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The gene encoding esterase enzyme was cloned from a metagenomic library of cow rumen bacteria.
The esterase gene (est1R) was 2,465 bp in length, encoding a protein of 366 amino acid residues, and
the molecular weight of the enzyme was 61,166 Da. EstIR of rumen cosmid library shared 5.9% amino
acid identity with EstIR (P37967) of PNB carboxylesterase, 6.1% with EstlR (IEEAA) of acetylcholines-
terase and 6.1% with EstlR (1H23A) of chain A. BlastP in NCBI database analysis of Est1R revealed
that it was not homologous to previous known lipases and esterases. Est1R showed optimum activity
at pH 7.0 and 40°C. On the other hand, the enzyme was found to be most active without organic
solvent, followed by 95% activity with methanol, and the enzyme activity was highly affected by hex-
ane (lost 51% activity). Therefore, the novel esterase gene estIR is likely obtainable from cow rumen
metagenome and may be utilized for industrial purposes.
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Introduction

Screening of novel biocatalysts from isolated micro-
organisms using traditional cultivation techniques has limits
in exploring the vast genetic diversity of environmental mi-
croorganisms because more than 99% microbes present in
various environments cannot be cultured [8,25,33]. Recently,
there has been an increase in the number of studies using
a metagenomic approach to investigate the catalytic poten-
tial of non-cultured microorganisms [34]. In search for novel
biocatalysts, there are various metagenomic strategies that
are used for targeting specific catalyst characteristics such
as substrate range or temperature and pH optima [7,9]. This
approach has been used successfully to find a wide variety
of novel catalysts and secondary metabolites [26,39].
Microbial lipases and esterases are currently receiving con-
siderable attention because of their potential applications in
biotechnology for food processing, surfactant composition,
detergents, oil manufacture, diagnostics, and optically active
drugs [5,24]. Recently, novel lipolytic enzymes and genes

have been identified from metagenomic libraries of soil
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[7,23], hot spring sediments [30], pond water [29], and alka-
line soda lakes [28]. Lipolytic enzymes, including lipases (EC
3.1.1.3) and esterases or carboxylesterases (EC 3.1.1.1), have
been found in a wide range of organisms from bacteria to
humans [18,19].

Natural substrates for esterase in ruminal contents are not
well established. There is evidence that ruminal contents
contain esterase that degrades aliphatic esters to their con-
stituents [17] and triglycerides to their component fatty acids
and glycerol [6]. Plant triglycerides and other lipid-like ma-
terials are not extensively degraded in the rumen, but are
subjected to partial hydrolysis. Strains of ruminal Butyrivibrio
fibrisolvensare known to hydrolyze saponins [13] and tribu-
tyrin [22]. Morris and Bacon [15] found that in pasture-fed
ruminants, most of the neutral lipids in feedstuffs are in the
form of galactosyl-diglycerides, which could be first de-
graded by galactosidases to yield diglycerides [27]. These
diglycerides could then be degraded by esterases or lipases,
or both [17,27]. Other suggested esterase substrates found
in feed-stuffs or in rumen microorganisms, or both, include
plant sterols, lechithin, lyolecithin, and aliphatic esters [27].
Also, Lanz and Williams [22] showed that B. fibrisolvens de-
graded an aliphatic insecticide, di-n-butyl succinate, and also

a carbamate insecticide, benzo(a)thien-4-yl-methylcarbamate



[36]. These findings suggest that bacterial esterases play a
role in the degradation of agricultural chemical esters. At
present, B. fibrisolvensis the only rumen bacterium in which
fatty acid hydrogenases have been studied in detail [20].
Hespell and O’bryan [16] isolated thirty strains of B. fi-
brisolvens in diverse geographical locations and examined
them for esterase activity against naphthyl esters of acetate,
butyrate, caprylate, laurate, and palmitate. All strains pos-
sessed some esterase activity. Esterase activity was also de-
tected in other ruminal bacteria such as Bacteroides ruminico-
la, Selenomonas ruminantium, Ruminobacter amylophilus, and
Streptococcus bovis [16]. Furthermore, Fay et al. [10] inves-
tigated the ability of seventy-four strains of rumen bacteria
comprising 20 genera for the ability to hydrolyze p-nitro-
phenylpalmitate (pNPP, C16).

