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o-Amylase (EC 3.2.1.1) is an enzyme which cat-
alyzes an « (1-4) endoglycolytic cleavage of amy-
lose and amylopectin. During cereal seed germi-
nation, a number of hydrolytic enzymes including
a-amylases and proteases are produced to hydro-
lyze starch and proteins to provide energy and
building blocks for seedling growth. The «-
amylase has been of considerable interest to plant
biologists primarily because exogenously added
gibberellic acid (GA;) promotes the synthesis and
secretion of large amounts of the enzyme by aleu-
rone or scutellar tissue in several important cere-
als such as barley, wheat and rice [1,7].
a-Amylase in cereal seeds is known to consist of
several isozymes encoded by a multigene family
[4,5,6,7,8, 11]. Many of those x-amylase genes
have been cloned; their nucleotide and amino acid
sequence determined. In rice, DNA slot-blot hy-
bridization reveals at least five hybridization
groups containing a total of ten x-amylase genes
[4]. To date, two ¢cDNA and three genomic rice
a-amylase genes have been sequenced [4, 5, 11].

We have previously isolated three different o-
amylase clones, OSamy-a, OSamy-b, and OSamy-
¢, from a rice (Oryza sativa cv. IR26) genomic
library [12]. Here we report the nucleotide and
the deduced amino acid sequence of the OSamy-c
clone. The complete nucleotide sequence of the
clone is shown in Fig. 1. Sequence analysis re-
vealed the presence of three putative introns

shown in Fig. 1, which interrupt the coding region
in this clone, bounded by intron/exon splice junc-
tions consistent with the consensus sequence for
such junctions [2]. Sequence comparison was
done on a VAX computer using the GAP pro-
gram of the University of Wisconsin Genetics
Computer Group package (GCG) [3] in conjunc-
tion with PUBLISH to align the nucleotide and
amino acid sequences. The nucleotide sequence
of OSamy-c was compared to several of the «-
amylase genomic clones including RAmylA and
RAmyl B isolated and sequenced by Huang et al.
[4, 5] from a different rice cultivar, M202. Huang
etal. [5] reported a restriction map and part of
DNA sequence information of RAmylB includ-
ing 5’ flanking and part of the coding regions [5].
DNA sequence of OSamy-c is almost identical to
that of RAmylB in corresponding regions. The
sequences of OSamy-c and RAmylA show 83%,
DNA sequence identity in the regions of the first
three exons and introns, but only 68 % identity in
the fourth exon and no homology in 3’ untrans-
lated regions. These results suggest that the two
genes are different, but belong to the same «-
amylase gene subfamily in rice. OSamy-c also
shows 909 DNA sequence identity to RAmylA
in the 5’ upstream region up to —270 from the
transcription start site whereas it does not have
sequence identity with that of the OSamy-a and
OSamy-b clones [12] in the same region except

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

the accession number X52240.
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GTCGACAAGTTACACCATGATGARAGAAATCCATGTCCGTACCACAACTCGCAACATGTA

CTCCATACGTCCCATATTAAAAGATAT TTTAGGTGAATATGACACATTCTATTACTACAG

ACAGTTAAATATATGTGAACAATGTTATACATGTTTCTTTTTAAATGCTT TGTCATGCCT
AATAAGAGTGCTTGTATTATCTTTATAGTGTTTTAAGCCTTTCAATATAAARARAAGGCC
TTTCAACATATAGATAGACTTTTACAGACTTTGTCAAAATTTGTATGCATCTAAGATCTC
TTATAACATGGAGAGGGAGTAATTTACAAGGTCGCTCTTCAGCAAAAAAATTCATGTTCA
GCTCGCAGAAGCACAAGCAAGAARGATGGAATTCCTACTGACTTGTGCCTTTTGAGTGCT
CCATCTCTCAAGGCCATTAAATTGCCTATGGGCTCACCGGCCAATAACAAACTCCTACTG
ACCAGTGTTATCCATCCAATCCAGTGTCCCAARGCAACATTCARGCCCAGCCAGGCCTICC
AAAAGTTGCAAGTTGAGCATGGCAAAATCCCCGGCAATTCTCGACTATARATACCTCAGC
AGACACACACCCAGCTTéiTCAATCCACCCACCTCCGAAGTGTATCTGCAGCAGTGTCAG

