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AR5 H TR A4 S A 2 iR M B DL 20 IR B R RS 22 07 X ER B A B R BN - AL N B DI ZEERE
207 AR 2 IR L RS DNA > FIIFH4HE 16S rRNA B NH —5 [ #E1T PCR MG IUK - FEEVIEEA Y TA BEIEHEES -
LR 16S TRNA FLfRIEE » 3l EF TR 2 B 1 o0 AT © R 227511 2L BLASTN B Genbank % & 6 #ETTEE ¥ » FHDL
MR R ATRE R Z S 77 & RBURAT AR R B B A A o0 Bl R B BN 1 8 1 & LB B D AR W0 AH R - TP
B HE IR Bacteroidetes (33/52) ~ Firmicutes (18/52) F Fibrobacteres (1/52)  [GIF » DL R B R Ba 22 75 RS 24 R
RN > USRI EE T o S AR SR & - SR 3 HREREMREENE L - & DNA E
F¥> ~ open reading frame 737 s 7 EL R FEER - It 3 R AAVIE AR BEEA 3 (E52 8 AafiE% 2 A A (LipoR1 ~ LipoR2
J¢ LipoR3) < 3 {[E FEHIAY A i e 22 e Bl S| AC BLERHER LR B o M2 - 3R B S th S oy B A RN o EE o 1l By
39~ 86 Jz 62%  {{<iE Arpigny & Jaeger - MG fFEZ 22534 - Horft LipoR1 AJREEIYEE—3H » LipoR3 Jp A sE VUHHEL
58 - M LipoR2 AR R #rHVERIE R (BB FFH8) -

RRsT - AEfERE AN - ZIRENE - WEMAEY - A4 -

i

HAFR A AIFE S ENEEER T2 RBF A - EE% ERAMAEYEEE RS 2R R PR
PREJE T 2R - FETRRAVES S » DA R ENERSCEAM B A8 - BRZIR H ATk o #erdl - B
99% HIBRAEPE iR 2 A B B = 1T AE W B8 7 RS 2 (Amann et al., 1995; Torsvik and @vreds, 2002) » H Ry S ELA]
FEBRZ BB EER - RIERECR A 7 BERS & BIPRIT A8 B AT SRRV AL R SRS - PEAEERFTIRE 2 N 20 RN
#GEL (Handelsman et al., 1998) - FI| 25 ARG ER 720 » RIATERE ~ (RIE S o PTEREEHEAE YA R - 1% AT A1 A 2
EHVETEE )T ANEMERILE DNA FFHIFRFE - Gt PR VAR & - HRATC &AM 21 2 R AL R RS S AH RATH 58
25 HRE TEF A IR A AT E o BREREZR L1422 (40 amylase: Lopes et al., 2015; Vester et al., 2015 -
lipase: Alnoch et al., 2015; Privé et al., 2015 ~ protease: Biver et al., 2013; Devi et al., 2016, antibiotics: Lim et al., 2005 £
metatricycloene: Igbal et al., 2016) °

R B GEYEEAVH LS E - NS EZRNEY) - HIERRERIET o AT ABIHITE R 550 - Hf
(1 85% — 95% AR ABELL A T 4783 (Tajima et al., 1999, Whitford ez al., 2001, Shin et al., 2004) o JT4EHK »
HHF S LR RN S T A F S e 5 e VB R AR SE - BB — A S B i 2 A
o ' LAY I 2R B L FRARAE SR 0 il (cellulase) ~ ERRRHINIE 70 i#lE (cyclodextrinase) ~ YT 73 fiflf (endoglucanase)
Rafiliz 2 (lipolytic enzyme) Kz = FZNENE /) fiFliE 2 (3,5,6-trichloro-2-pyridinol degrading enzyme) ( B2 » 2012 ; Ferrer et
al., 2005; Duan et al., 2009; Math et al., 2010; Privé et al., 2015) °
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AefpBE ZAEeT 2 MR B RIFE ERN AR A - BiEaysiaadrl - FEM - {LEER - {bitmi
HK ~ #YE SR (Bornscheuer, 2002; Jaeger and Eggert, 2002) - Hafifie 2 6 = Balilis (lipase, ¥ 254758 EC 3.1.1.3) B
Fi5li (esterase, E% 2748 EC 3.1.1.1) » 0] 53 Il FH ARK g B & B = S 245 6 H MBS (Arpigny and Jaeger, 1999) © £ »
fefpi Z B AIFE RIS - WHEEZEE M - ARARIRENE - T EH KT E —4% (Bornscheuer,
2002) - HREME N FIREYIER -

