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Abstract

Molecular hybridisation using a ricin cDNA probe has revealed that the ricin/Ricinus communis agglu-
tinin (RCA) multigene family is composed of approximately eight members. Several genomic clones
containing preproricin and preproricin-like sequences have been isolated. Partial analysis of three dif-
ferent genomic clones by DNA sequencing and ribonuclease protection has indicated that at least three
members of the lectin gene family are non-functional. None of the original seventeen positive clones
isolated appears to contain a Ricinus communis agglutinin (RCA) gene. One gene member analysed
(pCBG3H1) represents a functional ricin gene similar in coding sequence to the published cDNA se-
quence and possesses typical eukaryotic consensus sequences and seed-specific elements within the
flanking sequences. Investigation at the transcriptional level of the expression pattern of this gene re-
vealed that mRNA accumulates during the post-testa stages of seed development. The pattern of ac-
cumulation of steady-state transcripts correlates closely with that previously observed at the protein and
translatable RNA levels.

Introduction

Lectins are proteins which specifically bind car-
bohydrates and frequently agglutinate cells. In
certain plant species the sugar binding polypep-
tide is synthesized as part of a larger precursor
which also contains a sequence possessing ribo-
somal inactivating ability [21]. The proteolytic
processing of such precursors during synthesis
and vesicular transport in the plant cell results in

the maturation and deposition of potent eukary-
otic cytotoxins [27]. Ricin (from Ricinus com-
munis) is perhaps the best known example of such
toxic lectins.

Both ricin and its homologue, Ricinus commu-
nis agglutinin (RCA), are found within protein
body organelles in the seeds of the castor oil plant
(R. communis). Mature ricin is a dimeric glycop-
rotein (M, 65000) composed of a toxic A chain
(M, 31000) disulphide linked to a sugar-binding

The nucleotide sequence data reported will appear in the EMBL, GenBank and DDBJ Nucleotide Sequence Databases under

the accession number X52908.
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B chain (M, 34000). When presented, it can bind
and enter most types of eukaryotic cell by virtue
of the B chain’s ability to interact with cell surface
galactosides. Upon endocytosis of the toxin, a
proportion of the A chain is able to translocate
an internal membrane and kill the cell by enzy-
matically depurinating a specific base in the
28S rRNA of eukaryotic ribosomes [5]. Struc-
turally, mature RCA is composed of two non-
covalently associated ricin-like heterodimers to
give a tetramer which, on comparison with ricin,
has different in vivo toxicity and agglutination
characteristics and slightly differing sugar-binding
specificities and ir vitro toxicities [25]. Despite
these differences, cDNA clones encoding prepro-
ricin [ 18] and preproagglutinin [28] have revealed
extensive homologies, the A chains being 939,
identical at the amino acid level whilst the corre-
sponding B chains are 849, homologous.

It appears from protein analysis that ricin and
RCA are coordinately synthesized in the castor
bean endosperm tissue [29] (along with other
storage protein types) and reach a peak repre-
senting 5%, of the total particulate seed protein
after seed testa formation. Expression also ap-
pears to be strictly tissue-specific, there being no
evidence for the occurrence of ricin in the other
tissues of the castor oil plant. Why these proteins
are produced at such high levels within the en-
dosperm remains a mystery, although it is gener-
ally believed that they may have a defence role
against predators.

The availability of cDNA clones has allowed
the isolation of genomic ricin sequences as a pre-
lude to investigating further the developmental
and tissue-specific control of ricin accumulation.
We report here the nucleotide sequence of a func-
tional member of the ricin gene family and partial
analysis of other non-functional members.

Materials and methods
Plant material

Ricinus communis (castor oil) seeds of Sudanese
origin were kindly provided by Croda Premier
Oils, Hull.

