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CLONING OF DOUBLE STRANDED DNA CODING 
FOR HORDEIN POLYPEPTIDES. 
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Double stranded cDNA was synthesized from a partially purified hordein mRNA preparation isolated from 
developing barley endosperm. The double stranded cDNA was inserted by homopolymeric tailing into the 
Hind III site of plasmid pBR322. Following bacterial transformation one recombinant plasmid which contains 
an 850 base pair insert was shown to hybridize to the mRNAs coding for two of the B-hordein polypeptides. 

1. INTRODUCTION 
The storage protein of the barley endosperm, 

termed hordein, comprises a number of polypep- 
tides differing in molecular weight, charge and 
peptide maps ( 17, 20, 21 ). Considerable varietal 
heterogeneity of hordein polypeptide sizes has 
been reported (25, 26) and genetic analysis have 
revealed that these polymorphisms in the poly- 
peptide group of C-hordein are determined by 
one and those of the B-hordein by another locus 
on barley chromosome 5 (12, 22. 24, 26). The 
chymotryptic peptide maps of individual hordein 
polypeptides synthesized in vitro have shown 

similarities, suggesting homology of their pri- 
mary structure (I 7). Hordein polypeptides are 
synthesized on the rough endoplasmic reticulum 
of the endosperm cell (4, 13) as larger sized 
precursors (5), which are vectorially discharged 
into the lumen of the endoplasmic reticulum (7, 
8) and then deposited in protein bodies (18, 28). 
Hordein polypeptides may amount to 50% of 
the total protein in the barley endosperm and 
hordein mRNAs can be isolated in large amount 
from the endosperm during the stage of hordein 
biosynthesis (5). 

Abbreviations: IIEPES : N-2-hydroxyethylpiperazine-N'-2-ethane sulphonic acid; PIPES = piperazine-N,N'- 
bis (2-ethane sulphonic acid): SI)S = sodium dodecyl sulphate: SSC - 0.15 M-NaCl. 0.01 5 ,~-Na-citrate: TCA 
= trichloroacetic acid: TRIS = t r i s  (hydroxymethyl)-amino methan: cl)NA :- complementary DNA: kb -- 
kilobases: mRNA = messenger RNA. 

0105-1938/79/0044/0255/$ 02.60 



A. BRANDI: Hordein cDNA 

By reverse transcription of messenger RNA 
(mRNA) and molecular cloning nucleotide se- 
quences coding for endosperm storage polypepti- 
des of maize have recently been isolated with the 
purpose of defining the organization of the genes 
for the zein polypeptides (29). Similarily, reverse 
transcription and cloning of complementary 
DNA (cDNA) derived from mRNA is used in 
the present work to study the organization and 
expression of hordein genes. A double stranded 
cDNA sequence, derived from a partially puri- 
fied mRNA population coding for the hordein 
polypeptides has been cloned in E. coli. The 
cDNA sequence was found to code for two of the 
B-hordein polypeptides. 

2. MATERIALS AND METHODS 
2.1. Chemicals 

Avian myeloblastosis virus reverse transcript- 
ase was obtained from Dr. J. BEast), Life 
Sciences, Inc., St. Petersburgh, Florida, by 
courtesy of the Virus Cancer Program, U.S. 
National Cancer Institute (batch G-978). E. coli 
DNA polymerase I grade I and calf thymus 
terminal transferase were obtained from Boeh- 
ringer, Mannheim; S-1 nuclease and tRNA from 
Sigma, St. Louis; Poly-U sepharose 4 B and SP- 
sephadex C-50 from Pharmacia, Sweden; Oligo 
(dTh 2-18 from Collaborative Research Inc. USA; 
and 3H and 32p labelled deoxynucleotide tri- 
phosphates from Amersham, England. Rabbit 
reticulocyte lysate and 35S-methionine were 
obtained from New England Nuclear, USA, and 
the restriction enzymes Hind Ill, Eco RI, Pst I, 
Sal I, Hpa I, and Hpa II from New England 
Biolabs, USA. 