AWt EEEYIRIEE (825 ) B EAE 2% — 10% FYAEE (Harfoot and Hazlewood, 1997) » HiEE HHEEN
A A B A4 e B A R EE Y528 (Lourengo et al. 2010; Shingfield er al. 2013) - [ 5 BEE Y F bR R
WA ITERL > B R EIERETE IR B R S P ER AR FEAVAE RS & o [RIL > ARG BEVEITER i AL S e
LRI AR EAE AR R AR 4048 16S rRNA AR FHILL % - SRR TR R BN A E H e R R e -
[EH - FIFERE ARSI E ZRERE - DUSMEEREE T ik 3 SREAREEEMEIIE R » TTHt#E—F
HIBHZE LA A -

MR T A

L BEEANEYES
AMTERE R 2 S NAY) (2RAeERS ) - I S e L — o S e A4 - DBl Et
EHESH pH AR > FHRSRER -710°CREOR SRR » ZERUES /R i T 25 R RN #E DNA 2502 H -
1. JoE'S 2 ARG DNA 2 BRIEZEHY
I F %3 (L4 (PowerSoil” DNA Isolation Kit, MOBIO) #7748 & N 2574 th 25 TR LIS DNA 2 Z2HY » /NI
P ZE BRI BT B W RIEM RGPt > 5 EP B AR o - R BTG a8 RAFHY DNA SR - R/ Bl
WIS U A2 2 i S N A Y 80 mg B A S TaEMREER 2 WEE > 1A 60 uL C1 £Z{E& (& SDS 5 »
FHLLARERAERE ) - REZIR ) S s  DIZHARIY'E % (MagNA Lyser, Roche) 1£ 5,500 rpm & T » fEF] 25 s - £ 10,000
X g THEC 30 s » IRE EEREHAVEROE © KPR FEIREENR (C2 — C6 : C2 &I LUIUEIE DNA
7 AR BLRAYE - C3 S E SR DL UERAESMNIFE DNA > A B E - C4 BEBEEAR - CS Bal
B 2 8 > C6 Fesetiail ) Bljess I8 E 41T DNA &R - &% 115 100 uL DNA -
1L J58 4R 2o Bt oA
PA4AE 16S rRNA F:RNE—5 [ 7% 27F (5'-AGAGTTTGATCCTGGCTCA G-3', Edwards et al., 1989) {1 1492R
(5'-TACCTTGTTACGACTT-3', Wilson et al., 1990) » H41iE 2% J5 Z [N 44 DNA 2 16S rRNA AR H E% - #FE A TA
9671 4 (pCR2.1-TOPO, Tnvitrogen) |- » 3f 1] F #4874 77 3 887 % 5 {F 41142 Escherchia coli TOP10 - 35 (£
4B R PR B2 = AL F (Luria-Bertani (LB) broth, 1.5% agar, 100 pg/mL ampicillin, 1 pg/mL X-gal) > 3 35°C 5%
FEh IS EEE - FH > BEERKE o RO BETE R 96 FLITEME T > FILEH 1 mL LB 238/ (& 100 pg/mL
ampicillin) - JRZERITER - DUETHEREE DEETHYS [ 3 MI3F B MI3R #E7T DNA ##i A 7 B¢HY PCR 351
FFIF PCR &L ELH OISR F B « PCR S FEAERSHE Ky 20 pL » HAHR /A 2 uL EE ~ 0.4 mM dNTP -
0.25 uM &5 [F ~ 10 mM Tris-HCI ~ 1.5 mM MgCl, ~ 50 mM KC1 #1 1 U ( B ) Taq B 0.5 U Pfu &0 - KZFE
G2 —258 M - 94°C ~ 5 min 5 28 B EERIENE 352X 1 94°C ~30s > 55C ~45s> 72°C ~45s; = EE :
72°C ~ 10 min - 4fi{L{&HY PCR F E% LL2E 5% BigDye Terminator 3.1 (Applied Biosystems) #: 17 E ¢ & & » Fff
R EF 5] T84+ M13F » M13R ~ 27F ~ 519F (5'-GTGCCSGCMGCCGCGGTAA-3', Lane et al., 1985) ~ 519R
(5'-GWATTACCGCGGCKGCTG-3'", Lane et al., 1985) Fz 1492R » 7 1% [l DNA H #f %€ I % (3730 DNA Analyzer,
Applied Biosystems) fi#2f7 » 21 E&LL Vector NTI Suite 11.0 (Invitrogen) E#E#kfS 4 ContigExpress f2= 40 & » 58
i EE B4 AR B2 DNA FRBIIfERT « KiFTTS 2 &Pk % 16S RNA EL A FR 75> NCBI 445 (http:/www.ncbi.nlm.
nih.gov) I » A Basic Local Alignment Search Tool (BLAST) (Altschul et al., 1997) #E{7ERES » A DARESIE v REAL
=2 H Sy » i & Ribosomal Database Project (RDP) 44 H (http://rdp.cme.msu.edu) F|Fi4¢ _FFZ=L Classfier (Naive
Bayesian rRNA Classifier Version 2.0, Wang et al., 2007) 7M1k % 16S rRNA EL[R AJREEF & 2~ AN 7048 -