There are many reports on the cloning and expression
of microbial lipases and esterases [20,21], but very little has
been reported on rumen bacteria as a source of enzymes.
In this study, a novel carboxylesterase gene has been cloned

and characterized from a cow rumen metagenomic library.

Material and Methods

Sampling

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 of 40010 kg, fed a mixed ration (rice
hull and concentrate in a 4:1 ratio) twice a day. The concen-
trate was purchased from Daehan Food (Ulsan, Korea).
Representative samples of total rumen contents were col-
lected from the animal via the ruminal fistula before the
morning feeding. The samples on ice were immediately

transferred into an anaerobic box and stored at -80°C.

Media and growth conditions

Escherichia coli DH5a was cultured in Luria-Bertani (LB)
medium (Bacto-tryptone 10 g, yeast extract 5 g, NaCl 5 g
per ml), and recombinant E. coli DH5a cells was cultured
in LB medium containing appropriate antibiotics (ampicillin,
50 ul ml’ kanamycin 50 pl ml’ chloramphenicol, 12.5 1l ml'l)
at 37°C [32].

Recombinants DNA techniques
Plasmid DNAs were isolated by an alkaline method [14]
and NucleoGen Plasmid Purification Kit (NucleoGen, Seoul,
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Korea). Large scale chromosomal DNA from rumen were
isolated by the method described by Frederick et al. [11].
Standard procedures for restriction of endonuclease diges-
tions, agarose gel electrophoresis, and purification of DNA
from agarose gels, DNA ligation, and other cloning related
techniques were followed as described by Sambrook et al.
[32]. Restriction enzymes and DNA modifying enzymes
were purchased from Gibco-BRL (Gaithersburg, MD, USA),
Promega (Madison, WI, USA), and Boehringer Mannheim
(Indianapolis, IN, USA). Other chemicals were purchased
from Sigma Chemicl Co. (St. Louis, MO, USA). Restriction
enzymes were purchased from Promega and used according

to the manufacturer’s specifications.

Construction of cow rumen metagenomic library

A genomic library was constructed in the fosmid vector
pCCILFOS as previously described [35]. Total genomic DNA
from cow rumen was sheared into approximately 40 kb frag-
ments 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,
Wisconsin, USA). We constructed cow rumen metagenomic
library following Cho et al. [2]. The BLAST program was
used to find the protein coding regions. The esterase activity
showing clones were screened on LB agar medium-
supplemented with 1% tributyrin. The DNA library of ester-
ase cosmid DNA was constructed in pBluescript II SK+. We
partially digested the size of 2 to 5 kb to the cosmid DNA
with Sau3AlL The plasmid SK+ DNA was digested with
BamHI and CIP treatment. The SK+/BamHI/CIP (10 pg li-
gated with 2 to 5 kb cosmid DNA fragments. After ligation
reaction, this sample was transformed into E. coli DH5a. The
pooled DNA of library clones was selected as active clones.
To screen esterase activity in E. coli harboring cloned esterase
gene, bacterial colonies were grown on an esterase activity
indicator medium [LB agar plates containing appropriate an-
tibiotics and 1% (V/V) tributyrin (Sigma)]. After growth at
37°C for 24 hr, positive clones for cellular esterase activity
were appeared clear zone.