2.2. Plant material 
Barley plants (Hordeum vulgare L.) cv. Bomi 

were grown and endosperms isolated as pre- 
viously described (4, 5). 

2.3. Isolation of mRNA 
Membrane bound polysomes were isolated by 

the procedure described in BAULCOMBE and 
VERMA (1). Polyadenylated RNA was extracted 
from total cells or from membrane bound 
polysomes, sedimented in a sucrose gradient, and 

the 1 IS peak containing hordein mRNA collec- 
ted as described previously (5). 

2.4. cDNA synthesis 
cDNA was synthesized essentially as describ- 

ed by BUELL et al. and WmKENS et al. (6, 30). 
First strand synthesis was performed in 

50mM-TRIS/HC1, pH 7.3, 10 mM-MgCI2, 30 
mM-~-mercaptoethanol, 140 mM-KC1, 0.5 mM of 
dTTP, dGTP, dCTP, 250 raCi3H dATP (29 Ci/ 
nmole), 100 vg.ml -I of oligo (dT)12-ts, 10 pg 
mRNA and 200 U reverse transcriptase in a 
final volume of 150 ral. This mixture was 
incubated for 1 hour at 42 ~ then cooled to 
4 ~ and made 10 mM in EDTA and 0.2 M in 
NaOH. The RNA was hydrolyzed by heating the 
mixture for 30 min at 68 ~ The preparation 
was then cooled and neutralized by adding 1 / 10 
vol of 2 M-Na-acetate pH 5.2. After extraction 
with phenol in the presence of carrier tRNA the 
aqueous phase was passed through a 10 ml 
column of SP-sephadex C50 equilibrated in 20 
mM-NaC1. The void volume was collected, made 
0.4 M in NaC1 and the DNA precipitated in 
ethanol. 

The precipitate was redissolved and second 
strand synthesis was performed in 100 mM- 
HEPES pH 6.9, 0.5 mM of dATP, dGTP, dCTP 
and 250 ~Ci3H-dTTP (43 Ci/nmole). 50 U E. 
coli DNA polymerase I was then added and the 
synthesis carried out for 2 hours at 15 ~ in a 
final volume of 200 ral. The reaction was stopped 
by adding SDS to 0.1% and EDTA to 5 mM, 
and the mixture phenol extracted before the 
aqueous phase was passed through a 10 ml 
column of SP-sephadex C50 equilibrated in 20 
mM-NaC1. The void volume was collected and 
adjusted to 0.3 M-NaC1, 30 mM-Na-acetate, 3 
mM-ZnC12, pH 4.5 by adding 1 / 10 volume of a 
tenfold concentrated stock solution. The sample 
was incubated with 100 U of S l-nuclease for 1 
hour at 37 ~ to cut the terminal hairpin (16). 
The reaction mixture was then phenol extracted 
with tRNA as carrier and the DNA in the 
aqueous phase ethanol precipitated. 

2.5. Tailing reaction and annealing 
The plasmid pBR 322 was prepared, 0.4 rag 

digested with Hind III and added to a 100 ral 
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A, BRANDI: Hordein cDNA 

reaction mixture containing 140 mm-cacodylic 
acid, 30 mm-TRIS base, 1 mm-CoC12, 0.1 mm- 
dithiothreitol, 50 lag.ml -I bovine serum albu- 
min, 5 lag 32p-thymidine triphosphate (300 
laCi.mmole -I) and 26 units of calf thymus 
terminal transferase (11). 