IV. 8 5 AR Y 2 L DR B A B R i P ok A
HFAEEN 2R YR ' 25 R L RIS DNA AR LABR &S HindIII (Roche) #E77H457 43 VI S JfE (partial digestion) >
% 37°C TYEM 10 min 1% » & 1E R JE - DL 1% 3B A5 B ES & 7k B 75 B 57 UIHY DNA > R R/NGY Tt 2 — 9 kb
7 DNA F| &40 1] (Agarose Gel DNA Extraction Kit, Roche) - J Kl [88 2 7% A (5 F AV #k 58 & pBluescript 1I(+)
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(Stratagene) - DAFRAEG HindIII F 1% B AR 4 R B G (alkaline phosphatase, Roche) ZZFRrEERETR > FFLIEH (L
%M - EASEL[O]UL DNA R BGRILELBIZY A5 1 0 3 > {F 14°C T 2L T4 DNA ZH#$#E§ (ligase, Roche) {EF 1 h > DUFELT
PEETER - B Eam R T REIEH - M HEE % 73X (electroporation) R ¢ 2 B 4HE A 28 A5 (4T
Al (TransforMax EPI300 E. coli, Epicentre) » Fr{s FHAV{GRA- 0 N EEETE 4E[508 2 mm > BEER 2.5kV » BB 25 uF » &
PH 201Q) » HFf Ry 5 ms o fRFEE 52408 7 B E4HAEY 1 mL SOC HjjA 35°C NEFE 1 h 1% » HU 400 uL 7 IR BRI
fifiseTE AL spirit blue agar (it 77 (g/L): casein enzymic hydrolysate, 10.00; yeast extract, 5.00; spirit blue, 0.15; Agar,
17.00, Sigma-Aldrich) J35h1 1% (v/v) =T ¥ H g (tributyrin, Merck) ~ 0.05% (v/v) Tween 80 (Merck) fz ampicillin
(100 pg/mL, Amresco) » A 35°C NEE 2 & 5 Ki& » PkBEEAREMEMEE - WP EiE T B ARfEE 2 Ak S
T EA R A REIGRRTE - DR HIEM: - [FIR - IR F EHE R 2 HAAYTE L 40 E. coli DHSa
(BCOS™X, Yeastern) #{Z2 HAR R MERIANET -
R E MRk £ DNA B P 8o

