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Summary. The Ricinus communis (castor bean) 2S albu- 
min is a heterodimer of glutamine-rich, disulphide- 
linked 4 and 7 kDa polypeptides. A cDNA library was 
constructed using mRNA from maturing castor bean 
endosperm as template. Clones containing sequences 
complementary to albumin mRNA were isolated by hy- 
bridization using as a probe a mixture of synthetic oli- 
gonucleotides representing sequences predicted for a 
peptide present in the 2S albumin large subunit. The 
nucleotide sequence contained an open reading frame 
encoding a preproprotein of 258 amino acid residues. 
The preproprotein included both polypeptides of the 
previously sequenced 2S albumin. In addition, this pre- 
cursor included two further glutamine-rich sequences 
which, in terms of their size and conserved cysteine resi- 
dues typically found in seed proteins of the 2S albumin 
superfamily, possibly represent the small and large poly- 
peptide subunits of a second heterodimeric storage pro- 
tein. A post-translational processing scheme is proposed 
which would result in a single preproprotein generating 
two distinct heterodimeric 2S albumins. The generation 
of a second heterodimer seems likely since polypeptide 
candidates for its small and large subunits were found 
in the Ricinus 2S albumin fraction, and N-terminal pro- 
tein sequencing confirmed the existence of the putative 
small subunit. 
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Introduction 

The low molecular weight, glutamine-rich storage pro- 
tein (2S albumin) from Ricinus communis seeds consists 
of two different polypeptides joined together by one or 
more disulphide bonds. The primary sequences of both 
subunit polypeptides have been determined by Sharief 
and Li (1982), who noted that the smaller subunit shared 
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significant homology with the sweet plant protein thau- 
matin (Iyengar et al. 1979), and the larger subunit 
showed homology with the Bowman-Birk protease in- 
hibitor from lima beans (Tan and Stevens 1971). As addi- 
tional seed protein sequences have been determined, it 
has become clear that sequence homology occurs 
amongst a growing list of polypeptides. The list includes 
napin from rape seed (Josefsson et al. 1987; Scofield and 
Crouch 1987), the methionine-rich Brazil nut 2S albumin 
(Altenbach et al. 1987), sunflower seed 2S albumin (Al- 
len et al. 1987), and trypsin and/or e-amylase inhibitors 
from barley (Odani et al. 1983), maize (Mahoney et al. 
1984), wheat (Maeda et al, 1983) and millet (Campos 
and Richardson 1983). Homology is also found between 
these small, water-soluble seed proteins and regions of 
the larger, water-insoluble prolamin storage proteins of 
cereals such as rye ~-secalin (Kreis et al. 1985) and wheat 
high molecular weight prolamin (Forde et al. 1983). 

The castor bean (Ricinus) 2S albumin fraction is a 
mixture of polypeptides. Polyclonal rabbit antibodies 
raised against the total 2S albumin fraction immunopre- 
cipitated a 34 kDa polypeptide when poly(A) ÷ RNA 
from castor beans (harvested at the stage of extensive 
storage protein synthesis) was translated in vitro (Butter- 
worth and Lord 1983; Halpin et al. 1989). Several stu- 
dies on the biosynthesis of 2S albumins have shown that 
the final storage protein product is often produced only 
after extensive processing of considerably larger precur- 
sors. For example, the precursor for Brassica napin 
(which is composed of 4 and 9 kDa subunits) is 20 kDa 
(Crouch et al. 1983; Ericson et al. 1986), that for the 
Brazil nut methionine-rich protein (3 and 9 kDa sub- 
units) is 18 kDa (Altenbach et al. 1987), and that for 
a sunflower seed albumin (a 19 kDa monomer) is 
38 kDa in size (Allen et al. 1987). In the case of the 
castor bean 2S albumin, processing would appear to be 
particularly wasteful if a precursor whose apparent mo- 
lecular weight is 34 kDa is reduced to a heterodimer 
consisting of 4 and 7 kDa subunits. 

In the present paper we confirm that the large and 
small polypeptides of the 2 S albumin purifed and se- 
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quenced by Sharief and Li (1982) are indeed derived 
from a considerably larger precursor. Processing to re- 
lease these polypeptides may not be extravagantly waste- 
ful, however, since the precursor contains two further 
glutamine-rich regions which retain the conserved cys- 
teine residues of the large and small polypeptides respec- 
tively. In this case it seems likely that two distinct gluta- 
mine-rich heterodimers are post-translationally released 
from a single proprotein precursor. 

Materials and methods 

Plant material. R. communis plants were grown from 
seed in a greenhouse under a 16 h/8 h light/dark cycle. 
Endosperm tissue was excised from the ripening seeds 
during testa formation, when storage proteins are being 
rapidly synthesized (Roberts and Lord 1981 a). 

