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The metagenomes of complex microbial communities are rich sources of novel biocatalysts. The gene
encoding an extracellular a-amylase from a genomic DNA of cow rumen was cloned in Escherichia
coli DH5a and sequenced. The a-amylase (amyA) gene was 1,893 bp in length, encoding a protein of
631 amino acid residues with calculated molecular weight of 70,734 Da. The molecular weight of the
enzyme was estimated to be about 71,000 Da by active staining of a SDS-PAGE. The enzyme was
21 to 59% sequence identical with other amyloyltic enzymes. The AmyA was optimally active at pH
6.0 and 40C. The Am A had a calculated pl of 5.87. AmyA expressed in E. coli DH5a was enhanced
in the presence of Mg™ (20 mM) and Ca™" (30 mM) and  inhibited in the presence of Fe™ and Cu™"
The origin of amyA gene could not be confirmed by PCR using internal primer of amyA gene from
extracted genomic DNA of 49 species rumen culturable bacteria so far. An amyA is supposed to
obtained from unculturable rumen bacterium in cow rumen environment.
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Modern biotechnology has a steadily increasing demand
for novel biocatalysts, which has prompted the develop-
ment of novel experimental approaches to find and identi-
fy novel biocatalyst-encoding genes. Recently, the studies
were initiated to investigate the metagenome[10,23]. Several
different laboratories have successfully isolated novel
genes encoding different enzymes and secondary metabo-
lites from microbial communties and their metagenomes
without cultivation of the microbes[3,4,7,13,17]. The micro-
bial niches were studied highly diverse and ranged from
moderate environments, such as river soil[12], to rather ex-
treme environments, like the deep sea and lake [2,22].

The rumen ecosystem comprises a diverse population of
obligately and anaerobic bacteria, fungi, and protozoa de-
fined by the intense selective pressures of the ruminal en-
vironment[29-31,33,36]. The rumen microbial population
presents a rich and, until recently, under utilized source of
novel enzymes with tremendous potential for industrial
application. The enzyme activities confirmed to exist in the
rumen are diverse, and include plant cell wall polymer de-

grading enzymes (e.g. cellulase, xylanase, B-glucanase, and
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pectinases), amylase, protease, phytases, and specific plant
toxin-degrading enzymes (e.g. tannases). The variety of en-
zymes present in the rumen arises not only from the diver-
sity of the microbial community but also from the multi-
plicity of fibrinolytic enzymes produced by individual mi-
croorganisms[28].

Starch is the major carbohydrate of many plants and en-
zymes digesting starch are widely distributed in nature.
The a-amylase (1, 4-a-D-glucanohydrolase; EC 3.2.1.1) are
which hydrolyzes a-1, 4 linkage in starch-related mole-
cules, is one of several enzymes involved in starch
degradation. They are among the most important commer-
cial enzymes, having wide applications in starch-process-
ing, brewing, alcohol production, textile and other
industries. Numerous a-amylases from eubacteria, fungi,
plants, and animals have been characterized, and their
genes have been cloned.[7,18,33]. Walker reported the ex-
istence of hydrolytic starch-degrading activities in
Streptococcus bovis[34]. After, Some researchers reported the
extra and intracellular a-amylase gene in Streptococcus bovis
[5,6,25,26,35].

Before this study, our researchers reported on the micro-
organisms diversity in cow rumen[29-31]. Also, we first re-
ported on the cloning and sequencing of the a-amylase gene
from unculturable bacteria using cow rumen metagenome.
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Materials and methods

Bacterial strains and growth conditions

Rumen bacteria (Table 1) were cultured as ATCC and
DSMZ recommended medium, respectively. E. coli DHbq,
E. coli EPI300™, and recombinant E. coli cells were cul-
tured in LB (Difco, USA) containing appropriate antibiotics
(ampicillin, 50 pl/ml; chloramphenicol, 12.5 pl/ml) at 37°C.

