Plant Physiol. (1991) 96, 1382-1384 Received for publication March ‘19, 1991
0032-0889/91/96/1382/03/$01.00/0 Accepted April 3, 1991

Plan Register

Complete Nucleotide Sequence of a Hordeum vuigare Gene
Encoding (1-3,1—4)-3-Glucanase Isoenzyme II'

Norbert Wolf

Department of Physiology, Carlsberg Laboratory, DK-2500 Copenhagen-Valby, and Research Laboratory of
Weissheimer Malzfabrik, D-5470 Andernach, Denmark

Barley (1—3,1—4)-8-glucanases are synthesized in the scu- bp?) of the gene for (1—3,1—4)-8-glucanase isoenzyme II is
tellum and aleurone tissues during germination. The secreted presented in Figure 1. An open reading frame encoding 334
enzymes degrade (1—3,1—4)-8-glucan, a major constituent amino acids is interrupted by a single large intron of 2952 bp.
of the endosperm cell walls. Genes encoding the two barley The sequence includes 1035 bp upstream and 171 bp down-
(1-3,1—4)--glucanase isoenzymes have been cloned and stream of the coding region. Comparison with the gene en-

sequenced (Table I). The complete nucleotide sequence (5159 coding barley (1—3,1—4)-8-glucanase isoenzyme I (refs. 1
and 2 and this study [EMBL accession No. X56775]) reveals
92% homology between the two coding regions. Both genes
have the large intron disrupting the codon for amino acid No.
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2 Abbreviation: bp, base pair(s). 2 Abbreviation: bp, base pair(s).

Table I. Characteristics of gene GIb2 from Hordeum vulgare cv NK 1558

Organism:

Hordeum vulgare cv Northrup King 1558
Gene:

Glb2, encoding (1 — 3, 1 — 4)-8-glucanase isoenzyme Il (EC 3.2.1.73).
Chromosomal Location:

Single-copy gene located on chromosome 1 (2) on a 9.5-kilobase BamHI fragment
Techniques:

A-EMBL3 barley genomic DNA library (Clontech, Palo Alto, CA) was screened with cDNA encoding barley (1 — 3, 1 — 4)-8-glucanase
isoenzyme Il (5, 6) as hybridization probe. Sequencing of both strands was performed using synthetic primers.

Sequence Identification:

Sequence comparison with cDNA encoding bariey (1 — 3, 1 — 4)-B-glucanase isoenzyme Il revealed 100% positional identity of the deduced

amino acid sequence and 97% homology with the 3’-noncoding region, respectively.
Gene Structure:

The coding region of 1002 bp is interrupted by single large intron of 2952 bp inserted in the codon for amino acid No. 25 of a 28-amino acid
signal peptide.

*Promoter Region: putative TATA box at —95 to —89 (+1 is designated as the first base in the coding region); inverted CCAAT motif 34 bp
upstream of TATA box; motif homologous to GAs-responsive element of a barley a-amylase (7) at —264 to —259 and motif homologous to
a-amylase GAs-responsive element in rice (8), inverted, at position —324 to —315; imperfect palindrome at position —470 to —446.

*Intron Region: imperfect palindrome of 327 bp (68% homology of the inverted repeats) from position 165 to 491 with highly complex
internal structure: imperfect palindrome of 88 bp (62% homology) from No. 201 to No. 288; inverted repeat of 24 bp (83% homology) from
position 175 to 198 and from 307 to 284 (an 18-bp part (179 to 196) of this motif is almost perfectly repeated at position 2190 to 2207
more downstream in the intron); direct repeat of 49 bp (86% homology) is located at position 631 to 679 and at 730 to 778; imperfect
palindrome of 29 bp (83% homology) from No. 2055 to No. 2083; direct repeat of 36 bp (100% homology) from 2628 to 2663 and from
2663 to 2698.

*Coding Region: 334 codons with strong bias in codons downstream of the intron for C or G in the wobble position.

+3’-Noncoding Region: putative polyadenylation signal at position 4097 to 4101.

