8222 J. Agric. Food Chem. 2006, 54, 82228228 JOURMNAL O

AGRICULTURAL AND
FOOD CHEMISTRY

Molecular Cloning and Characterization of an  a-Amylase
Occuring in the Pulp of Ripening Bananas and Its Expression
in Pichia pastoris

ADAIR VIEIRA JUNIOR, JOAO ROBERTO OLIVEIRA DO NASCIMENTO, AND
FRANCO MARIA LAJOLO*
Laboratorio de Quimica, Bioguimica e Biologia Molecular de Alimentos, Departamento de Alimentos

e Nutricdo Experimental, FCF, Universidade de S&o Paulo, Avenida Lineu Prestes 580, bloco 14,
CEP 05508-000, Sao Paulo, SP, Brazil

o-Amylases (EC 3.2.1.1) are glycosyl hydrolases with endoglycolytic activity on the o-1,4-p-glucosidic
linkages in starch. In bananas, the mobilization of starch accounts for sugar accumulation during
ripening, and among several hydrolytic enzymes, a-amylase is the only enzyme argued to be able
to attack the intact granules, indicating a pivotal role for this enzyme. A 1953 bp full-length banana
a-amylase cDNA (MAmy), encoded for a sequence of 416 amino acids, was cloned and used for
heterologous expression in Pichia pastoris. The cloned MAmy presented the highly conserved motifs
common to a-amylases, and the amylolytic activity of the extracts from yeast transformed with MAmy
demonstrated that it encodes for a functional a-amylase, suggesting a putative role for this gene in
starch degradation during fruit ripening.
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INTRODUCTION In addition to cereal seeds and leaves, fruits are plant organs
The primary function ofa-amylase (EC 3.2.1.1; 1d-o- that can have a significant amount of starch. In climacteric fruits,

glucan glucanohydrolase) is the breakdown of starch in storagethe mobilization of stgrch can .account for most of the soluble
organs in plants. The endoglycolytic activity on the internal Sugars accumulated in the edible pulp, and the whole process
a-1,4-glucosidic linkages in raw and soluble starch produces Usually takes place in a couple of dag. BananasNiusaspp.)
dextrin and oligosaccharides, which are subject to further actionare a globally important fruit crop, and the starch amount
of exoglucosidases (2). a-Amylases are members of glycoside accumulated during development can be as high as 25% of the
hydrolase family 13 (GH-H), a classification based on the amino fresh weight, depending on the genomic group and the cultivar.
acid sequence similarityd), and their structural and evolutionary ~ These climacteric fruits can take only a few days to reach full
relationship to the other glycosyl hydrolyze families has been maturity, while the stored starch is decreased to trace amounts,
widely reviewed (14). suggesting a high capability for starch mobilizati@-(L0).

The chemical and biochemical changes associated with the On the basis of th . fth h les. it i
starch metabolism are highly coordinated, being related to the . n the basis of the composmopp t e starch granules, It. IS
expression and suppression of specific genes. There are twdikely that the post-harvest mob_lllzatlon of stored starch is
current models for starch metabolism, one based on its degradadePendent on the concerted action of several enzyies (
tion during cereal seed germination and the other based on thel3)- Howevera-amylase is the only enzyme that is argued to
mobilization of the transitory starch stored in leaves during the be able to attack the intact granules (14), indicating a pivotal
night. These models have been extensively studied in the lastrole for this enzyme in the process of starch mobilization during
few years, both in relation to the nature of the biochemical banana ripening.
regulation and at the gene expression levgl ). At the

. To obtain more information on the functionality of the
moment, the only clear model concerns the cereal seed germina- . .
. . - . a-amylase from a starch degradation model different from the
tion requiring the induced de novo synthesis cchmylase,

which is secreted by the aleurone cells into the starch endospermcereal seed and chloroplast, this paper reports the cloning and

since the elucidation of the starch degrading pathway in leaves!S°ation of a banana-amylase cDNA from a banana pulp
and the real contribution ofi-amylase has been reappraised cDNA library. Along with the analysis of its genomic sequence,

