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Horr EstR1 G s T8 - EstR3 LEEXIASEE S/ \JH - EstR4 BJREJBEINEE /S48 » 1T EstR2 AIITRER Ry
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ST — el AR AT YE (amylase: Yun et al., 2004, lipase: Henne et al., 2000; Ranjan et al., 2005,
protease: Waschkowitz et al., 2009, dehydrogenase: Wexler et al., 2005, diol dehydratase: Knietsch et al.,
2003, reductase: Eschenfeldt ez /., 2001, antibiotics: Lim et al., 2005 ) -

S R BEYEENMEEE » I —RRERR AR - W& Z MY AR - A
HE - & MGER - HE > 85 - 95% A M AR AN L/ EiiEE (Tajima et al., 2001, Whitford et
al., 1998, Shin et al., 2004 ) - REf#lF ZAEHTF %N TR B EEZEN A ERIA 6 - BiE ey sl
Bl EEE s EEER - (b mEBIE K ~ Y& EE (Bornscheuer, 2002; Jaeger and Eggert, 2002 ) - Hg
il (lipase, B¥2/1J8 EC 3.1.1.3) Hifishy (esterase, F¥2 /30 EC 3.1.1.1) #E@HAEMEEER - 77>
BIFACK B E pl R SR BT R H T (Arpigny and Jaeger, 1999) - [E41 » HEZEEZR BAIJERE RIHIM:
B R EEE - ARATIRREN: - I EHE M ROIRSHE % (Bornscheuer, 2002) - HA %A
ERESRHET R - A E NS H SRl ER - R0 (cellulases ) ~ B
ARESGE o fEEE (cyclodextrinase ) ~ NEXFESfi#lS (endoglucanases) ~ Hefi#E%Z: (lipolytic enzymes) K
=S VERE S fiElS (3,5,6-trichloro-2-pyridinol degrading enzyme ) ( Duan et al., 2009; Ferrer et al., 2005; Liu
et al., 2009; Math et al.,2010) -

TESeRT Z IR S5 Z B/ KA S e Z I AR A E S (21550 2009 ) 4 E 16S rRNA
FLREERR 2 A DNA FRAl A Eb 4R - @RE IR R CRIY 90%) 2B RS & E SR AR
TEE o I > AR E S R KA 5 25 R B - DUE MG 28 77 =B oy Bt 4 #REE S
R E IR & AT — P AR BRI A

MR TT A

I EEASYIED
AIRFEFTE 2 28K S NAY) g s P D S E I e it - ZONEH pH (B
5.6 5 KR SRAFTY - TOCEBERUSRE S » MR o REZE - DAFETIAEY) DNA ZEE 2 1 -
Il S84 DNA 7 HRRZZEL
FIFmEE(EEL (PowerSoil DNA Isolation Kit, MOBIO ) TS WY R4 Y) DNA 7%
HY » EARBE R P R AR P BRI TACHL - &/ MRS P Z Bkt YU B - (o F 2Bk s il fe 2R
fERE AR LN AT & R EY) DNA - B Ziefis 820 BRER A MagNA Lyser (Roche) » 1 5,000 rpm #&
201 » RIS mE RIFAVEY N+ 81T DNA R -
V1. 68 55 T A 26 D S e A B s e VT 1 O i 238
HFEEHLHZRAYIRE S e ) DNA AT > LARRTIEG HindIIl (Roche) #E1TER7373 VIS & (partial
digestion ) » 7> 37°C T/EF 10 min 1% » 4% 1ERFE - FF2L 196 AR RAG B /K B /i 73 UTHY DNA » SR
KNGS 2 - 9 kb 2 DNA FIJFEE4HEUE (Agarose Gel DNA Extraction Kit, Roche ) o J:[REE
Fe{di FIRY#AS &y pBluescript 11 (Stratagene ) » DARRGIES HindlIl 1F 1% F DAGRMEREEZES (alkaline
phosphatase, Roche ) EFRBEREIR - 882 IELASI L2 M5 - EASEL[EN DNA 5 BRHIERRFIZT K 1:3
£ 14°C T LA T4 DNA H 405 (ligase, Roche ) {ERIMETR » DUETTHESTEA - HIRRHESITERETE
R g A& %730 (electroporation ) K& 2 EAHE B 28 AR5 (E4HAE ( TransforMax
EPI300 E. coli, Epicentre) » FR{Si FHAVIREEA T © BEE ISR 2 mm > BREE 25 kV » BA 25 uF » B
FH 201 Q - [EfE1 s S5 ms o fFEE 548 > [ E4AHREY 1 ml SOC Hrjft 35°C FH%E 1h 1% » AL 400 uL 2
FR AR B e E AL spirit blue agar (77 g/L) : casein enzymic hydrolysate, 10.00; yeast extract,
5.00; spirit blue, 0.15; Agar, 17.00, Sigma-Aldrich ) 370 1% (viv) = T H s (tributyrin, Merck) -
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0.05% (v/v) Tween 80 (Merck) K ampicillin (100 pg/mL, Sigma-Aldrich) - j*35C FNig& 2 £ 5
Kig » PREEEAREREEMEERE - PP AR B RS Bk B e A B B AL L EaRsE > DA
MR &M -

