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Two cDNA clones, pTH2 and pTH3, encoding the precursor of the barley toxin f-hordothionin have been

identified and their nucleotide sequences determined. These sequences are identical, except that pTH2 is

22 bp longer than pTH3 at the 5’-end and that the cleavage/poly(A) site of the mRNA represented by pTH3

is 4 positions further downstream from the single 5-AAUAAA-3" polyadenylation signal than that of the

pTH2 mRNA. In contrast, the cleavage/poly(A) site of the a-hordothionin mRNA is 30 positions down-

stream from a second polyadenylation signal. The deduced amino acid sequence of the f-hordothionin pre-
cursor differs from that of a-hordothionin at 13 out of 127 positions.

( Barley endosperm) Plant toxin

1. INTRODUCTION

Thionins are peptide toxins present in cereal en-
dosperm which are closely related to the viscotox-
ins from the mistletoes (Loranthaceae) and to
crambin, a non-toxic protein from crambe (Cruci-
ferae). Although orally innocuous, they are active
against cultured mammalian cells, yeast and phyto-
pathogenic bacteria (review [1]). Two thionins,
respectively designated a- and G-hordothionins,
have been reported in barley [2,3]. Hordothionins
are synthesized by membrane-bound polysomes as
much larger precursors that are processed in two
steps: the co-translational excision of a leader se-
quence and the post-translational cleavage of a C-
terminal acidic peptide [4,5]. The cDNA corre-
sponding to the precursor of a-hordothionin has
been recently described [5]. We now report the
characterization of two cDNA clones encoding the
precursor of #-hordothionin and present evidence
of heterogeneity at the polyadenylation site.
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2. MATERIALS AND METHODS

A cDNA library of developing barley endosperm
(cv. Bomi), collected 20 days after anthesis, was
constructed in plasmid pBR322 (Ps#I site;
poly(G)/poly(C) homopolymeric tailing) as de-
scribed [5]. The library was screened for thionin
clones in two stages: a preliminary screening using
a radioactive ss-cDNA probe, synthesized by
reverse transcription from RNA enriched for
thionin precursor messenger activity, and a final
screening by hybrid-selected translation and iden-
tification of translation products with monospe-
cific antibodies, following previously reported
methods [4,5]. Restriction mapping and DNA se-
quencing [6] were also carried out as in [5].

3. RESULTS AND DISCUSSION

To identify ¢cDNA clones encoding S-hordo-
thionin, the clones identified by hybrid-selected
translation were further characterized by restric-
tion mapping and 3 were found to be different
from the previously described a-hordothionin
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Fig.1. Restriction maps and sequence strategy of clones
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pTHZ AAG TTA TGC GCA AAC GCG TGT AGG TGT AAA CTC ACA AGT GGC CTA AAA TGC CCT TCA AGC TTC CCA AAATTG GCC
s lys lTeu cys ala asn ala cys arg cys lys leu thr ser gly leu lys cys pro ser ser phe pro lysileu ala 65
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pTHZ ATG GTC AAC GCA 6T GUT GAC GAC GAA GAG ATG AAA CTC TAT GTG GAA CAT TGT AGT GAT GCT TGT GTC AAT TTC
met val asn ala ala ala asp asp glu glu met lys leu tyr val glu his cys ser asp ala cys val asn phe 115
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2
pTH1 ATG TGT GTG TAT TTT CAT TCC TTG TTC GAA TAA MAG CCG TCA TAA TGA ATG CCA TGT TGC TGC c‘(A)n

Fig.2. Nucleotide sequences and predicted amino acid sequences of clones pTH2 and pTH3, encoding the precursor of