). the clone was heterologously expressed in the methylotrophic
yeastPichia pastoris a widely used eukaryotic model that drives
* Corresponding author. Phonet55 +11 3091 3007; fax:+55 +11 the expression of recombinant protein by #eX promoters
3815 4410; e-mail: address: fmlajolo@usp.br. (15).
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MATERIALS AND METHODS For the cloning in the expression vector, bananramylase cDNA
was amplified directly from the pulp cDNA using Platinufaq DNA
Plant Materials. Preclimacteric bananadl(saspp., AAA, cultivar Polymerase HiFi (Invitrogen) and the upstream@GRAGAGATTC-
nanicdo) were obtained at the local market, rinsed with sodium GAAACGATGTTTCTGCTTCTGTTTCT-3') and downstream '{5
hypochlorite solution, treated with 1000 ppm ethylene for 24 h, and CTCTCTCTCTAGAAATTATCTCTTCTCCCACACGC-3) mutagen-
kept at a controlled temperature and humidity until ripening was ic primers to introduce &ful (upstream) andXba | (downstream)
achieved. Fruit at the ripe stage, indicated by the peel color index 6, restriction sites for directional cloning of the ORF fragment. The
were used for total RNA extraction. For genomic DNA preparation, amplified PCR product was isolated from a 1% agarose gel, double
young leaves were collected, frozen in liquid nitrogen, and stored at digested withSfu | and Xba I, and ligated into a pPICZB vector
—80°C. previously digested with the same enzymes. The resulting plasmid
Extraction of Genomic DNA and Synthesis of Complementary construct, pPICZB::MAmy, was transformed int&scherichia coli
DNA. Genomic DNA was extracted from young leaves as described TOP10F cells and propagated using standard techniques. Correct
in Ausubel et al. 16) and Clark (17) with the addition of PVP-40 1%  plasmid construction was verified by automated DNA sequencing.
and 2-ME 1% to the extraction buffers. For the synthesis of cDNA  The chemically competenP. pastoris (Pichia EasyComp Kit,
used in the cloning ofi-amylase for heterologous expressionHn Invitrogen) was transformed using @g of the pPICZB::MAmy
pastoris,total RNA from banana ripe pulp was isolated according to construction linearized witRmel. Positive transformants were selected
Nascimento et al. (11), and /&g was reverse transcribed using the by incubation at 30C for 4 days on YPDS agar plates containing 100

SuperScript Il reverse transcriptase (Invitrogen) and oligagd®prime ug/mL Zeocin, and the clones were tested for the integration of the
the first strand cDNA. expression construction and vector by PCR amplification using'the 5
cDNA Library Construction and Screening. Poly(A)+ RNA AOX1and 3'AOX1primers (Invitrogen). Selecteld. pastorisclones

isolated from total RNA using a Poly(A) quick mRNA isolation kit ~ Wwere inoculated into 30 mL of BMGY medium, and after incubation
(Stratagene) was used to construct a cDNA library in the lambda zAP at 30°C for 36 h (OQo = 3), they were divided in two 15 mL aliquots,
vector packaged in Gigapack Ill Gold packaging extract (Stratagene) and both were harvested by centrifugation at 20fa® 5 min at room
according to the manufacturer’s instructions. To obtain a full-length temperature, resuspended in 45 mL of either BMGY or BMMY, and
a-amylase clone, degenerated sense-GECGACATYGTSATYAAC- incubated at 30C for 4 days; BMMY was supplemented with 0.5%
CA-3) and reverse-1 (5-GCCGAGTAGCCCYTDGCRAAGTC-3) Mmethanol every 24 h to maintain induction. After growth, each
primers, which were designed based on the conserved calcium bindingeXpression culture was subjected to centrifugation at 36040 min

site and the active site of plant-amylases deposited on GenBank, at 4°C, the cell pellets were resuspended in 4 mL of breaking buffer
were used in PCR screening of a ripe banana pulp cDNA library on a (20 MM Hepes-NaOH, pH 7.0, 10 mM cysteine, 1 mM CadlmM

lambda vector as described by Nascimento et).(A pBK-CMV benza_miding, and 5% egcero_I), and cell lysates were obtained by
phagemid carrying the cloned full-lengthamylase was obtained by ~ Vortexing with 500 mg of acid-washed glass beads followed by
in vivo excision of a single clone from the lambda vector. centrifugation at 800§ for 20 min at 4°C. Recovered culture media

were subjected to new centrifugation at 10 @d6r 15 min at 4°C
followed by ammonium sulfate precipitation{30, 30—70, and 70—

