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The amino acid sequence of wheatwinl, a monomeric protein of 125 residues isolated from
wheat kernel (variety S. Pastore), is reported. Wheatwinl is highly homologous (95%) to bar-
win, a protein from barley seed, which was shown to be related to the C-terminal domain of
two proteins encoded by the wound-induced genes win/ and win2 in potato and to a protein
encoded by the sume domain of the hevein gene (hevl) in rubber tree. Similarly to barwin,
wheatwinl contains six cysteine residues all linked in disulfide bridges and the N-terminal resi-
duc is pyroglutamate. Morcover, structural studies performed on wheatwini and win/ protein
by predictive methods demonstrated that these proteins and barwin are closely related in the
secondary structure also. The high level of homology found with the product of win/, win2,
and hevi genes strongly suggests that barwin and wheatwinl play a common role in the
mechanism of plant defence.
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1983; Cramer et al., 1985a; Friend, 1985), several
pathogenesis-related (PR) proteins (Van Loon,
1985), glycoproteins (Chrispeels er al, 1974;
Esquerre-Tugaye and Mazau, 1974), and proteinase
inhibitors (Ryan, 1973).

Several classes of chitin-binding proteins have
been reported lo contain a sugar-binding region
often referred as hevein-like domain (Chrispeels and
Raikhel, 1991). This domain, consisting of 43 amino
acids, represents the sequenc.: of hevein, a small pro-
tein of 5 Ky isolated from lutoid body-enriched frac-
Jon of rubber tree latex (Hevea brasiliensis) (Archer
et al., 1969; Walujono er al., 1975). which has been
shown to bind chitin and to inhibit the growth of
several chitin-containing fungi (Van Parijs et al.,

1. INTRODUCTION

The biological responses in higher plants after
wounding have been widely studied. In 1978, Kahl
reported extensive changes in the protein synthesis
pattern; many of these changes, also induced by fun-
gal elicitors andfor chemicals (Darvill and
Albersheim, 1984), may be involved in defence
mechanisms, resulting in an increased synthesis of
different proteins such as chitinases and 3-1,3-gluca-
nases degrading fungal cell wall (Legrand er al., 1987,
Kauffmann er al., 1987; Kombrink et al., 1988; Bol-
ler, 1985), enzymes of phenylpropanoid metabolism
leading to lignification of the cell wall (Lawton et al.,
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1991). Chitinases from bean (Broglie et al., 1986;
Lucas et al., 1985), tobacco (Shinshi et ai., 1987),
and poplar (Parson et al., 1989) show one hevein-
like domain located at the N-terminus, whereas
lectins from some monocotyledonous or dicotyledo-
nous contain four and two isostructural domain,
respectively (Wrigth er af., 1984; Raikhel and
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Wilkins, 1987; Lerner and Raikhel, 1989; Wilkins and
Raikhel, 1989; Chapot er al.. 1986). Moreover, hevein
is highly homologous to the N-terminal region of two
proteins encoded by the wound-induced genes winl
and win2 in potato (Stanford et al., 1989). The C-
terminal domain of winl and win2 proteins differs
from the chitinase carboxyl region, and very recently
the sequence of barwin, a protein isolated from barley
seed which is homologous to this region and lacking
in the hevein-like domain, has been reported
(Svensson et al., 1992).

Furthermore, the isolation and sequencing of a
¢cDNA clone (hevl) encoding for a putative signal
sequence followed by a polypeptide of 187 amino
acids has been reported (Broekaert er al., 1990).
This polypeptide presents two distinct regions: the
N-terminal domain of 43 amino acids corresponding
to mature hevein and the C-terminal domain of 144
amino acids showing a high degree of identity both
with barwin and the corresponding region of win/
and win2 proteins.

In 1989, we reported the isolation and pre-
liminary characterization of a new protein from
wheat kernel coded 0.14 on the basis of its electro-
phoretic mobility relative to bromophenol blue
(Carrano et al., 1989). In this paper, we report the
whole sequence of this protein showing a high
degree of identity both with barwin and the C-
terminal domain of the proteins encoded by win/,
win2, and hevl genes. On the basis of this corre-
lation, we decided to rename protein 0.14 as
wheatwinl. It is reasonable to claim that wheat-
win] and barwin play a common biological role
that should be related to the mechanism of plant
defence.