A-hordothionin, are aligned with those of the a-hordothionin clone pTH1 [5]. Amino acids are numbered from the N-

terminal. The beginning of the leader sequence, the mature protein (TH), and the C-terminal acidic peptide (AP) are

indicated. Identity is indicated by a dot (), deletion by a dash {—), polyadenylation signals are boxed and numbered,

cleavage/poly(A) sites are marked by a vertical arrow (§), and the G/T cluster downstream from the first polyadeny-
lation signal is underlined.
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c¢DNA clone pTH1 [5]: inserts in clones pTH2 and
pTH3 had an internal HindIll site (absent in
pTH1) and an internal PstI site was missing in the
insert of clone pTH4. The inserts of these clones
were subjected to nucleotide sequencing according
to Maxam and Gilbert [6] and clone pTH4 was
found not to include a thionin sequence. Restric-
tion maps and sequencing strategies for clones
pTH2 and pTH3 are shown in fig.1. The
nucleotide sequences and the amino acid sequences
deduced from them for both inserts are presented
in fig.2. The previously published sequence of the
insert in clone pTH1 [5] is also presented for com-
parison. The two inserts are identical, except that
pTH2 is 22 bp longer than pTH3 at the 5'-end of
the sequence, and that pTH3 has the poly(A) site
4 bp further downstream, with respect to the 5'-
AAUAAA-3' signal, than clone pTH2. The amino
acid sequence deduced for the A-hordothionin
precursor (127 amino acids in length) is very
similar to that of a-hordothionin: a leader se-
quence of 18 amino acids, which differs at position
13, followed by the sequence of the mature S-
hordothionin, which has 6 substitutions (positions
45, 46, 54, 55, 59 and 60 of the precursor) and a
C-terminal acidic peptide with different residues at
positions 76, 77, 105, 107, 109 and 120 of the
precursor. It should be noted that the sequence
deduced for #-hordothionin, which has been con-
firmed in both clones, differs from that previously
obtained by direct protein sequencing by Mak (see
[3]) at positions 33, 56, 59 and 60 of the precursor
(positions 15, 38, 41 and 42 of the mature protein).
The sequence proposed by Mak [3] for a-hordo-
thionin has been found to be erroneous precisely at
positions 38, 41 and 42 of the protein [5,7] so it is
not unlikely that a systematic error affected both
determinations.

The observed variability at the non-coding 3'-
ends of the sequences in fig.2 merits attention in
connection with recent findings about factors
determining cleavage/polyadenylation sites of pre-
mRNA (review [8]). The poly(A) tail in a-hordo-
thionin mRNA is at position 30 downstream from
the second 5'-AAUAAA-3' polyadenylation sig-
nal, whereas the G-hordothionin mRNAs,
represented by clones pTH2 and pTH3, have the
poly(A) at positions 19 and 23 downstream from a
single polyadenylation signal that corresponds to
the first signal of the a-hordothionin mRNA.
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Alternative use of multiple polyadenylation signals
has been repeatedly observed within gene families
and even within a single transcription unit [8—13].
There is evidence that the selection of a cleavage/
poly(A) site can be a regulatory event controlling
gene expression and that, in some cases, has an in-
fluence on subsequent processing events in pre-
ceding regions of the RNA molecule [8-10]. The
sequences between the first poly(A) signal and the
corresponding cleavage sites are identical in the 3
clones, so the failure to use this signal in a-
hordothionin mRNA has to be ascribed to dif-
ferences in the sequences between the translation
termination codons and the signal (3 point muta-
tions and a 1-base deletion) or to differences in the
sequence downstream from the potential cleavage
sites. However, it should be pointed out that,
within the 30 positions downstream from these
potential cleavage sites in a-hordothionin mRNA,
there is the appropriate G/T cluster (underlined in
fig.2), which together with the 5'-AAUAAA-3’
signal, is thought to be required for cleavage [8].

The existence of multiple cleavage/poly(A) sites
under the influence of a single signal, as reported
here for #-hordothionin mRNAS, is a more unusual
case. Fitzgerald and Shenk [14] found that a few of
the mutants with deletions between the signal and
the cleavage site, in a SV-40 transcription unit,
yielded multiple cleavage sites. Naturally occurring
similar situations have been reported for the hepa-
titis B virus surface antigen [15] and for a few
eucaryotic genes, namely bovine prolactin [16},
mouse ribosomal protein L30 [17] and chicken
pro-az(I)-collagen [18]. This is, to our knowledge,
the first reported case in the plant kingdom.
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