- BEREIE IR 22 DNA JEFFELS T

@R E ARSI E 2 Mk & - ZEEHEARERS - /) EEAEREDIRSEG Hindlll (Roche)
TEFI & DIEHERER A Bk ol o V) 2 ARG W20 (55 DNA 48 AR B2 K Ihe LUE Frad i BigDye
Terminator 3.1 (Applied Biosystems) #:fTERFIE » Wi PG| FF257% (primer walking) #Y 5 =0E
FEg s » > 1% DI ABI 3730 DNA [ &2 255 ( Applied Biosystems fi#Re » & 2 E& 1L Vector NTI Suite
10.3.0 (Invitrogen ) E45#iAGH ContigExpress F24H & » TEREEELA AR Br 2 DNA FFHIEHT « 1
Fiif52> DNA 5K NCBI 485 |2 48 47 Hr#kEa ORF finder (http://www.ncbi.nlm.nih.gov/gorf/
gorf.html ) » 53 H734ES DNA B HEFTE > ORFs (open reading frame ) - ORF 2 FEHIZHAEHI L NCBI 48
15 BLASTP ##=% NCBI non-redundant protein database ( Altschul et al., 1997 ) &ilRHeE i H8T 2 EH
BEBREY) -

Hi el 208 AR [ 3 T

Hifie % 2R Al P | B B s e 2225 /751 (Arpigny and Jaeger, 1999) 735 LIAE= Clustal
X 2.0 (Larkin et al., 2007 ) Ei MEGA 4.0 ( Tamura et al., 2007 ) ZE1E(BRBHIRE o H{BEHRE 2
TLERF neighbor-joining 434t » 314047 (bootstrap analysis) ##F] 1,000 ZE#E - LRSI
R EXE I (robustness)

BRI R 2

TEAEBR ARk BB BE R B2 T 3 » SAEA NS BENG 75 KW ( Bornscheuer, 2002; Jaeger and Eggert,
2002) > HEE IR ZEREFEIEN TR R A EYR T EEER - BREGHZE - HIL - A5
PRRIKA4-98 5 4% DNA EfTHEG TR - A ER DIEE%R T NP AKGEE T4 - FkE
AR IRE S 1% = TR H eSS ER L E35C & 2 R L - sl L3R A 4
{EEE R ARG - FIRE 4 (Ekk R EFTEAH EI AR e A B s - WSl S
EER 2 R d44 5 TWBRLL ~ TWBRL2 ~ TWBRL3 & TWBRL4 » 7 4 {EfkZF » TWBRL1 £
TWBRL2 RS E MRS - 5% BB AR KB (clear zone) » HEEREERSEAL [ EIHEE (R
AREE ([ 1) o 2RI » REELER A BIEEENT & 1% AR B - B R B % B B LS
TR - S EAS RN SR RS AR 2 PR £ T RE EE AR BERE T I FRE RS -

- HEfRE 2R BN oy T2 00T

ISR 22 DNA i A | BRI R AN - S R S A0 B R4S FR IR AIEs HindII1 1 FH 1% DA G
IBRGEE K or i » SEEREAVN 2 - 6 kb 2R ([ 2) - [EIRE Ry i n eI BR S MR R T2
Tk > i 4 Bk Z (TWBRL1 - TWBRL4) Z#6H A DNA 551 & H @G LG [T A 5w B E T
W LAERSIRSET A T2 00 (R 1) - FHIaMERE T ELEE A DNA 195 F R/ NHiEH
2,388 -5,499 bp ; MfiH G+ C &=HI/MA 49.1 - 65.6% - 2R » LA ORF finder &1 BLASTP alignment
T2 ITEER - 1E 4 R RHE 4 TN R AR REREZ AN 58%E ORFs » #E—ME » DIFNZ K
BB HieER 9 A — (TR EREY LSRR P TSGR Y EOET2HEE - EHEE
HfE (27 -59%) AH[EME (identity) -
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TWBRL1 TWBRL2