TCTCTTCTCCCACACGCAGTAGTCATT-3 on the ORF of banana éooo?_ saturation .ftfc“t"”l)' Eaclh pg'lft l""asdresu.Spf’t‘ﬁed in 2bm;_f of
o-amylase cDNA was used to PCR amplify the genomic sequence of reaking butter without glycerot and dialyzed against the same bufler.

the banana-amylase gene. Enzyme Functional Activity Assay.Starch-hydrolyzing activity on
native discontinuous PAGE was conduced according to Zeeman et al.
(23). Proteins separated on 10% polyacrylamide resolving gels at a
constant voltage of 100 V per gel and at a low temperatureCy@
were electroblotted (30 V for 45 min) onto gels containing 0.2% soluble
starch potato in a cold room. The incubation for development of the
Samylolitic activity was done at 37C, and starch-hydrolyzing activities
were revealed by iodine staining. For substrate SDS-PAGH), (
samples were separated on a discontinuous SDS-PAGE containing 0.2%
of copolymerized starch in the 10% polyacrylamide resolving gel. Runs
were carried out at 100 V and°€, and the activity staining on substrate
SDS-PAGE was as described for the native PAGE.

To obtain the intron sequences, a specific pair of primers upstream
(5-ATGTTTCTGCTTCTGTTTCTTGTCATT-3 and downstream (5

DNA Sequencing and Analysis of the Sequencd3NA sequencing
of PCR products and DNA clones was determined in both orientations
using the automated DNA sequencer ALF Expressll with a Thermo
Sequenase Cy5 Dye Terminator kit (Amersham Biosciences) with
universal and custom-synthesized primers. Sequence analysis wa
performed using a ClustalX9) GCG Package available at the Brazilian
Bioresources Research Center (BBRC-Embrapa) and facilities of NCBI
(20) and EXPASY (21) servers. The phylogenetic tree was calculated
from the alignment of the plant-amylases protein sequences by the
neighbor-joining method with 1000 bootstrap replicates with the
ClustalX program, and the phylogram was drawn with TreeVi22) (

Southern Blot Analysis. For genomic Southern analysis, 4@ of
banana genomic DNA was digested with restriction enzyntésd
IIl, Pstl, or Sacl) and separated on 0.8% agarose dél)( and after

depurination and transference to the Hybordhylon membrane . .
(Amersham Biosciences), the samples were permanently fixed by UV allowed the isolation of a full-length bananaamylase cDNA,

treatment. For probing, the ORF fragment of banaremylase cDNA which was nametAmy(GenBank accession no. AF533648?'
was amplified by PCR, purified from agarose gel, and labeled using a "€ 1953 bp full-length cDNA clone presented an open reading
random-primed MegaPrime labeling kit (Amersham Biosciences) with frame of 1248 bp (Figure 1), encoding for a sequence of 416
[03%P]-dCTP. The membranes were prehybridized in 20 mL of standard amino acids, and 559 bp of nontranslated sequence at'the 5
hybridization buffer (5x SSPE, 5x Denhardt’s solution, 0.5% SDS  end and 143 bp of non-translated sequence at tea@d' The
(wiv), 20 ug/mL salmon sperm DNA) at 65C for 1 h, and typical polyadenylation signal AATAAA was not found,
hybridiza_tion was performed at & overnight. The membranes were  although a modified polyadenylation signal AAATAT had been
washed in 2> SSPE, 0.1% SDS at room temperature for 15 min, |ocated at position 18841889, and a putative pyrimidine box

followed by a medium-stringency wash usingx1 SSPE and 0.1% YCTTTTY was ;

. . ) present at 5763 in the complementary
SDS at 65°C for 15 min. Finally, a high stringency wash was performed G - . : .
; . inverted orientation) of the Sioncoding region.
in 0.1 x SSPE and 0.1% SDS at 66 for 10 min, and the membranes . . . .
were exposed to radiographic films for visualization of the bands. Figure 1 summarizes the results on the analysis of the protein