Sampling of rumen metagenome

Samples of rumen content were obtained from a closed
herd at -the Chinju National University (Chinju, Korea).
The animals were rumen-fistulated Korean cows
(HANWOO) with the body weight 400+10 kg, fed a mixed
ration (rice hulland concentrate in a 4:1 ratio) twice a day.
The concentrate was purchased from Daehan Food (Ulsan,
Korea). Representative samples of total rumen contents
were collected from the animal via the ruminal fistula be-
fore the morning feeding. The samples on ice were immedi-
ately transferred into an anaerobic box and stored at -807C.

Construction of cow rumen metagenomic library

A genomic library was constructed in the fosmid vector
pCClFOSTM as previously described[17]. Genomic DNA
from cow rumen was sheared into approximately 40 kb
fragments using a syringe needle, size fractionated on a 5
to 40% linear sucrose gradient and then end-repaired to
yield blunt, 5'-phosphorylated ends. The resulting DNA
fragments were ligated with the cloning ready pCC1FOS™
vector, and then packaged using a lambda DNA packing
kit (Epicentre, USA). The library was screened on LB me-
dia, containing starch for amylase. One clone (pCH]J2)
bearing amylase activity was isolated.

Recombinant DNA techniques

Standard procedures for restriction of endonuclease diges-
tion, agarose gel electrophoresis, purification of DNA from
agarose gels, DNA ligation, and other cloning related techni-
ques were followed as described by Sambrook et al[24].

Cloning and DNA sequencing of amyA gene

For subcloning, pYCHJ2 was partially digested with
Sau3Al (Promega, USA). Two to five kb fragments of the
cosmid DNA from this partial digestion were ligated into
the BamHI (Promega, USA) site of pBluescript II KS+
(Stratagene, USA) vector treated by CIP (Promega, USA),

and then transformed into E. coli DH5a. One positive sub-
clone (pYCH]J100) was obtained. To detect bacterial colo-
nies were grown on a amylase indicator medium [LB agar
plates containing appropriate antibiotics and 1% soluble
starch (Sigma, USA)]. After growth at 37C for 24 hr, the
plate was stained with 05% L-KI solution for 30 min.
Active band appeared as a white halo on a dark blue
background. Nucleotide sequences were determined by the
dideoxy chain termination method using the PRISM Ready
Reaction Dye terminator/primer cycle sequencing kit
(Perkin-Elmer Corp., USA). Assemly of the nucelotide se-
quences and the amino acid sequences analysis were per-
formed with the DNAMAN analysis system (Lynnon
Biosoft, Canada). The BLAST program was used to find
the protein coding regions.

Amylase assay

The a-amylase activity in the recombinant E. coli clones
was determined by measuring the amount of reducing
sugars during incubation with starch. A selected volume of
enzyme was diluted with 10 mM Tris-HCI buffer (pH 7.0)
to a total volume of 0.5 ml and was added to 259 ul of 1%
soluble starch dissolved in 10 mM Tris-HCI buffer (pH
7.0), and the mixtures were incubated at different temper-
atures for 20 ktio 60 min. One unit of the enzyme that li-
berted 1 pmol:bf reducing sugar per min at 70C. The
amounts of reducing sugars released were determined by
the dinitrosalicylic’ acid method[20].

AmyA ‘active staining after Starch-SDS-PAGE

Starch-SDS-PAGE was performed as described by the
method of Lim et al[18]. E. coli cells harboring the amylase
gene were cultured at 37C for 24 hrs in LB medium sup-
plemented with 0.1% soluble starch. Whole cell extracts
from these cultures were prepared by sonication (three
times for 30 sec each at 4°C). The cell extracts and super-
ematants were mixed 1:1 (v/v) with sample buffer (62 mM
Tris-HCl pH 6.8, 10% glycerol, 0.025% bromophenol blue,
5% B-mercaptoethanol, and 2% SDS), heated at 95°C for 3
min. The protein samples (30 ng) were separated by
SDS-PAGE (BioRad, USA). Subsequently the protein was
renatured by incubation in three changes of 250 ml of 10
mM Tris-HCI (pH 7.5), 1% Triton X-100 with shaking for
12 hrs. Finally the gel was incubated in 10 mM Tris-HCl
(pH 7.5) at 40T for 8 hrs. The gel was stained with a 0.5%
I-KI solution for 30 min. Active band appeared as white
halo on a dark background.
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The amylase gene was isolated from a library of cow ru-
men metagenome. The clone showed the white ring that
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Restults from the rest of the protein by a potential cleavage site in

