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ABSTRACT During germination of barley grains, the cell
walls of the starchy endosperm are degraded by (1—3,1—4)-
PB-glucanases (EC 3.2.1.73) secreted from the aleurone and
scutellar tissues. The complete sequence of the aleurone
(1—-3,1—4)-B-glucanase isoenzyme II comprises 306 amino
acids and was determined by sequencing nine tryptic peptides
(110 residues) and aligning them with the amino acid sequence
deduced from a cDNA clone encoding the 291 NH,-terminal
residues. Although no amino acid sequence homology with a
bacterial (1—3)(1—4)-B-glucanase is apparent, close to 50%
homology is found with two large regions of a (1—3)-8-
glucanase from tobacco pith tissue. The gene for barley
(1—3,1—4)-B-glucanase isoenzyme II shares with that for the
a-amylase isoenzyme 1 a strongly preferred use of codons with
G and C in the wobble position (94% and 90%, respectively).
Both enzymes are secreted from the aleurone cells during
germination. Such one-sided codon usage is not characteristic
for the gene encoding the (1—3)-B-glucanase of tobacco pith
tissue or the hor2-4 gene encoding the B, hordein storage
protein in the endosperm.

Animportant early process in the germination of cereal grains
is the degradation of cell walls of the nonliving starchy
endosperm. This allows the amylases and proteases secreted
from the surrounding aleurone or scutellar tissues to reach
their starch and storage-protein substrates inside the
endosperm cells. Partly as a result of its importance in the
malting and brewing industries, barley has been used exten-
sively in studies of the physiology and enzymology of cereal
grain germination. The major constituent of barley endo-
sperm cell walls is (1—-3,1—4)-8-D-glucan, which represents a
family of long, linear polysaccharides. Amongst the most
important enzymes in the depolymerization of these cell walls
during germination are the (1—3,1—4)-8-bD-glucan 4-glucano-
hydrolases (EC 3.2.1.73).

Two (1-3,1—4)-B-glucanase isoenzymes have been puri-
fied from extracts of germinating barley, and their substrate
specificities, chemical properties, and Kinetic parameters
have been defined (1, 2). Based on the sequence homology of
37 of the 40 NH,-terminal amino acids, it has been concluded
that the two isoenzymes are the products of two genes, which
originated by duplication of a common ancestral gene (3). A
putative third isoenzyme has been detected in secretions
from isolated scutella and aleurone layers (4). There is a
marked tissue specificity for the preferential synthesis and
secretion of the (1—-3,1—4)-B-glucanase isoenzyme II from
isolated aleurone layers. Moreover, in the presence of Ca2*,
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gibberellic acid seems to enhance secretion of isoenzyme II
from the aleurone (4).

Recently, mRNA encoding (1—3,1—4)-B-glucanase has
been identified in both aleurone and scutellar tissue of
germinating barley (5). In the present work, we have isolated
a cDNA clone encoding barley (1—3,1—4)-B-glucanase
isoenzyme II. Sequence analysis of the cDNA, in conjunction
with amino acid sequence analysis of tryptic peptides, have
enabled us to deduce the complete amino acid sequence of
the enzyme.

MATERIALS AND METHODS

Amino Acid Sequence Analysis. Purified (1—3,1-4)-8-
glucanase isoenzyme II (2) at 1 mg/ml in 10 mM Tris-HCI (pH
8.0) was hydrolyzed with L-1-tosylamido-2-phenylethyl
chloromethyl ketone-treated trypsin (Worthington) at 20
ug/ml for 1 hr and 24 hr at room temperature. The reaction
was stopped by the addition of trifluoroacetic acid to 0.2%
(vol/vol). Tryptic peptides were fractionated by reversed-
phase HPLC on a Bakerbond Cg column using a gradient of
0-50% acetonitrile in aqueous 0.1% (vol/vol) trifluoroacetic
acid, increasing at 0.56% per min at a constant flow rate of 1
ml/min. Fractions were dried and the peptides were dis-
solved in 50% (vol/vol) trifluoroacetic acid in preparation for
sequencing (6). After Edman degradation of purified tryptic
fragments, the phenylthiohydantoin derivatives of the amino
acids were analyzed by reversed-phase HPLC (7).