Double stranded cDNA was tailed in a similar 
way except that the 100 lal reaction micture 
contained 5 laCi 32p-deoxyadenosine triphos- 
phate (350 laCi.mmole-I). The reaction for 
thymidine tailing was carried out for 5 min at 
25 ~ and that for deoxyadenosine tailing for 5 
min at 37 ~ 

SDS and EDTA were added to 0.1% and 5 
mm, respectively, the two reaction mixtures were 
pooled, and the mixture extracted with 1 volume 
phenohchloroform:isoamylalcohol (50:50:1). 
The aqueous phase was adjusted to 0.4 M-NaG 
and the nucleic acid precipitated with ethanol. 
The precipitate was taken up in 50 tal 0.1 m- 
NaC1, 10 mm-Tris-HC1, 1 mm-EDTA pH 8.0 
and heated for 10 min at 68 ~ It was then 
incubated for 1 hour each at 46 ~ 37 ~ and 
23 ~ 

2.6. Transformation 
E. coli HB 101 cells were grown in 50 ml LB- 

broth (1% Bacto Tryptone, 0.5% Bacto yeast 
extract, 0.5 % NaCI, 0.1% glucose) to an optical 
density of 0.6 A600. ml -I. The cells were made 
competent for transformation and transformed 
as described by LEDErBErG and COHEN (19). 
Recombinant colonies were screened on LB agar 
plates containing 20 lag.m1-1 ampicillin and 
replica plated on plates containing 100 lag" m1-1 
tetracycline. 

2.7. Colony hybridization 
The procedure used was a modification of that 

of GRUNSI'EIN and HOGNESS (14). Colonies 
grown on Millipore filters were lysed in 0.5 M- 
NaOH, neutralised in 1.0 m-Tris-HC1 pH 7.5 
and finally washed with 0.5 m-Tris-HC1 pH 7.5, 
1.5 M-NaC1. The filters were then placed on a 
vacuum manifold and vacuum applied. 400 ml 
of 96 % ethanol was passed through each filter, 
which were then air dried and heated for 2 hours 
at 80 ~ Filters were soaked in Denhardt's 
solution (0.02% Ficol 400, 0.02% polyvinyl- 

pyrrolidone, 0.02% bovine serum albumin) 
with 5xSSC containing sheared E. coli DNA (20 
rag.ml-l). Hybridization was performed with 
2 x 106 32p labelled cDNA as a probe for 18 
hours at 68 ~ in a slowly rotating sealed 40 ml 
tube. Following hybridization filters were exten- 
sively washed in 2xSSC at 68 ~ air dried and 
autoradiographed at -70 ~ with Kodak X-omat 
film using intensifying screens. 

2.8. Isolation of plasmid DNA 
Cultures of recombinant colonies were grown 

to OD600 = 1.2 before amplification of plasmid 
DNA by addition of 150 rag. ml -t chlorampheni- 
col (9). Plasmid DNA was extracted as described 
by CLEWELL and HEUNSKI (10) followed by 
ethidium bromide-CsC1 equilibrium gradient 
centrifugation and acid-phenol extraction (31). 

2.9. Restriction endonuclease treatment of 
DNA 

Restriction endonuclease treatment of DNA 
was carried out in 10 mm-Tris-HCl pH7.8, l0 
mM-MgC12, 10mm-~-mercaptoethanol with 50 
mm-NaCl for Hind III, Sal I, Pst 1, Hpa I, 
Hpa II, 100 mm-NaC1 for Eco RI and 150 mm- 
NaC1 for Bam HI. The reactions were carried out 
for 2 hours at 37 ~ and the nucleases 
inactivated by heating for 10 rain at 68 ~ 

2.10 Hybrid arrested translations 
The conditions of PATTERSON et al. (23) were 

used for hybrid arrested translation. Eco RI 
digested recombinant plasmid DNA (2 lag) was 
hybridized for 2 hours at 48 ~ to l 0 pg of total 
cellular poly A § RNA in 100 pl 80% forma- 
mide 0.4 m-NaCl, 10 mm-PIPES pH 6.4. The 
samples were divided in two of which one was 
heated for 1 min at 100 ~ as a control, rapidly 
cooled in a dry ice-propanol bath and ethanol 
precipitated. The nucleic acids were collected by 
centrifugation and the pellet freeze dried to 
remove any remaining ethanol before the RNA 
was translated in the rabbit reticulocyte lysate as 
described by the supplier (New England Nu- 
clear). TCA precipitable translation products 
were analysed as described previously (5). 
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2.11. DNA gel-electrophoresis 
DNA was analysed on horizontal agarose slab 

gels in 90 mM-Tris-borate, 1 mM-EDTA buffer 
pH 8.4 at 2 V. cm -I for 18 hours. The gels were 
stained with 1 lag. ml -~ ethidium bromide in the 
electrophoresis buffer and photographed under 
longwave ultraviolet irradiation using UV- and 
orange filters. 

