contain 92 amino acids,
with a molecular weight of 9.2 kD. This is consistent
with the data for members of the nsLTP family, meaning
that P1A5 nsLTP1 is indeed a newly cloned nsLTP1
gene predominantly expressed in dovetree bracts.

DISCUSSION

Lipid-transfer proteins (LTPs), which aid in the move-
ment of lipid substrates between membranes in vitro,
are widespread in the animal and plant kingdoms. In
animals, LTPs can specifically bind different lipids,
e.g., phosphatidylcholine and phosphatidylinositol. In
contrast, those purified from plants have broad phos-
pholipid substrate specificity that is similar to the non-
specific LTPs found in animals (Wirtz, 1991). Most plant
nsLTPs comprise 91 to 95 amino acid residues, and have
highly conserved cysteine residue positions at 2/3-C-
8-C12/15-CC-19-C-1-C-21/23-C-13-C-4/8. (N.B., “C”
represents the cysteine residue, and numerals indicate
the residue position of cysteine.) Although novel biological
roles for plant nsLTPs have not been assigned, several
have been proposed, including cutin formation, embryo-
genesis, defense reactions against phytopathogens,
symbiosis, and adaptation to various environmental
conditions (Kader, 1996).

In the study presented here, a new nsLTP1 gene was
isolated from the dovetree, and was examined for its
homology with members of the nsLTP1 family from
other plant species. Sequence analysis revealed that
the P1A5 gene encodes a new nsLTP1 protein precursor,
with a total length of 120 amino acids, and a mature
nsLTP1 of 92 amino acids. In addition, prokaryotic
expression was evaluated, using the putative coding
region of P1A5. Northern blot analysis demonstrated
that this gene is highly expressed in the bracts but only
weakly in the leaves. Whether those expression pat-
terns remain constant or are altered by developmen-
tal progresses requires further investigation.

The bracts of D. involucrata are much more vulner-
able and prone to damage than are the leaves. Because
the putative nsLTP mRNA was over-expressed in those
bracts (presumably as a defensive protein), this activity
may possibly indicate a role as a protective mechanism.
A group of over-expressed mRNAs has previously been
isolated from the bracts of this species, and has been
characterized as part of an adversity-resistance or
defense reaction. These include clone P1B4, which
encodes a putative raucaffricine-O-B-D-glucosidase,

and clone P2D4, encoding a putative praline-rich pro-
tein. Those patterns of over-expression may be the
product of bract evolution for adapting to their inherent
anatomical vulnerability.

In this laboratory, genomic walking and Southern blots
are being utilized to obtain the entire gene and identify
temporal and spatial patterns of expression. Future
research will include identifying expression of the
mature form of this LTP and examining the activity of
the expressed polypeptide.
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