Protein Structure:
Preprotein of 334 amino acids. The signal peptide consists of 28 residues. The M, of the mature protein was calculated as 32.121 with a
carbohydrate content of 3.6% and a pl of 10.6 (2).
Antibodies:
Monoclonal antibodies were generated that cross-reacted with isoenzyme | and isoenzyme |l and isoenzyme | alone.
EMBL accession No.:
M62740
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BARLEY (1—3,1—-4)-8-GLUCANASE GENES

TTACTTGTTAACTTATTATAAATTATCTTGGTATCAAACTATCTTACAACACTTGCCATGAAACCTTACTAAAACGCAATTCCTTCCGCTCCTTGCCGGG
TTCGACACTCTTAATTGTCAAAAAGACTGTGATTGATCCCCTATACTCGTGGGTCATCAACAAGCCGTCGTCTCCTCTTGAGAATCCTCACCTTTCATGC
GGCATCATGATTTTTCAAATCGATCTATCAAAGCTTGCTTGTCGGCCTTTGTAAGTGCCTCCACCGAGAGTGGGGGTTGATACGTCTCAAACGCATTGAT
AATTTTAGTACAATTCCTGCTATGTTCGTATCAATTATAAACATTTTGGGCATACTTTTATTGAGTTTTATGATAAACTAAATTGTTGATTTCTTGCAAA
ATGGTCACAAAAAGAATTATATGTAGAAATAAGAGTAAACATAGATCCTAGCATGAGGCAGTAAAAGGTAGAGTGACGAAAGGCATCTAGTGTACACCGA
AATATTTTAAATTGACCACGGATATTCATAAGTAAACTACGTGAGTCATGTCGGATACCGTAGAAGACGGTCTTTCTATGAAAAACCGTCACCAAATGTC
GTTGAGTAAGACGTGAACACATCCGGACATCCGGTGTCACGCAAACCACCATTTGCCTAAAAACTTGTTTCTCATGGTACATTCGTGGAGTCCAAACTTC
AAACTATTTTTCTCAAAAGGTTGTTTGGTGCTACTATGAATGAATTAGCCCACCACCTCTCCTACTTGCAATAACAACCTGGATAACCTCTGCCCACCAG
ACACTACGAGAAGGGGGTGACGCATGCATGCAAACGGCCTAGGTAGCCTATCACAACAGGCTAAATACGAAATAAATGTCCCTGGAGACGTTGGGCTTGC
AAGTGGATTGGACCAAATTAAACTCTGTCTCCTAGGAGCCTATATAAGGGGCATGGCCTCACCATAGAAGAAAGACGAGAGTCTTACTTGCCCCCTCCAA
CGCAGGTAGAGAGAAAGAGAGAGTTTCGAGACCCAATGGCGAGCCAAGGCGTTGCCTCCATGTTCACTCTCGCATTGCTTCTCGGAGCCTTCGCGTCTAT

M A S QGV ASMEFTLALLLSGATFA AS SI

CCSACSAAgtgattccccttctccctttctctctcgccccaaatgattgcttacagagttttttttccatgcaagtcatgcatatagcttttttggaggt