Isolation of mRNA. After incubation of half grains from
Hordeum vulgare cv. Himalaya for 36 hr in the presence of
1 uM gibberellin and 10 mM Ca?*, aleurone tissue was
ground under liquid nitrogen, and the RNA isolated as
described (8) except that 1% (wt/vol) insoluble polyvinylpyr-
rolidone (Polyclar AT) was included in the extraction buffer.
Poly(A)* mRNA was isolated by affinity chromatography on
poly(U)-Sepharose 4B (Pharmacia) and fractionated by
ultracentrifugation in an 8-20% linear sucrose gradient.
Gradient fractions enriched in mRNA coding for (1—3,1—4)-
B-glucanase were identified by in vitro translation and
NaDodSO,/polyacrylamide gel electrophoresis (5).

Generation of cDNA Library. The cDNA was synthesized
by the RNase H method, including DNA ligase in the reaction
mixture, as described by Gubler and Hoffman (9) except that
the second-strand synthesis was performed at 12°C for 2-5 hr
until its amount was equal to that of the first-strand template.
The oligo(dC)-tailed cDNA was annealed to Pst I-cut
oligo(dG)-tailed plasmid pUC9 (10) (Pharmacia P-L Bio-
chemicals) and cloned by transformation of Escherichia coli
K-12 strain JM101 by the procedure of Hanahan (11), and
recombinants were identified as described (10). The
(1-3,1—>4)-B-glucanase cDNA clone was selected by colony
hybridization and dot blot and Southern blot analyses with a
probe consisting of a mixed pentadecameric oligonucleotide.
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The probe was labeled by use of T4 polynucleotide kinase
(Pharmacia P-L Biochemicals) and [y-*?PJATP (5000 Ci/
mmol; 1 Ci = 37 GBq). Hybridization was for 16 hr at 25°C in
6x standard saline citrate (1x SSC is 0.15 M NaCl/15 mM
sodium citrate, pH 7)/0.2% bovine serum albumin/0.2%
Ficoll/0.2% polyvinylpyrrolidone 4000/0.05% sodium pyro-
phosphate; filters were washed extensively in 6x SSC/0.05%
sodium pyrophosphate at 30°C and finally for 10 min at 37°C in
the same buffer (12, 13).

Synthesis of Oligonucleotides. The mixed oligonucleotide
(15-mer) used to screen the cDNA library was synthesized
manually using solid-phase phosphoramidite chemistry (14).
The product was purified by reversed-phase HPLC on a
Bio-Sil ODS-5S column (Bio-Rad) using a 20-30% acetoni-
trile gradient in 0.1 M triethylammonium acetate (pH 7.0).
Oligonucleotides used as sequencing primers were synthe-
sized on an Applied Biosystems model 380A DNA synthe-
sizer.

Nucleotide Sequence Analysis. The dideoxynucleotide
chain-termination procedure of Sanger et al. (15) was used to
sequence the cDNA clone. Plasmid DNA was prepared (16)
and cDNA fragments were subcloned in M13 mp9 (10).