1. HEE/KAE B WMEY) 2 TR N A 58 Rk S e A S s -

Fig. 1. Lipolytic activity of two clones isolated from a metagenomic library of rumen microflora in Taiwan Water Buffalo.

2. HEE/KARE RAEY) 2 R E R E A 2 SIS S MR 08 A DNA | BEZ [RFIEG 34T - REfdiEtE
PR EEAHE G LUR IR HindIIT 75 FHELEE vk 7y BE1% DARFAt AR B AN Lane 1 TWBRLI > Lane
2:TWBRL2 Lane 3: TWBRL3 > Lane 4 : TWBRLA4 » &iSHFTHE AL B s BEFEAES pBluescript I KS(+) »
M : DNA A/MEEL -

Fig. 2. Restriction analysis of insert size of the 4 lipolytic clones from a metagenomic library of rumen
microflora in Taiwan Water Buffalo. The recombinant plasmids of four lipolytic clones were selected
for insert size estimation with Hindlll digestion. Lane 1: TWBRL1, lane 2: TWBRL2, lane 3:
TWBRL3, and lane 4: TWBRLA4. The arrow indicates the plasmid vector of pBluescript 1l KS(+) (2.9kb). M,
size markers (GeneRuler™ 1 kb DNA ladder, Fermentas).
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% 1. DOk A TR S MR 2 o0+~
Table 1. Molecular analysis of predicted lipolytic genes identified from 4 clones

i i i % Id /Sim® Score® E value?
Plasmid ORF G+C (%) SIZ;E Closest ijOtem and Microorganism 0
(bp) (aa”) accession no.
pTWBRL1 EstRl  62.6 296 Hypothetical protein Parabacteroides johnsonii ~ 42/58 205  3e-62
(4,068) (ZP_03477680) DSM 18315
pTWBRL2 EstR2  63.9 407 Esterase (ADY36651)  Bacteroides salanitronis 59/75 496 2e-173
(5,459) DSM 18170
pTWBRL3 EstR3 65.6 384 Beta-lactamse Paenibacillus 39/58 263  le-82
(4,250) ('YP_004643483) mucilaginosus KNP414
pTWBRL4  EstR4  49.1 293 Hypothetical protein Lyngbya sp. PCC 8106 27/45 158  4e-09
(2,388) (ZP_01622142)

“Length of predicted ORF in amino acids.

b o4 Identity / Similarity.

¢Bit score of alignment using BLAST.

9 The value is a parameter that describes the number of hits one can “expect” to see by chance when searching
a database of a particular size.

f£ pTWBRL1 E4HE G DNA i A | B2 4,068 bp » &7H —{EAEEEER & 296 aa (amino acid )
HIEEEE - a4 Ry EstR1 - FEHI> 78 5 32.5 kDa (£ 1) - pI (isoelectric point) A% 5.48 - [t
B R B RLRE Fr 7 T S RE R 2R A 2 TURERRERENR P51 (GXSXG) 2 GFSAG » #¢H1 BLASTP
HIEESH ot - B B ERAHIT & By Parabacteroides johnsonii DSM 18315 #E I H 2AY hypothetical
protein PRABACTJOHN_03370 (accession number: ZP_03477680 ) - bE¥f57% & 205 » fH[EIM: & 42% >
HAS (BRI 3e- 62 » AMHITE By E Stigmatella aurantiaca DWA/3-1 §#z2H > xylanase (accession
number: ZP_01461202 ) F§3 £y 5 Chthoniobacter flavus ENlin428 =2 H 2 xylanase (accession number:
ZP_03132271) » HERMHATHIER HE /N2t Ry xylanase  HEEHEN] - EStR1 A AE K B BSHG ST R
TEINRENYE S -