Expression of Recombinant Protein inP. pastoris.The heterolo- encpded b)MAmy. .The protein deduced froMIAmyQRF was
gous expression of the banaa@mylase in the methylotrophic yeast subject to a prediction of subcellular localization using a TargetP
P. pastorishost strain GS115h{s4), as well as strains and media 1.1 Server 25), and the result suggested a secretory pathway.
manipulation, was done according to the instructions of EasySelect The sequence presented a putative signal peptide predicted by
Pichia expression kit (Invitrogen). SignalP 3.0 (26) with the most likely cleavage site positioned

RESULTS
The PCR-based strategy for the cDNA library screening
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1 tccgacgccgecggectacgatgectecegttgecgecatectetegegacatecgecaggaaaaagagggccaacaggteccgaaaatt
85 gaagcagtgcaagctcgatgcaaggcgcecgagcagtggectcecteccaagtgaggaacaaggattgecatggtgacgageaggggage
169 gcctgecgectettcteccectecatgttgetetttctaagaagttggatecgecacatcgaaggaggaggaggaggagaagecateg
253 ggttgaggtggagccggatgggttgagttcecceccacgaaagtgatgaaggttcecceccecgactcactgecagecacatgaatggatgtge
337 taacaatagcatcagcagcgaaagcagcetteggatectcettecagaagetttageagtgecgaagtggaggaagatatttgega
421 ggagagagggaaatatagcgagatccggcgacgacacggacggccaccagcecgtecggagaagagaaccgagetagaagttgagge
505 tgcggcggcggagtctttecttggggatctgaaagtgaaatcacttggtectteg ATGTTTCTGCTTCTGTTTCTTGTCATT
M F L L L F L WV I

587 CTGAACTTGGCTCAGTCCCAGATACTCTTCCAGGECT TCAACTGGGAGT CGTGGAGGCAGCAAGGCGGCTGGTATAACTTCTTG
L N L A 0 S0 I L F ¢ G F N W E &8 W R Q 0 G G W Y N F L
Ap1

671 AAAGACAAAGTCTCIGATATAGCCAACGCTGGAGTCACCCACGTCTGGCTACCTCCGCCCTCGCACTCTGTCGGCGTTCA
K D K v s DI ANAGVYTHVWL P P P S H S V GV Q G
* EB2 *
755 TACATGCCGGGGCGGCTCTACGACTTGGGTGCTTCCAAGTATGGGAATCAGGATGAGT TGAAGGCGCTGATCGGCGCTTTCCAC
Yy M p ¢ R L ¥Y¥DILGHA AJSS K Y G N QD ELKATLTI G A F H

839 GACAAGGGAGTCAAATGCGTGGCCGACATCGTCATCAACCATCGTTCGCCCAGACAAGCARAGACGGGAGAGGCATATGGTGCATC
D K ¢ v X ¢ v A DI Vv I N H R CA DK Q D G R G I W C I
AB3 * + *

923 TTTGAAGGCGGAACCGATGATGCCCGCCTCGACTGGGCTCCACACATGATCTGTAGGGATGACACACAGTACTCCGACGGCACT

F E G G T D D A R L DWG P HM I CURDUDT QY 5 D G T
*

1007 GGCAACCTCGACACCGGCGAGGGCTTCGCGGCGGCTCCCGACAT CGACCACCTCAACACGCAGGTCCAGCATGAGCTCACGGAC
G N~ L b T GG E G F A~ A A P DI DHULWNT ©Q V Q H E L T D
+

1091 TGGTTGAACTGGCTTAAGACTGACATCGGCTTCGACGGGTGGAGGCTCCGACTTTGCCAAGGGTTACTCCTCAAGCATCGCCAAG
W L N W L X T D I G F D G W R L ﬁ F A K G Y 5 5 5 I A K