Southern Blot Analysis of Barley DNA. DNA was prepared
from immature endosperms of the barley variety Carlsberg II
according to Hopp et al. (17), digested to completion with the
restriction endonucleases EcoRI, HindIIl, and BamHI, sep-
arated by agarose gel electrophoresis, and blotted onto
nitrocellulose filters (BA-85, Schleicher & Schuell) as de-
scribed by Southern (18). Hybridization was in 2x SSC/0.2%
bovine serum albumin/0.2% Ficoll/0.2% polyvinylpyr-
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rolidone 4000/0.1% NaDodSO, (19) for 18 hr at 65°C in the
presence of denatured herring sperm DNA (50 ug/ml) and
poly(A) (50 ug/ml). The isolated large Pst I fragment of the
(1-3,1—4)-B-glucanase clone was nick-translated to a spe-
cific activity of 2 X 10® cpm/ug (20) and used as hybridization
probe at a concentration of 2.5 ng/ml. Filters were washed
extensively at 65°C in 2x SSC/0.1% NaDodSO;,, followed by
two 30-min washes at 65°C in 0.1x SSC. Kodak XAR-5 x-ray
films were exposed at —70°C for 11 days, using Kodak
Regular intensifying screens.

RESULTS AND DISCUSSION

The complete amino acid sequence of barley (1—3,1>4)-8-
glucanase isoenzyme II (Fig. 1) was obtained in the following
way. Amino acid sequences of nine tryptic peptides were
determined. A 15-base mixed oligonucleotide probe of 32-
fold redundancy, encoding the sequence Phe-Tyr-Asn-Gln-
His (tryptic peptide 11, Fig. 1), was used to screen a cDNA
library prepared with mRNA from gibberellic acid-treated
aleurone layers. A cDNA clone comprising 874 nucleotide
pairs [excluding the oligo(dG-dC) tails] was selected with the
probe, and the amino acid sequence was deduced from its
nucleotide sequence (for cDNA sequencing strategy, see Fig.
2). The cDNA has one open reading frame encoding 291
amino acids on each strand. One of the open reading frames
encoded the 40 NH,-terminal residues of isoenzyme II (3) as
well as the sequences of the eight isoenzyme II tryptic
peptides (110 amino acids). Since the directly determined and
the deduced amino acid sequences are identical, we conclude

CCA CCA AGC GTG
Pro Pro Ser Val

GAG
Glu

TCG
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30
ATG
Met

AAC GGG ATC AAA
Asn Gly Ile Lys

TCG
Ser
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TCC
Ser

CCT AAC GAC GTC
Pro Asn Asp Val
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CTC
Leu

90
GTC
val

TTC CGG TAC GTC
Phe Arg Tyr Val
—
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Ala

TGC
Cys

120
CAC
His

GCT
Ala

GGG
Gly

CTG
Leu

GGC
Gly

1
ATC GGG GTG TGC
Ile Gly val Cys

CGG CTG TAC GCT
Arg Bu Tyr Ala

TAC GGC
Tyr Gly

CCC AAC
Pro Asn

10

ATG AGC GCC AAC AAC

Met

CAG
Gln

Ser Ala

GCG GCG
Ala Ala

Asn

40
CTG
Leu

Asn

CAG
Gln

CTG
Leu

GCC
Ala

CCG
Pro

GTC
val

GCG GCG AGC
Ala Ala Ser

GGC GGC ACG
Gly Gly Thr

ACC GTC
Thr val

GGC ATC
Gly Ile

20
GTG AGC ATG TTC AAG TTC
val Ser Met Phe Lys Ser

50
AAC GTC GTC GTC GGG GCT
Asn Val val Val Gly Ala

“peptide 31

AAC CTC GCC GCC
Asn Leu Ala Ala

GGA AAC GAG
Gly Asn Glu

GTC
val

ATC AAG GTG
Ile Lys Val

ACC
Thr

150
T7C
Phe

GGG
Gly

GAG
Glu

GCG
Ala

GCC
Ala

GCG
Ala

180
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Trp
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AAC
Asn
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GGC
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ACC
Thr