2.12. Containment 
Handling of cells containing recombinant 

DNA was carried out under P2 conditions (I 5). 
The experiments were registered with the 
Committee on Genetic Engineering of the 
Danish National. Research Councils. 

3. RESULTS 
3.1. Synthesis of double stranded cDNA 

Hordein mRNA was partially purified from 
the membrane bound polysomes of barley 
endosperm by poly (U)-sepharose chromato- 
graphy and sucrose gradient centrifugation. This 
procedure yielded a mRNA fraction which was 
essentially free of ribosomal RNA and enriched 
in hordein mRNA activity (5). This mRNA 
preparation was used as a template for single 
stranded cDNA synthesis using avian myelo- 
blastosis virus reverse transcriptase. The yield of 
single stranded cDNA was variable, but of the 
order of I 0 % of the mRNA template present in 
the reaction. All of the label incorporated into 
single stranded cDNA was accessible to S-l 
nuclease digestion, after removal of the mRNA 
by alkaline hydrolysis. Synthesis of the second 
strand of the cDNA molecule by E. coli DNA 
polymerase I resulted in a double stranded 
cDNA resistant to S-l nuclease digestion. The 
size of this DNA was estimated to be 50-2000 
base pairs by electrophoresis in agarose gels. 

3.2. Insertion of doable stranded cDNA in 
pBR322 and transformation 

The bacterial plasmid vector used for cloning 
of the double stranded cDNA was pBR322 (2). 
The plasmid was linearized with the restriction 
endonuclease Hind III and the Y-OH ends of the 
molecule tailed by addition of approx. 30 
residues of thymidine using calf thymus terminal 
deoxynucleotidyl transferase. After removal of 

the hairpin loops at the end of the double 
stranded cDNA the Y-OH ends were similarly 
extended with 30 residues of deoxyadenosine. 
The addition of homopolymeric tails to the DNA 
molecules was linear with time for more than 15 
minutes and no initial lag in the addition of tails 
was observed. Tailed plasmid DNA was anneal- 
ed with tailed double stranded cDNA with a five 
times excess of plasmid DNA and the annealed 
DNA was then used to transform E. coil HB 10 I 
cells. Table I shows the number of ampicillin 
resistant colonies obtained when various DNA 
preparations were used for transformation. 326 
colonies were obtained using recombinant DNA 
and a background of 23 colonies were found 
when linearized and tailed pBR322 alone was 
applied. This background is 0.06% of the 
transformation observed with the native plasmid 
and may be due to the presence of intact pBR 
molecules after the Hind III restriction endonu- 
clease treatment. It has been reported that 
insertion of sequences up to several megadaltons 
in size into the Hind III site of pBR322 lead to 
90 to 99 % loss of tetracycline resistance (3). 
Thus in order to identify recombinant clones the 
colonies were replicated to plates with a rather 
high concentration of tetracycline (100 ~g. m l-h). 
The majority (96.3 %) of the colonies transfor- 
med with pBR322-cDNA were tetracycline 
sensitive. 

The ampicillin resistant, tetracycline sensitive 
colonies were further screened for longer inserts 
by colony-DNA hybridization using 32p-labelled 
cDNA as a probe (Figure I). 12 colonies were 
found which contained recombinant plasmids 
with double stranded cDNA inserts long enough 
to be detected under these conditions. 

Plasmids were isolated from cultures of these 
colonies and the size of the plasmids determined 
by agarose gel electrophoresis. Most of the 
plasmids has inserts of less than 100 base pairs 
but one plasmid was found to have a larger 
insert. 