1£ pTWBRL2 E4HE#SHY DNA i A 7 Bif 5,459 bp » &7H—{[ ORF AEIEEERN & 407 aa Y&
B o a4 Ry EstR2 > FMI T8 Ry 44.9 kDa (£ 1) pl Al 5.73 - FEkie 3 th & A REfEhE
FrEH AL IERR P51 (GXSXG) 7 GLSMG » 48Hy BLASTP [YEL /347 » B VB S8 Ay
B Bacteroides salanitronis DSM 18170 &3k~ esterase (accession number: ADY36651 ) » EE¥}438)
By 496 > FH[EIE By 59% - BHEZ(E A By 2e-173 » KAHT & FyE Bacteroides uniformis ATCC8492 &%
2 hypothetical protein BACUNI_00920( accession number: ZP_02069506 ) 5 5 H Bacteroides sp. D20
B Bacteroides sp. 4 1 36 4y Flli# % 4} 2 conserved hypothetical protein ( accession number:
ZP_06201072 ) i hypothetical protein HMPREF1007_00161 (accession number: ZP_07937045 ) » H.ff
FHATHY & VB A 7 S h AR R FRlB Bt AL /K %8 (glycosyl hydrolase)

1£ pTWBRL3 E4HE#SHY DNA i A 7 Bif 4,250 bp » &H—{F ORF AEIEEEN & 384 aa Y&
& o R HEar4 Ry EStR3 > FMIF&E Ry 42.6 kDa (£ 1) pl Al 5.31 - [HEGEE ERERL P&
# beta-lactamse E75 2 58 SXXK #5112 SMTK » &8ply BLASTP (JLL$F 53477 - B & B e &
Fy B Paenibacillus mucilaginosus KNP414 H# Jil 4 2k #Y beta-lactamase ( accession number:
YP_004643483) » LL¥F5 80k 263 > FH[EME B 39% - BASZAE R e - 82 » AHNTE £ Paenibacillus
polymyxa E681 §EEH > beta-lactamase class C and other penicillin binding protein (accession number:
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YP_003868781) » HARHITHIE BB 48 K 9k f# By beta-lactamase °

1£ pTWBRL4 E=4HEHGHY DNA A 7 Bt 2,388 bp» &7 —{lE ORF AR R 293 aa HY&EH
B o R EAns4 k EstRA - TR T8 8 33.2kDa (R 1) > pl BRIl % 5.99 - FLERE I ERARTYIH &
HefiglE 2 2A 2 R R BERENR P51 (GXSXG) 2 GGSQG » &Ly BLASTP (yEL¥ o34 » Bt
EH B i HITE BB Lyngbya sp. PCC 8106 M4 2kf5 hypothetical protein L8106_02362 (accession
number: ZP_01622142) » EE¥ /38Ry 158 » fHEME & 27% » HAZ(ERI S 4e - 09 » TAEEFH A H
Microcoleus chthonoplastes PCC7420 ##zEH, > dienelactone hydrolase family (accession number:
ZP_05029280 ) - HERHATHYER HE 2 #iat i 1y peptidase S9

BEZRFEL NCBI &Rt EEEL S SRS A0 B 4 (BTN R R E N B2 K E g R
EARIVEHE - B St E T E Y Ryl R4 (whole genome) oI & RHEERMIZR » i EAGHY
EHBEZ AR - RESEESE - I4h - RERT RUAIRVRE AR RIE AR E R (27 - 59% )
BRI B H L AIAVAH AR & 0B A [EE  FIEE mTAS » RE H e 2 AR IR e P DA T R 2 [ ) 38
D37 AT DSRASH R Z R 2 o B4 » BUAERZE AT TEONIGY 4 (S RRE 2 B R AT A4 - 73 5l
B} Bacteroidetes ~ Firmicutes F; Cyanobacteria (£ 1) » 12455 AI K SEL /KA S 4 S 1E 5
rgsR (% > 2009) MHAFE -