2. EXPERIMENTAL PROCEDURES
2.1. Materials

Triticum aestivum, pure variety San Pastore,
was kindly supplied from Istituto Nazionale per la
Cerealicoltura (Rome, [taly). HPLC procedures
were carried out on a Beckmann GOLD apparatus
equipped with a variable-wavelength monitor model
166. Sequencing grade trypsin (EC 3.4.21.4), chymo-
trypsin (EC 3.4.21.1), and pyroglutamic amino-
peptidase (EC 3.4.19.3) were from Boeringher
Mannheim Italia SpA. The p-Bondapak C;g column
(0.39 x 30cm) was from Waters-Millipore (Milford,
MA, USA). All other reagents were of analytical
grade.
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2.2. Protein Purification

Wheatwinl was purified as previously reported
(Carrano et al., 1989). The protein concentration was
determined by the Bio-Rad assay, following the man-
ufacturer’s instructions and using bovine serum albu-
min as a standard.

2.3. Reduction and Pyridylethylation

Wheatwinl (60 nmol) was treated with 3 umol of
dithiothreitol in 0.2ml of 0.25M Tris-HCI buffer
pH8.0, 2mM EDTA, 6 M guanidine-HCI, for 2hr
at 37°C under nitrogen atmosphere. Alkylation was
performed with 4-vinylpyridine (90 pmol) for 2 hr at
room temperature in the dark under nitrogen atmos-
phere. The reaction was stopped by freezing and
reagents in excess were removed by reversed-phase
HPLC (RP-HPLC) on the p-Bondapak Cg column.
Eluent A was aqueous 0.1% trifluoroacetic acid and
eluent B was 0.07% trifluoroacetic acid in acetoni-
trile. The elution was carried out at a flow rate of
| ml/min by the following program: Smin at 10% B
followed by a lincar gradient from 10-70% B in
55min. The s-pyridylethylated protein (PyEt-wheat-
winl) was manually collected and freeze-dried.

2.4. Digestion with Trypsin

PyEt-wheatwinl (10nmol) was digested with
trypsin (enzyme/substrate 1:50 w/w) for Shr at 37°C
in 0.2m! of 0.1% ammonium bicarbonate buffer,
pH8.0. The digest was then freeze-dried and dis-
solved in 0.2ml of aqueous 0.1% trifluoroacetic
acid. The fragment mixture was resolved by RP-
HPLC on the p-Bondapak C,g column. Eluents A
and B were those described in the previous section.
The elution was performed at a flow rate of 1 ml/min
by using the following program: 5min 10% B fol-
Jowed by a linear gradient from 10-35% B in
90 min. Peaks were manually collected and freeze-
dried.

2.5. Digestion with Chymotrypsin

PyEt-wheatwinl (10nmol) was digested with
chymotrypsin  (enzyme/substrate 1:60w/w) for
40 min at 30°C in 0.2ml of 1% ammonium bicarbo-
nate buffer, pH7.8. The digestion was stopped by
freezing. The fragment mixture was resolved by RP-
HPLC on the p-Bondapak Cjg column. Eluents A
and B were those described in previous sections.
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The elution was performed at a flow rate of 1 ml/min
by using the following program: 2 min 10% B followed
by a linear gradient from 10-30% B in 90 min. Peaks
were manually collected and freeze-dried.

2.6. Sequence Analyses

The purified tryptic and chymotryptic peptides
of wheatwinl were dissolved in aqueous 0.1%
trifluoroacetic acid (30-60pl); aliquots (200
500 pmol) were submitted to automated sequence
analysis using a pulsed liquid-phase automatic sequen-
cer (Applied Biosystems model 477A) equipped on-line
with phenylthiohydantoine amino acid derivatives ana-
lyzer (Applied Biosystems model 120A). Samples were
loaded onto a trifluoroacetic-acid-treated glass-fiber
filter, coated with polybrene and washed according to
manufacturer instructions. The relative reagents were
from Applied Biosystems.

2.7. Deblocking of N-Terminal Residue and
Identification of N-Terminal Sequence of Wheatwinl

The N-terminal blocked tryptic fragment of
wheatwin! (200 pmol) was digested by pyroglutamate
aminopeptidase (enzyme/substrate 1:10 w/w) for 1 hr at
37°C in 0.1 M potassium phosphate, pH 8.0, 10mM
EDTA, 5mM dithiothreitol, 5% (v/v) glycerol;
deblocking was also achieved dissolving and incubat-
ing the tryptic peptide (200 pmol) in 50 ul of 1 M HCI
in methanol for 1 hr at 37°C. Sequence analyses of the
N-terminal tryptic peptide deblocked by both methods
were performed. Furthermore, a portion (100 pmol) of
the N-terminal blocked tryptic fragment was analyzed
by fast atom bombardment mass spectrometry (FAB-
MS), using a Kratos MS 50 double focusing mass
spectrometer fitted with a MScan Xenon gun operat-
ing at 8KV (2mA).

