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Two cDNA clones encoding the previously character-
ised PR4 proteins wheatwin 1 and wheatwin2 from
wheat (Triticum aestivum cv. S. Pastore) have been
identified and named wPR4a and wPR4b, respec-
tively. The clones have been isolated by screening a
cDNA library with a specific cDNA probe obtained by
RT-PCR. The wPR4a and wPR4b cDNAs contain open
reading frames of 441 and 447 bp that encode for
wheatwinl and wheatwin2, respectively.

Keywords: Fungal infection, Fusarium culmorum, pathogene-
sis-related protein, plant defense, PR4 genes, Triticum aesti-
vum

EMBL Data Bank Accession No.: A] 006098 for wPR4a, AJ
006099 for wPR4b

INTRODUCTION

In their natural environment plants are chal-
lenged by several pathogenic agents such as
viruses, viroids, fungi and bacteria [Hahlbrock
and Scheel, 1987]. For their survival plants have
developed a complex variety of defence mecha-
nisms that activate a highly co-ordinated resist-
ance response upon recognition of a potential
pathogen. Among these mechanisms are the syn-
thesis and accumulation of a set of host-encoded

pathogenesis-related (PR) proteins [Bol et al,
1990; Boller, 1987; Carr and Klessing 1989; Dixon
and Lamb 1990; Linthorst, 1991; Stintzi et al.
1993; Van Loon, 1985]. These proteins were first
described in tobacco plants infected with tobacco
mosaic virus (TMV) [Gianinazzi et al., 1970; Van
Loon and Van Kammen, 1970], but since their
discovery several new members have been
described in other plant species and have been
grouped into eleven classes on the basis of their
primary structure or DNA-deduced sequence,
serological relationships and enzymatic or bio-
logical activity [Van Loon et al.,, 1994]. Several
studies on structural-functional characterisation
of PR proteins have been reported showing that
these proteins display antifungal activity in vitro
against several plant pathogens; these observa-
tions lead to the proposal that the major role for
these proteins is defence [Bowles, 1990].

Among the less studied PR proteins are those
belonging to the PR4 family. Genes encoding
PR4 proteins were studied in potato, tomato,
tobacco, Arabidopsis and rubber tree [Broekaert et
al., 1990; Friedrich et al., 1991; Linthorst et al.,
1991; Potter et al., 1993; Stanford et al., 1989],
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while mature proteins have been characterised
only from tobacco [Ponstein et al., 1994] and the
monocot barley [Hejgaard et al., 1992; Svensson
et al.,, 1992]. Recently, we isolated two highly
homologous PR4 proteins (wheatwinl and
wheatwin2) from wheat seeds showing antifun-
gal activity towards pathogenic fungi of cereals
[Caruso et al., 1993; Caruso et al., 1996] and dem-
onstrated that these proteins are specifically
induced in wheat seedlings infected with Fusar-
ium culmorum [Caruso et al., 1998]. In this paper
we report the identification and characterisation
of two ¢cDNA sequences encoding the PR4 pro-
teins wheatwinl and wheatwin2.

MATERIALS AND METHODS

Wheat seeds (Triticum aestivum cv. S. Pastore)
were germinated for 24 h in the dark at 25 °C,
inoculated with F. culmorum spores and allowed
to continue germination for three more days
(Caruso et al., 1998). Total RNA was extracted
from infected wheat seedlings (2 g) as previously
described  (Prescott and Martin, 1987).
Poly(A)'mRNA was prepared from total RNA
with the Qiagen Oligotex mRNA mini kit. cDNA
synthesis was carried out with M-MLV reverse
transcriptase (Promega) following manufacturers’
instructions using a degenerate C-terminal primer
(5’"GTGAATACIGTGTCCCAATC 3') correspond-
ing to amino acids 94-100 of the wheatwinl
sequence. After phenol extraction, cDNA frag-
ments encoding PR4 transcripts were PCR-ampli-
fied using the same C-terminal primer and the
N-terminal primer (5GCRACGTAYCATTAY
TAYCGICCRGCGCARAAY 3') corresponding to
the region 8-18 of the protein sequence. Amplifi-
cation was carried out using a Perkin-Elmer Ther-
mal Cycler 2400 model, Pharmacia Ready to go
PCR beads with the following program: 94°C for
1 min, 56°C for 1 min, 72°C for 1 min, 30 total
cycles. The PCR fragments were ligated into the
pGEM®-T vector (Promega, Italy) and sequenced
by the dideoxy chain termination method using