Isolation of nuclear DNA from Ricinus communis

R. communis nuclear DNA was prepared in part
by methods previously described [8, 15]. The cot-
yledons of germinating seeds were homogenised
in EB + extraction buffer (0.44 M sucrose, 2.5%,
(w/v) Ficoll 400, 0.4 %, (w/v) Dextran T40, 25 mM
Tris-HCI pH 7.6, 10 mM MgCl,, 0.59%, Triton X-
100, 10 mM 2-mercaptoethanol, 0.04%, (w/v)
ethidium bromide), the homogenate filtered and
nuclei collected by low-speed centrifugation. The
resulting pellets were resuspended in EB — (EB +
buffer lacking ethidium bromide) and loaded onto
step gradients containing 859, (w/v) sucrose,
809, (w/v) Percoll, 609 (w/v) Percoll and 40%,
(w/v) Percoll. Percoll solutions were prepared in
a buffer containing 0.44 M sucrose, 25 mM Tris-
HCI pH 7.6 and 10 mM MgCl,. Nuclei were col-
lected from the 859% sucrose/809%, Percoll inter-
face and washed in EB — . Lysis was achieved by
resuspending the nuclei in 2 ml of 0.2 M sucrose,
10 mM Tris-HCI1 pH 7.4, 2 mM CaCl, and add-
ing NaCl to 2.4 M ethidium bromide to 50 uM,
EDTA to 2 mM, SDS to 0.1% (w/v), proteinase
K to 0.2 mg/ml and 2-mercaptoethanol to 2.59,
(v/v). The preparation was incubated for 2 h at
50 °C, after which it was dialysed against 20 mM
Tris-HClpH 8.5,0.1 M NaCl, 1 mM EDTA. The
preparation was then centrifuged at 4000 x g for
5min to remove any insoluble polysaccharide,
extracted four times with phenol/chloroform and
purified by CsCl equilibrium gradient centrifuga-
tion [22].

Preparation of ** P-radiolabelled DNA probes

Southern blots, plaque lifts and northern blots
were probed with a 1.6 kb Pst I fragment from the
ricin cDNA clone pRCL617 [18] labelled either
by nick translation [26] or by the random prim-
ing method [6].

Nucleic acid hybridisation

20 pg aliquots of nuclear DNA were cleaved with
excess restriction enzyme and the resulting frag-
ments were separated on 0.6%, (w/v) agarose gels



[22]. Southern transfer and hybridisation were
carried out using Hybond-N nylon membrane
according to the manufacturers’ instructions.
Following hybridisation, the membranes were
washed for 15min at room temperature in
2xSSC, 0.1% SDS and for 1h at 60 °C in
1 x SSC. Electrophoresis of total RNA was per-
formed as previously described [23]. Northern
transfer and hybridisation was carried out using
Hybond-N nylon membrane according to the
manufacturers’ instructions. Following hybridis-
ation, the membranes were washed at the same
stringency as the genomic Southern blots.

Construction and screening of genomic libraries

Two R. communis genomic libraries were pre-
pared in the bacteriophage lambda vector charon
35 [19]; one from partial Sau 3A digests and one
from partial Eco RI digests. Standard construc-
tion and screening methods were followed in both
cases [22]. Bacteriophage lambda in vitro pack-

aging extracts were obtained from Promega Bio-

tech and used according to the manufacturers’
recommendations. A total of 10° in vitro pack-
aged bacteriophage were screened directly with-
out prior amplification using the Escherichia coli
strain K803 (supE AsdR gal metB) as host. Fol-
lowing plaque hybridisation, the filters were
washed at the same stringency as the genomic
Southern blots. Plaque purification of positive
clones was carried out using E. coli strain DH1
(supE44 hsdR17 recAl end A1 gyrA96 thi-1 relAl).

Subcloning and sequence analysis of putative lectin
clones

DNA fragments were subcloned from lectin-
positive lambda clones into the plasmid pUCS
[31] and thence into M 13 vectors [24] using con-
ventional cloning techniques [22]. DNA sequenc-
ing was carried out with the chain termination
method [30], as modified in Biggin et al. [2].
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Isolation of total RNA

Total RNA was isolated from the endosperm of
developing castor oil seeds as described previ-
ously [18]. An alternative method [20] was used
for the extraction of total RNA from leaf and root
tissues.

Ribonuclease protection analysis of transcripts

[*?P]-radiolabelled RNA probes were prepared
by in vitro transcription from constructs contain-
ing DNA fragments of interest cloned into the
plasmids pGEM-blue3 and pGEM-blue4 (Pro-
mega Biotech). The transcription and ribonucle-
ase protection methods used were as described
previously [16].

Results and discussion

Estimated size of the Ricinus communis Jectin gene
Jfamily

Figure 1. shows an autoradiograph of a genomic
Southern blot probed with a ricin cDNA frag-
ment and washed at low stringency. Since only
one of the lectin genomic clones characterised in
this study contains a Hind III site, it is assumed
that the number of hybridizing fragments in the
Hind 111 digest approximately represents the size
of the R. communis lectin gene family. Thus, the
gene family appears to consist of about 8 mem-
bers. The varying intensities of the bands seen on
the autoradiograph are probably due to the oc-
currence of differential hybridisation, despite the
low stringency used. A somewhat different pat-
tern of relative intensities is seen if an RCAI
cDNA fragment is used as the probe (data not
shown).