front of Lysy have the typical features of a prokaryotic signal

ction of a-amylase positive clone and subcloning peptide (Fig. 2). The N-terminal amino acid sequences of

indicated a-amylase activity. The clone was found to con-

tain an

insert of 7.0 kb. The pBluescript II KS+ containing

3.6 kb insert, pCHJY100, was further characterized (Fig. 1). : 3538
Analysis of subclones of pCHJY100 revealed that the 3.1 kb i
EcoRI fragment in pCHJY110 was sufficient to confer amy- pCHIY109
lase activity in the plate assay (Fig. 1).
pCHIY116
Sequencing and sources of amyA
The entire 3.6 kb insert in pCHJY100 was sequenced in pCHIYI2D

both strands, and an ORF was identified (Fig. 2). An amyA

was 1,8

acids with a predicted molecular mass of 71,000 Da. The
ORF amyA starts the ATG initiation codon and the reading
frame ends with the opal stop codon TGA at position 2,526

(Fig. 2).
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93 bp in size and encodes a protein of 631 amino

by starch agar diffusion method. The cells

The N-terminal 23 amino acids of amyA separated restriction enzymes EcoRI and BstXI are shown.

CCCTGCAGGGCGGAGACGGGGTTGATGAGGTTACCGTTGAGT TCCTTCGGCCT TGATCCCCATGGAGGAAAGCT CARACGCATCTTCCAGTACCGGGTTCCACACCAGRATATCGCCGTT
CAGACCCGCATGGCCCAGCTCTGACGGGGTGCTCCAGTCATCATAATCCGGTGCGCGCACGTCGTGGCGATGACCATCGCTCAGCTTGCCGCCAATCCCGACARGGAATACCGCGCCARG
ATCTACCACGCCCGGCATGTCGTAGGTGTTGCCTTGGTACTCCACCT TGTTTGGAGGCAACATGTCGCCGGTARTCTGCACT TTCTGAGCCTCTGGCGCAATCARAAT TARACGTCACGGA
ATTGTCTGCATGCACABCAGGTGAAACCACCTGCGGTCCCTGTCCCCAGTTCAGAT TCTGC TGGGCCAT TGCTGCCATACCGACCARGCAGAGGGCAGCCGTAAGGAATAGT TTTTTCAT
ACTGTTGTTTGTTTTTAGTTGT TATAGTGCTGCARATATACACAAATTT TTTGARAACACARAGAATCTCACGCATATTTCTATGCCGAATGAARAARTATTTCGTAACTTCGCCGCGGAA
TTCTATGAARTAATGATTAAARCT TAAATCGATATGAGAAARACTATTATTGTTAACCGCCATGCTGATGGCARATGTARTGATGATGAATGGAGCARARGTAARAGTGACTGTAGACCGTG
M R K L L L L T A M L M A NV M M MNGA KV KV T V D R
Putative signal peptide
TGGATCCCACCGACTGGTATGTGGGCATGRAGARATCCCTCGTTGCAGTTGATGGT GTATGGTARGAACAT TGCCAGTGTARAAGATGTAACGACGGATTATCCTGGAGTGGTCATCGACA
v b?epTDW YV GM KNP S L QL MV Y G KNTIASV KDV TTIDY PGV V I D
GCATTGTARGACTAGAGTCGCCCAACTACCTATTGGTGTATC TGARCCTGCGCGACGCACAGCCGGGTACGATGACAT TGAAGTTGGACAAACTGAAAGTCAGCTATCTGTTGAAGCAGC
s I VRL ES PNY L L VYLINULU RDA ASGQZ®PGTMTTLEKTULDI KT LT KUV S Y L L K Q
GTGAGATGGCTGGTTCGAAGCGCATGGGATT TACCAATGCCGACGTACTTTACAT GCTTATGCCAGACCGT TTTGCACAGGGTGCAGGGCATAATCCGCAGGTGGCGGGAAT GCGRACGT
R BEMAGS KRMGEVF TNADV VL Y MULMEPIDIRTEAOQ®GA RARGH HN?®PQVAGMZ®RT
ATAAGGAAGACCGTACGCAGCCCTCATTACGACACGGTGGCGACCTGAACGGCATTCGCGARCATCTGGATTAT T TCARCGAACTGGGCGTGACGGCGCTGTGGTTGACACCCGTGCTGG
Y K EDR T P S L RHGGDULNGTIU REUHLDY FUNZETLGVTATZLU®WWTILTU®PVL
AGAACGACTCGCCGGACGACGAACGCGGCTACTCCACCTATCACGGCTATGCCACGACGGACTACTATCGTGTTGACCCACGATTCGGCACGAACGAGGACTATCGCCGACTCTGCGATG
ENDSPDDEIRGY S TYHGYARTTODY Y RV DPRFGTNEUDTYRI®RTILTCTD
AGGCTCATGCGRAGGGACTGAAGGTGGTGATGGACATGATTTTCAATCACTCTGGTTTCGAGCATCCCTGGACGCAGGACATGCTGACGAAGGACTGGC TCAACTTGCCCGACTGGCTGA
E A HA K GL KXV VLMY DM I FNHSGFEHZ®PWTQQDMTULTIEKUDW L NTL P D WL
Region I