Cloning and sequencing of esterase genes

The PCR primers used for first amplification, which am-
plified rDNA fragments, were the estIR primer (#1102)
5-GCCTGTACCTGAACGTCTGG-3" (sense) and primer
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(#1103) 5-TGGCTGTATGGATGTCGTACTC-3" (antisense)
and esf2R #1264F 5-GCCCCTCTATGACCTTACCC-3" and
#1274R 5-CTTCTTCCACTCGTATTTGCC-3'". Subsequently,
rDNAs were amplified by PCR using the extracted DNA,
Super-Therm DNA polymerase (JMR, Side Cup, Kent, UK),
1.5 mM MgCl,, 2 mM dNTP, and primers in a final volume
of 50 pl. Thirty-five cycles (denaturation at 94°C for 30 sec,
annealing at 50°C for 30 sec, and extension at 72°C for 30
sec) were followed by a final incubation at 72°C for 10 min.
The anticipated product of approximately 1,500 bp, 900 bp,
600 bp, and 1,300 bp were isolated afteragarose gel electro-
phoresis of the amplified mixture using a gel extraction kit
(NucleoGen, Seoul, Korea). PCR products were directly
cloned into the pBluescript I KS+ & SK+ (Stratagene®) and
the recombinant colonies were randomly picked up. Plasmid
DNA was purified as previously described [14]. Nucleotide
sequences were determined by the dideoxy-chain termi-
nation method using the PRISM Ready Reaction Dye termi-
nator/primer cycle sequencing kit (Perkin-Elmer Corp.).

Purification and characterization of esterase enzyme

For high expression of enzymes, the PCR products gen-
erated with primers [5- TTT TGA ATT CAG GAA TTC
AGG ACA AGA A -3’ (sense, BamHI sites are indicated by
underline) and 5°- TTT TAA CGT TAG GCA TAT AAT AGT
TGG T -3” (antisense, HindlIII sites are indicated by under-
line)] were cloned into expression vector pET-28a(+)
(Novagen), resulting in the addition of a C-terminal (His)e
tag. E. coli BL21 (DE3) carrying pET-28a(+)/est1R was grown
at 37°C to mid-log phase in LB medium containing 50 ug
mL" kanamycin. Expression was then induced by adding
IPTG to a final concentration of 0.5 mM, and further growth
was continued for 5 hr. The cells were harvested by cen-
trifugation (6,000x g, 10 min) and washed twice with 10 mM
Tris-HCl buffer (pH 7.0). The cells were resuspended in the
same buffer and stored at -20°C. The frozen cells were mixed
with 50 mM Tris-HCl buffer (pH 7.5) containing 1 mg of
bovine DNase I and incubated at 37°C for 30 min. Triton
X-100 was added to the suspension to attain a final concen-
tration of 2.5%. The supernatant was collected and stored
at 4°C. The solubilized recombinant OpdB with His-tag was
applied on a HisTrap kit (Amershan Pharmacia Biotech).
Purification of expressed Hiss-tagged protein was carried out
accordingly as previously described by Guo et al. [12] and
protein (OpdB) was eluted with 100 mM imidazole with
0.1% Triton X-100. The purified protein sample was analyzed

by sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE). The protein concentration was de-
termined by the method of Bradford [3].

Optimization of pH, temperature, effects of inhibitor
substances on enzyme activity

The esterase activity for pNP-butyrate was measured over
a pH range from 3.0 to 11.0 by using different buffers. For
the preparation of 100 ml sodium phosphate buffer for pH
3.0, 79.45 ml 0.1IM citrate and 20.55 ml 0.2M Na,HPO, for
pH 4.0, 61.45 ml 0.IM citrate and 38.55 ml 0.2M Na;HPO,
for pH 5.0, 48.50 ml 0.1M citrate and 51.50 ml 0.2M Na,HPO,
for pH 6.0, 36.85 ml 0.1M citrate and 63.15 ml 0.2M Na,HPO,
for pH 7.0, 17.65 ml 0.1M citrate and 82.35 ml 0.2M Na,HPO,
for pH 8.0, 95.51 ml 0.1M Na,HPO, and 4.49 ml 0.IM HC;
for pH 9.0, 95.50 ml 0.IM Na,HPO; and 4.50 ml 0.1M HCL;
for pH 10.0, 50.00 ml 0.2M NaHCO;, 21.4 ml 0.2M NaOH,
and 28.60 ml H,O and for pH 11.0, 50.00 ml 0.2M NaHCO;,
214 ml 02M NaOH, and 4.60 ml H;O were mixed. The opti-
mum temperature was determined by performing pNP-bu-
tyrate assays at a temperature range from 0 to 80°C. To study
the inhibitory effect of organic solvents on the activity of
EstlR, 10% concentration of acetone, acetonitrile, butanol,
ethanol, hexane, methanol, and propanol were incubated
with the enzyme for 30 min at 37°C. The reaction was stop-
ped by chilling on ice, and aliquots were assayed for enzyme
activity.