Preparation of mRNA and in vitro translation. Total 
RNA was isolated from 30 g maturing seeds. These were 
frozen and ground to a fine powder in liquid nitrogen, 
and RNA was extracted by the phenol-sodium dodecyl 
sulphate method as previously described (Roberts and 
Lord 1981 b). Extensive washing of the RNA pellet with 
3 M sodium acetate pH 5.5 was necessary to remove 
all traces of ricin. Poly(A) + RNA, prepared by oligo(dT) 
cellulose chromatography (Aviv and Leder 1972) was 
translated in either rabbit reticulocyte lysate systems 
(Amersham International, Amersham, UK) or wheat 
germ systems prepared as previously described (Ander- 
son et al. 1983). Products were radiolabelled by using 
370-740 kBq of [35S]methionine (Amersham; specific 
activity 37.5 Tbq/mmol) per microgram RNA. Where 
appropriate 0.2 A26 o unit of canine pancreatic micro- 
somes was included. The 2S albumin precursor was iden- 
tified where appropriate by immunoprecipitation using 
rabbit antibodies raised against purified 2S albumin (a 
kind gift from Dr. Steven Li) as described previously 
(Roberts and Lord 1981b). Proteins were separated by 
SDS-polyacrylamide gel electrophoresis (SDS-PAGE) 
and were visualized by fluorography. 

cDNA synthesis. 10 gg of poly(A) + RNA was used as 
a template for oligo(dT)-primed synthesis of cDNA us- 
ing avian myoblastosis virus reverse transcriptase (Life 
Sciences, St. Petersburg, Fla) followed by second strand 
synthesis with DNA polymerase (Amersham) according 
to the method of Lehrach et al. (1979). After treatment 
of the double-stranded cDNA with $1 nuclease (Sigma 
Chemical Co., Poole, UK), it was blunt-ended with the 
Klenow fragment of Escherichia coli DNA polymerase 
I (Amersham). EcoRI restriction sites were protected by 
treatment with EcoRI methylase (New England Biolabs., 
Beverly, Mass) in the presence of S-adenosyl methionine. 
Excess EcoRI linkers (Amersham) were added to the 
ends of the cDNA strands using T4 DNA ligase (Amer- 
sham), followed by digestion with excess EcoRI to gener- 
ate cohesive ends. cDNA was separated from unbound 
linkers on a Biogel P-60 column, and run on a low melt- 
ing point agarose gel where fractions were excised at 

100 bp intervals, cDNA was extracted from the gel and 
lyophilised. Fractions ranging from 0.8 to 1.2 kb were 
ligated into pUC19 that had previously been linearised 
with EcoRI and treated with calf intestinal alkaline 
phosphatase (Boehringer Mannheim, FRG). The recom- 
binant plasmids were used to transform competent E. 
coli DH5~ cells. 

Isolation and screening of transformants. Transformants 
were selected by their ability to grow on medium con- 
taining ampicillin. Recombinants were selected by their 
inability to utilise as substrate the chromogenic analogue 
of lactose, 5-bromo-4-chloro-3-indolyl-I>galactopyrano- 
side in the presence of isopropylthiogalactoside. Recom- 
binant colonies were picked into microtitre wells and 
grown in selective medium overnight. Colonies were in- 
oculated onto nylon filters (Amersham) overlaid on se- 
lective medium and were allowed to grow overnight 
whereupon they were denatured and nucleic acids fixed 
by ultraviolet irradiation as described by the supplier 
of the filters. 

Filters were screened with a synthetic 23-met oligo- 
nucleotide mixture. Oligonucleotides were synthesized 
using an Applied Biosystems 380 B DNA synthesizer 
and purified by HPLC. The probe represented 32 DNA 
sequences predicted from part of the amino acid se- 
quence of the large subunit of the 2S albumin (Sharief 
and Li 1982). 

Amino acid Cys Asp His Leu Lys GIn Met Gin 
sequence 

Nucleotide TGT GAT CAT CTA AAA CAA ATG CA 
sequence C C C G G 

To restrict the mixture to a maximum of 32 different 
oligonucleotides, leucine was represented by just one co- 
don (CTA), thus the probe may contain two mismatches. 
Screening and washing temperatures were adjusted ac- 
cordingly. The probe was 5'-labelled with y-[32p]ATP 
using T4 polynucleotide kinase (Amersham). Filters 
were prehybridized, hybridized at 37 ° C, and successive- 
ly washed and monitored at 37 °, 45 ° and 55 ° C. Plasmid 
DNA was prepared (Holmes and Quigley 1981) from 
those colonies that hybridized to the probe. Southern 
blots of inserts excised with EcoRI were probed with 
the oligonucleotide mixture. Of 46 inserts that hybrid- 
ized to the probe, 3 were chosen for sequencing. 