GGC
Gly

AGC
Ser

210
ACC
Thr

240
GGC
Gly

GTG
val

ATG GGC CCC
Met Gly Pro

ATG
Met

GCC ATG GAC
Ala Met Asp

GTG GAC GCC
val Asp Ala

TTC
Phe

ACG GCG GCG
Thr Ala Ala

ACT
Thr

AGC
Ser

cca
Pro

GCC
Ala

GGC
Gly

ACG
Thr

TCG
Ser

CAG
GIn

GTG
val

GGC
Gly

TAC
Tyr

cCG
Pro

TAC
Tyr

ACG
Thr

GCC
Ala

GCA
Ala

GGC
Gly

GTG
val

T7C
Phe

GCT
Ala

GCC
Ala

AAC
Asn

GCG
Ala

GCC
Ala

GCC
Ala

ACC
Thr

TCG
Ser

CAG
Gln

CTT
Leu

GCC
Ala

70
GCC
Ala

100
CGG
Arg

130
GCC
Ala

160
CGC

TCG
Ser

AAC
Asn

ATC
INe

ACC

TGG
Trp

CTC
Leu

cTC
Leu

AAC

Arg Thr Asn
‘peptide 21

190

GTC
val

GTC
val

GGC
Gly

GCG
Ala

AAG AGC AAC
Lys Ser Asn

ATC CAG
Ile GIn

80
GCG TAC CCC AAG GTT TCC
Ala Tyr Pro Lys Val Ser

‘peptide 3

CCG GCA ATG
Pro Ala Met

GTG
val

TTC
Phe

AGC
Ser

cCG
Pro

CTC
Leu

ATG
Met

AAG AAC

" peptide

110
GTG CAT GGC GCG CTC GTC
Val His Gly Ala Leu Val

Lys Asn

CCG ccc
Pro Pro

GCC AAC
Ala Asn

140 peptide 18

TCC GCC GGG TCC TTC ACC
Ser-Ala Gly Ser Phe Thr

170
ATT TAC CCG TAC CTG GCC
Ile Tyr Pro Tyr Leu Ala

CTC
Leu

ATG
Met

GCT
Ala

T7C
Phe

GGC
Gly

AGG

Arg

AAC GCG TCC GGC
Asn Ala Ser Gly

220
AAG CAC GGC GGC
Lys His Gly Gly

250
TTC TAC AAC CAG
Phe Tyr Asn Gln

ACC
Thr

TcC
Ser

CAC
His

GTG
val

AGC
Ser

CTC
Leu

GTC
val

GTG
val

ATC
e

AGG GAC
Arg Asp

AAG CTG
Lys Leu

200
GGC GCC TAC GGG TAC CAG
Gly Ala Tyr Gly Tyr Gin

230
GTG GTG TCG GAG AGC GGG
val val Ser Glu Ser Gly

AAC CAC
Asn His

260 peptide 13

GTC GGG CGC GGC ACC CCA
Val Gly Arg Gly Thr Pro

CGC
Arg

CAC
His

CCG
Pro

GGC
Gly

GCC
Ala

270
ATC
INe

300

ATC
Ile

GAG ACC TAC
Glu Thr Tyr

T7C
Phe

GCC
Ala

ATG
Met

T7C
Phe

AAC

280 peptide 11

GAG AAC CAG AAG

GAC

AGC

G

Asn Glu Asn GIn Lys‘ 5sp Ser Gly

val Glu

290
GIn Asn Trp Gly Leu Phe

“peptide 19

" "peptide 30

Tyr Pro Asn Met Gln His Val Tyr Pro Ile Asn Phe_

FiG. 1. Partial cDNA and complete amino acid sequences for barley aleurone (1—3,1—4)-B-glucanase isoenzyme II. Sequences

corresponding to tryptic peptides are identified.
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FiG. 2. Strategy for nucleotide sequencing of the cDNA clone
encoding 285 of the 306 amino acids of the (1—3,1—4)-B-glucanase,
using various oligonucleotide primers. Arrows below the restriction
map indicate the length and direction of the DNA strands sequenced.