Results

Construction of a metagenomic library

Rumen microbial DNA was prepared from rumen fluid
(RF), epithelium (RE), and solid (RS) to construct a rumen
metagenomic library. The prepared DNA ranged mostly
from 10 kb to 35 kb in size as confirmed by pulsed-field
gel electrophoresis. The DNA was size-fractionated and fur-
ther purified to construct a cosmid library. Most of the puri-
fied DNA ranged from over 30 kb, which is the optimum
size for cloning in a cosmid. We obtained 200,000 clones
from rumen metagenome DNA and maintained these for ac-
tivity-based screening. The average insert DNA size was es-
timated at 40 kb when 60 randomly picked clones were ana-
lyzed by preparative pulsed-field gel electrophoresis after
BamHI digestion. Clones conferring esterase activity on E.
coli were selected on LB agar supplemented with 1% tribu-

tyrin by screening the rumen cosmid library. Among 61
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clones showing a clear zone around the colonies, a total of esterase enzyme activity were screened on LB agar plates

3 unique clones were finally chosen by restriction endonu- containing 1% tributyrin by staining of the plates. pKE102

clease digestion analysis for further analysis of esterase and pKE103 clones did not show esterase enzyme activity.

activity. Since most of the clones carried insert DNA over PKE100 was selected for further characterization.

35 kb in size, secondary shotgun libraries were generated

from the individual esterase clones to select the esterase sub- Primary structure of est1R

clones with smallest DNA insert (Data not shown). The est1R is 2,465 bp in size and the ORF of esf1R starts

the ATG initiation codon and the reading frame ends with

Cloning of est1R gene the opal stop codon TGA (Fig. 2). The estIR encodes a pro-
A clone showing esterase activity was isolated from 1% tein of 549 amino acids with a predicted molecular mass

tributyrin containing agar plates. The clone was found to of 61,166 Da (Fig. 3). Calculated pI of EstIR is 5.34. The

contain an inserted DNA fragment of 2.4 kb. The pGEM-T four conserved regions among the esterase enzyme were

vector containing 2.4 kb insert was designated pKE100 (Fig. shown in Table 1.

1). To further localize esterase gene in the insert, HindlI,

Bgll, and Dralll digested fragments of pKE100 were subcl- Comparison of amino acid sequence similarity of

oned into pGEM-T vector. The ligation mixture was used Est1R with other esterases

to transform E. coli DH5a and the transformants showing The amino acid sequence of the esterase enzyme from ru-
Sacl Dral HindIII Bgil Dralll Bgll HindIII Fig‘ 1. Physical map of recombinant DNA

pKE100

pKE101

PKE102

pPKE103

| |

pKE100 carrying estlR gene of
Rumen cosmid library. The cleavage

2466

200bp sites of restriction enzymes Sacl,
— Dral, Hindlll, Bgll and Dralll are
Enzyme activity shown. pKE100 was constructed by
+ cloning a 2.4 kb fragment of estIR