CCGATCGAACACAATGGTGGCGAACARACACTTCTTGTCCCTTTCCGTGCTCATCGTCCT
M VAN KHPFUL S L S VL I VL

CCTCGGCCTCTCCTCCARCTTGGCAGCCGGGCARGTCCTGTTTCAGgt aagagat cgaca
L G LS SNULAAGT QU VTELTF Q

tgagttgggttyggctgeatcgaactgategtgtttttgtactactgagectgagagaaty

atgctcttgttgtttgatgatgatgecagGGTTTCAACTGGCAGTCGTGGAAGGAGAATGG
G F NWE S WIKE N G

CGGGTGGTACAACCTGCTTATGGGCAAGCTAGGTGGACGACATCGCGGCCGGCATCACCC
G W YNULILMGI KULG G RUHRGT RHHP

ACGTCTGGCTCCCTCGCGTCCCACTCTGTCGGCGAGCAAGGE cggtgetatetcgatcee
R LAPSURPTTULSAS K

tcecttegtegeaccattgecggcaaaatacatgeataggtegttgaattgettgaatget

gatctgcagGCTACATCGGGGCGGCTGTACGATCTGACGCGTCCAATCATCGAGGCGTTC
A TS G RULYDULTIRU®PTITIZEA ATF

CATGGCAAGGGCGTCCAGCGTGATCGCCGACAAGTCGTCATCAAGGCACACGGCGAGCAC
H G K GV Q RDRIRIQUV VI KA AHGTEH

AAGGACGGCCGGGCATCTCTGCGACTCCCGCCTCGACTGGGGCCCGCACATGATCTGCCG
K D GRASLURULZPUZPRTILGZPAUHTDTLTP

CGACGACCCCTACGGCGACGGCACCGGAARACCCGACACCGCGGCACATCGACCACCTCAA
R RPLRRRHRIEKUPDTA AAUHT RZPP Q

CAAGCGCGTCCACGGAGCTCATCGGCTGGC TCGACTGGCTCAAGATGGACATCGGCTTCG
Q ARPRS S SAGS TGS RWT S A S

ACGCGTGGCCTCGACTTCGCCAAGGCTACTCCGCCGACATGCAAAGATCTACATCGATGC
T R G L D F A KA ATUPUPTTCI KU DTILUHRC

CACCGAGCCGAGCTTCGCCGTGGCCGAGATATGGACGTCGATGGCGAACGCGGGGACGGC
HRAETLURIRGRDMTDUVDGETRGT DG

AAGCGCAACTACGACCAGAACGCGCACCGGCAGGAGCTGGTCAACTGGGTCAATCGTGTC
K RN YD QDN AUHIRUGOQET LV VNWUVNRV

GGCGGCCAACAGCAATGCCACGGCGTTCGACTTCACCACCAAGGGCATCCTCAACGTGCC
G G 0 Q Q CH GV RILHHEOQGHUPOQT R A

GTGGAGGGCGATCGAGCTGTGGC TCCGCGGCGAGGACGCARGGCGCCCGGCATGATCGGG
V EGDU R AV A PRRGIR RIEKAPGMTIG

TGGTGGCCGGCCAAGGCGGACCT TCGTCGACAACCACGACACCGGCTCGACGCAGCACCT
W WP A KA ADULIRIRGQPRHRTLUDAA AP

GTGGCCGTTTCCCTCCGACAAGGATATGCCTACATCCTCACCCACCCCGGCAACCCATGC
VAV S L RQGY AY I LTHU PG GNU®PC
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ATCgtgagtagccaactcgattagaaattctgaatcatectgectgecaaactgategatga