Apd * * 4+

1175 ATCTACGTCGAACAGACGCAGCCAAACTTCGTGGTGGCTGAGATCTGGAGTTCATTAGCT TACAGARACGATGGGAAGCCAACA

I ¥y v B @ T Q P N F V WV A E I w s s L A Y R N D G K P T
AR5 *

1259 TACGATCAGAACGGCAACCGCCAGGGGCTGGTTAATTGGGTTCAGCAGGT CGGAGGCCCAGTGACGGCCTTCGATTTCACCACA

Yy D ¢ N &G N R QO G L V N W VvV Q O VvV G G P Vv T A F D F T T
Af6
1343 AAGGGAATACTACAAGCTGCCGTGGAAGGTGAACTGTGGAGGATGCGTGAT CCCCAGGGGAAGGCGCCCGECATGATGGGEGTGE

kK 66 I L. ¢ A A V E G E L W R M R D P @ G K A P G M M G W
#

1427 TGGCCAGAGRAAGGCTGTCACCTTCGTCGACAACCACGATACCGGTTCAACGCAAAAGTTGTGGCCTTTTCCTTCTGATAAGGTC
Ww P E K A V T F ¥V D N H E T ¢ 8§ T ¢ K L W P F P 5 D K V¥
# APT *

1511 ATGCAAGGCTATGCTTATATACTCACGCATCCGGGAGTCCCTTCCATCTTICTACGACCACATGTTCGACTGGGGAT TGAAGGAG
M o ¢ Y A Y I L T H P G ¥V P 5 I F Y D H M F D W G L K E
* A8
1595 AAGATAARCTCGGTTGGUTAARACCAGARCACGARATAGAATTCATTCGGGTAGCTCTCTCAACATTCTGGCCTCTGATGCTGAC
K 1 T R L A X T R T R N R I H 5 & S 5 L N I L A S D A D

1679 CTCTACATGGCAATGATCGATGGGAAGATATTGACAAAGCTAGGCTCGAGATACGACGTGGGGAATCTCGTTCCTTCCAACTTC
L vy »m A M I D GGG K I L T K L G 5 R Y DV G N L V P 5 N F

1763 CACGTCGTTGCCTCTGGCAATGACTACTGCGTGTGGGAGAAGAGATAA agacgatgatgatgaatcatggaagagacttttcg
H v Vv A 5 G N D Y € V W E K R 4

1846 cttctctttcgttaacgtttctcatgtgttgtaagaaaaaatatcgtattcccacatgtacatttattcgtectgettgagaaa

1930 agttatagaaatgctattttatat

Figure 1. Nucleotide and deduced amino acid sequence of MAmy (GenBank accession no. AF533648). The open reading frame is shown in uppercase
letters, while the noncoding regions are in lowercase. The predicted protein encoded is given by the one-letter code below the first nucleotide of each
codon. The STOP codon is indicated by the black triangle, and the arrow points to the probable signal peptide cleavage site. The solid lines underlining
the amino acid sequence denote the regions of the S-strand members from the (a/f)s barrel. Signature regions and other common features to the
o-amylases, such as the catalytic residues (boxed in black), amino acids related to calcium binding site (+), amino acids involved in the active site and
binding of substrate (*), and the tryptophan residues from the noncatalytic raw starch binding site (#) are indicated. The seven nucleotides of the putative
pyrimidine box placed in an inverted orientation at the 5" noncoding region are in bold. The modified polyadenylation signal is indicated by a dotted line
under the nucleotide sequence at the 3' noncoding region. Nucleotides flanking the splicing junctions are boxed.
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Figure 2. Unrooted phylogram showing relationships between MAmy and other plant a-amylases. The phylogenetic tree was calculated using Neighbor
Joining method with a total of 1000 bootstrap replicates based on the alignment of deduced amino acids sequences, and bootstrap values are indicated
below the branches. The branch lengths are proportional to divergence, with the scale bar meaning 0.1 residue substitutions per site. Sequences used
are from barley (Hordeum vulgare): B-Amy141 (M17125), B-Amy46 (J04202), B-Amy6-4 (K02637), B-Amy56 (X15227), B-CloneE (M17128), B-Amy155
(M17127), and B-Amy32b (X05166); -ice (Oryza sativa): R-AmylA (X16509), R-Amy2A (M74177), R-Amy3B (X56337), R-Amy3C (X56338), R-Amy3D
(M59351), and R-Amy3E (M59352); wheat (Triticum aestivum). W-Amy333 (M16991); maize (Zea mays). Z-Mzea (L25805); apple (Malus x domestica):
A-Amy8 (AF153828) and A-Amy2 (AY939870); potato (Solanum tuberosum): P-Amy23 (M79328); bean (Vigna mungo). V-amyVml (X73301); and
banana (Musa spp.): MAmy (AF533648).