into pGEM-T easy vector.
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CGTrLbbLbLlETGGrbLLbbLLbLbﬁCLbbLbLﬂETGﬁLlbbLbEGﬂrrGGTGﬂﬁCCTTGGTGGCCGGﬁﬂGﬂGCrCCTTﬂCCCGCGEGCEGGCCETCGTETCﬁCrGﬁCCETCﬂrrGTCG
L GCAGAT GCTCAT GRARRA CRARCRACRCAGCATCAGCRAGEE CARATA TRCCEACTTCCT CCTTRT CACCARGRATCT BCTEAC CTRCCC TRCREARRARAT TCACGRAGCCRAR BT
CCGCTGC:EECTAETTCGgEGGT LA GRR GETTTACTCCATGTARRCCTTCARCCTCCARRCGRA RAGAGACT T TARATGACGARATGARRTATATTATGGRARCARR AGEETARRRARTCAG
M ¥ ¥ I M E Q K G KN Q
ARGRTARCCGACGGTARTTACGACRRCGT CCRTGGCCGTARRGTGTATTARCGGTACT T TCCT TG GRRAGRRGGCAGRTARTATCATITCCTATARRGGCATICCGT TTGTAGGTCAGCAG
K I T DGDNK Y DK SM=a2YV KCTIWHNOGEGTIT FWVGGEKUEKZSE2TDDNTITILISZYHXS®GTIUPTZ EVGEOQQ
CCAGTCGECRACCTEC GCTGER AAGCCC CRGT A A TG T AL CGET IGACGATGGTGICT ATGAGECCTATTACTATGGGAT GG CTCCCATCCAGEAGCCGEGCGACCCCICTACCAGRGTC
P VG&NILUZERMWUXK2ZUPVDVTVDIDDOGEGV ¥YEUS&ZYTYTYGMAEPTIUQETPGTDT EPSTZ RTWV
GETACGRGCEAGEATT GCCTET ACCTGRARCGTCT GEARGECTCTGAGTGAGC AAGRGC AGRGCCALGCTTGCTTGACCCTGC CGRECE TERGCAGECTCECCCGERAGEECARGECTGACE
€ T s EDCLYLT NV WXK2RY 3 EQEQS3SQARACLTTLUP3 V3 RLAERZERARTLT
AGEACCETCT G A ARG MO Cee TEAT T TRATGEAT T TACGETGET G CTTAT G AT CTAG CTGEAG CERACTGRACCCGATETACGATATGACCARTT TCCTGARCGRRRARTCCTGATETCATT
R TS A K KP VI VWIZYOGEATYDV 66 A2TDPMYDMTUHFLHNEU KT FPFTDTVI
GTCGTGEACGT TTAATT ACAGRATCARTGTCTTCGEATTCT TCCACC TGTCGC ACCTGT CTGRACGGCRARAGERCTATCCTGATG CTCAGA ACCTGEGRACTTC TGEATCAGATCRAGECECTE
¥ v T FNJYRTINUVTFOGT FFHILSHL 5SD GEKDZYPDAZQDNTILGILTLDOQTIIEKHZ ZTL
AAGTGGGTTCACGRGRATATTGCAGCTT TCGGUGGCGACCCOGACRATGTGACCATCT GGGGTGRAATCTGCCGGTGCTGERARGCTGTACGCTGC TTCCGC TRAATCARGGGCT CGCATCAG
K WV HENTIAZA-ARTFOG GD PDNV TTI WG E S A GAG6 5CTTLTLUPTLTIEKTG®G S H Q
TATTTCRAGCGTGTCATCGCRACARAGTGGLGCTCCCGCCCAGRACGRGRAGTACGGRGC RAGCCATCGCAT GTACGRRACAGCC TGRTGGAGRRRCTCGGCT GTARGRCTGTIGCTGRCCTG
¥ F KRV IAOQSG2P22XOQTH®RZSTET Q®2TIH=RA2ACTUDNS SILMMET KT LSGT CIEKTUVHZALARTDTL