@ E RAE RS MR FIHBHER - K/ 8 HHERELAREES Hindlll (Roche) {EH » 12 LA3E
AERBRG ki o V) 2 EEHE G - W25 DNA 48 AR BEZ K/ o DUE et BigDye Terminator 3.1 (Applied
Biosystems) #E{T7E 7 S » ALLLG [FH42572% (primer walking) HYJ7= » 212 2L ABI 3730 DNA H#j7E 4 (Applied
Biosystems) & > &1 5 B LL Vector NTI Suite 11.0 Invitrogen) E2E#fa 1 ContigExpress f2 V41 & @ FEK L ER
fii A7 Be 2 DNA FRAllfgffr o i FTes 2 DNA FR3IFIH NCBI 4 H 2 43 F53#HkEs ORF finder (http://www.ncbi.
nlm.nih.gov/gorf/gorf.html) > 43 17 %% Ex DNA H] HE & 7 HYJ ORFs - ORF 7 TEMI T &8 Al LA NCBI 48115 BLASTP %
#% NCBI non-redundant protein database (Altschul et al., 1997) &l th 5 5237 2 28 /B B A=) - F|F SignalP
4.0 4 Eo3ir T H (Petersen er al., 2011) » 7347 3 (EFEZ AV R EL 51 - #FE LA IEE 22 & 2 A sHERERK (signal
peptide) » DUFSIEE 22 & A A AU EGAE S MY
HE g 22 77| b e AR [ S A

i g T 22 P A I P %71 B A BT R e I 22 275 7 51) (Arpigny and Jaeger, 1999) 73 5 DAF2 2 Clustal X 2.0 (Larkin
et al., 2007) B MEGA 6.0 (Tamura ef al., 2013) #1726 85 Fp 51 bb 3 B 8 TR (L ASHAR B < B (LR i 2 ZE Bk
neighbor-joining 73 = 5 AL 73 #7 (bootstrap analysis) £ 2,000 JXEE % - DUERLAEHIR E 2 B2 14

(robustness) °

R

iEsE2E eyl

FLAR E NSV LSO E 1% 1351 pH (B 5y 6.8 » B FHAE pH {H 6.8 #H[E] (Rode, 2000) » KL ATHEH] -
ARt MR S S LA ERAC T s o e A EMT K - MEMEY T HE AR IER > R 1 -
52 Bk &y E RN 3 (BT Bacteroidetes (33/52, 63.5%) ~ Firmicutes (18/52, 34.6%) K Fibrobacteres (1/52, 1.9%) -
IR Z4F Bacteroidetes & [ T~ 0V 5740 » F 2 & Bacteroidia (31/52) B 4] » Bacteroidales (31/52) B B » & J& Al L
Prevotella (11/52) FsZ58 + #RZAE Firmicutes TP T 25340 » RILA Clostridia (18/52) w4 £ £ > B H 2R ARKZEL
Ey Clostridiales (18/52) - Whitford et al. (1998) #4145 ANE R L LA Firmicutes E[9 5 F (55%) » Bacteroidetes
HFIRZ (30%) » BRI > EEPIVEEAE L [ERRFTMEEPTE S EERIRE - B (2009) 78 =8 K
IS M SRR - B RN E T2 28 % & Fy Bacteroidetes (65.5%) » Firmicutes (20.2%) X2 » b
e S 2R ELA 5 FE I P 1 R A SEAT A o An et al. (2005) BFFER [E4-HE ( FEAS © Bos grunniens Bl Jinnan cattle :
Bos taurus) S AV Mo KBS ME T EE P B 54.1% 22 LGCGPB (low G+C Gram-positive
bacteria) B 30.9% 2 Bacteroidetes » Jinnan 268 5 4 & B )& & IR 53 Bl By Bacteroidetes (39.6%) » y-Proteobacteria
(26.9%) sz LGCGPB (22.3%) - {E[FETEF SRS F G 2 A PSP MG A E H bl - TR ek e~ fafE
A ESERERE S NA YR AR A F SRR A E A EEAE S P SRR EE TR E - AlTsE
JRA BsA-TEAE - st B G R IR A [E] - BUEROE S R RV E EEIRAE -
ELRERRIE Ik S st