2.8. Predictive Methods

Secondary structure predictions were obtained
by the package SECSTR developed by Hamodrakas
(Hamodrakas, 1988). The package executes a joint
prediction scheme, making use of several secondary
structure prediction methods (Nagano, 19774, b,
Garnier et al., 1978; Burgess et al., 1974; Chou and
Fasman, 19744, b; Lim, 1974a, b; Dufton and Hider,
1977). The results of the individual prediction
methods are combined to produce joint prediction
histograms, reported separately for each type of
secondary structure.
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3. RESULTS AND DISCUSSION
3.1. Sequence Analyses

Wheatwinl was purified to homogeneity as pre-
viously described (Carrano er al., 1989). In order to
better characterize the protein and get some insight
into its biological role, we determined its complete
amino acid sequence and then compared it with
sequences of other proteins stored in the available
data banks. The PyEt-protein was separately
digested with trypsin and chymotrypsin. HPLC of
the two peptide mixtures resulted in the purification
of all peptides through a single chromatographic
run (Fig. 1). All tryptic (Fig. la) and chymotryptic
(Fig. 1b) peptides were submitted to automatic
sequence analysis and their sequences were com-
pletely elucidated. As determined by the instru-
ment software, the average and combined repetitive
amino acids yields were not lower than 90% for
each sequenced peptide. The theoretical initial
yields were not lower than 50%. Only fragment
T1 (Fig. la) failed to manifest any amino acid
derivative, thus suggesting the presence of a blocked
N-terminal residue. Peptide T1 was then submitted
to acid treatment and analyzed by automatic sequen-
cing. Several amino acid residues were identified at
each sequencing step, thus indicating the for-
mation of several peptides shorter than T1 deriving
from partial hydrolysis at susceptible bonds; the
longest sequence reconstructed for peptide T1 was
EQATNVR. Appearing glutamate as the first resi-
due of acid-treated peptide T, it was supposed the
presence at the N-terminus of the whole protein and
of the peptide Tl of a pyroglutamate residue. To
confirm this hypothesis, the blocked peptide
T1 was treated with pyroglutamate aminopeptidase
and submitted to sequence analysis; due to
the loss of the pyroglutamate residue, the
sequence QATNVR of the truncated peptide was
unambiguously identified. Finally, the untreated
peptide T1 was submitted to FAB-MS analysis;
a single signal at MH" 799, corresponding to
the mass of the peptide Glp-QATNVR, confirmed
that the N-terminal residue of peptide Tl and,
consequently, of the intact protein is pyrogluta-
mate.

The complete sequence of wheatwinl, obtained
by overlapping useful tryptic and chymotryptic pep-
tides, is shown in Fig. 2. Both residues Asn and Asp
were found at position 88 (tryptic peptides T6 and
T6" in Fig. 1a). The calculated molecular weight is
13,563 D.
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3.2. Homology Studies

In order to get information about the biological
function of wheatwinl, we performed a search for
sequence homology with proteins stored in the PIR
databank. The degree of identity of wheatwinl with
the C-terminal domain of two proteins encoded by
the wound-induced win/ and win2 gencs in potato
(Stanford et al, 1989) was 70% and 69%,
respectively. Furthermore, 77% identity was found
when comparing the sequences of wheatwinl and of
the same region of the protein encoded by the hevein
gene (hevl) in rubber tree (Broaekaert er «lf., 1990). In
addition, wheatwinl shows 95% identity with
barwin, a basic protein from barley seed blocked at
its N-terminus by a pyroglutamate residue (Svensson
et al., 1992) like wheatwinl.

The comparison of the sequences of wheatwinl,
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barwin, the proteins encoded by hevl, winl, and
win2 genes, and the N-terminal domain of chitinase
is shown in Fig. 3. The most evident feature of
this comparison is the presence of two distinct
domains each corresponding to different mature
proteins. While the function of the N-terminal
domain is to recognize chitin, so that a role in the
mechanisms of plant defence can be pointed out,
the significance and function of the C-terminal
domain, completely unrelated to the carboxyl
region of chitinase (Lucas et al., 1985), remain still
unclear. It has been supposed that the chitin binding
domain has become incorporated into different
defense genes encoding a variety of proteins in
widely divergent plants, and that the combination
of their fusion and duplication may have given
plants an evolutionary advantage by creating new
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proteins with diverse specificities (Chrispeels and
Raikhel, 1991).