3.3. Hybrid-arrested translation 
The recombinant plasmid containing the 

largest insert was characterized by hybrid- 
arrested translation. Total cellular polyadenyla- 
ted RNA was hybridized to an excess of plasmid 
linearized with restriction endonuclease Eco RI. 
Following hybridization, the reaction mixture 
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Table I 

Cloning of double stranded eDNA derived from hordein messenger RNA. 

Phenotype of DNA used for 
bacterial clone transformation 

Transformation 
efficiency 

Bacterial clones, og vector DNA-L 

Ampicillin pBR322 closed 
resistant circular DNA 

Ampicillin pBR322, Hind llI 
resistant digested dT tailed 

Ampicillin pBR322, dT tailed 
resistant + cDNA, dA tailed 

Ampicillin resistant, pBR 322, dT tailed 
tetracycline sensitive + cDNA, dA tailed 

Ampicillin resistant, pBR322, dT tailed 
tetracycline sensitive, + c D N A ,  dA tailed 
DNA hybridizes with 
32p-eDNA 

40,000 

23 

326 

314 

12 

Figure 1. Detection of E. coli clones containing recombinant plasmids. Colonies were grown on Millipore filters, 
lysed and hybridized to 32P-labelled cDNA as described under Materials and Methods 2.7. The autoradiogram 
shows 5 colonies containing DNA hybridizable to the cDNA. 
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was divided into two samples. One was heated to 
denature any mRNA-DNA hybrids as a control 
prior to translation of both samples in the 
reticulocyte lysate. 

Among the in vitro translation products 
synthesis of a 29 kilodalton polypeptide was 
completely and that of a 40 kilodalton polypep- 
tide partially arrested by the hybrid plasmid 
(Figure 2A, track 1). Upon melting of the DNA- 
RNA hybrids, the synthesis of these two 
polypeptides was restored (Figure 2A, track 2). 
Eco RI digested pBR322 added under conditions 
allowing DNA-mRNA hybridization did not 
affect translation of any of the polypeptides 
obtainable in vitro from total cellular poly- 
adenylated RNA isolated from the barley endo- 
sperm (Figure 2A, tracks 3 and 4). 

Hordein precursor polypeptides have pre- 
viously (5) been shown to be the primary 
translation products of endosperm total cellular 
polyadenylated RNA in the wheat germ cell-free 
protein synthesizing system (Figure 2B). Poly- 
peptides with the same apparant molecular 
weight are synthesized in the reticulocyte lysate 
protein synthesizing system (Figure 2A). They 
were shown all to be soluble in 55 % isopropa- 
nol. The wheat germ system gives rise to more 
low molecular weight material which is probably 
due to premature polypeptide chain termination. 
It is concluded that the cloned cDNA sequence in 
the recombinant plasmid is complementary to 
two mRNAs coding for two precursor hordein 
polypeptides in the B-hordein group with mole- 
cular weights of 29 and 40 kilodaltons, respect- 
ively. 

Figure 2. Hybrid-arrested translation. Fluorograms 
of cell-free translation products using polyadenylated 
mRNA isolated from endosperms of Bomi barley. 

A: Translation in the rabbit reticulocyte lysate 
system. Track 1: 35S-methionine labelled polypepti- 
des translated from mRNA after its hybridization to 
the eDNA containing plasmid. Track 2: The mRNA 
hybridized to eDNA was melted by heat prior to 
translation. Track 3: 35S-methionine labelled poly- 
peptides translated from mRNA mixed with pBR322 
under conditions allowing hybridization. Track 4: 
The mRNA hybridized to pBR322 was melted prior 
to translation. 

B: Track I: 35S-methionine labelled polypeptides 
translated from mRNA in the wheat germ system. 