AGGAATCGCAGGGARCGAGTAATCCGACAGGARCCTGTTTCCAGCAGACGAGCTACRAGCTGACGCCGGTCAAGGATCCCTACGCTTCGCAGGT TGACCTGCGCGAGACCGTGGACGGTT
K Es ¢GT S NPT GTCVF¥ QQ.T S Y KL TPV KDZPYASOQV DILIRETV DG
GGTTTGTACCCACCATGCCCGACCTGARCCAGCGCAATCCGCATGTGATGACCTATCTTATCCAGARCTCCARATGGTGGATAGAGACCATCGGCATCGACGGCATTCGTATGGACACCT

w Fr V P T M P D LN QRNPHUVMT YL I @ NS KWW IETTIGTIDG I R M D T

Region II
ACCCGTATGCTGATGCCAAGGGTATGGCATGTTGGATGAAAGART TGGACGAGGAATACCCCAACTTCAACACCGTCGGTGAGACGTGGGTCACGGAGCCTGCCTATACCGCCGCGTGGC
Y P Y ADAZXKGMACWWMZ K ELDEZEY PNV FNTV GETTW®W¥V TEZPA AYTH HAA AW
Region IIT
AGAARGGACTCAARGCTGTCGAAGGAGAACTCGTATCTGAAGACCGTTATGGACTTCTCGTCTT CGARAAGCTGTCGCAGGCARAGAACGAGGARACCGACGCT TGGTGGCAGGGACTGAT
Q K b s KL § K EN S Y L KTVMUDU F S FF FEI KL S QA KNUEZETUDAWUWOQO G L
ACCGCCTGTATAATTCGTTTGTCTACGACTATCTCTATGARGACCCCRACCACGTGATGGCCTTCGT TGACAATCACGACACCGACCGCTTCCTGGGCAATGGCCGCGACTCGCTGATGE
N R L Y NS FV Y DY L Y EDUPNUHV MAUEYVY DNUHUDT D R F L G N GRUDS L M
Region IV