Isolation of genomic clones. A Ricinus genomic library 
(kindly provided by J. Tregear of this laboratory), cloned 
in the 2 vector Charon 35 after partial digestion with 
Sau3A, was screened using cDNA clone 14g4 as a probe. 
Of 5 x 105 plaques probed, 40 gave strong positive hy- 
bridization signals. Restriction analysis indicated that 
three different 2S albumin genes had been cloned, one 
of which was sequenced (Irwin and Lord 1990). 

DNA sequencing, cDNA clones 8g8, 10a12 and 14g4 
showed the same restriction digest maps with the en- 
zymes Sad,  PvuII and SphI. They were subcloned into 
M 13mpl 9 and various restriction fragments further sub- 
cloned into M13mp18 and M13mp19 (see Fig. 1). These 
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were sequenced using the dideoxynucleotide chain termi- 
nation technique (Sanger et al. 1977). The complete se- 
quences of clones 8g8 and 1494 were obtained but only 
the 5' end of 10a12 was investigated. 

In vitro transcription, cDNAs were subcloned into the 
vector pGEM3blue (Promega Biotech, Madison, Wis) 
and transcribed with T7 RNA polymerase (Amersham) 
(Melton et al. 1984). Transcripts were translated in vitro 
as described above. 

Protein sequencing. Protein was subjected to N-terminal 
amino acid sequence analysis according to the procedure 
of Findlay et al. (1989). Lyophilized protein was dis- 
solved in 35 ~tl of 0.1 M NaHCO3, 0.1 M Na2CO3, 
0.25% SDS, pH 10 and added to I0 mg of DITC-glass 
(17 mm pore size, 200 400 mesh). The glass was incubat- 
ed for 60 min at 56 ° C under N2, then washed with water 
and methanol to remove non-covalently bound material. 
The glass-coupled peptide was then sequenced by au- 
tomated solid-phase Edman degradation (Laursen 
1971). 

Results 

Characterization of  2S albumin precursor cDNA 
and genomic clones 

A cDNA library was constructed using mRNA from 
maturing castor bean endosperm as template. The li- 
brary was screened by hybridization with a mixture of 
synthetic oligonucleotides (23-mers) representing a DNA 
sequence encoding an 8 amino acid peptide present in 
the large subunit of the 2S albumin sequenced by Sharief 
and Li (1982). Several positive clones were identified 
and the nucleotide sequence of one of these, designated 
14g4, was determined by the dideoxy method. The nucle- 
otide sequence (Fig. 1) contained an open reading frame 
which defined a 258 residue polypeptide of molecular 
weight 29 329 daltons. The precursor contained the large 
and small polypeptide sequences of the previously se- 
quenced 2S albumin. Residues 136--169 defined the small 
subunit (molecular weight 3957 daltons), matching ex- 
actly the published primary sequence. This was sepa- 
rated by a 3 residue linker from the large subunit (resi- 
dues 173-237, molecular weight 7349 daltons), which 
differed slightly from the published sequence. In the se- 
quence derived here, residue 201 is Glu (rather than Gln 
in the published sequence), residue 213 is Asp (rather 
than Ash) and residue 234 is Glu (rather than Gln). 
More significantly, the sequence derived here is 4 resi- 
dues longer than the published large subunit sequence. 
This discrepancy is readily explained. In the published 
sequence, Sharief and Li (1982) found both Ser and Leu 
at position 33 (residue 205 in Fig. 1 here) followed by 
Gln-Gly-Gln at the carboxy-terminus of a fragment gen- 
erated during sequencing. As shown here the sequence 
over this region is actually Ser-Gln-Gly-Gln-Leu-Gln- 
Gly-Gln (residues 205-212, Fig. 1). 

We also sequenced a second insert, 8g8. Apart from 

the putative signal sequence region, this clone differed 
in only a single nucleotide within the proprotein coding 
region (which resulted in the conversion of Thr-53 into 
Pro), but it had a shorter 3' untranslated region than 
14g4 (Fig. 1). We tentatively identified the first 21 resi- 
dues of 14g4 as the signal sequence. This identification 
is based on the general features, including size (2246 dal- 
tons) and hydrophobicity, of this sequence and the Ala 
residues at positions - 1 and - 3 which constitute a typi- 
cal signal peptidase cleavage site (von Heijne 1984). As 
shown in Fig. 2 the incomplete signal sequence of 8g8 
shows several residue differences when compared with 
14g4. We sequenced the 5' region of a further insert 
(designated 10a12), and compared its putative signal se- 
quence with the other castor bean sequences. This se- 
quence is slightly shorter than that of 14g4, with which 
it has considerable homology, including the putative sig- 
nal peptidase site (Fig. 2). The three castor bean 2S albu- 
min signal sequences derived here share limited homolo- 
gy but have the same general features as other 2S albu- 
min signal sequences (Fig. 2). 