3.4. Size and restriction endonnclease mapping 
of the cloned hordein cDNA sequence 

The circular closed molecule of the native 
recombinant plasmid had a larger apparent 
molecular weight than pBR322 (Figure 3A). The 
size of the inserted hordein eDNA sequence and 
the restriction endonuclease map of the inserted 
sequence was established by compairing the 
fragment sizes derived from the recombinant 
plasmid and pBR322 using restriction endonu- 
cleases which only have one cleavage site on pBR 
322. Treating the recombinant plasmid with 
restriction endonucleases Eco RI, Hind III and 
Barn HI, respectively, resulted in a 5.0 kilobase 
pair linear molecule (Figure 3A, tracks 5, 6, 9) as 
compared to a 4.36 kilobase pair fragment for 
pBR322. Since by the procedure used in this 
study the original recognition site on pBR322 
for Hind III was destroyed, the inserted sequence 
must have a Hind III site to produce the linear 
molecule of 5.0 kilobase pairs seen in Figure 3A. 
The recognition sequences for Eco RI and Hind 
III ofpBR322 are onty 30 base pairs apart (27). 
An Eco RI site of the inserted sequence near the 
Eco RI site of pBR322 would therefore not be 
detected by this analysis. Digestion with Pst I 
resulted in two fragments of 4.2 and 0.8 kilobase 
pairs in size. Consequently the inserted sequence 
appears to have one Pst I site. 

By pairwise restriction endonuclease digest- 
ion, the restriction site in the inserted sequence 
could be determined relative to the known (27) 
restriction endonuclease sites on pBR322. Di- 
gestion of the recombinant plasmid with Pst I 
and Eco RI yielded three fragments of 4.10, 0.95 
and 0.25 kilobase pairs in length. Consequently 
the Pst I site in the inserted sequence maps 0.25 
kilobase pairs from the Eco RI site and 4. I 
kilobase pairs from the Pst I site on pBR322, 
respectively (Figure 3B, tracks 2 and 3). By 
similar analysis the Pst I and the Hind III sites 
on the inserted sequence were localized relative 
to known sites on pBR322 and relative to each 
other (Figure 3B, tracks 4 to 11). The fragment 
sizes obtained are given in Table II and the 
results of the mapping presented graphically in 
Figure 4. 

The following distances can be derived from 
the analysis: The Pst I - Eco RI digest of the 
recombinant plasmid yields a new fragment of 
0.25 kb defining the distance between the Eco RI 
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21.7 
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3.5 
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C 
1 2 3 4 5 6  7 8 9 1 0  

0.62 
0.53 

0.40 
0.31 
0.24 

Figure 3. Restriction endonuclease analysis of the 
recombinant plasmid. 

A: Single restriction endonuclease digestion pat- 
terns. The fragments were separated on a 0.8% 
(upper 2/3) and 1.5 % (lower 1/3) agarose gel. Track 
1: Size marker (kb).), DNA digested with Eco RI. 
Track 2: Native pBR322 (major band is closed 
circular DNA). Track 3: Native recombinant plasmid 
(major band is closed circular DNA). Track 4: 
pBR322 digested with Eco RI. Tracks 5 to 9: 
Recombinant plasmid digested with Eco RI (track 5), 
Hind III (track 6), Sal I (track 7), Pst I (track 8), Barn 
HI (track 9). Track 10: Size marker. ), DNA digested 
with Eco RI + Hind III. 

a: Double enzyme digestion patterns. The frag- 

ments were separated on a 1.2 % agarose gel. Track 
1: Size marker (kb). A mixture of ~, DNA digested 
with Eco RI and Eco RI + Hind III. Tracks 2, 4, 6, 
8, 10:pBR322 DNA. Tracks 3, 5, 7, 9, l l :  
Recombinant plasmid DNA. Tracks 2 and 3: Pst I + 
EcoRI. Tracks4and 5: Pst l  + BamHI. Tracks6 
and 7:Ps t I  + HindIII. Tracks S and 9: Hind II1 + 
Eco RI. Tracks 10 and 11: Hind Ill + Barn HI. 