that the cDNA encodes the (1—3,1—4)-B-glucanase isoen-
zyme II. The NH,-terminal residue of the enzyme is at the
seventh codon (Fig. 1); the first six amino acids encoded by
the cDNA may represent a signal peptide. The 3’ end of the
cDNA clone does not extend to the stop codon of the open
reading frame. However, the last two codons encode an
Asp-Ser dipeptide, a sequence that is also found at the NH,
terminus of tryptic peptide 30 (Fig. 1). The COOH terminus
of isoenzyme II was determined by carboxypeptidase Y
digestion to be Val-Tyr-Pro-Ile-Asn-Phe, a sequence located
at the COOH terminus of tryptic fragment 30. Since it is likely
that the Asp-Ser dipeptide encoded at the 3’ end of the clone
corresponds to the NH,-terminal end of tryptic fragment 30,
a complete sequence of 306 amino acids can be assigned to
this enzyme. This compares well with both the number and
the composition of the 309 amino acids previously reported
for (1—3,1—4)-B-glucanase isoenzyme II (2).

Sequence Analysis of Tryptic Peptides. The HPLC elution
profile of tryptic peptides of (1—3,1—4)-B-glucanase
isoenzyme II after 24-hr tryptic hydrolysis is shown in Fig. 3,
and the amino acid sequences obtained from the peptides
found in peaks 31, 3, 4, 18, 21, 13, 11, 19, and 30 are indicated
in Fig. 1. The initial yields of phenylthiohydantoin derivative
from individual tryptic peptides ranged from 50 to 200 pmol.
Peptide 30 from the COOH-terminal end was a major peak in
the elution profile after 1-hr tryptic hydrolysis (data not
shown) rather than the minor component seen in the 24-hr
digest. The amino acid sequence of peptide 30 was deter-

31

1"
13

Azs
3
8

T T T T

25 a5 65 85
Elution volume, mi

F1G. 3. Separation of tryptic peptides of (1-3,1—4)-B-glucanase
isoenzyme II by reversed-phase HPLC after 24-hr digestion. Num-
bers indicate the fractions from which the peptides were sequenced.
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mined from a 1-hr digest. The decrease in relative abundance
of peak 30 with prolonged trypsin digestion was due to
secondary, nonideal cleavage between Phe-294 and Tyr-295,
as well as between Asn-297 and Met-298. The fragment
Met?®_Phe3% was identified in peak 20, whereas the cleavage
products Asp?®-Asn?’ and Tyr?°-Phe3% were in peak 23.
Individual amino acid sequences for the two latter compo-
nents could be deduced from the yields of phenylthiohydan-
toin derivatives. Peptide 19 also results from nonideal trypsin
digestion, at Tyr-273.

Southern Blot Analysis of Barley DNA. Restriction endo-
nuclease fragments of barley DNA hybridizing to the
(1-3,1—-4)-B-glucanase cDNA insert are shown in Fig. 4.
The restriction endonucleases EcoRI, HindIIl, and BamHI
each generated two such fragments (14 and 0.9, 4 and 3, and
11 and 7 kilobases, respectively). Since the cloned cDNA
lacks restriction sites for the three enzymes used, the
hybridizing fragments could correspond to the two genes
encoding different (1—3,1—4)-B-glucanase isoenzymes (3).
However, the absence of introns containing restriction sites
for the three endonucleases remains to be demonstrated.

Sequence Homology Between the Barley (1—3,1—4)--
Glucanase Isoenzyme II and Other Proteins. The only other
(1—3,1—>4)-B-glucanase for which the primary structure is
known is the Bacillus subtilis enzyme (21). No amino acid
sequence homology can be detected between the barley and
the Bacillus enzymes. However, comparison of the amino
acid sequence of the (1—3,1—4)-B-glucanase from barley
aleurone with that of a (1—3)-B-glucanase (EC 3.2.1.39) from
tobacco reveals extensive homologies (Fig. 5). The sequence
of the tobacco (1—3)-B-glucanase, an enzyme of 322 amino
acids that accumulates in pith tissue cultures in the absence
of auxin or cytokinin (22-25), was determined by H. Shinshi
(personal communication) from a cDNA clone (26) encoding
the enzyme and from tryptic peptides. After introducing four
gaps in the (1—3)- and nine gaps in the (1—3,1-4)-8-
glucanase sequences, respectively, 45% of the amino acids in
the two enzymes occupy identical positions. The region