The clones 8g8, 14g4 and 10a12 were subcloned into 
pGEM3blue and transcribed with T7 RNA polymerase. 
All produced transcripts of the expected size. The 8g8 
transcript, which did not encode the initiator Met 
(Fig. 2), did not generate any product in a wheat germ 
system. In contrast, the 10a12 and 14g4 transcripts, 
which did encode the initiator Met, each produced a 
single polypeptide of the apparent molecular weight pre- 
viously observed (Fig. 3, lanes 1 and 3) which was im- 
munoprecipitated by antibodies raised against the castor 
bean 2S albumin (Fig. 3, lanes 2 and 4). Furthermore, 
the translation products were N-terminally processed 
and segregated when the 14g4 and 10a12 transcripts 
were translated in reticulocyte lysates in the presence 
of dog pancreatic microsomes (data not shown). 

Genomic Southern blots probed with 14g4 indicated 
that the castor bean 2S albumins are encoded by a small 
gene family comprising at least four homologous se- 
quences (Fig. 4a). A developmental Northern RNA blot 
showed that the 2S albumin precursor gene was not tran- 
scribed in the ripening seeds at developmental stages 
(Roberts and Lord 1981a) prior to testa formation 
(stages A to C, Fig. 4b), but significant transcriptional 
activity was observed during testa formation (stage D), 
after testa formation (stage E) and during desiccation 
(stage F) (Fig. 4b). 

The genomic sequence corresponding to the region 
of DNA encoding the preproalbumin gene was obtained 
by screening a Ricinus genomic library with the cDNA 
clone 14g4. The precursor coding sequence with 5' and 
3' flanking regions has been deposited in the database 
(accession no. Irwin and Lord 1990) and is not repro- 
duced here. A comparison of the region immediately 
upstream of the putative TATA box of the Ricinus albu- 
min gene with the corresponding regions upstream of 
the TATA boxes of the Brassica napin (Josefsson et al. 
1987) and Arabidopsis 2S albumin (Krebbers et al. 1988) 
genes is shown in Fig. 5. These regions of homology, 
which include the CATGCAT box (Dickinson et al. 
1988), which is not entirely conserved in all three se- 
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[ A T C A G A A A C A  

A'L'T GCC AAT 
Tie A l a  Ash 

-2[ 
ATG GCA AAG CTC ATA CCC ACA ATT GCT CTT GTT AGT GTT TTC TTG TTC ATC 
Met Ala Lys Leu Ile Pro Thr Ile Ala Leu Val Ser Val Phe Leu Phe Ile 

[G AGC T C A C 
Set Phe lle Thr 

-i I +I I0 
GCG'TCT TTC GCT 'fAC AGG ACC ACC ATC ACC ACC ATT GAG AT'C GAC GAG TCA 
Ala Ser Phe Ala Tyr Arg Thr Thr lie Thr Thr lle Glu Ile Asp Glu Ser 

A,,\(, (;GT GAA 
Ly,'3 Gly,,Glu 

20 30 
AGG GAA GGA TCG AGC TCG CAG CAA TGC CGC CAG 
Acg Gl.u Gly Set Set Set Gin Gin Cy~ Arg Gin 

GAA GTT CAG AGG AAG GAC 
Glu Val Gin Ar$ Lys Asp 

40 50 
TTG AGC TCC TGC GAG CGA TAC CTG AGG CAA TCA AGT TCA AGA AGA TCA ACA GGA GAA GAA 
Leu Set Set Cys Glti Arg Tyr beu Arg Gln Ser Ser Ser Arg Arg Se_rTL_ar_Gli_G_luG_lu 

-- C 
Pro 

6O . 70  
GT3 TTA AGG ATG CC'r GGA GAT GAA AAC CAG CAG CAG GAG AGC 
~@_ t~'L ~EE 2"~E_P/R_e'~I ~ 9!'1 } ~  Gin Gl. Gin c~u see 

CAG CAA C'fC CAG CAA TGC 
Gin Gln Leu Gln Gln Cys 

80 90 
TGC AAT CAG GTA AAG CAA GTA AGA GAT GAA TGC CAA TGT GAA 
_Cy~ Ash Gin Val Lys Gin Val Arg Asp Glu Cy~s Gin Cy~s Qlu 

GCA ATC AAA TAT ATU GCA 
Ala lie Lys Tyr lle Ala 

[00 II0 
GAG GAT CAG ATT CAG CAG GGA GAG CTA CAT GGA GAA GAG TC'f 
Glu As[~ Gin Ile Gin Gln Gly Gin Leu IIis Gly Glu Glu Ser 