TTGRRGLETCRAGOGCCGAGERCETCATGAARGTET GEGCACCCATCC TCGECT TATATAGT GCAC TCGECATACGCACARTGC CAGRGAGAGACGEGTATCTACCTGCCGITIGATCCGIGE
L K I §s A EDVHMH¥ KV W2ARPTIILOGTLTY S A2ALOGIRTMEPET RTDTGTITETULZ PTFTUDTFEFTW
GAGECATACGCEAACGECACTG ARG AR TG AGT TCCTICAGG GCTGLG AC A AGE ATGAGATGARCACCT ICATGECAG CCCTIG TG TGEATCCAT GEARTGCGTGGECCRARGAG
E A Y A N T AKDTIETFTLOQOGCD KT DEMUNNTT FMEMOGEGSALGEGV DAWDNZ RTWEEKE
CGC«CGGC«.GA-_G.-_H_GCTCGCCC L CTRACCEATARGEAGCAGEC AT TEETAR AGRCC T ATCTC A ACGACA TCCAGE GAGARR GCTACGARCCTACCETCARCCTET TCAGTCAGATEATE
T A E XKL 2 Q1L TDEKEUQH2ZAZTLTVIEK?SSYILUNDTIOQOGESTYETPTTVHTLTF S QQH M
TTTGTCGCTCCGCP I TCAGRC TETCGRACGARC AGACCA RGO TEECRETA RRTCET ACACCT ATTATTATAGRETTRRAAT CCTCAC ARCCET ACATCARGRCCERACATE CRTCARRR
F Vv a2P?P QI RULSDEAZ QT HA ATGS EGIEK?S YT Y Y ¥RUWVES S QP Y I KA&ATZGHAUBALS E
CTACCAGTGETATTTGCCCATC CGERAGA TCCAGGAGTTCACGEERAR GAGCAT ACGRCGAGRCCT TCAGCARGRCCGTECGCRARGATGT GEETACAGTTCECCARGRCCGECRATCCETCG
L¢PV vV F2HPETIMWQETFTZSEG®RU®ERYZDETT FEFSSHKTUVZERIEHMM®EWWVOQTFERETTGEGUNZP 5
CTCAGTGCRGCCGRAT CGCCCGATGGCARGGCGCRATGAGT GGCCGC TCTACGACCAGRRCGRCCGTICAGCTGATGETGCTCGATGRGT ACGRCATCCATACAGCCRARGGAGT CRAGRGC TG
L 5 2R E S PDCGK2HEUWEPULYTDOUNDUZERAOQTLMTYVYTLILTUDET YT DTIHTHSZIEKTETSTETL
AR R TTGIGR AT TGEGAGCETACTIAT T TCCTGACCARCTATTATATGCCTTGACGEATICCAGCCCATGGCTARGRAARATA RRRGRCARRGAC AGRAGAT GETATAGRACTIC GEERRGTC
K I VN W ERTTYFILTIUDNTYYMTF P *
GARGATTEACCORCTE T TARC A A TC TTCTAT COGRC G TTAT TG TC AR TG ETGT I T ECGTCECTCTTTACGETCGCAGAC GECATC TTCETT GERCAGGEEETEERCAGCARTECCCT
GECEGCTATCARTATT GTCT G CCAC T TTT T TR CT TAC A AT GEEC AT AG A CTGAT G TTCEET GGG T TR TCT CT TR TG GCARGC ATTCAT CTEECACAGRACAACCAT ARGECCGT
TR AT AT ATCACC CRRGCC TTCGTC GTGE T AL TG CTRAT GG TC AT G AT TTCC GTGECAGTCTAT CTTITC GO ETACCETIC TTARAG CTTTTAGGTAGCAGCGAT GTECTATT
GCCATTATGT CTRGAT TATCTT CTTACCATTCTT COCGEC TECATC TGCATC GTCATC CAGATEAT