between Serl5 and GIn16. The mature polypeptide would havepPICZB vector and used to transform the yeast. The amylolytic
a predicted molecular mass of 45.1 kDa and a pl of 5.84. activity of the extracts from the cultured yeast was checked by
According to the alignment of the amino acids deduced from iodine staining of native PAGH-{gure 4A) and substrate SDS-
the planta-amylase DNA sequences deposited on GenBank, PAGE (Figure 4B) with copolymerized starch. As can be
bananac-amylase would present the secondary structure ele- observed irFigure 4A, a fast migrating band was seen only in
ments and conserved parts of the/{)g-barrel, as well as the  the 36-70% ammonium sulfate fraction of the supernatant from
three proposed residues involved with catalysis (Aspl79, the GS1156PICZB:MAmyyeast cultured with methanol induc-
Glu204, and Asp287) and two of a raw starch binding sites tion on BMMY but not in extracts fron®. pastoristransformed
(Trp274-Trp275) and the others related to calcium and substrate with the expression plasmid only (pPICZB without insert). The
binding (27). Prediction of tertiary structure based on the occurrence of the amylolytic activity in the culture media,
SWISS-MODEL @1) allowed the identification of the part of  although the vector did not include thefactor responsible for
the (a/B)-barrel, called domain A, and the two other domains, extracellular expression, suggested that recombimarhylase

B and C, present in the-amylase family (1). was secreted by the yeast cells. Since the cDNA used for protein
A phylogenetic tree was calculated from the alignment of expression included a putative signal sequence, it is likely that
the planta-amylases, and the resulting phylograRigire 2) the signal sequence of recombinaMtAmy (rMAmy) was

indicated the divergence of three main classes, two (AamgA  correctly processed by the yeast, driving the protein to the
AmyB) of monocot (grasses and banana), joining three sub-secretory pathway. Minor amylolitic activity in the cell lysate
families (Amy1Amy2, andAmy3) of cereabi-amylases (28), (Figure 4A, line 1) was also observed, probably caused by the
and another onedmyQ of dicot (bean, potato, and apple) plants. absence of the correct modification or incomplete post-transla-
As can be seen in the tree, the deduced banaamylase was  tion processing ofMAmy.
included in theAmyBclass, surrounding thamy3subfamily. According to the substrate SDS-PAGE gel showirigure
On the basis of the comparison bfAmy cDNA and the 4B, only a 46 kD band appearing in the-300% fraction of
genomic clone (GenBank accession no. AY171068Yyre the supernatant from the GS1ABICZB::MAmyculture supple-
3A), the MAmygene has four exons and three introns. Southern mented with methanol presented the amylolytic activity. This
analysis of banana genomic DNA using thikAmy ORF as a protein size is in agreement with the value predicted by the
probe revealed a great number of hybridization baifigufe bananaa-amylase cDNA sequence and indicated that the
3B). Besides the two stronger bands at 2.0 and 2.3 kbiiiod recombinant enzyme is SDS-resistant, a property of only a few
Il and at 3.0 and 3.5 kb foBacl and the band at 2.5 kb for ~ amylases (24).
Pst| digestion, several hybridized bands could be seen in the
film, indicating the occurrence of othem-amylase-related ~ DISCUSSION
sequences. The dramatic decrease in the starch amount during ripening
The identity ofMAmyas a banana-amylase coding gene indicates that the occurrence of high levels of hydrolytic activity
was confirmed by its expression kh pastoris. To produce the  in the pulp of bananas andamylase is supposed to be one of
recombinant enzyme, thBIAmy ORF was full cloned into the main enzymes accounting for starch mobilization. Since the
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Figure 3. (A) Schematic representation of the MAmy gene, mRNA, and translated protein. The sites of the restriction enzymes that cut inside the clones
are indicated. Exons are represented as black boxes in mRNA and protein; introns are denoted as solid lines. (B) Southern blot analysis of banana DNA.
Ten micrograms of genomic DNA was digested with Hind Ill (H), Pst | (P), or Sac | (S), separated on 0.8% agarose gel, blotted, and hybridized with the
32p-labeled MAmy ORF probe. Molecular weights are indicated on the left.