acccctccttttctaaatataaggttttttagagatttcattaggagactacatacgaagcaaaatgatgaattataatttaaagtgtgtctatatacat
ccgtatgtactcttttagtttaaaaatacttatatttagtaatgaaaaaagtagaagataataaattctttgtttcgaaatataagaccttctatagatt
ccactaaaaactatatacggatcgacatatatagacactattagagtatgcgtgcgtttattttattttatatatagttcataataaaatctctaaaaaa
tcttaattttagaaacggagggagtaatacgtacactaatcttagattttattaagagaagcattatagctagataggtacgttaatcctaggcatacat
taatcaggggtacatcttgtaccggccacacctagatgatagtgcacgtgtaatcgacctcagtgtgaaaaagataacggcgcagaagtaggtattccge
agggaaatataaatcttaaaaataatgaaaatgacattttctagataaaacgttggaagaggtataaaaagataacggcgcaagaagtaggttttccacg
agggagtaatcaatgaaaacgatacttgtagatactttcaactgtttaactatagaaagttaatctagttaatctttcttttgaaacaggctttcgtcce
gttttacatataaaacaacaacaccaagttaaacaccagatcgatacaataaatccctaaataactggccaacataaccgcatgcggctacgttgctgaa
caacaaatcacaggatgacaatattacaacgccatgacaagagttaggacatctagccttgacaacaacgccctcaaaaggcaaacacaagcaccgecge
tgccgacctaggacaactagttgatcgttcaagcaaaagcataatataaaagtttgcaaatgaaatctggaaatgtttgatgagcatgccagttagccat
cttcttattaagtcagaaggttgaactaacgatctataaaggaaaacatagctaagcccagtgtcatgttaattacgtagaaagtttttcttcatccctg
catgcatggcttgcgcacaaacacacactaggcaggagtgtcgccgtagcactgttggcacgagcctagctagectactaccccggtactgccactgttece
attcttttaagtttaaagaaaatgattgcaccagctagtaactgactcatttgcagtcttgtgtagttatcataacttcaaagagcaccaacatatcctt
tctgaagattgtggactgtacttatgaatcttatctattcataaacagagaagattcatcgtgatgatccatatcccttacaagcgctgagtactaatgg
tcttgcttttaaaaagtttcatcaaatagttaatgatatacaacaccgtatatatttagaaaaaaatctaagacaattaatttgggacaaagaaagtact
attattcacttcgtttttcatatatacttgctcatcatactgtagctactttctatataacttaatactagacatttttttactaatgttccteggectt
tgaacacgtgaaaaataccatctaacaccaacttgtgactgtaaaaaacactattttagtcgggcatcaaccactagagtctagagggtgaaagagataa
aaaaatgttatgcaaacctgaagctccatccatgcacgcatccacgcatgcctataggattttagttaaacgtcctttaatttcggtgagatecctegee
aacagctcaagcctgccgetcgettgttgtgtgttcatgaatcgecgtcattatattttggcttagggcatctegetgaccctcaaagaattctgagttt
ttttagaaaattcagaatattcgatttttcatattttcaacacagatatacatgaaggcataaaacacacgtgtataaatttttaagacaaaatacatag
aaatgaggagtatgtgcgaaaaacataaatataaggctttttaacacatgatactattcatccttccagaccatgaagttgtttttttatacagatcgca
tttcaattttttttatcctgaaattttgcacacatacacataacattcttgttaatttacacaattgtttttagatatttttggaaccgaaaagtttgag
tttttttttctgttcaagaatttatccagttaaccagttaacttgccgattaatgcctactcgtagggeccattgagtagccgattaactgataatttgee
taattaatgaattaaatggacaattaacatgccgattagctcattaatctcctactaaccagccaaccgaaaagttaccagttaacgatttcctcaataa
ttttttgtaagaaaggcctccacggatacctagagccagccaaacctcagttcegtgtgtgtgtgggggaggggagtatggggtggctatgtggcagettt
ggtgtaaatgtccaaactggctatgtggcagctttggtgtaaatgtccaaactaccgcaaagcttcttttcgtttagttttgatttgcggaataacgaac
gtccggaccaaaccacgaacgaatgccggactgcattagacgcttgaaggagatttgagagtccactttaaaaatggccttaatgtttctttccatttct
tttttattccgtcacatgtcatcaegggasgastttcctatggcaatggaaggaacagtactgctactacct?gtgaattttttttaaaaaett catgt
ggatagtacaaggttcactaaccaaagctacatgcatggatgaaccttacgcgcatgcaggCG;GGéGTgGA G GG&GT%CT#CGSCA;GA? GE "

CAACCTGCCGGCGGCGAGCACCGTCGTGAGCATGTTCAAGTCCAACGGGATCAAATCGATGCGGCTGTACGCTCCCAACCAGGCGGCGCTGCAGGCCGTC
NLPAASTVV SHMHMFKSNGTII KT SMRLYA APN QAALG GGQAV
GGCGGCACGGGCATCAACGTCGTCGTCGGGGCTCCTAACGACGTCCTCTCCAACCTCGCCGCCAGCCCGGCAGCGGCCGCCTCGTGGGTCAAGAGCAACA
G GT G6I1I NVVVGAPNDVLSNLAASPAAAASWMKNVKSN
TCCAGGCGTACCCCAAGGTTTCCTTCCGGTACGTCTGCGTCGGAAACGAGGTCGCCGGCGGCGCCACCCGGAACCTCGTCCCGGCAATGAAGAACGTGCA
I Q AYP KV S FRYVCVGNEVAGGATRNLVPAMEKNENUVIH
TGGCGCGCTCGTCGCCGCTGGGCTGGGCCACATCAAGGTGACCACGTCGGTGTCGCAGGCCATCCTCGGCGTGTTCAGCCCGCCCTCCGCCGGGTCCTTC
GALVAAGLGHIKVTTSVSAQAILGVFSPPSAGSHTF
ACCGGGGAGGCGGCCGCGTTCATGGGCCCCGTGGTGCAGTTCCTTGCCCGCACCAACGCGCCGCTCATGGCCAACATTTACCCGTACCTGGCCTGGGCTT
T GEAAAFMGPY VQFLARTNAPLMANTIYPYTLAWUWA A
ACAACCCGAGCGCCATGGACATGGGCTACGCTCTCTTCAACGCGTCCGGCACCGTGGTCAGGGACGGCGCCTACGGGTACCAGAACCTGTTCGACACCAC
Y NP S A MDMGY ALFNASGTVVRDGAYG GY QNILTFDTT
CGTGGACGCCTTCTACACGGCCATGGGCAAGCACGGCGGCTCCAGCGTGAAGCTGGTGGYGTCGGAGAGCGGGTGGCCGTCGGGCGGCGGCACGGCGGCG
VDAFYTAMGIKU HGGSSVKLVVSESGWPSGGGTAA
ACTCCGGCCAACGCTAGGTTCTACAACCAGCACCTCATCAACCACGTCGGGCGCGGCACCCCACGCCACCCGGGCGCCATCGAGACCTACATCTTCGCCA
TPANARTFYN QHLTINUHVYVGRGTPRUHPGATIETYTIFA
TGTTCAACGAGAACCAGAAGGACAGCGGCGTGGAGCAGAACTGGGGACTCTTCTACCCCAACATGCAGCACGTCTACCCCATCAACTTCTGACGGAGCTC