c: Double enzyme digestion patterns. The frag- 
ments were separated on a 2 % agarose gel. Tracks I, 
3, 5, 7, 9:pBR322 DNA. Tracks 2, 4, 6, 8, 10: 
Recombinant plasmid DNA. Tracks 1 and 2: Hpa II. 
Tracks 3and4 :  HpaII  + EcoR1. Tracks 5 and 6: 
HpalI  + BamHI. Tracks 7and 8 :Hpa l I  + Hind 
III. Tracks 9 and 10: Hpa 11 + Pst 1. 

site and the Pst I site in the insertion to be ~ 250 

base pairs. This would make the distance be- 

tween the pBR322 Pst I site and the new Pst I site 

1000 base pairs in agreement with the extra 

fragment in the Pst I digest of  the recombinant 

plasmid of  ~ 950 base pairs. The Pst I - Bam HI 

digest of  the recombinant yields two fragments 

of  similar size around 950 base pairs in 

agreement with the location of  the insertion Pst I 

site midways between the Bam I and Pst I site of  

pBR322. The double digest Pst I - Hind III of 

the recombinant plasmid places the insertion 

Hind III site ~ 600 base pairs from the insertion 

Pst I site. The combination of Eco RI and Hind 
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TABLE II 

Sizes of fragments in kilobases obtained by digestion of the recombinant plasmid with different combinations of 
restriction endonucleases. 

Restricion endonucleases Fragment size, kb a) 
recombinant plasmid pBR322 (27) 

Barn HI 5.00 4.36 
Eco RI 5.00 4.36 
Hind III 5.00 4.36 
PstI 4.10, 0.95 4.36 
P s t I - E c o R I  4.10, 0.95, 0.25 3.61, 0.95 
P s t I - B a m H I  3.24, 0.96, 0.94 3.24, 1.12 
Pst I - H i n d  III 3.58, 1.00, 0.60 3.58, 0.78 
Hind III - Eco RI 4.33, 0.84 4.33 
Hind I I I -Bam HI 4.70, 0.3 4.01, 0.35 

Hpa II b) 0.44 
Hpa II - Eco RI 0.46, 0.44 -0.62, + 0.46 
Hpa II - Barn HI 0.44 
Hpa I I -  Hind III 0.62, 0.33, -0.49 -0.62, + 0.49 
Hpa II - Pst I 0.44 

a) The fragment sizes were determined using ~, DNA digested with Eco RI and Eco RI - Hind III as markers for 
the larger fragments and pBR322 digested with Hpa 1I as markers for the smaller fragments (27). 

b) Only the sizes of the additional or missing fragments compared to the Hpa II fragments 0.62, 0.53, 0.40, 
0.31, 0.24 kb obtained from pBR322 are given. 

Pst 

I 

Hpa]T 

more HpaT[ sites 

t I 

EcoR I HindTIT 

HpalT Hpa[l  

gam 

H pa'lT 

I 
I I 
0.1 KB 

Figure 4. Restriction endonuclease map of the hordein specific insert. Cross marked heavy line depict the insert 
and thin line pBR322 DNA. The cleavage sites for the various restriction endonucleases are indicated above the 
line. 

III digestion places this Hind III site - 840 base 
pairs from the Eco RI site. The Hind III site in 
the insertion of the recombinant plasmid must  be 

very close to the end of the inserted sequence as 
the Hind III - B a m  HI digest of the recombinant 
and original plasmid yields a ~ 350 base pair 
fragment (Figure 3B, tracks 10 and 11), which is 
also close to the map distance between the Barn 
HI and the Hind III sites in pBR322 (346 base 