TGARACAGGCACTGGCACTGCTGATGACCGTTCGTCGTATTCCTCAGATGTAT TATGGTACGGARATCATGATGAATGGTACGAAGGAGGTGACCGACGGCAACGTGCGCARGGACTTICC
L XK ¢ AL AL L M TV RURTIU®POQMY Y GGTZ ETIMMMN~NTGTIZ XKEV T DGUNV R KD F
CAGGTGGATTCCCTGGCGACCAGAACARTGCTTTCACCCGCGAGGGACGTACGCAGGCCCAGCAGCAGAT GTGGCAGTGGACCAGTCGTCTGCTCCAT TGGCGCARAGGTAACGAGGTGA
P GG F P GDQNNAUFTIREGR RTOQAQQQM®W®WOQWT S RULL HWI RIEKGNE V
TTACTAAAGGCAAGATGACGCAGTT TATCCCCTTCAACGGCATTTATGTCATTGCCCGTCARTACARTGACCGTACGGCACTCACCATCCTCARCGGCACCACTCGTCCTGCCACGATGE
I T K GEKMTQQPF¥F I P ¥ N G I Y VI AU RQQYNDIRTATLTTIULWNGTTIRUPATM
AGGTGAAGCGCTATGCTGAGGTCATCGGGAAGGCCACCCGTGTGARAGACAT CCTCACTGGCCGTTATTACGACCTCTCCACCGACCTCCAGCTCCGTCCCCGCCAGTCGCTGATACTGG
EV KRYAEWV I GGKXKATRUVEKDTITLTRYYDUL S TDILQQLRUPT RQSTIL I L
AGTATTGAGAATGGGTAATGATGAATACCTATTTGAACACAGAGAATATT GCCCGCAGCAAGGGTGGGGTAGAGTACCACCCTCTGCGTCCCTTCCTACCTGAGARTGCGARGGTGCTGT
E Y *
TCTTAGGCAGCTTTCCGCCACAGCGCARGCGGTGGTGTATGGACTTCTAT TATCCGAAT TTCATCAATGACCACTGGCGCATCGAGGGACAGATAT TCT T TGGCGACARGARACCACTTTG
TGGACCTCGAGGCCAAGCGTTTCARGATTGATGAGATAAT TGCGTTCT GCCAAGARRARGGCCTCGCGTTCTTCGACACT TCTACGGCTAT TCGTCGCCTGCAGGACARCGCCTCCGACA
AATTCCTCGAGGTGGTGGAGCCTACCGACATCCCTGCCCTGCTTTCTCARCTGCCACACCTTCGTGCCATCGTCACCACAGGCGAGAAGGCCACAGARACCATC TGTGCCTCGCTCGGCA
TCCCAACRATTCCCARGGTCRAACACTTTTGTAACCATTCCCCTCGCCCT TTGGAGAGGGGCCGGGAGTGAGGCTCTTCTCCTCTGGCGCCTCCCTTCCTCCTCCCGCGCCTACCCCTTGT
CCTTCGACAAGAAAGTCGAGGCCTATCGTCAAGTACTCAAT TTATTAT TATGAAGAAATAT TCCATCGCCATTCTCCTCGCCCTCGTCGCACTGACAGGT TGGGCGCAGGTARATCCCAC
CACCGCCCTGCTCEGTTCGTGGTCGGGTARATTGCATGT CGGTGCCGCGTCGCTGACGTTGGTACTCCATCTGGAACAAGGCGACGGCTATGTAATAGCATCGT TCGACAGTCCTGACCA
GGGCGCGARGGGCATTTCCGCT TATAAGGAATTCCTGAGCGACGACTCGCTGGCCTTGARGGTGGAGCAGAT TGGCATGACCTACCGCGCACGGC TCAAGGGCGACACACTCGACGGCAC
CTTTTCGCARRAGGGTATGTCGCTGCCAC TCGTGATGACCAGGGAGTGCCAGAGGTGA

the protein eluted from SDS-PAGE gel closely matched the
amino acid residues 1 through 5 of the translated sequences

Amylase
Activity

Fig. 1. Physical map of the amyA gene from rumen
metagenomic library and detection of an amylase gene

were

incubated at 37T for 48 hr. The cleavage sites of

Fig. 2. Nucleotide and deduced amino acid sequence of the amyA gene. The nuclectide sequence is numbered from the first.
The stop codon is indicated by asterisk. The consensus sequences and putative signal peptide are indicated by underline.