Fig. 2. Nucleotide sequence and deduced amino acid sequence of estIR gene. The nucleotide sequence is numbered from the total
bases. The stop codon is indicated by astracts. Initiation and termination codons are shaded. Weakly shaded portion is
conserved region of esterase.
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Fig. 3. SDS-PAGE of EstIR produced in E.coliBL21 cells harbor-
ing pET-EstlR. Lane A, the molecular weight standard
was cut off after electrophoresis and stained with 0.025%
Coomassie blue R-250. Molecular weight markers used
were phosphorylase b (97,400), bovine serum albumin
(66,200), ovalbumin (45,000), carbonic anhydrase
(31,000), soybean trypsin inhibitor (21,500), and lyso-
zyme (14,400). Lane B, crude cell extract of pET-28a(+)
plasmid induced by IPTG. Lane C, crude cell extract of
pET-28a(+)/estIR plasmid induced by IPTG. Molecular
weight of fusion protein showed 62 kDa, approximately.

men cosmid library was compared with the sequences of
other esterase enzymes. Protein sequence databases
(SWISS-PROT, PIR, and GenBank) were searched using the
standard search algorithms (programs FASTA and BLASTP)
to find polypeptides related to EstIR. EstIR of rumen cosmid
library shared 5.9% amino acid identity with EstIR (P37967)
of PNB carboxylesterase, 6.1% with EstIR (1EEAA) of
acetylcholinesterase and 6.1% with EstIR (1H23A) of Chain
A. We have constructed a phylogenetic tree of the esterase
enzymes by the DNAMAN analysis system using above

sequences, as shown in Fig. 4.

Fetraodon nigroviridis (Est)

100 IElent‘roy}mrus electricus (Est)

ITarpeda californica (Est)
a7 5o Felis catus (BCHE)
73
Eguus cabalius (BCHE)

oryctolagus cuniculus (BChE)

Lo Branchiostoma floridae {ChE1)

100 Bacillus subtilis (pnba)

100 Bacillus pumilus (EStal)

Bacillus sp. (Estal)

Bacillus lichenifommis (Est)

EstlR

Fig. 4. Phylogenetic tree showing the evolutionary relationship
of the EstIR amino acid sequences.

Effect of pH, temperature and organic solvents on
Est1R activity

The effects of pH, temperature and organic solvent on
the EstIR activity were studied. The EstIR showed highest
relative activity at pH 7.0 (Fig. 5A). The EstIR was most
active at 30 to 50°C, and showed optimum activity at 40°C
(Fig. 5B). At 40°C, the esterase was stable for more than 10
hr with a half-life of about 14 hr. To test the effects of organic
solvents on EstIR activity, assays were performed at 1 hr
intervals in various organic solutions. The enzyme was
found to be most active without any organic solvent (100%),
followed by 95% active with methanol and highly affected
by the hexane (lost 51% activity) (Table 2)

Discussion

Metagenomics is the culture-independent genomic analy-
sis of microbial communities. The term is derived from the
statistical concept of meta-analysis (the process of statisti-

cally combining separate analyses) and genomics (the com-

Table. 1. The two conserved regions found in the esterase enzymes catalytic triad

. Conserved regions
Organisms
I IT IT1T IV
EstlR, 2R EDCILYLNVWEL FGGDPDNVTIWGHSAG LOGCDEDEMNTE AGHRSE
Candida rugosa EQCLTINVVREP FGGDPTEVTIFGESAGC IIGDQNDERTEFF THHSND
Torpedo californica EDCILYLNIWYP FGGDPETVTIFGHSAG LLGVNEDERSFF VIHGYE
Galactomyces geotrichum EDCLYLNVFREF FGGDPDEVMIFGHESAG ISGNQEDERTAF THHGSNE
Bacillug subtilis EDCILYLNVWIP FGGNPESVTLFGHESAG LVGVNEDERTAF VMHGYE
Dictyeostelium discoideum EDCLYLDVFIE FGGDENQVTIYGESAGC IIGDNQOERILE VOHGTE
Caenorhabditis elegans EQULYLNVYVP FGGDLSRITLFGESAG LAGSNROESIYEF VIHGYE
Arthrobacter oxydans EDCILTLNLWTEP FGGDPNRITLVGQYSGEE IIGWTRDERTFP AVHCIE




100 7
80 1
60 1
40 r

Relative Activity(2s)

27

pH

Relative Activity (36)