M F NE NQ KD S GV EQNWGLTFYPNMOQHVYUZPTINTF
GTGCTCGTTAAGTCCCTACTTGTTCTTGTTAACGAGTAAAAAGTCATGTTACGCGAACTTGACGAGCTACTCGTTTGGAGAGCCTCTTAATTACCTCCTC
TTTCCACATGAGGGATGAGAACGTATGAGTT; CAGACCCCATTACTGTGAATTC

Figure 1. Nucleotide sequence of the gene encoding bariey (1—3,1—4)--glucanase isoenzyme I.
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25 of a 28-amino acid signal peptide. The position of the
intron in the signal peptide-coding sequence is conserved in
(1-3)- and (1—-3,1—4)-B-glucanase genes of other plants: a
(1-3)-B-glucanase gene from tobacco has a 669-bp intron at
almost the same position (3), and an intron in this region is
present in all rice 8-glucanase genes studied (4). Alignment of
the nucleotide sequences 5’ to the putative TATA boxes of
the (1-3,1—4)-B-glucanase genes from barley discloses two
highly homologous regions, separated by a 150-bp segment
present only in the promoter of the gene encoding isoenzyme
I (not shown). Because the two genes are transcribed in a
tissue-specific manner (2), the additional segment of 150 bp
may be involved in their differential expression. No significant
homology was found further upstream.

LITERATURE CITED

1. Litts JC, Simmons CR, Karrer EE, Huang N, Rodriguez RL
(1990) The isolation and characterization of a barley 1,3-1,4-
B-glucanase gene. Eur J Biochem 10: 831-838

2. Slakeski N, Baulcombe DC, Devos KM, Ahluwalia B, Doan

Plant Physiol. Vol. 96, 1991

DNP, Fincher GB (1990) Structure and tissue-specific regula-
tion of genes encoding barley (1—3,1—4)-8-glucan endohydro-
lases. Mol Gen Genet 224: 437-449
3. De Loose M, Alliotte T, Gheysen G, Genetello C, Gielen J,
Soetaert P, Van Montagu M, Inzé D (1988) Primary structure
of a hormonally regulated S-glucanase of Nicotiana plumba-
ginifolia. Gene 70: 13-23
. Simmons CR, Litts JC, Rodriguez RL (1990) Structure of a rice
beta-glucanase gene expressed in root tissue: partial character-
ization of the rice beta-glucanase gene family (Abstr 5). Plant
Physiol 93: S-2
5. Fincher GB, Lock PA, Morgan MM, Lingelbach K, Wettenhall
REH, Mercer JFB, Brandt A, Thomsen KK (1986) Primary
structure of the (1—3,1—4)-8-D-glucan 4-glucanohydrolase
from barley aleurone. Proc Natl Acad Sci USA 83: 2081-2085
6. Jackson EA, Ballance GM, Thomsen KK (1986) Construction of
a yeast vector directing the synthesis and release of barley (1—
3,1—>4)-B-glucanase. Carlsberg Res Commun 51: 445-458
. Olsen F-L, Skriver K, Rogers JC, Mundy J (1991) Cis-acting
DNA elements responsive to gibberellin and its antagonist
abscisic acid. Proc Natl Acad Sci USA in press
8. Ou-Lee T-M, Turgeon R, Wu R (1988) Interaction of a gibber-
ellin-induced factor with the upstream region of an a-amylase
gene in rice aleurone tissue. Proc Natl Acad Sci USA 85: 6366—
6369

»H

=