E H B

kb

S e
A
*

06 =

FiG. 4. Hybridization of the 3?P-labeled large Pst I fragment of
the cDNA clone for (1—3,1—4)-8-glucanase to Southern blots of
barley endosperm DNA digested with EcoRlI (lane E), HindIII (lane
H), or BamHI (lane B) reveals the presence of the sequence in two
fragments. The probe does not contain restriction sites for the three
enzymes. HindIlI restriction fragments of \WES/gt have been used
as size markers. kb, Kilobases.
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1
(1+3) L
(1+3,1+4) S

(1+3) NNLPINHWE[VI QLY RN[I] R L[RT Y]D H G[A
(1»3,1+4) AASTE’VSMF@N GEIKSMAQAA
(1»3) L Q AJL K|GJE NJT]EJV|M L LS-KH-I GME
(1+3,1+4) L Q AJv G[G|T GlI|N|v|V V|G]A] - LSNLA PAA
*
(1»3) HR WVYQKN DFWPDVKIK
(1+3,1-4) AJAJS[M- - - - - -SN-1QA--
(1+3) TGT-SYL-S
(1+3,1+4) [VJG NE V AGG A|TJR
1
(1s3) NNSTSVDMTLI NSYQGSFRND
(1>3,1+4) H - TITSVIsQAT L|G|vFS|PPSIAlGSFITGE
1
(1+3) NTDFI GRDRLVFSYSG
(1+3,1+4) A[F|MG P V|{V|QIF LIAR|TINJAP LIMAIN I YP Y[LAWAY
(1s3) EGQISL STPNV QSRQPNLFD'
(1»3,1»4) PJSAMDMG|YJA[L FIN[JA|SG T R AYG|YJoINLFD
r ‘
(1+3) AMLSVALERS A GI[VVS
(1»3,1»4) T T V|DJAFlY]TIAIM G K H S KLVVS
* *
(1+3) AFG YO g
> AT[Y]L R N[UT]Q[H]A K E sa
(1»3,1+4) EIG T AP AR FN Q HNlﬂV G RE]THH
302
(1+3) PTETYIFAMF[D N[KINP EL KHFSK
(1»3,14) AIETYIFAMEFIN Qlk]D s G VIEJQ N W|G L F]Y M
* * *
(1+3) PKNLGVSGGVNDSSVETNAT
(1+3,1+4) H V{YJP IINF

Fic. 5. Amino acid sequence homologies between the (1—3,1—4)-
B-glucanase of barley aleurone and the (1—3)-8-glucanase of tobacco
cells. Asterisks indicate conserved acidic amino acid residues that may
play a role in the catalytic function. Standard one-letter abbreviations
for amino acids are used.

~N

o

> 8K
~N

spanning positions 53—-101 shows a low degree of homology
(=20%), but the NH,- and COOH-terminal segments reach
homology values of 50%.

Preferential Codon Usage in the Gene for (1—3,1-4)-8-
Glucanase Isoenzyme II. In Table 1, we have compared the
codon usage for amino acids 1-285 of the (1—3,1—4)-g-
glucanase isoenzyme II with that for the 438 amino acids of
barley a-amylase isoenzyme 1 (27) and the 271 amino acids
of the B; hordein encoded by the hor24 gene (33). These
three coding regions have G+C contents of 67%, 64%, and
47%, respectively. Rogers and Milliman (27) and Chandler et
al. (28) have observed a strong preference for C and G in the
third position of degenerate codons used for barley a-amylase
isoenzymes. The marked bias toward C and G in the wobble
position is also found in the (1—3,1—4)-B-glucanase
isoenzyme II (Table 1). This is in sharp contrast to the
generally nonpreferential codon usage in genes for proteins
that are synthesized in the developing endosperm, as exem-
plified by the B, hordein storage protein of barley. In the
latter gene, a preferred codon usage is seen only for the two
predominant amino acids proline (CCA) and glutamine
(CAA). Preference in this case is for A in the third position,
which balances the overall G+C content at 47% in spite of the
predominance of proline and glutamine residues in the
protein. Protein Z, another protein from the barley endo-
sperm with a ‘‘balanced”’ amino acid composition, has a
G+C content of 49% and nonpreferential codon usage (29).
The genes for sucrose synthase (30) and zein storage proteins
(31, 32) expressed in developing maize endosperm show a
very limited codon preference.