bananaa-amylase clone was isolated from a cDNA library MAmy was in agreement to the-amylase DNA sequence
obtained from fruit induced to ripe by exogenous ethylene, itis polymorphisms proposed by Huang et &B) in relation to the
likely that this clone represents a functionelamylase gene  so-calledo-amylase signature regions.
that could play a role in starch mobilization during banana  On the basis of the barleg-amylase model, the banana
ripening. The clone®Amy, its genomic clone, and the deduced o-amylase protein would have putative calcium and substrate
protein presented most of the highly conserwe@dmylases binding sites, as well as similar spatial localizations for the active
motifs, which are related to the function and regulation of centre. A similar comparison using the sequence-aimylase
o-amylase genes and specificity of the enzymes from this family from apple fruit 29) revealed significant differences from the
(27). barleya-amylase, which could be explained by the evolutionary
The Southern analysis indicated the occurrence of severaldistance between the dicot apple enzyme and the monocot barley
genomic sequences related to tikamylase gene along with  model. Thus, since the protein modeling revealed a good
the main reacting bands. Since it was demonstrated thatagreement to the structure @famylases from barley, one could
o-amylases from rice, wheat, and barley are members of expect a similar behavior for the banana enzyme. However, the
multigenic families (28), it is not possible to exclude the occurrence of a well-conserved sequence upstream of the coding
existence of othea-amylase genes in bananas. If these other region of the gene from banana, designated the pyrimidine box,
hybridizing bands correspond to functiomeamylase genes or  could indicate that, although catalyzing a similar reaction, the
pseudogenes, or even to sequences expressed in the pulp fruéxpression of the enzyme from fruit would be regulated in a
or vegetative parts of the plant, it remains to be established. different way. The pyrimidine box can be found in either
Similar to other monocot-amylases, the banareamylase orientation in gibberellin-inducible genes such as several cereal
gene has the splicing sites of two introns located insig@ A  a-amylases, which are secreted by cells of the aleurone layer
and A38 of the @/f)s-barrel, and the DNA sequences and amino during cereal grain germination. Previous studies with banana
acid residues around these splicing sites are highly conservedslices infiltrated with GA (12, 30) showed that gibberellins can
(Figure 1). However, since most members of the Amy3 delay or inhibit carbohydrate metabolizing enzymes related to
subfamily have only two introns, a unique feature MAmMy starch degradation and sucrose synthesis during banana ripening.
gene was a third intron, placed between the other two. As the Thus, the presence of a putative pyrimidine box in the
splicing site of the third intron was located outside of the barrel, complementary 5honcoding region ofMAmy could be an
it is likely that it was lost during the evolution of some genes indication of responsiveness to the gAut in a negative way.
from theAmy3subfamily. Additionally, the arrangement of the The yeast expression of the cloned cDNA demonstrated that
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A 1 2 3 4 5 6 7 8

rMAmy

Figure 4. Analysis of amylolitic activity from the recombinant a-amylase on (A) native discontinuous PAGE and (B) substrate SDS-PAGE. Amylolitic
activity is seen as clear zones in a background in stained gels. Cells and media from P. pastoris transformed with pPICZB::MAmy or pPICZB were
harvested 4 days after post-induction with methanol. Equal aliquots (30 uL) from the cell lysates and media fractions were loaded on the gels followed
by enzyme assay. MW indicates molecular weight marker. The arrow indicates the position of the rMAmy. Samples: lane 1, cell lysate from GS115/
PPICZB::MAmy grown in BMMY; lane 2, 30—70% BMMY fraction from GS115/pPICZB::MAmy; lane 3, cell lysate from GS115/pPICZB::MAmy grown in
BMGY; lane 4, 30-70% BMGY fraction from GS115/pPICZB::MAmy; lane 5, cell lysate from GS115/pPICZB grown in BMMY; lane 6, 30—-70% BMMY
fraction from GS115/pPICZB; lane 7, cell lysate from GS115/pPICZB grown in BMGY; and lane 8, 30—-70% BMGY fraction from GS115/pPICZB.
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