Restriction site diversity of lectin-positive genomic
clones

A total of 17 lectin-positive bacteriophage lambda
clones were identified and plaque-purified from
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Fig. 1. Estimation of the castor bean lectin gene family size.
10 ug samples of high-molecular-weight castor bean nuclear
DNA were digested with either Eco RI or Hind III and the
resulting fragments electrophoresed on a 0.6%, agarose gel and
Southern-blotted onto a nylon membrane. The membrane was
probed with a radiolabelled ricin cDNA fragment and washed
at low stringency. In track M are shown the positions of the
lambda DNA size markers. Tracks E and H show the patterns
of hybridisation obtained with the Eco RI and Hind III digests
respectively.

the castor bean genomic libraries constructed; one
from the partial Eco RI library (lambda clone 1)
and 16 from the partial Sau 3A library (lambda
clones 2—17). Southern blots were performed on
Hind 111 and Eco RI digests of DNA from each
clone in order to classify the clones into sub-
groups. Four different positive clones were cho-
sen for further analysis, namely clones 1, 3, 7 and
10. DNA fragments containing sequences homol-
ogous to the ricin cDNA were subcloned into
pUCS and partial restriction maps constructed.
The data obtained are summarised in Fig. 2. The
putative lectin gene in clone 1 was subcloned as

two Eco RI fragments. It was later shown that a
short region of 344 bp, represented in Fig. 2 as a
dotted line, is not present in either of the two
fragments subcloned, although it presumably
links the two in clone 1 and therefore in the
R. communis genome. The restriction maps of
clones 1, 3 and 7 (the latter subcloned to give
7A and 7B) do not closely resemble any of the
c¢DNA or genomic clones previously described,
(clones 7A and 7B represent different but closely
linked genes or pseudogenes). Only clone 10 ap-
pears to match that of the ricin cDNA exactly
[18], and none match or resemble the RCA
cDNA [28]. Little more could be deduced as to
which clones represent ricin-like genes and which
clones are RCA-I-like.

Features of the lectin genes

DNA sequencing was performed on four of the
five putative lectin genes subcloned, namely those
from clones 1, 3, 7A and 10. Although the lectin
gene from clone 10 (subsequently known as
pCBG3H1) was sequenced in its entirety, only
partial sequences were obtained for the other
clones.

The sequence data obtained from clones 1 and
3 revealed the presence of three and two frame-
shift mutations respectively, indicating that both
must be pseudogenes (data not shown). Similarly,
no in vivo transcripts homologous to the putative
lectin gene in clone 7A could be identified by
RNase protection. Thus, at least three members
of the castor bean lectin gene family appear to be
non-functional. Other lectin gene families are
known to contain structural pseudogenes of this
type [13, 32].

In contrast however, the nucleotide sequence
of pCBG3H1 (Fig. 3) revealed an apparently
functional ricin gene. The lectin sequence shares
a high degree of homology with the pAKG ricin
genomic clone described by Halling et al. [10].
The two genes encode an identical toxic lectin
precursor consisting of a 35 amino acid residue
presequence, a 267 amino acid residue A chain,
a 12 amino acid linker peptide and a 262 amino
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Fig. 2. Restriction maps of lectin subclones. Restriction sites are abbreviated as follows: A, 4cc 1; Ba, Bam HI; Bg, Bgl I1; C, Cla I;
Rl, Eco Rl; RV, Eco RV; H2, Hinc 11; H3, Hind 11I; Hp, Hpal; K, KpnI; N, Neo I; Ps, Pst1; Py, Pwu 1l; Sa, Sall; Sp, Sph;
X, Xba 1. Beneath the restriction maps is a scale diagram showing the positions of the signal sequence (S), A chain sequence (A),
linker sequence (L), and B chain sequence (B). The extent of the 5 and 3 untranslated regions of the clone 10 (pCBG3H]1) ricin

gene is also shown.

acid residue B chain. Within the coding region,
the pCBG3H1 sequence differs at only two nu-
cleotide positions from that of pAKG and at only
4 positions from that of the ricin cDNA clone
described previously from our own laboratory
{18]. Thus the polypeptide encoded must be of
the ricin D type [7]. As with the pAKG genomic
clone, no introns are present. This appears to be
a typical feature of plant lectin genes [e.g. 32, 13].
The nucleotide sequence shown in Fig. 3 extends
310 bp upstream from the translation initiation
codon and 321 bp downstream from the transia-
tion termination codon.