. BefglE 22 7

ABHFERRTERIRY 4 {8 RS AREE 2R B R 2 Fec Bl 7 B R AE TR B2 IR (DUR R [ 2 Ra el 22 200
(family ) ([& 3) 1% 4 {ERERER: ZEE T - A 2 (ELLEAAE /@RS Family VII(EStRL) &1 Family VI
(EstR3) » EstR4 w[gE/E > Family VI » 7] EstR2 RIlvAE R —3H - BEM S > A ENEREE S
DA IR R T U A - RIREYE(S S IEAVASARRE 2 AR (Ferrer et al., 2005; Hong et al., 2007; Hu et
al., 2010; Lammle ez al., 2007 ) - EstR1 BilfE B EDRIEEEL IR - S50 B ECAH AT 0t g R S I o g
HEJJHYE%Z xylanase » ZAEARITEAVAS SR 23 EstR1 Ry BAEMESENVEEE » T EstR2 BUEEE
EHEE L& IR BRI 5 S BERe Bk B KRREs - HE b WE MY G L& ik
WEENAE > BRGEYN TEEY RIS A RENVEEREREEEY) - it 15 #5
HUHEfg a2 B2 IN AT 5 A 71 figss /1 (Ferrer et al., 2005; Pai et al., 2010) » HhER 7y FREHE—
HIBEE K ERIEL LI - FETRIMEDT TR -

&l

AT R K R E A Y 2 IRE RN AT T2 > BCa DATHRE B A AV EREE 53X - Tt Bt
ORI AEARRE 2 - RAGKHE D IRFTIE i Bl RV - BILURETE Y ALVl hT Fe s 5

L6

AP & BTSRRI EY) » 5D T -



BCE - BSE  SEE . B R

100 Burkholderia thailandensis YP_442879
ﬂERalstonia solanacearum ZP_00943646
97 Geobacter sp. ZP_01387773
Archaeoglobus fulgidus AAB89533
87 _99: Pseudomonas sp. AAC38151

EstR1

Py Arthrobacter oxydans Q01470
_%Eptomyces coelicolor CAA22794
— 55 Bacillus subtilis P37967

100 — Moraxella sp. CAA37863

il | psychrobacter immobilis CAA47949

Haemophilus influenzae AAC21862

EstR4

Pseudomonas fluorescens AAC60403
T'_: Spirulina platensis AAB30793
100 Synechocystis sp. BAA17218
EstR2
100 Proteus vulgaris AAB01071
Pseudomonas fragi CAA32193

68 — Bacillus pumilus CAA02196
100 L—— Bagcillus subtilis AAA22574

87 Pseudomonas fluorescens AAC60471
491__'1 Arthrobacter globiformis AAA99492
81 Streptomyces anulatus CAA78842

EstR3

= 91 Salmonella typhimurium AAC38796
L

Pseudomonas aeruginosa AAB61674
Moraxella sp. CAA37220

100| I: Streptomyces albus AAA53485
100 Streptomyces sp. AAB51445

0.2

Family IV

YFamily VII

Family V

Family VI

Family |

Family VIII

/

]Family 1

Family 111

271

3. AR 2R BUE AT 2R B BB AT o 3T LA Clustal X and MEGA 4.0 F22058 5 » AWFFERT
S A Z DUHAS 2R » 351 BUERRA] 1,000 XREEEEHE 50% 4 GEUR » ZIEHREE

RE G EREREAV R E S 0.2 -

Fig. 3. Phylogenetic analysis of lipolytic enzymes and closely related proteins. Phylogenetic analysis was performed
using the programs Clustal X and MEGA 4.0. The lipolytic enzymes found in this study are shown in bold
type. Only bootstrap values higher than 50% were shown. The scale bar represents 0.2 changes per amino

acid.
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Abstract

The purpose of this study was to construct a metagenomic library from the rumen contents of a Taiwan
Water Buffalo and to screen for lipolytic clones using activity based screening methods. By screening the
metagenomic library of rumen microflora of Taiwan Water Buffalo, a total of 4 unique clones conferring
lipolytic activities were obtained using tributyrin plate assay. DNA analysis revealed that there were 4
putative lipolytic ORFs of 4 clones. Based on the BLASTP analysis, the 4 putative lipolytic enzymes showed
27-59% identity to the closest matches in protein database. According to the classification of bacterial
lipolytic enzymes proposed by Arpigny & Jaeger, EstR1 and EstR3 might belong to Family VII and Family
VIII, respectively. EstR2 might be classified into Family VI, and EstR4 might represent a new family. On the
base of the plate assay with different substrates of tributyrin and olive oil, the lipolytic enzymes may be
recognized as esterases not lipases. Moreover, EstR1 and EstR2 might be suggested to be bifunctional
enzymes with lipolytic and polysaccharide degrading activities after comparison with the protein database.
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