universal primers [Sanger et al., 1977]. The 0.3 Kb
sequence (RT-5 clone) obtained was found to con-
taine the coding region of wheatwin1 correspond-
ing to position 8 to 100 of the protein sequence.
The RT-5 clone labelled with *P-dCTP by ran-
dom priming (prime-it II kit, Stratagene) was
used as a probe to screen a Agtll cDNA library
from wheat Chinese Spring endosperm (generous
gift from prof. P. Shewry, IACR, Long Ashton,
England). Filters were washed 4 times with 5X
SSC containing 0.1% SDS at 65°C for 20 min. Posi-
tive clones were subcloned in pGEM®-4Z vector
(Promega, Italy) and sequenced on both strands
by the dideoxy chain termination method using
universal primers.

RESULTS AND DISCUSSION

A wheat endosperm cDNA library was screened
for PR4 proteins using RT-5, a cDNA probe cor-
responding to a central coding region of
wheatwinl. Five positive clones were obtained
out of about 1 x 10° plaques screened and
sequenced on both strands. One ¢cDNA clone
(wPR4a) was found to contain the entire open
reading frame for wheatwinl, whereas four
c¢DNA clones differing only for the flanking 5’
and 3’ regions contained the complete coding
sequence for wheatwin2. Among the last cDNAs
the one with the shortest non-coding region was
chosen for further studies and named wPR4b.
The complete nucleotide sequences of wPR4a
and wPR4b (deposited in the EMBL Data Bank
under the accession number AJ 006098 and AJ
006099, respectively) and the corresponding
deduced amino acid sequences are shown in
Fig. 1 and Fig. 2, respectively. The wPR4a cDNA
(Fig. 1) consists of 751 bp with an open reading
frame of 441 nucleotides, starting from the first
ATG, and a poly(A)* tail of (A),4 located 195 bp
downstream of the stop codon TAG. The
deduced amino acid sequence contains a highly
hydrophobic N-terminal region with the charac-
teristics of a signal peptide for translocation
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GAATTCGCGGCCGCGTCGACCACAAACTAGCTAGCAGGTTGTGACTGATCACCGTGGTCG