GAA AGA G'CG GCG GAG AGA 
Glu Arg Val Ala Gin Arg 

L20 
GCA GGT GAA ATT 
Aln Gly Glu ll.e 

GTA TCT TCT TGC GGT GTG CGT TGC ATG 
Val Sec Set Cy~s Cly Val Arg Cy~s Met 

130 
CGC CAA ACT CGA ACA ~AC .~.A 
Ar~ Gln Thr Ar~ Thr Ash 

140 150 
AGC CAG GAG GGG TGT CGT GGG CAG AT'f CAA GAG CAA CAA AAT CTC AGG CAA TGC GAG GAA 
S e! Gin Gin Gly Cys Arg Gly Gin Ile Gln Glu Gin Gln Asn Leu Arg Gln Cys Gln Glu 

TAT ATC AAA 
'f--YE lle Lys 

160 170 
CAA CAA GTT TCC GGA CAG GGA CCA AGA AG~ AGT GAC AAT]CAA GAA CGG TCT 
Gin Gin Val Set Gly Gln Gly Pco Arg Ar MSerAs~AsnIGlp Glu Arg Ser 

180 190 
C'rT C(;T GGG TGG 
Leu , leg GIx_Cys 

T(Yr GAC CAT C'£C AAG CAG ATG CAG TCA CAG TGC AGA TGC GAG GGT C'rG 
Cy~s Asp IlLs Leu Lys Gln Met Gin Ser Gln Cys Arg Cy~s Glu Gly Leu 

200 210 
AGG CAG GCT ATT GAG CAG CAA GAG AGC CAG GGG CAA CTT CAA GGT GAG GAT GTT TTT GAG 
A_!E~ Gln Ala Ile Glu Gln Gln Gln Ser, Gln Gly Gln Leu Gln Gly Gln Asp Val Phe Glu 

220 230 
GCT TTC AGG ACA GCT GCG AAT TTG CCA TCA ATG TGC GGC GTC TCA CCA ACC GAA TGC CGG 
ALa Phe Ac~ Thr Ala Ala Asn Leu Pro Set Met Cys GIy Val Set Pco Thr Glu Cy~s Arg 

237 

~ TAAAGTCGCAGGAT**TATATATATATGAAGTAGTTAATAAAGATCATGATCAGTGATCACTAGCCCTTCGCAGCTG 
~ l l  d 

TA 

"["CGC'f(;TG AG ATTAGA AAATGATGATTACGTAGTAGCCATGTATCATGACTGTTGC AAAATCTATAATAAGTTTATGTG 

GGTCCTCTGTTAATTAATATGTCATG AGCCTACCC AACTCC ATTAACGTAGGACTGGAGCTCAAACTTTAGGACTC AGC 
(polyA) ] 

AC'['CAGAGACTGGTACTTTAACTGTATTAGAACTTTGTTAAGGAAAATAAATAACTTAAAAGAGCAAATGCG (polyA) ] 

Fig. I. cDNA sequence and deduced amino sequence for the 2 S 
albumin preproprotein. The nucleotide and derived amino acid 
sequence of 14g4 are shown. The differences found in the 8g8 
sequences are indicated where they occur. The small and large 
polypeptide sequences of the 2 S albumin purified and sequenced 
earlier (Sharief and Li 1982) are boxed. Additional putative, gluta- 
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mine-rich 2S albumin small and large subunits are underlined, and 
sequences which may be removed by post-translational processing 
(see text) are underlined with a broken line. Cysteine residues are 
highlighhted by a second underline, a potential polyadenylation sig- 
nal in the 3' non-translated region is indicated, and the arrow de- 
fines the putative signal peptidase cleavage site 
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]Fig. 3. Transcription and translation of Ricinus albumin precursor 
clones. Clones 10a12 and 1494 were subcloned into a transcription 
vector, transcribed in vitro and the transcripts were translated in 
a wheat germ cell-free system. Translational products were sepa- 
rated by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) be- 
fore (lanes 1 and 3) or after (lanes 2 and 4) immunoprecipitation 
with anti-2S albumin antibodies. Lanes 1 and 2, 10a12; lanes 3 
and 4, 14g4 

F L F I  

F L F I  
_ _ 

A A L  - 

N A L G tt 

kb 

2 3.13"-~ 

9.42"~ 

6.56 "~  
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Fig. 2. Comparison of the putative Ricinus 
albumin precursor signal sequence with those of 
other plant albumins. The incomplete signal 
sequence of 8g8 and the complete sequences of 
10a12 and 14g4 are compared. Sequences are 
aligned to maximise homology, shown in boxed 
areas. Sunflower albumin sequenced by Allen 
et al. (1987), Brassica napin by Crouch et al. 
(1983), and Brazil nut albumin by Altenbach 
et al. (1987) 

1 2 3 

quences, and an incomplete form of this motif  (CATG- 
CA), which is, may confer temporal and tissue-specific 
expression on these genes. The Ricinus gene encoding 
ricin, which shows developmental and tissue specific ex- 
pression identical to the 2 S albumin gene, also contains 
the C A T G C A T  sequence in its 5' flanking region (J. 
Tregear, personal communication). 