It is likely that the ricin gene cloned here uses
more than one transcription start site; the most S’
position determined (see below) occurring 60 bp
upstream from the ATG codon. As with the cod-
ing region, the pCBG3H1 promoter and 5’ un-
translated region sequences (Fig. 3) share a high
degree of homology with the corresponding re-
gions in the pAKG clone [10]. Within the region
for which sequence data of both clones are avail-
able, the pCBG3H1 sequence shows one inser-
tion of 1bp, five 1bp deletions and two 1bp
substitutions with respect to the pAKG sequence.

A number of sequence elements within the 5’
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flanking region are potentially involved in the
transcription of the gene. The location of the
TATA box associated with the most 5’ transcrip-
tion start point is not entirely clear since the two
TATA sequences which might perform a TATA
box function occur further upstream at 13 bp and
52 bp respectively. Both are apparently outside
the typical range of distances normally seen.
There is however a more appropriately situated
TATTAA sequence at —22 (with respect to the
most 5’ putative transcription start point), which
might function as a TATA box. The major tran-
scription start point of the pCBG3HI ricin gene
occurs 9 bp downstream from the start point
mentioned above and is presumably associated
with the TATAAG sequence 22 bp upstream from
it. The latter sequence is also found at a similar
position in the promoter of the Ricinus com-
munis 28 seed albumin gene [12]. Although the
pCBG3HI1 gene does not contain a canonical
CAAT or AGGA box sequence, it does contain
a CAAGT element also present in the pAKG
clone. It was suggested that the pAKG clone
CAAGT element may represent a CAAT box an-
alogue, although there is no functional evidence
to support this as yet. Immediately upstream from
this sequence is an ATTGA motif which might
represent an AGGA box analogue, since it con-
sists of a trinucleotide which matches the con-
sensus sequence (G/T)NG and is flanked by ad-
enine residues. However, the homology is limited
and, once again, there is no evidence to support
its functional role as an expression signal.

A further element associated with a number of
seed-specific genes can also be identified. Two
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separate motifs resembling the CATGCATG RY
repeat described previously [4] are located up-
stream, 113 bp and 143 bp respectively from the
putative transcription start site. The more 5’ motif
contains two mismatches whilst the more 3’ motif
contains only one. Interestingly, the more 3’ motif
occurs within a 14bp region which closely
matches a sequence element in the promoter of
the R. communis 2S albumin gene [12], which is
expressed in an endosperm-specific pattern sim-
ilar to that of the lectin genes. The RY repeat
motif in this region is not present at the corre-
sponding position in the promoter of the pAKG
ricin gene [10].

In common with the 5’ untranslated and flank-
ing regions, the 3’ untranslated and flanking re-
gions of the pCBG3HI1 clone share a high degree
of homology with their counterparts in the pAKG
genomic clone. Within the 158 bp of 3’ untrans-
lated region and 163 bp of 3’ flanking region se-
quenced, a total of three 1 bp deletions, one 1 bp
insertion and three 1 bp substitutions were found.
The polyadenylation site position shown in Fig. 3
was predicted by RNase protection analysis
(data not shown). Although several other poten-
tial sites were identified, it is not clear whether
these are attributable to other members of the
gene family, or are artefactual. Two putative poly-
adenylation signals, with sequences AATAAA
and AATAAG, have been previously identified in
the 3’ untranslated region of a ricin cDNA [18]
and a ricin genomic clone [10]. These sequences
are also conserved in the pCBG3H! clone where
they occur 102 and 49 nucleotides upstream from
the putative poly(A) site respectively. From the