Journal of Life Science 2010, Vol. 20. No. 9 1311

100¢
80 |
60
0t
20 f

i 1 1 1 1

10 30 50 70 90

Temperature ()

Fig. 5. Activity assay for pH and temperature effect. (A) pH effect of substrate hydrolysis. Activity measurement was performed
spectrophotometrically in various buffers containing 3 mM p-NP butyrate as a substrate and 5 mM CaCl, at different pH
values and at 40C The data presented were based on comparisons to maximum activity (100%). (B) Effect of temperature
on EstlR activity. The effect of temperature on EstIR activity was determined spectrophotometrically at various temperatures
in Tris-HCl buffer (3 mM p-NP caproate as a substrate, 5 mM CaCl, and 20 mM Tris-HCl, pH 10). Activities given were

the average values of triplicate measurements.

Table 2. The effects of organic solvents on EstIR activity.
Activities were measured spectrophotometrically in
mixed buffer (3 mM p-NP butyrate, 5 mM CaCl, and
20 mM Tris-HCl, pH 10) at varying organic solutions
and the average values of triplicate measurements

were given
Organic solvents  Concentration — Relative Activity (%)
None 100.0
Acetone 10% 77.6
Acetonitrile 10% 74.8
Butanol 10% 61.4
Ethanol 10% 719
Hexane 10% 49.0
Metanol 10% 95.4
Propanol 10% 60.9

prehensive analysis of an organism’s genetic material) [31].
Metagenomics can be used to address the challenge of study-
ing prokaryotes in the environment that are, as yet, un-
culturable and which represent more than 99% of the organ-
isms in some environments [1]. In this study, a cow rumen
metagenomic library was constructed and screened for the
esterolytic clones. Some previous environmental DNA li-
braries contained several hundred of thousand clones with
small inserts and required screening of a large number of
clones [25,33]. However, our approach of library preparation
in a fosmid and subsequent subcloning was more efficient
in searching for esterolytic activity. Fosmids are good vec-
tors for constructing metagenomic libraries because of their
high cloning efficiency, improved stability in E. coli, and

large insert size [23]. Screening of this library led to an iden-

tification of an esterase named as EstIR. Unlike other ester-
ase, EstlR has several novel features; first, it has no sig-
nificant homologies to published esterases or lipases.

From the rumen, we obtained 200,000 clones with an ap-
proximate average insert size of 30 to 50 kb. This repre-
sented almost 1.2 Gb genomic DNA, representing some 300
microbial genome equivalents. An alternative strategy for
improving the probability of finding desirable genes in the
metagenomic library would be to construct the library after
certain enrichment processes. It may be necessary to take
enrichment steps to obtain more genes for novel biocatalysts.
Some other previous environmental DNA libraries con-
tained several hundred of thousand clones with small insert
DNA and required screening of a large number of clones
to search for enzymes. Previously, genes encoding a-amylase
and cellulase had been isolated from cow rumen meta-
genome [4,38].

Our results indicate that the esterase activity obtained in
this study could be somewhat different from the esterase
of previously cultured bacteria. Therefore, there is a high
probability of obtaining novel biocatalysts from the rumen
cosmid metagenome; this probability was also indicated in
a recent study. Previously, esterase active genes were ob-
tained from rumen [37]. In this respect, we examined the
esterase activity of the three enzymes from the rumen meta-
genome at similar temperature (40°C). The results revealed
that all the enzymes showed the highest hydrolysis activity
toward p-nitrophenyl butyrate at 40°C.

In conclusion, the esterolytic enzyme obtained in this
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study is novel, suggesting that isolating enzymatic activities
from metagenomes such as the rumen is supposed to be a
useful approach to identifying novel biocatalysts. Thus met-
agenomic approaches are not only useful solely for the dis-
covery of diversity but also have practical applications in
the discovery of novel enzymes for industrial and agricul-
tural use. The list of reported enzyme activities discovered
via metagenomics (lipase, esterase, amylase, nuclease, chiti-
nase, and xylanase) is still rather small, but will undoubtedly

grow rapidly.
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