TEBsgEslE (LA - SREeEES T3 » BIHEHIER FAEERG 75 K WY (Bornscheuer, 2002; Jaeger and Eggert,
2002) » HH#HEE AR R TG 38 KAV el 2 TR EEEA - AT AR IR
FERRSEERT » EAEE AR B AL AR B RN - R 2 KRR R BN & 1% =T B H i By EisE a5
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£ FE3SC TR 2 R - {8 R3IRA 3 MEEIMTERE (clear halo) » ILHIFIRIR R EAEAREM: -
RS 3 AR AR ERT A R A E BRI > WHERR AR S - Bk & Bl 44 RLL ~ RL2 K RL3 (
1) o 3{EPRZ T > BLRL2 ARAREMEESS - B5% MR B ARCRAVENRE - BAEmBSEE E 2B OIRAE < 2400
B LR R BB N E & 1% M A B ANy - SR ES MR IS RAVEHRE - S REUR - Frfh
B E R AR 2SR 2 m] REEE R BRR T IR RS E -

® 1 AREFHED A

Table 1. Distribution of bacteria within dairy cattle rumen

Phylum Number of clones % of clones Major Class Major Order

(number of clones) (number of clones)
Bacteroidetes 33 63.5 Bacteroidia (31) Bacteroidales (31)
Firmicutes 18 34.6 Clostridia (18) Clostridiales (18)
Fibrobacteres 1 1.9 Fibrobacteria (1) Fibrobacterales (1)
Total 52 100.0

1. BAAREEMEYZREREEEEZ 3 R AREREMERIE - BREER 35C T 2K HRL3 AIZENEMR
T 1R o EfIE4H By S e TE ER S pBluescript 11 KS(+) 1975 41K E. coli DH5a (ECOS™X) o

Fig. 1. Lipolytic activity of three clones isolated from a metagenomic library of dairy cow rumen microflora. The isolates
were grown at 35°C for two days except that RL3 stayed at room temperature for one more day. The control was that
the host E. coli DH5a (ECOS™X) harbored the vector pBluescript IT KS(+).

L. RSl AN 7 12253
FotH1E R % DNA fl A5 BEVREEAVN - % 3 @k % (RL1 ~ RL2 ~ RL3) AYEEAE RS IR AN HindlII {E
1% ARSI RS BV il - BRI 2 — 5 kb 2R ([ 2) - [EI - SRS as BRI AR R S MR 2 0 1
B2 - 1 3 (EIPRk 2 18 A DNA FP3I LARSIG 5 [ TR A HE T Se BOE Y - MDA BRRSERae R sV i T o0 707 (R 2) »
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FRA o irdd SR G S 248 A DNA By 1 AU/ ARy 2,317 ~ 3,709 K 4,752 bp & [fii L G+C & &35 K 564 »
51.7 ~ 47.8% ° ZAifi > LA ORF finder 81 BLASTP alignment #2300 #4558 - 1£ 3 {Elitk &7 3 (BTN ABHEARE R
ELNAY5E%E ORFs » 01 E » DIFNZ FAERE Py 0 Ines R > 198 —(EFUH R N A B R o E X1 8TH
Az EHEEEMHE (R2) -