ACGAGACGACGATGGCCGCACGCCCGATGCTGGTGGTGGCGCTGCTGTGCGCGGCGGCGG
M A AR PMULVV AL LCBAA A ANA

CGGCGGCCACGGCGCAGCAGGCGACCAACGTGCGGGCGACGTACCACTACTACCGGCCGG
A AT A Q Q A T NV R A T Y H Y Y R P A

t
CGCAGAACAACTGGGACCTGGGCGCGCCCGCGGTGAGCGCCTACTGCGCAACCTGGGACG
Q N N W D LG A P AV s A Y C A T W D A

CCAGCAAGCCGCTGTCGTGGCGGTCCAAGTACGGGTGGACGGCGTTCTGCGGCCCCGCCG
S. K P L S W R S K Y G W T A F C G P A G

GCGCCCACGGGCAGGCGTCCTGCGGCAAGTGCCTCCAGGTGACCAACCCGGCGACGGGGG
A H G Q A S C G K C L Q@ VvV T N P A T G A

CGCAGATCACGGCGAGGATCGTGGACCAGTGCGCCAACGGCGGGCTGGACCTGGACTGGG
Q I T A R _I V. D Q C A N G G L D L D W D

ACACCGTCTTCACCAAGATCGACACCAACGGGATCGGGTACCAGCAGGGCCACCTTAACG
T VvV F T K I D T N G I G Y Q Q G H L N V

TCAACTACCAGTTCGTCGACTGCCGCGACTAGATTACGTTCTCCGTCGATCGATCAAAGG
N Y ¢ F V. D C R D *

GCTAGCTAGCTATGATAAGAATAAAAGGCTAGCTAAAAGTAAGTTGAGACTGATCCATGC

TGTTTAATAAAAGCTAGCACGGGATGCTGCCTTGTATACGTGTTACGTGTCCCCAGTACG

TACATGGACCCAAATAAAGTGGAAAAGACCAAACGGGTTATCTATTCAAAAAAAAARAAA

AARARAAARAAAGGGACGCGTTCCGCGAATTC 751
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FIGURE 1 Nucleotide sequences of wPR4a cDNA clone encoding wheatwin1 and the predicted amino acid sequence. The cleav-
age sites of the N-terminal signal peptides are marked by an arrow, the start and stop codons and the putative polyadenylation
signals are underlined. The amino acid sequence corresponding to the RT-5 probe is marked with a dotted line
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GAATTCGCGGCCGCGTCGACACACAAACTAGCTATAGCAGGTTGTCACTGATCATGACGA 60
M T M 3

TGGCCGCACGCCTGATGCTGGTGGCGGCGCTGCTGTGCGCGGCGGCCGCGGCCGCCACGG 120
A A RL MLV AATLULTCA AMA AAAMRAAT A 23

CGCAGCAGGCGACCAACGTGCGGGCGACGTACCACTACTACCGGCCGGCGCAGAACAACT 180
Q Q AT NV R AT Y HY Y R P A QNN W 43

t
GGGACCTGGGCGCGCCCGCGGTGAGCGCCTACTGCGCGACCTGGGACGCCAGCAAGCCGC 240
D L G A P AV S A Y CA ATWUDA AS K P L 63

TGTCGTGGCGGTCCAAGTACGGGTGGACGGCGTTCTGCGGCCCCGCCGGCGCCCACGGGC 300
S W R S K Y GW T AUPFICGUZPA AGA AU HG Q 83

AGGCGGCGTGCGGCAAGTGCCTCCGGGTGACGAACCCGGCGACGGGGGCGCAGATCACGG 360
A A C G K CL RV TNUPATGA AOQTI T AI103

CGAGGATCGTCGACCAGTGCGCCAACGGCGGGCTGGACCTGGACTGGGACACCGTCTTCA 420
R I v D Q CANGGULDTULUDWUDT V F T123

CCAAGATCGACACCAACGGGATCGGGTACCAGCAGGGCCACCTCAACGTCAACTACCAGT 480
K I DT NG I G Y Q Q G H L NV N Y Q F 143

TCGTCGACTGCCGCGACTAGATTATGTATCCGTCGATCAAAGGCTAGCTTGCTATGATAA 540
V D C R D * 148

GAATAAGAGGCTAGCTTAGCTAAAAAAAAAAAAAAGAAAAAAAAGTCGACGCGGCCGCGA 600

ATTC 604

FIGURE 2 Nucleotide sequences of wPR4b cDNA clone encoding wheatwin2 and the predicted amino acid sequencend. The
cleavage sites of the N-terminal signal peptides are marked by an arrow, the start and stop codens and the putative polyade-
nylation signals are underlined