Processing the 2 S  albumin precursor could generate  two 
glutamine-rich heterodimers 

While the data presented here clearly confirm that the 
glutamine-rich cysteine-containing small and large sub- 
units of  the castor bean 2S albumin (Sharief and Li 1982) 
are derived from a preproprotein precursor, processing 
of  a 30 kDa precursor to yield an 11 kDa heterodimer 
seems particularly wasteful. Examination of  the precur- 
sor sequence revealed two further glutamine-rich se- 
quences having the most conspicuous conserved features 
of  typical small and large 2S albumin subunits respec- 
tively (indicated by solid underline, Fig. 1). The putative 
small subunit (residues 15-51, molecular weight 
4349 daltons, Fig. 2) shares homology with the other 
castor bean 2S albumin small subunit and other seed 

B C D E F 

2.32-~  

2 .03 -~  

n t  

1161 

781 

661 

Fig. 4. a Genomic restriction fragments hybridizing to 2S albumin 
precursor cDNA. A genomic Southern blot of Ricinus DNA di- 
gested with 1, BamHI; 2, EcoRI; 3, HindIII, probed with nick- 
translated 14g4. b Northern blotting and hybridization of Ricinus 
RNA to 14g4 cDNA. RNA was recovered from Ricinus endosperm 
tissue at various developmental stages [stages A to F, Roberts 
and Lord (1981a)], and separated on a denaturing agarose gel 
(10 gg RNA/lane). After transfer to nylon filters the immobilized 
RNA was hybridized to nick-translated 14g4. Arrows indicate posi- 
tions of molecular weight markers 
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I ATGCCATGCCAGAA C A T T a g c T A C A c  gTTACACaTag CATGCAg CCgC 

lllllllIl IIII IIII llIlll I llllll il l 
2 ATGCCAGAA ATgACtgGCCATTcCATACAT CTTACACGTtcTCGaCATGCAc TCCCCTaaATttCCTATAA 

II I II II II I llI III l]llllIl Ill I11111 II III II lllilll 
3 cacaCATACAATcACAtGC gTGCATGCATTaTTACACGTGATCGCCATGCAAaTCTCCTTTATagCCTATAA 

IIIII III I IIIIII III IIIIIIIIII I IIIIIIII [III III I IIIllll 
4 TACAA ACAaaCa t aTGCATGt ATTCTTACACGTGAaCt CCATGCAAgTCTC t TTTcTcaCCTATAA 

Fig. 5. Comparison of homologous areas found in the regulatory dopsis 2S albumin bases -125 to -60. The Brassica napus napin 
regions of 2S albumin genes. A line between two adjacent sequences sequence was from Josefsson et al. (1987) and the Arabidopsis se- 
indicates identical bases and a capital letter shows an identical quence from Krebbers et al. (1988). Numbering is as described 
base found in a nonadjacent sequence. Gaps were introduced to by the authors. The TATA boxes of napin and Arabidopsis 2S 
increase the homology. 1, napin, bases 888 to 935; 2, Ricinus 2S albumin are underlined 
albumin, bases 343 to 414; 3, napin, bases 1002 to 1073; 4, Arab# 
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Fig. 6. a Sequence comparison of Ricinus 2S albumin small subunits 
with other plant proteins. Comparison of a region of the putative 
castor bean small subunit (CBssl, residues 23-51) with tile authen- 
tic small subunit (CBss2, residues 136-165) and the Brazil nut 2S 
sulphur-rich albumin (residues 35-64), the napin small subunit (res- 
idues 41-71), pea seed albumin (residues 1 33), wheat e-amylase 
inhibitor (residues 1-30), wheat albumin (residues 1-29), and millet 
trypsin inhibitor (residues 1-29). Data modified from Kreis et al. 
(1985) and Higgins et al. (1983). b Sequence comparison of Ricinus 
2S albumin large subunits with other plant proteins. Comparison 
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M i l l e t  t r y p s i n  I n h i b l t o c  