Fig. 3. Nucleotide and deduced primary sequence of pPCBG3H1 (lambda clone 10) ricin gene. The pCBG3H 1 nucleotide sequence
is compared with the corresponding sequences of the pRCL617 ricin cDNA [18] and pAKG ricin genomic [10] clones previously
described. Capital and small letters underneath the pCBG3H1 sequence indicate differing nucleotide residues in the pAKG and
pRCL617 sequences respectively, whilst underlined capitals indicate differing nucleotide residues common to both the pAKG and
pRCL617 clones. Nucleotides absent from either the pPCBG3H]1 or the pAKG sequences are indicated by dashes on the appro-
priate line. No insertions or deletions occur between the pCBG3H1 and pRCL617 sequences. The putative transcription start and
polyadenylation sites of the pCBG3H1 gene are represented by the symbols* and # respectively. In the 5’ flanking region, two
TATA sequences plus a TATTAA sequence which might be involved in transcription initiation are shown within boxes. The po-
sition of a putative CAAT/AGGA box analogue is indicated by the symbol +. The underlined regions show the respective po-
sitions of two 18 bp sequences which match almost perfectly. A 14 bp region which is highly homologous to a sequence in the
promoter region of a castor bean 2S albumin gene ts indicated by the symbol =. This region contains an RY repeat-like element,
another example of which occurs further upstream, shown by the symbol x. In the 3’ untranslated region, the two putative
polyadenylation signals are underlined.
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sequences of various ricin cDNA clones [18 and
unpublished observations], it has been shown that
different polyadenylation sites are used by closely
related ricin genes. Moreover, it is possible that
multiple polyadenylation sites might be used by
the individual genes themselves, as has already
been shown to occur with a number of plant genes
{3]. There may be some significance in that fact
that the pCBG3H | ricin gene contains two poly-
adenylation signals.

Developmental expression of lectin genes

For the purpose of assessing the pattern of lectin
transcript accumulation during seed develop-
ment, developing seeds were subdivided into 6
arbitrary groups; stages A to C (pre-testa forma-
tion) and stages D to E (post-testa formation), as
described earlier [29]. Total RNA was extracted
from seed endosperm of each stage, as well as
from dry seeds, germinating seeds, roots and
leaves. Figure 4 shows an autoradiograph of blot-
ted RNA samples extracted from the various tis-
sues and developmental stages, probed with a
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Fig. 4. Northern analysis of lectin transcript levels in different
tissues and stages of seed development. 10 ug total RNA sam-
ples were electrophoresed through a 1.29, agarose formamide
gel [23] and northern-blotted onto a nylon membrane. The
membrane was probed with a radiolabelled ricin cDNA frag-
ment and washed at low stringency. The positions of the RNA
size markers are indicated by the arrows. The sources of tis-
sue used are as follows: track 1, maturing endosperm stage A;
track 2, stage B; track 3, stage C; track 4, stage D; track 5,
stage E; track 6, stage F; track 7, dry seed endosperm; tracks 8
and 9, endosperm tissue from 3- and 7-day germinating seeds
respectively; track 10, mature leaf tissue; track 11, root tissue.

ricin cDNA and washed at low stringency so as
to identify all lectin gene transcripts. The result
clearly demonstrates that lectin mRNAs accumu-
late in a seed-specific fashion. No lectin mRNA
is detected in the pre-testa stages of seed devel-
opment, but by stage D, a band corresponding to
the lectin transcripts is evident. The level of lec-
tin transcripts increases gradually up to and in-
cluding stage F, but no lectin mRNA is detected
in the dry seed tissue. This is in accordance with
the developmental pattern observed at the level of
translatable mRNA [29]. Lectin transcripts are
not detected in either leaf or root tissue or in the
endosperm of germinating seeds.

RNase protection analysis

In order to identify the transcription start sites of
the pCBG3H]1 ricin gene and verify its seed-
specific pattern of expression, RNase protection
analysis was carried out using aliquots of the same
total RNA samples used above in the northern
blot analyses. The [a*’P]-radiolabelled RNA
probe was obtained by in vitro transcription of
pGEM-blue (Promega Biotech) containing a
Sph I-Bam HI DNA fragment spanning the 5’
end of the pCBG3H1 ricin gene (position 137 to
374 in Fig. 3). Figure 5 shows an autoradiograph
of the RNase digestion products. The protected
fragments occur as a series of doublets or triplets
which represent artefacts caused by ‘breathing’ of
the complementary strands giving rise to a ‘nib-
bling’ effect [33]. This effect is commonly ob-
served with A/T-rich sequences. If the ‘nibbling’
effect is taken into account, as many as 4 possi-
ble transcription start site positions can still be
identified. It seems unlikely that all these posi-
tions could be used, but the possibility of multi-
ple transcription start sites or of heterogeneous
mRNA 5'-processing cannot be ruled out. Alter-
natively, the heterogeneity could be due to differ-
ences in the transcripts of different members of
the gene family. At least two potential TATA
boxes are present in the pPCBG3H1 gene 5'flank-
ing region (Fig. 3), a phenomenon seen in the
promoters of several plant genes which initiate
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Fig. 5. RNase protection analysis of transcripts using a 237 bp
Sph 1/Bam HI fragment probe spanning the 5’ end of the
pCBG3H]1 (lambda clone 10) ricin gene. In each case 10 ug
total RNA were analysed by RNase protection. On the left are
sequencing ladder markers (G, A, T and C). Track U shows
the undigested RNA probe. Tracks 1 to 11 show the digestion
products of the following samples: track 1, maturing en-
dosperm stage A; track 2, stage B; track 3, stage C; track 4,
stage D; track 5, stage E; track 6, stage F; track 7, dry seed
endosperm,; tracks 8 and 9, endosperm tissue from 3- and 7-
day germinating seeds respectively; track 10, mature leaf tis-
sue; track 11, root tissue. The sizes of the RNase-protected
fragments in nucleotides are indicated.