pairs). Since in pBR322 the distance between the 
Eco RI site and the Hind III site is only 30 base 
pairs the inserted hordein sequence can be cut 
out almost quantitatively by Eco RI plus Hind 
III digestion of the recombinant plasmid (cf. 
Figure 3B, track 9). This fragment was estimated 
to contain 840 -+ 50 base pairs. The mapping 
results in a comparable value of about 850 base 
pairs. 
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The restriction endonuclease Hpa II also 
cleaved the inserted sequence (Figure 3C, Table 
II) as evidenced by the occurrence of an extra 
fragment of ~ 440 base pairs and the absence of 
a fragment larger than the biggest Hpa II 
fragment of pBR322, the latter originating from 
the cleavage of the two pBR322 Hpa II sites 
marked in Figure 4. The ~ 6 2 0  base pair 
fragment obtained by Hpa II cleavage of the 
recombinant plasmid must be due to a fragment 
obtained by the cleavage of one site within and 
one site outside the insertion. The fact that this 
Hpa II fragment of the recombinant plasmid can 
also be cleaved with Eco RI shows it to span the 
Eco RI site and defines the location of the left 
Hpa II insertion site in Figure 4. The double 
digest of the recombinant plasmid with Hpa II 
and Hind III results in the ~ 6 2 0  base pair 
fragment and a ~ 330 base pair fragment, which 
can only be derived with a second Hpa II 
cleavage site in the insertion as drawn in Figure 
4. This explains the additional --440 base pair 
fragment obtained with Hpa II alone and the two 
fragments obtained by the double digest with 
Eco RI ( ~ 4 4 0  and ~ 4 6 0  base pairs). If only 
two Hpa II cleavage sites with their location as 
defined would be present in the inserted sequence 
an additional fragment of 350 to 400 base pairs 
in expected. Since this was not found additional 
Hpa II sites are postulated in the center of the 
inserted sequence giving rise to small fragments 
not detectable in the present analysis. 

4. DISCUSSION 

The cloned ~ 8 5 0  base pair long cDNA 
sequence hybridized with mRNA for the 29 
kilodalton B-hordein precursor polypeptide and 
at least partially with that of the 40 kilodalton B- 
hordein precursor polypeptide as shown by the 
hybrid-arrested translation experiment. The co- 
ding capacity of this sequence is large enough for 
the 29 kilodalton polypeptide but can only 
accommodate 70% of the information necessary 
for a 40 kilodalton polypeptide. The 29 kilodal- 
ton polypeptide is probably the precursor to one 
of the two polypeptide bands comprising the B 1 - 
hordein. Peptide mapping of the B l-hordein 
established both differences and homologies to 
the other B2 and B3-hordein polypeptides (17, 
20). The 40 kilodalton polypeptide is likely to be 
the precursor of the B2-hordein characterized 

previously (17). It is clear from the present 
results that the different B-hordein polypeptides 
are translated from different mRNA molecules. 
For the time being it is most likely that the 
structural homology between the B-hordein 
polypeptides is the reason for the partial arrested 
translation of the 40 kilodalton polypeptide by 
the cloned sequence for the 29 kilodalton 
polypeptide. From the present results it is 
expected that separate messenger RNA molecu- 
les and consequently separate genes code for the 
8-10 identified B and C-hordein polypeptides. 
The present and additional sequences transcribed 
and cloned from isolated hordein messenger 
RNA molecules can be used to explore how 
many genes are present in the hor-2 region of 
chromosome 5 (12, 22, 24, 26) coding for the B- 
hordein polypeptides. Analogously cloned se- 
quences for the C-hordein polypeptides can be 
used to analyse the hor-1 region of chromosome 
5 considered to code for the C-hordein polypepti- 
des. 

The restriction enzyme analysis of the cloned 
sequence lends support to its coding capacity for 
a hordein polypeptide. These proteins are charac- 
terized by a high content of proline (22%), 
which is coded for by GGX. The recognition 
sequence for Hpa I! is GGCC thus giving a good 
chance for such cleavage sites in hordein 
sequences. A proline codon of GGC and a 
neighbour codon for valine, alanine, aspartic 
acid, glutamic acid or glycine, which comprise at 
least 15 % of the constituent amino acids would 
result in a Hpa II cleavage site. The fragment 
sizes recovered from the digestions with Hpa II 
of the recombinant plasmid indeed indicated 
several Hpa II sites in the center of the inserted 
hordein sequence. 
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