1016 ‘8B ALITIX] 2005, Vol. 15. No. 6

{data not show). The calculated pl of AmyA was 5.87.

The characterization of amyA clone was identified by se-
quencing and database search. We extracted genomic DNA
from 49 species culturable rumen bacteria in Table 1. The
source of amyA gene was confirmed by PCR from ex-

Table 1 List of culturable rumen bacteria and the results of

tracted 49 genomic DNAs using internal primers of amyA
gene, which shows about 1 kb DNA fragment. No band
was confirmed from culturable genomic DNAs. This fact
suggests that amyA come from unculturable rumen bac-
teria in cow rumen environment (Table 1).

confirmed PCR using internal primer of amyA gene.

Species Source & Strain Confirmed PCR"
pCHJ2 (Positive clone) CRMGL? +
Acetitomaculum ruminis ATCC43876 -
Actinobacillus succinogenes ATCC55618 -
Bifidobacterium adolescentis DSM20087 -
Bifidobacterium boum A ATCC27917 -
Bifidobacterium merycicicum ATCC49391 -
Bifidobacterium pseudolongum subsp. globosum ATCC25864 -
Bifidobacterium ruminantium ATCC49390 -
Bifidobacterium thermophilum ATCC25866 -
Butyrivibro fibrisolvens strainOB156C -
Clostridium aminophilum Unknown -
Clostridium cellobioparum DSM1351 -
Clostridium clostridioforme strain tB316 -
Clostridium longisporum ATCC49440 -
Clostridium proteoclasticum ATCC29084 -
Corynebacterium vitaeruminis ATCC10234 -
Eubacterium cellulosolvens strain 2388 -
Eubacterium limosum ATCC10825 -
Eubacterium oxidoreducens DSM3217 -
Eubacterium ruminantium strain GA195 -
Fibrobacter succinogenes strain 585 -
Lachnobacterium bovis strain YZ87 -
Lachnospira multipara strain 114-8 -
Lactobacillus ruminus ATCC27780 -
Lactobacillus vitulinus ATCC27783 -
Megasphaera elsdenii ATCC25940 -
Methanobrevibacter ruminantiu DSM1093 -
Methanomicrobium mobile DSM1539 -
Mitsuokella jalaludinii ATCCBAA-307 -
Oxobacter pfennigii DSM3222 -
Prauserella rugosa ATCC43014 -
Prevotella brevis ATCC19188 -
Prevotella ruminicola subsp. ruminicola ATCC19189 -
Pseudobutyrivibrio ruminis strain C78 -
Rumincoccus albus strain Sy3 -
Rumincoccus flavefaciens strain 007 -
Rumincoccus hansenii DSM 20285 -
Rumincoccus productus ATCC27340 -
Schwartzia succinivorans DSM10502 -
Selenomonas ruminantium subsp. lactilytica strain HD4 -
Selenomonas ruminantium subsp. ruminantium ATCC12561 -
Stenotrophomonas maltophilia ATCC13637 -
Streptococcus bovis ATCC33317 -
Succiniclasticurm ruminis DSM9236 -
Succinivibrio dextrinsolvens strain 24 -
Succinomonas amylolytica DSM2873 -
Syntrophococcus sucromutans DSM3224 -
Treponema bryantii strain B25 -
Treponema saccharophilum DSM2985 -
Wolinella succinogenes ATCC29543 -

Y10 kb PCR product with the internal primers, #1762F
? CRMGL ; Cow rumen meta-genomic library

and #1650R, from amyA (pCHJY100).