I

actgaagataaattctgcaaaactctttcagTTCTACGACCATTTCTTCGACTGGGGTCT
F Y P HF F D WG L

CAAGGATGAGATCGAGTGCCTCGTGTCAATCAGAARCCGGCAGGGGATCCACCCGGLCGCA
K D ETIETCTU LUV S IURNIRUOQGTIHUPADQ

GGGGCCTGGTTGC TGGC TCTTGCGAGTTGAAAAGGGCAGATGCTCGCAGAGATGGAAGCC
G P GCWULILRVEI KU GRTCSOQURWEZKP

ACGAGAGGGAAATTTACGAATGTGCCCATGCGCCGGCGTATTTAGGGCAGCTTGTTTACT
R EGUNULRMCUPCAGVF RARATZCTLL

CTAGTAAAAGAARAGTATCACCGATCACGACATATCGTTTAGAARGTGTGTGAGTTAGGC
ATGGGCGAACCACATCCTTTACGACGAGGCCTCTCGATCTAGGTCTCTCGATCTGCTAGA
CGAGAGATCAACCAACAAARGCTACTATACATGATATACACCGTGGCATGATACAAATCC
TTACAAATAGCAACAATTATTGTTCAATAGCCATATCAGTTGTCTAGGCTTACCAATATA
CTCCCTCTGTTCTTATATATCGTTTGATTTTTTTTCTTAGTTTAAAGTTATTTGACTAAC
TTATAGAAAAAATAGCAATATTTATGACCGAAATTAGTTTTATTCAATTTAAAGTTGAAT
ATATTTTGATAAGATGTTTGCTTTGTATTGAAAATATTACTACATTTTACTATARACTTG
GTCAAATTTAAGAAGTTTTAACTAAGAAAAAAGTCAAACGACTTATAAAACTAAAACGGA
GGGACTGTCCTAAAAGGTGGAATTTCATATTGCTAGTATGAGATCAATGCTAGTAACTCT

TTGCCATAATGAGCTTTGTCTAGGCTATAAAAAATATATGGATCC
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Fig. 1. Nucleotide sequence and predicted amino acid sequence of OSamy-c. The translation initiation codon ATG, the putative
TATAAATA box, the termination codon TAG, and the polyadenylation signal AATATA are underlined. Introns are shown in
lower case. The nucleotide sequence is numbered from the putative transcription start at position + 1 which was chosen by
comparing with other known rice a-amylases genes [4, 11]. The single-letter amino acid code is used. The amino acid sequence

is positioned under the first nucleotide of each codon.

for the pyrimidine box which is conserved in the
upstream sequence of GA-inducible genes [4, 12].
During rice seed germination the accumulation of
the mRNA corresponding to this high-pI subfam-
ily was stimulated by exogenous GA, (Kim, Cao,
and Wu, manuscript in preparation).

The amino acid sequence of the OSamy-c gene
product was derived from DNA sequence data.
The largest open reading frame generated after
intron-splicing of the OSamy-c clone can code for
an a-amylase containing 383 amino acids (mo-
lecular mass 45 kDa), while RAmyIA can code
for a protein with 428 amino acids. Aligning the
predicted protein sequence of OSamy-c with that
of RAmylA using the GAP program, indicates
that there is only 63 9 identity and 829, similarity
between the amino acid sequences. These differ-
ences are scattered over the length of the protein

except for the first 51 amino acids where two
genes are highly conserved with regard to both
nucleotide and peptide sequence. Thus, the two
genes are less conserved at the level of peptide
sequence than that of nucleotide sequence.

It is interesting to note that the a-amylase en-
coded by the OSamy-c clone appears to be a
basic protein. It has many more positively charged
amino acids than negatively charged ones (52 Arg,
16 Lys; 12 Glu, 18 Asp), resulting in a very high
calculated pl value (pI 11.7). Even if the tentative
signal peptide (first 31 amino acids) is removed,
the pI value still remains to be very high (pI 11.5).
This was calculated by using the ISOELECTRIC
program of GCG and it was assumed that there
was no post-translational modification such as
phosphorylation of the protein. Deduced protein
sequences for several cereal a-amylase isoen-
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zymes are available [11]. No a-amylase isozyme,
however, has been reported to have such a high
calculated pl value. Two deduced polypeptides
from pOS103 and pOS137 have predicted iso-
electric points of approximately 6.0 [11]. It has
also been demonstrated by isoelectric focusing
that germinating rice seed produces three o-
amylase isozymes whose pl values seem to be
lower than 6.0 [9]. Therefore, the exceptionally
high calculated pI value of OSamy-c gene prod-
uct is very unusual although we do not rule out
of the possibility that in vivo pl value is different
due to posttranslational modification.
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