It has been demonstrated that the hevein gene
(hevl) product undergoes co- and posttranslational
processing in vivo, leading to two distinct mature
proteins: a 5 Ky protein encoded by the N-terminal
domain (mature hevein) and a 14 K4 protein encoded
by the C-terminal domain, strictly related to
wheatwinl and barwin, whose function is unknown
(Lee ef al., 1991).

Moreover, the isolation was reported of two N-
terminal blocked proteins (coded component 3 and 4)
from wheat varieties Chinese spring (Triticum aesti-
vurm) and Senatore Capelli (Triticum turgidum), which
appeared to be very similar. In fact, the sequences of
two internal fragments of 10 and 15 residues from
each protein were identical (Gomez et al., 1991).
These two sequences show a degree of identity of
90% and 93% with the sequence of regions 4655
and 102-116 of wheatwinl, respectively.

helix prediction

»

ol oo fHR o
24 78 100 123

50

SN S WL, S
[ 50 o0 160 200
residue no.

COonsensus score
s uo.

E D’

B

# sheet prediction

CONSENSUS Score

o 50 1m0 150 200
residue nao.

turn prediction

A,
o

CONSensus sScore
I
VIO
o

-]

50 0o 180 200
residue no. |

Fig. 4. Secondary structure prediction of wheatwin] (a) and of the
protein encoded by winl gene (b). The prediction was performed
according to Hamodrakas (1988). Black histograms represent
residues with at least three consensuses. Proteins are aligned by C-
terminal residues.
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These findings strongly suggest that wheatwinl,
barwin, components 3 and 4, and the 14 K, protein
from rubber tree belong to the same class of mole-
cules, likely involved in plant defence, although their
identity remains a matter for speculation.

3.3. Secondary Structure Prediction

The amino acid sequences of wheatwinl and the
protein encoded by win/ gene were submitted to a
comparative analysis of their secondary structures.
To obtain reliable rcsults, we used a predictive
method which integrates six different methods of
analysis (Hamodrakas, 1988). This joint method
ascribes a consensus score for secondary structure
to each residue; scores are shown by a histogram. A
threshold (at least three consensuses) sclects residues
with the highest consensus. The high consensus
allows for a better prediction. Figure 4 reports the
prediction pattern for helices, 3-sheets, and turns of
wheatwinl as well as of win/ protein. The two
sequences have been paired by the C-terminal resi-
dues. The analysis shows that the helix structure is
very poor; the few segments shown as helices are very
short and difficult to be correctly predicted because of
the equally high potential for helix and sheet (Chou
and Fasman, 1978). Both proteins are dominated by
the presence of beta structure with numerous turns
and/or large unordered segments. The high local
correspondence for identical stretches of secondary
structure within the two homologous regions indi-
cates that the sequence homology reflects a similar
secondary structure for the two proteins. The N-
terminal region of winl, missing in wheatwinl, is
poorly organized. Only the first 17-19 residues
seem Lo possess an organized structural core. The
remaining part of this region, which has already
been correlated to pathogenesis-related proteins
(Fig. 3), shows long unordered segments with numer-
ous turns alternating with a few short beta segments.

Three recent articles (Svensson et al., 1992;
Ludvigsen and Poulsen, 1992a, b) devoted to the
structural analysis of barwin from barley seed have
shown that numerous features of its secondary struc-
ture, found in solution by NMR, are common to
those predicted for wheatwinl in this study. This is
not surprising, given the large sequence identity
between the two proteins. In fact, the topology of
the major secondary structure components of
barwin, i.e., beta sheets and turns is well retained
by wheatwinl, while the very short helices are not
very predictable. However, numerous residues such
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as glycines, involved in maintaining the backbone
folding by turn formation, arc conserved in the
same key positions throughout the two sequences.
This suggests that the two proteins are likely to
have a similar global fold.

Unfortunately, the function of wheatwinl and
its homologous proteins still remains unclear,
although the high degree of sequence identity and
structural organization with products of wound-
induced genes may lead to the hypothesis that the
synthesis of these protein is related to mechanisms
of plant defence. Wheatwinl, barwin, components 3
and 4 are mature proteins blocked at the N-terminus
and lacking in the hevein-like domain. They should
represent the products of a postiranslational proces-
sing of the proteins encoded by genes closely related
to winl, win2, and hev/. It should be of great interest
to verify this hypothesis, determining the nucleotide
sequence and the expression of the gene encoding
wheatwinl in wheat. In this way, the existence of a
5 Ky chitin-binding protein encoded by the hevein-
like domain of this gene could be ascertained.
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