M 1 2 3

kb

[N Btpba i
o lholoo

2. BAMREMAYZIRAR AR B RS R 208 A DNA | B 2 IRHIEG AT E -
B SRR S EEAHE RS AR GBS Hind I {5 ] SR Dk 7 fer& DLSTAd # AR BER/)N > Lane 12 pRLI » Lane 2 :
pRL2 > Lane 3 : pRL3 » EivEATEAVNL B fyisEE#AS pBluescript IT KS(+) (281 kb) » M : DNA A/MEEL o

Fig. 2. Restriction analysis of insert size of the 3 lipolytic clones from a metagenomic library of dairy cow rumen microflora.
The recombinant plasmids of 3 lipolytic clones were selected for insert size estimation with HindIIl digestion. Lane
1: pRL1, lane 2: pRL2 and lane 3: pRL3. The arrow indicates the plasmid vector of pBluescript II KS(+) (2.9 kb). M,
size markers (GeneRuler™ 1 kb DNA ladder, Fermenta).

2. =R A TR AR S RN 2 53153 Ar

Table 2. Molecular analysis of predicted lipolytic genes identified from 3 clones

Plasmid ORF G+C Size Closest protein Microorganism %1d /Sim”  Score” E value’
(bp) (bp) (%) (aa“) (accession no.)

pRL1  LipoRl 58.7 384 Triacylglycerol lipase Ruminococcus sp. 39/54 263 6e-81
(2,317)  (1,155) (CDA19491) CAG:488

pRL2  LipoR2 545 319 EstGK1 Uncultured bacterium 86/92 583 0.0
(3,709)  (960) (ADE28719)

pRL3  LipoR3 45.1 321  Putative esterase/lipase  Unidentified microorganism 62/76 413 2e-142
(4,752)  (966) (CAJ19128)

“ Length of predicted ORF in amino acids.

* % Identity / Similarity.

“ Bit score of alignment using BLAST.

“ 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.

£ pRL1 EZHE ASHY DNA 8 A | Be & 2,317 bp » & A — i & 1,155 bp Y ORF AEHEHFE L £ 384 aa (amino
acid) Y& (98 » B H e %4 5 LipoR1 » JH M2y 7 8 B 43.7 kDa ( 3 2) » pl (isoelectric point) HI| £ 6.74 - i Ey &
A R B P 7 S e e B R R A 2 TR BB K B 51 (GXSXG) 2 GHSFG » 48 H1 BLASTp AYEL #7347
A L8 S B A 3T & By B Ruminococcus sp. CAG © 488 DNA 7 41 5% fi# 11 15/ triacylglycerol lipase (GenBank :
CDA19491) » FE¥F53 80k 263 45 > FHIEIM: By 39% » BHE (BRI B 6e-81 : TAHMTE B Clostridium sp. CAG : 413
DNA Fp¥lEFEfiE 7 triacylglycerol lipase (GenBank : CDC09885) » F3 FH Ruminococcus sp. CAG : 563 DNA F%|
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SEfi# ~ triacylglycerol lipase (GenBank : CDA89032) » Fij 3 H &4t 5 AN M b HE BT Firmicutes H [T > H
EREATHYEE VB IR at gy lipase -

£ pRL2 E4[E#8HY DNA 8 A | Bifx 3,709 bp » &7 —{[E{ 960 bp ORF FEEEER K 319 aa HYEE » I
i ks LipoR2 » FEUHISy 8 £y 35.8 kDa (5% 2) » pl HIl B 5.03 < fr ikl w5 & A Hafdhs 2 F i e B e R AR 7
51l (GXSXG) 2 GHSQG - &% Hy BLASTP FNEE¥ o34 » B (B £ iH7T 3 fy B uncultured bacterium 51 H{ 5K 2
EstGK1 (GenBank : ADE28719) (Bayer et al., 2010) » L3438 5 583 » AH[EIME B 86% » HESZ(EHIE 0.0 » A
%= k8 Oribacterium sp. NK2B42 52 4!~ hypothetical protein (GenBank : WP_044931439) » F 5 E uncultured
bacterium &2 H, 7 EstZ3 (GenBank : ADE28720) » H.&RAHITHYEE H'E AKE 9 #55F% Fy hypothetical protein » /D]
W R el o