Comparison of amino acid sequence of those
AmyA from other sources

Nakajima and his colleagues(1,21] identified four short
primary sequence motifs, which are present in amylolytic
enzyme that have activities. these motifs were present in
AmyA and were indicate as regions I to IV in the align-
ment shown in Table 2. An g-amylase (AmyA) of cow ru-
men metagenome shared 59.6% amino acid identity with a
-amylase (BAD50039) of Bacteroides fragilis YCH49, 49.1%
with neopullulanase (AAC44970) of Bacteroides thetaiotaomi-
cron 5482, 37.0% with cyclomaltodextrinase (CAD32957) of
Flavobacterium sp. 92, 25.7% with periplasmic a-amylase
(BAAQ7401) of Xanthomonas campestris K-11151, 24.1% with
cyclomaltodextrinase (CAA44454) of Bacillus sphaericus E-244,
23.8% with neopullulanase 2 (Q08751) of Thermoactinomyces

Table 2 Regions conserved among amylolytic enzymes”
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vulgaris, 23.7% with cyclomaltodextrinase (P29964) of
Thermoanaerobacter ethanolicus, 23.1% with maltogenic amy-
lase (AAC15072) of Thermus sp. IM6501, and 21.8% with cy-
clomaltodextrinase (BAB18100) of Thermococcus sp. B100L

We constructed a phylogenetic tree of the amylolytic en-
zyme by the DNAMAN analysis system using above se-
quences, as shown in Figure 3. The phylogenetic tree
showed that the AmyA of cow rumen metagenome was
very close to the AmyA of E. coli.

Characterization and identification of the AmyA

To characterize the a-amylase in the recombinant E. coli
cells, direct activity staining technique that allows rapid
and specific detection of a-amylase on the polyacrylamide
slab gels was employed. The predicted amyA gene product

Enzyme Amino acid sequences of conserved regions

Source 1 I m N
AmyA DMIFNHSG GIRMDTYPY EYPNFNTVGETW FVDNHDTDR
BAD50039 DMIENHCG GIRMDTYPY EYPNYNTVGETW FIENHDTDR
AAC44670 DMIFNHCG GIRQDTHPY EYPKFNIVGETW FLDNHDTSR
CAD32957 DVVLSHIG GLRIDTYGY EYPRLNMVGEEW FGGNHDMAR
Conserved *.‘ * K *.* *%k * wkk * kkk K * dkk *

Y The underlined amino acids are conserved among all type of amylolytic enzymes, while hose high lighted with an asterisk
are conserved among all the enzymes listed here region I, II, IlI, and IV have been previously defined. AmyA, from cow

rumen metagenomic library; BAD50039, Bacteroides fragilis YCHA46; AAC44670, Bacteroidesthetaiotaomicron 5482; CAD32957,
Flavobacterium sp. 92.

Q.

05

Thermococcus sp. B1001 (BAB18100)

Thermus sp. IM6501 (AAC15072)

100

Bacillus sphaericus E-244 (CAA44454)

30

Thermoanaerobacter ethanolicus (P29964)

Thermoactinomyces vulgaris (Q08751)

100

Xanthomonas campestris K-11151 (BAA07401)

100

Rumen meta-genome library (AmyA)

Bacteroides fragilis YCH46 (BADS50039)

100

Bacteroides thetaiotaomicron 5482 (AAC44670)

Filavobacterium sp. 92 (CAD32957)

Fig. 3. Phylogenetic tree showing the evolutionary relatedness and levels of homology between the amylolytic enzyme amino
acid sequence. The aligned enzymes are from rumen metagenome (AmyA), Thermococcus sp. B1001 (BAB18100), Thermus
sp. IM6501 (AAC15072), Bacillus sphaericus E-244 (CAA44454), Thermoanaerobacter ethanolicus (P29964), Thermoactinomyces
vulgaris (Q08751), Xanthomonas campestris K-11151 (BAAQ7401), Bacteroides fragilis YCH49 (BADS50039), Bacteroides
thetaiotaomicron 5482 (AAC44970), and Flavobacterium sp. 92 (CAD32957).
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consists of 631 amino acids with an estimated molecular
mass of 70,734 Da, which corresponds well with the size
of AmyA protein determined by SDS-PAGE (Fig. 4).