Brazil  nut albumin 

of a region of the putative castor bean large subunit (CBlsl, resi- 
dues 73-108) with the authentic large subunit (CBls2, residues 177- 
212) and a sunflower albumin consensus, the Brassica napin large 
subunit (residues 102-136), barley trypsin inhibitor (residues 40- 
75), wheat a-amylase inhibitor (residues 39-75), maize trypsin in- 
hibitor (residues 43-80), millet trypsin a-amylase inhibitor (residues 
41-77) and the Brazil nut 2S sulphur-rich albumin (residues 78- 
114). Data modified from Kreis et al. (1985) and Allen et al. (1987). 
Sequences aligned to maximise homology. Boxes indicate homolo- 
gies with respect to the putative castor bean albumin only 

proteins that  have previously been proposed to represent 
a plant protein superfamily (Kreis et al. 1985). Figure 6a 
shows a limited sequence comparison for these polypep- 
tides and highlights residues in the putative castor bean 
2S albumin small subunit that  are found in other 
members  of  this group including the 2 cysteine residues 
(Cys-28 and Cys-40, Fig. 1) and the single leucine residue 
(Leu-37, Fig. 1) that are an invariant feature of  these 
peptides. 

The putative large subunit (residues 66-135, molecu- 
lar weight 8041, Fig. 1) likewise shares homology with 
the other castor bean 2S albumin large subunit and relat- 
ed polypeptides (Fig. 6b). In this case the most  striking 
conserved feature within the region shown is the -Cys- 
Cys-(X9)-Cys-(Xl)-eys mot i f  (residues 76-89 and resi- 

dues 180-193, Fig. 1) of  conserved cysteines as in region 
B designated by Kreis et al. (1985). It  is well known 
that sequence conservation between 2S albumins is 
centred around the arrangement  of  cysteine residues, 
rather than consisting in a strict sequence homology 
(Krebbers et al. 1988). 

Electrophoretic analysis of  the total Ricinus 2S albu- 
min fraction isolated f rom purified protein bodies before 
and after removing the 7S lectins (the other major  solu- 
ble component  of  the protein body matrix) is shown 
in Fig. 7. Under  reducing conditions, four major  Coo- 
massie blue stained bands were visible, with apparent  
molecular weights in the 4-8 kDa  range. The two upper- 
most  bands appeared to be present in equivalent 
amounts,  as did the two lower bands, al though staining 
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1 2 3 also determined in which eight out of the first ten resi- 
dues identified fitted exactly the proposed N-terminal 
sequence of the putative small subunit (Fig. 8). 

Discussion 

Fig. 7. Water-soluble components of Ricinus protein bodies, lane 
1, purified 2S albumin (Sharief and Li 1982); lane 2, total matrix 
proteins after removing the 7S lectins; lane 3, total matrix proteins. 
Proteins were separated by SDS-PAGE and stained with Coomas- 
sie blue 

Known smal l  subun i t  

Deduced: PSQQGCRGOIQEQQNLRQC 
Determined: ?SQQG?RGQIQEQQNLRO? 

P u t a t i v e  smal l  subun i t  

Deduced: ESKGEREGSS 
Determined: ?S?GEREGSS 

Fig. 8. N-terminal sequence analysis identifying the 2S albumin 
small subunits: the previously characterized small subunit (Sharief 
and Li 1982) and the second small subunit 

of the latter two bands was faint, possibly due to losses 
during the staining procedures. The previously charac- 
terized Ricinus 2S albumin, purified by the method of 
Sharief and Li (1982) as modified by McGurl (1987), 
was also run on the gel. The lower band of the upper 
doublet corresponded to the previously characterized 
large subunit and the lower band of the lower doublet 
corresponded to the characterized small subunit (Fig. 7). 
The upper band of each doublet might therefore repre- 
sent the large and small subunits of the second putative 
2S albumin. All four bands were eluted from the gel 
and subjected to N-terminal microsequencing. N-termi- 
nal sequence could not be obtained for either the known 
or the putative large subunits. It had been found earlier 
that the large subunit was N-terminally blocked as a 
result of cyclization of the N-terminal glutamine residue 
(Sharief and Li 1982). Since the putative second large 
subunit is also believed to have an N-terminal glutamine 
(Gln-66, Fig. 1) it should also be blocked. However, N- 
terminal sequence was obtained which could be attrib- 
uted to the smaller subunits. The identity of the pre- 
viously characterized small subunit was confirmed 
(Fig. 8). More interestingly, an N-terminal sequence was 