through the endoplasmic reticulum and two pos-  tively. Cleavage of the signal peptide results in a
sible initiation codons at position 72 and 87 of the ~ polypeptide of 125 amino acids with a calculated
nucleotide sequence generating two putative sig-  molecular mass of 13670 Da which is in good
nal peptides of 21 and 15 amino acids, respec-  agreement with that of mature wheatwin1.
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The wPR4b (Fig. 2) cDNA consists of 604 bp
with an open reading frame of 447 nucleotides,
starting from the first ATG and a poly(A)" tail of
(A)14G(A)g located 61 bp downstream of the stop
codon TAG. Similarly to wPR4a, a N-terminal
extension typical of a signal peptide is present in
the coding region of wPR4b ¢DNA; in this case,
three possible starting codons are present at
positions 54, 60 and 75 of the nucleotide
sequence giving rise to three putative signal pep-
tides of 23, 21 and 16 amino acids, respectively.
Cleavage of this peptide results in a mature pro-
tein of 125 amino acid residues with a calculated
mass of 13684 Da, corresponding to the size of
the mature wheatwin2. The presence of the sig-
nal peptide in both cDNAs strongly suggests a
secretory pathway for the mature PR4 proteins.
Putative poly-adenylation motifs (AATAAA) [30]
upstream the poly (A)" tail are present in both
cDNA clones. The deduced amino acid sequences
of wheatwinl and wheatwin2, encoded by wPR4a
and wPR4b, respectively, differ by only two
amino acids out of 125, at positions 62 and 67. In a
previous paper we reported three amino acid dif-
ferences between the two proteins, at positions 45
(Gly—Lys), 62 (Ser—Ala) and 67 (Gln—Arg) for
wheatwinl and wheatwin2, respectively [Caruso
etal., 1996]. In order to explain this apparent disa-
greement, we resubmitted to amino acid sequenc-
ing both mature proteins. According to the cDNA
deduced sequences, no difference was detected at
position 45 where lysine was found for both pro-
teins. In conclusion, the two PR4 proteins differ
by two amino acid residues only that probably
play a role in determining their different antifun-
gal activity as previously reported [Caruso et al.,
1996]. The functional significance of the structural
differences among wheatwinl and wheatwin2
needs further investigation, but the existence of
two proteins with different specific antifungal
activity might represent a selective advantage
towards a wide range of potential pathogens.

The comparison of the nucleotide sequences of

wPR4a and wPR4b with sequences stored in sev-
eral data banks revealed a high degree of

sequence identity (80-90%) with other PR4 genes
from tobacco [Friedrich et al., 1991], tomato
[Linthorst et al., 1991], maize [EMBL Data Bank
a. n. X82184] and barley [EMBL Data Bank a. n.
Y10814]. A less striking similarity (60-70%) was
found with the potato wound-induced genes
winl and win2 [Stanford et al., 1989], the hevl
gene from rubber tree [Broekaert et al., 1990], the
hel gene from Arabidopsis thaliana [Potter et al.,
1993] and the chp20 cDNA clone from tobacco
[Ponstein et al., 1994] that are characterised by
the presence of the hevein-like domain, rich in
cysteine residues, present also in several lectins
[Raikhel and Wilkins, 1987] as well as in the
inducibile class I basic chitinases [Collinge et al.,
1993]. By analogy to chitinase classification
based on the presence or absence of the
cysteine-rich domain it has been proposed that
PR4 proteins with the “hevein-like” domain
could be classified as class I whereas those lack-
ing the same domain may be ascribed to the class
II [Ponstein et al., 1994]. According to this classi-
fication, we propose that the isolated wheat
cDNAs belong to PR4 genes of the class II. A
general characterisics of PR proteins is the pres-
ence of several isoforms localized in different
cell compartments; usually, acidic proteins are
secreted to the extracellular space while the basic
homologues are accumulated in the vacuoles.
Moreover, it has been demonstrated that basic
PR proteins have a C-terminal extension of few
amino acids essential for vacuolar targeting
[Bednarek and Raikhel, 1992; Nakamura and
Matsuoka, 1993; Neuhaus et al. 1991]. It is inter-
esting to point out that the vacuolar sorting sig-
nal is absent in both wheat PR4 genes. Therefore,
it is unlikely that either wheatwinl or
wheatwin? are localised in the vacuoles, con-
firming that these proteins might be targeted to
the extracellular space by the signal peptide. To
the best of our knowledge, this is the first report
concerning a possible extracellular localisation of
basic PR4 proteins. In summary, we have cloned
two ¢DNAs encoding two highly homologous
PR4 proteins previously characterised from
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wheat seeds [Caruso et al., 1993; Caruso et al.,
1996]. The material we have generated is now
suitable for the production of recombinant pro-
teins and their use in expression cassettes to
obtain transgenic plants. This will allow investi-
gation both on the biological function of PR4
proteins and on the possibility to use them as
active deterrent in plants in which the expres-
sion of their genes has been manipulated.
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