The technique takes advantage of the ability of «
-amylase to degrade starch even in very small amounts.
After electrophoresis, the gel was rinsed, renatured, and
incubated. The gel was then stained with staining solution.
A white halo appeared around a band where starch was
degraded. The paitern was reproducible. A protein band
with the apparent molecular weight of about 71 kDa, pro-
duced a halo (Fig. 4). The effect of pH on the activity of
AmyA against starch was determined at 40°C in various
buffers ranging from pH 3 to 12 (Fig. 5A). Maximal activity
was observed at the pH 6.0. The temperature determined
by measuring activity at various temperatures in pH 6.0. As
with pH dependence, AmyA was also dependent on tem-
perature (Fig. 5B). Maximal activity was observed at 40T.
Divalent cations such as Cu®* and Fe* in hibited the en-
zyme activity, while Mg®* (20 mM) and Ca” (30 mM) en-
hanced the enzyme activity (Fig. 5C and Fig. 5D).

120
A
100f

& (=) =]
(=] (=) <
T T T

Relative Activity (%)

140

120

—
fonrd
(=2

(o]
(=]

Relative activity (%)
o
S

N
[l

[\
[

<

Abs. K* Na* Mn*™ Mg Ca** Fe™ Cu**
Metal Ion (5 mM)

116
£6 71 kDa

a5

35

25

Fig. 4. Detection of amylase enzyme activity band by
starch-SDS-PAGE method. Lane A. The molecular
weight standard was cut off after electrophoresis and
stained with 0.025% Coomassie blue R-250. Molecular
weight makers used were B-galactosidase (116,000),
bovine serum albumin (66,200), ovalbumin (45,000),
lactate dehydrogenase (35,000), restriction endonuclease
Bsp 981 (14,400), B-lactoglobulin (18,400), and lysozyme
(14,400); Lane B, extract of E. coli harboring pCHJY100
expressing AmyA.
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Fig. 5. (A) Effect of pH on the relative activity of AmyA. Enzyme activity was assayed at 40C for 30 min at the indicated pH.
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Discussion

In the study, we utilized a combined precultivation-meta-
genomics technology for isolation and comparative analy-
sis of amylolytic active gene from a cow rumen. The origin
of amyA gene could not be confirmed by PCR from ex-
tracted genomic DNA of 49 species rumen culturable
bacteria. Some researchers only reported the a-amylase
gene in rumen bacterial Streptococcus bovis[5,6,25,26,35]. In
general, cultivation has been successfully used to screen
for single microbes or consortia with diverse catabolic ca-
pabilities, including the ability to degrade toluene[14] and
phthalate[16]. However, only a limited number of reports
have described direct cloning from mixed laboratory cul-
tures[11] or enrichments[9] to isolate novel genes or oper-
ons useful for biotechnology. Because of the low frequency
of finding desirable genes from a metagenomic library of
diverse microbial genomes, cloning efficiency is an im-
portant factor in constructing a large clone library, which
should include most of the microbial DNA[17,19,27]. Here,
our library, which was constructed using a rumen total
DNA, contained 20,000 clones. Also, an a-amylase from
unculturable rumen bacteria sources was screened stuccess-
fully using cow rumen metagenomic library.

Our results indicate that the amylolytic enzymes obtained
in this work could be somewhat different from the amylase
of previously cultured rumen bacteria. Examination of amino
acid sequences of AmyA from cow rumen metagenomic li-
brary, led to the prediction that it would be an extracellular
enzyme. It was had typical prokaryotic signal peptide. The
amino acid sequences of AmyA are very similar to that of
a-amylase (BADS50039) of Bacteroides fragilis YCH49, with
59%, identity ot that of neopullulanase (AAC44970) of
Bacteroides thetaiotaomicron 5482, with 49.1%. The enzymes,
which belong to the a-amylase family, share four conserved
regions. Regions 1 ot 4, and the catalvtic residues of the en-
zyme are located at region 2, 3, and 4 [1,21]. We could find
region 1, 2, 3, and 4 in AmyA. From these results, it was
suggested that AmyA of cow rumen metagenome belong to
one of the subfamilies of a-amylase .
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