The present study has confirmed that the previously 
characterized R. communis 2S albumin, a heterodimer 
of disulphide-linked 4 and 7 kDa polypeptides (Sharief 
and Li 1982) is derived by co- and post-translational 
processing of a 30 kDa preproprotein precursor. Even 
after cleavage of the N-terminal signal sequence (21 ami- 
no acids) the glutamine-rich 2S albumin (99 amino acids) 
accounts for little more than 40% of the precursor (237 
amino acids). If post-translational processing resulted 
in the degradative loss of approximately 60% of a newly 
synthesized protein, it would not simply be inefficient, 
but would be extremely wasteful because of the abun- 
dance of the 2S albumin [which accounts for around 
20% of the total Ricinus seed protein (Youle and Huang 
1978). Examination of the precursor sequence revealed 
two further peptide sequences which might represent the 
small and large subunits of a second, glutamine-rich 2S 
albumin (underlined in Fig. 1). The putative small and 
large subunits contain the conserved cysteine residues 
also found in the known small and large subunits and 
which characterize this family of proteins (Fig. 6). We 
propose that post-translational processing of the Ricinus 
2S albumin precursor generates two distinct heterodi- 
meric 2S albumins. The total Ricinius 2S albumin frac- 
tion contains polypeptides which are candidates for the 
small and large subunits of a second heterodimer 
(Fig. 7). These polypeptides are distinct from the small 
and large subunits of the characterized 2S albumin 
(Sharief and Li 1982), but appear to occur in equimolar 
amounts. While both large subunits are apparently N- 
terminally blocked, microsequencing provided clear evi- 
dence for the presence of the known and the putative 
small subunits (Fig. 8). 

Our definition of the putative small and large sub- 
units is based on a speculative assignment of processing 
sites. The subunits of both the putative and the known 
heterodimers are separated by a linking peptide whose 
first residue is serine and whose last residue is aspara- 
gine. Previous work in our laboratory has shown that 
the A and B chains of the castor bean lectins ricin and 
R. communis agglutinin are cleaved from a proprotein 
precursor (Lamb et al. 1985; Roberts et al. 1985). In this 
case the lectin A and B subunits are separated from 
each other by a 12 amino acid linker peptide whose 
first residue is serine and whose last residue is aspara- 
gine. It is clear that many seed proteins are released 
from precursors by a protein body endoprotease that 
cleaves on the carboxyl side of asparagine residues (Ro- 
berts et al. 1985; Lord and Robinson 1986). In some 
instances a single cleavage occurs after an asparagine 
residue (Boulter 1984; Higgins 1984) and in others a 
linking peptide is removed (Higgins et al. 1983; Bowles 
et al. 1986). 

During the biosynthesis of 2 S albumins in develop- 
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Fig. 9. Schematic representation of the proposed Ricinus preproal- 
bumin structure. The arrow indicates the proposed signal peptidase 
cleavage site, the closed triangles indicate known post-translational 
processing sites and the open triangles indicate further putative 
post-translational processing sites. SS1 and LS1 refer to the small 
and large subunits of the putative albumin. SS2 and LS2 refer 
to the albumin protein sequenced by Sharief and Li (1982) 

ing Ricinus  seeds, the N-terminal  signal sequence is re- 
moved as the proprotein is segregated into the lumen 
of  the endoplasmic reticulum (ER) (Lord 1985). From 
the ER the preproprotein is transported,  via the Golgi 
and a populat ion of  Golgi-derived vesicles, to the protein 
bodies where the heterodimeric storage proteins are fi- 
nally cleaved f rom the proprotein (Lord 1985). In our 
proposed processing scheme, the asparagine endopro-  
tease, and, possibly, other protein body processing en- 
zymes, would remove the -Ser-Asp-Asn- (residues 170- 
172, Fig. 1) linker which joins the small and large sub- 
units o f  the 2S albumin sequenced by Sharief and Li 
(1982), and the proposed linker (residues 52-65, Fig. 1) 
which joins the small and large subunits of  the putative 
second 2S albumin. Cleavage after Asn-135 would sepa- 
rate the large subunit of  one 2S albumin f rom the small 
subunit o f  the other. The processing site for the post- 
translational removal  of  the N-terminal  peptide f rom 
the proprotein is proposed to occur after Asp-14 (Fig. 1). 

The structure of  the preproprotein precursor and its 
proposed processing sites are illustrated schematically 
in Fig. 9. The proposed processing events would gener- 
ate two heterodimeric storage proteins f rom the precur- 
sor. One heterodimer, previously purified and se- 
quenced, has an overall molecular weight of  11 306 dal- 
tons and contains a total of  8 cysteine and 23 glutamine 
residues, while the second heterodimer has an overall 
molecular weight o f  12 390 daltons and contains a total 
of  8 cysteine and 21 glutamine residues. The port ion 
of  the precursor removed during processing (a total of  
52 amino acids derived f rom the signal sequence, the 
post-translationally removed N-terminal  peptide and the 
linker peptides) contains no cysteine or glutamine resi- 
dues (Fig. 1). 

Other studies have shown that  multiple copies of  the 
Euglena nuclear-encoded polypeptides of  the light har- 
vesting complex (Houlne and Schartz 1988) or the small 
subunit of  r ibulose-l ,5-bisphosphate carboxylase/oxy- 
genase (Chan et al. 1990) are processed f rom a single 
large polyprotein precursor in each case. The present 
report  extends this complex precursor processing pattern 
to higher plant  storage proteins. 
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