transcription from more than one point [11]. All
possible transcription start sites are shown in
Fig. 3. The putative transcription start site corre-
sponding to the most abundant RNase-protected
species is that which occurs 51 bp upstream from
the translation initiation codon. Nevertheless it is
assumed that the putative transcription start site
at —60 (with respect to the translation initiation
codon) is used in vivo, albeit at a low level, since
this represents the mRNA species which shares
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the longest region of homology with the
pCBG3HI probe.

The pattern of lectin gene transcript accumu-
lation evident from the autoradiograph in Fig. 5
is in good agreement with the pattern seen in the
northern blot shown in Fig. 4. Overall, the devel-
opmental profile of lectin gene transcript levels
observed here closely resembles the profiles ob-
served at the protein and translatable mRNA lev-
els [9, 29]. This indicates a close correlation be-
tween the accumulation of the lectin proteins and
the amounts of steady-state transcripts. It re-
mains to be determined by run-on transcription
experiments whether the accumulation of lectin
gene transcripts is a result of transcriptional ac-
tivation or decreased degradation of transcripts
or both.

Other R. communis lectin genes

In this study, five different members of the Rici-
nus communis lectin gene family have been cloned.
Three of the clones have been shown to contain
lectin pseudogenes, whilst the fourth clone char-
acterised has been shown to contain a functional
gene which encodes a ricin D type polypeptide. It
remains to be determined whether or not the lec-
tin gene in the fifth clone (which contains an in-
complete 5’ terminus) contains a functional lec-
tin gene. Southern blotting has shown that the
castor bean lectin gene family consists of approx-
imately eight members, so the number of genes
which remain unaccounted for amongst the five
clones characterised here is probably about three.
One of these genes must presumably encode an
RCA 1 polypeptide, since none of the genomic
clones resembles the previously described RCA 1
cDNA clone [28]. At least one of the other genes
must presumably encode a ricin polypeptide since
we believe that the pAKG ricin clone [10], de-
spite its high degree of homology with the
pCBG3H]1 clone, represents a different member
of the lectin gene family. In the absence of re-
striction fragment length polymorphism (RFLP)
data, this conclusion is not yet unequivocal.
However, a number of observations support the
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contention. Firstly, the RNase protection data
obtained with the pCBG3H1 clone are strikingly
different from the S1 nuclease mapping data ob-
tained with the pAKG clone, which initiates tran-
scription further downstream and apparently
from only one point. Secondly, whilst it is possi-
ble that the nucleotide sequence differences be-
tween the two clones could be caused by inter-
varietal divergence, it is notable that the
pCBG3HI1 promoter contains a typical seed-
specific RY repeat element [4] at —113 (with re-
spect to the most 5’ transcription start point)
which the pAKG clone lacks. Thirdly, a total of
10 out of the 17 lectin-positive lambda clones
isolated were found by high-stringency hybridis-
ation to contain DNA fragments highly homolo-
gous to the ricin cDNA. Although this could be
caused by a cloning bias towards ricin genes, it
seems likely that this observation reflects the
presence of multiple-copy ricin genes in the
R. communis genome. Finally, the postulated ex-
istence of at least two ricin genes in the genome
of the castor bean strain used is consistent with
the pattern of hybridisation observed with high-
stringency Southern blots (data not shown). A
ricin E gene of the type described in Ladin et al.
[17] may also be present in the genome, although
to date such a gene has only been observed to
occur in small grain castor bean seeds [1].

The work described here will allow further
studies into the mechanism of developing en-
dosperm-specific lectin gene expression in Ricinus
communis. The sequence data obtained has al-
lowed the identification of possible cis-acting
DNA elements in the pCBG3H1 ricin gene pro-
moter and will now allow us to begin to investi-
gate the molecular basis of the regulation of ricin
gene expression.
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