£ pRL3 E4HERSHY DNA fi A | Btz 4,752 bp » &H—{iil & 966 bp 7Y ORF FEMEEER & 321 aa HYEHE »
i Heam 4 fs LipoR3 » TEMIZTF58 K 36.3 kDa (£ 2) » pl Ry 6.16 - [HEEE VERARE P3| H SRR R A A 2
S B ESBE L 51 (GXSXG) 2 GDSAG » £8H BLASTP fYELS S0 » Bl 2B (B A FE 3T % [ unidentified
microorganism DNA FE5IH#EH]H 3T putative esterase/lipase (GenBank @ CAJ19128.1) » EE¥Ir80 R 413 » AHE M B
62% > HASE{E Il By 2e-142 » ZXAH T3 K5 H uncultured bacterium DNA %I #EH] H R /Y esterase/lipase (GenBank :
AFQ23781) » HERHEITAYER (58 4R By esterase BY alpha/beta hydrolase ©

3 {[E Rl 2245 SignalP4.0 (Y53 HT » B R & A HENERL (signal peptide) » RTTFTRE R BN AEINEZ - S5
It 3 {E FECHIAE gl 22 B2 NCBI &R EL 45 SR 151 » H 1B LipoR2 F1 LipoR3 e #4T HY & HE B 2K H AT EHY
B AR E Y HRAEY) - B LipoR2 S AH#TE &y EstGK1 - MH[EIME S 2 86% @ sZ BN AR B4R -FI E 2R A RS
HEZRENYITERAAE] o (H IR R ATAIE S (Bayer et al., 2010) & DL lipoR2 FE[NHJ DNA 51T BLASTn EL¥#f
I - SR AT AV Ry estGK1 BR (GU738019) » B & HIAHEIMEZE 83% » TRHE M A B Fr F I L 45 5 < A -
LipoR1 A1 LipoR3 B n] 553 H O AHE ESE B E 2 T (39% ~ 62%) H[EME  HAI551 - FEHIIAEMEZ IR
FERRGE Rl - P]DAGHSHraA 2 el = -
REfRlE 22 2 1