Thus, only the two enzymes a-amylase and (1—3,1—4)-
B-glucanase, which are synthesized during germination in
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Table 1. Codon usage (% for each of 16 amino acids) in the
genes for (1-3,1—>4)-B-glucanase of barley aleurone,
a-amylase 2 of barley aleurone (27), and B, hordein

of barley endosperm

Gluca- Amy- Hor- Gluca- Amy- Hor-

nase lase  dein nase lase  dein

Leu [16] [34] [23] Ala [43] 471  [13]
TTA 0 0 0 GCT 14 9 38
CTT 6 [3 17 GCA 5 9 46
CTA 0 3 17 GCC 51 52 23
TTG 0 3 22 GCG 30 30 15

CTC 50 47 22

ct6 o« 4 9n Y 311 48] (8]

GGT 0 6 38

Ser 23] 220 (2] GGA 3 8 13
TCT 0 s 17 GGC 6 6 38
TCA 0 0 0 GGG 29 21 13
A

GT 0 I 3] {6 (0]
AGC 4 R 17

TAT 0 0 60

cc 8 4 1 AT 0 0 €
TCG 28 18 25

Arg ®  0n e o o1 Bl

CAT 17 8 67

CGT 0 0 3 cac 8 9 3
CGA 0 0 17

AGA 0 0 17 Gin 81 (121 (73]

AGG 24 24 17 CAA 0 17 74

CGC 38 52 17 CAG 100 83 26
CGG 38 24 0

Asn 21} [18] [4]
Val [28] (28] [19] AAT 0 11 75
GTT 4 0 26 AAC 100 89 25

GTA 0 0 11
Lys 91 23 [2]

GTC 48 43 36 A A

GTG 48 57 42 1 9 0
AAG 89 91 100

Pra 16 17 42
ocr O W e 6 BN
GAT 0 11 0

CCA 17 18 76

ccc 2 3 1s GAC 10 8 100

CCG S6 4 5 Gh 51 (131 (6]
Thr as] 07 [0 gﬁé 108 ;g gg

ACT 7 0 10

ACA 0 18 30 Cys 21 B [

ACC 63 59 20 TGT 0 12 44

ACG 30 23 40 TGC 100 88 56

Number of residues of each amino acid in each protein is given in
brackets.

aleurone cells of barley, show the strongly preferred use of G
and C in the wobble position (90% and 94%, respectively). It
will be interesting to determine whether or not this pro-
nounced preferential codon usage is characteristic of genes
for other enzymes expressed in aleurone cells of barley and
whether the genes for the isoenzymes expressed in scutellar
tissue also have this property.

We are indebted to Dr. Hideaki Shinshi (Friedrich Miescher
Institut, Basel) for communicating to us the amino acid sequence for
the tobacco (1->3)-B-glucanase. We thank Dr. Liz Jackson, Dr. Nick
Hoogenraad, Ms. Lynda Graf, Ms. Kathy Auddino, and Dr. Ib
Svendsen for their invaluable assistance with various aspects of this
project. The work was supported by grants from the Australian
Research Grants Scheme (to G.B.F.) and by Grant 1982-133/
001-82.112 from Teknologistyrelsen of the Danish Ministry of Indus-
try to Professor Diter von Wettstein.
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