HREARBHFEATR 2 3 B TEMIAE AR 22 BT (R A % 22 275 7% (Arpigny and Jaeger, 1999) #1755 (family) 73
J5 0 3 (B FEMERE 2 > LipoR1 AJEERR MY Family I > LipoR3 7% Family IV & VII » 1fj LipoR2 RIfpi Fy 37— %5
(&l 3) ° Privé et al. (2015) ¥ 5 A4S R RERASE 152 14 (SRR Z T &R0 ¢+ 5 (HE Family I -
1 {[E/& Family II ~ 2 {[fJ& Family IV ;7 6 {{/& Family VII - Rodriguez et al. (2015) B A8 5 2R AL RS & 15—
Hrarim e EEES Est10 > HRHEA R EREE K PP 51 F GHSQG - BAHEAHYTHY S 1 E A EstZ3 (ADE28720) ~ EstGK1
(ADE28719) J Est5S (ABI17943) » &5 BIARASEH 2 LipoR2 Bl - M (E#= #EI T 03 1% » & Estl0 B F
ACAHATHY 3 (&G AR RS Z RO Y R % Family XV » (Rt - ABH5EHY LipoR2 JRFEE S Family XV « BI5E (2012)
/KA S 2 i B RS Bt 4 (E A5 A BE 22 - Ho o7 EstR1 & % Family VII » EstR3 bh#% BH &8 > Family VIII »
EstR4 T]gE/E S Family VI - [ffj EstR2 RIA[REE FO#HVE - HAESR B IE s AURE AR R R A= SRR -
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Archaeoglobus filgidus (AAB8O533) Y
79 -I—Pseudomomss b (AAC38151 : r
86 Cupriavidus :qeiator (AA C.‘-I) 1424) Fanuly Al
5 2_ Moraxella sp. (CAA37862) J
-Arthrobacter oxydans (Q01470) :
79 100 Streptomyces coelicolor (CAA22794) Fa 11]jl§=' VII
WLBacmmmbmw (P37967) )
— LipoR3
Rickettsia prowazekii (CAA42752) 3
69 — ”seudomgnqsi ﬁuorfscens (AACG0403 Familv VI
04 piruling platensis (AAB30793) .
ﬂchocyﬁw sp. (BAA17218) ’
EstZ3 (ADE28720) |
LipoR2 amilv XV
100 Wl:mt(}m (ADE2§719) ) Family X3
LipoR1
100 ——=Staphylococcus aureus (AAA26633) \
64 st iphyiococcus epidermidis (AACGT547)
100 ﬁurkhoideria cepacia (AAAS0466)
u 68 Pseridomonas luteola (AAC05510) -
99 Pseudomonas wisconsinensis (AAB33647) Fanuly I
Pseudomonas fluorescens (AACL5585)
79 -Proteus vilgaris (AAB0OL071)
Preudomonas fragi (CAA32103) /
-Haemophilus influenzae (AAC21862) b
—Moraxelia sp. (CAA37863) Fanmuly V
100 ‘—Psychmbaater immobilis (CAA47949) ~
100 |—_Streptomyces albus (AAAS3485) N
100 Streptomyces sp. (AAB51445) Fanulv I11
Moraxelia sp. (CAA37220) / i
100 [—Photorhabdmlummescens(LA A47020) .
Salmonelia typhimurium (AAC38796 )] Fﬂll]ll}' II
50 Arthrobacter globiformis (AAA99402)
100 _:Pseudomonas fluorescens (AACG0471) ] Fflll]il}’ VIII
76 reptomyces anulatus (CAAT8842)
—

0.2

3. HEfiis 2R BlE AT & H'E 2 E b AT -
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Fig. 3. Phylogenetic analysis of lipolytic enzymes and closely related proteins.
Phylogenetic analysis was performed using the programs Clustal X and MEGA 6.0. The lipolytic enzymes found in

this study are shown in bold type. Only bootstrap values higher than 50% are shown (2,000 replications). The scale
bar represents 0.2 changes per amino acid.
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Abstract

The purposes of this study were to analyze the bacterial diversity of dairy cattle rumen microflora and to screen for
lipolytic clones of a metagenomic library constructed from the dairy cattle rumen contents using function-driven approach.
The metagenomic DNA was extracted from dairy cattle rumen contents using bead-beating method. The 16S rRNA genes of
bacteria from rumen contents were amplified with bacterial specific sets of primers by PCR. The amplicons were ligated into
TA cloning vectors to construct 16S rRNA gene libraries for DNA sequencing and bacterial diversity analyses. The clones
were identified by comparing their sequences and GenBank database with BLASTn tool. The results showed that all the
clones were recognized as uncultured and identified rumen bacteria. The rumen microbiome was dominated by Bacteroidetes
(33/52), Firmicutes (18/52) and Fibrobacteres (1/52). By functional screening the metagenomic library of dairy cattle
rumen microflora, a total of 3 unique clones conferring lipolytic activities were obtained using tributyrin plate assay. The
DNA analysis revealed that there were 3 putative lipolytic ORFs of 3 clones. Based on the BLASTp analysis, the 3 putative
lipolytic enzymes (LipoR1, LipoR2 and LipoR3) showed 39, 86 and 62% identity to the closest matches in the protein
database, respectively. According to the classification of bacterial lipolytic enzymes proposed by Arpigny & Jaeger, LipoR1
might belong to Family I, LipoR3 was classified into the position between Family IV & VII and LipoR2 represented a new
member of a new family (Family XV).
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