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PR E G RIERT 2017 EET 69 REA B A FTREBERBLIEE L Y pF
(proteases) ~ #& 4 f#f% % (carbohydrases) % #7%%-kj&ft% (Lipase)> ##7 % s ‘2R Zf|* ~H ¥
GENFAL - BFAM BRI FRULEOFEFELCFE AR RIEL IR BRTLES
LS Fp g L R FERREEFRALTIB I EHRT EEEPEF G2 KA
1B 2 O o % S N 74 H#F(Next Generation Sequencing, NGS) 4 47 %k 8 %, A F1 4 5 7|
(Metagenome) - DNA% 4 47 502,243,422 i & 7 > 353§ & 127 Bk > 2 A 7|5 E 63.7Gb > ‘54 1'%
T+ 25 R DR P > Bfe G 2 A 7 5 467,184,214 1% > TimF £ 119 Bék L 0 BAFIL Y
& 55.6 Gb - Gene Ontology 7 # & i& {7 & F]#* ic f 2 jFag~ 47 » £ ¢ & + 54 it (Molecular function) # i

LA AR B A F)(Catalytic activity) i 73 A KEP W GIER B AP REATFIMEF AT LB B K
i enContig B 7] 12 MetaGeneMark g 2| B < 3% & 2 2¢ (open reading frame) » 4 #7 8 - 2 2% 5 542 250
Brefh ez A 7195 14,577 if > i - ¥ &4 ok f2pe £ A F(lipase) 2 Fi & ok f# A2 £ A Fl(urease)it (7
it SRR EEZATT 10 EAFIT ARG > B wNCBIF R E v 538 34p 10 R &%
F 3 43.71% - 3§ £ Pseudomonas sp. GM30 hlipaseif 83.7%4p 0v > fi & K fR A FI X 5 - %7 ,Tp A7)
A T o H 22 Arthrobacter sp. 35Werurease & 7 57.68%:r4p i B o F]pt > AFF 7 - HF1F 2 A FE =
Foitrg-$ S B MAp i B olipase % — 1B ureaseT T4 BT & 2 0 B9 < 5 {5 Fecodon usage
W AAPH R SR 23E 2 EAFIE AT 4 F % 4 R4 4 (lipase: L900, L900-opt, L3594,
L3594-0pt > urease: U4802, U4802-0pt) R BREY RE R TAR S BRET S FATHILATY

e SRRt XRRABARE o FHARARE > R E R E ik A B 5 30°C2
pH? CEFBRBT ARG AR ORI RERBEZZEAGFEEEARE L 30°C d W ARE K
fREE R EBpE b r 4 R P HHRREE T PR JFd 202 AT
Fd SIS A TP G N2 AR R TR AT AT RO R RS 1 2 Y -

MAEF: "a kg ~ S S AP RRLATIN R kR
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The world enzyme demand forecast that has been increasing to $6.9 billion by 2017. The top three
enzymes for demand are proteases, carbohydrases and lipase. The present study is to strengthen the
development of enzymes for obtaining enzymes with high yield, catalytic activity, stability and efficiency.
They can be applied to high-polluting industries to replace traditional chemical methods. Therefore, the
paddy rhizosphere soil with long-term application of organic fertilizer was harvested from Taiwan
Agricultural Research Institute Council of Agriculture in Taichung. The metagenome was analyzed for
502,243,422 reads, an average read length of 127 bp and approximately 63.7 Gb by Next Generation
Sequencing, NGS. After deleting the adapter, DNA sequences were carried out with 467,184,214 reads, an
average read length of 119 bp, and approximately 55.6 Gb. Gene Ontology database for gene functional
analysis indicated that the molecular function in the catalytic activity was accounted for the highest
percentage, showing a considerable value in metagenomic analysis. The open reading frames of assembled
contig sequence were predicted by MetaGeneMark. The results suggested that the ORFs with over 250
amino acids were about 14,577 genes. There are 10 genes involved in lipase that can be identified. The
similarity to the known gene of NCBI database was as low as 43.71%. The highest similarity was 83.7%
with Pseudomonas sp. GM30. Only one gene was identified to be urea hydrolase. The whole gene
synthesis technology will be performed for novel gene synthesis with lipase and urease (lipase: L900,
L900-opt, L3594, L3594-opt and urease: U4802, U4802-opt) which then will be cloned into E. coli for protein
expression. The results indicated that the novel lipases were preferred to short chain lipid and the optimal
activity was 30°C and pH7. Moreover, the lipases were tolerant of organic solvents with methanol and
ethanol. In addition, the optimal activity of urease was 30°C. Because the urease is metalloenzyme, the
thermmostability of urease was significantly increased with the addiotion of magnesium, manganese and
nickel. Using the process for exploration of novel genes from metagenome, it is expected to obtain the

enzymes of high yield, high activity and high stability for industrial applications.

Keywords: Lipase, Next Generation Sequencing, Metagenome, Urease
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' » #¢ 2% ® Rothamsted #s% B H % RIFH £ 25 170 # 2 A (Jones et al., 1989; Parry and
Hawkesford, 2012) PR BRI I BT R ORISR SR R R
BARDEDPRR - AWERFEARAREFETREL > B 22 BED R EREHR (F1F > 2002, 3%
fert ’2011) AR e ZRPwH el i el 2 BT R Rt doid TR R ITH R
FEd R RSk cuE 2 RO AR AL BITGIR S 2 D B Rl o VRER
KREERFEY 2 53 R -

4 $ % %t (biodiversity) & it KB GAFEARAFAANZ B BN R R (B Y
1995) ¢4 M 5 Rt B ~Hh b RAFEF OHGE o 2 AFFFREDLFE RGP
PIE R ~ ko~ ih s famfirc iy 3@ 1D H e n 2 8 ¢ S HRPEELAFFBIAT S R
P IREKIZEFELRAIRIS c A2 P S HEPL BT R F L A S TS F R L
drEFE X F P oA L SR AadFr Rt BTk &2 TE'/]%—E ° ",$ [E90: I R A A ]
2 TR A U I AP RELTEF o o s F R4 %%@éﬁzwi*fﬁ# i SR TN S
P REFES - BRAP 2 i RE B (Gowen CM and Fong SS, 2010; Garmendia et al., 2012) % » =
£13:% &\ Diversaz TerraGene® ¢ ¥ e > F R L A1 ¥R Zp B 2 SR @ o Ff & P o 2V P9 4 ok
F ¥ e300 § fAMcA o0 7R3 3] 0.5%1F 4 48 (Systematics agenda 2000,1994) > 12 L AT T e A
FEIHEME G A B FABARTERA G AP AR B EE AR E AL
%%iéﬁﬁi%ﬁ@%é—ﬁwﬁﬁ,@im{y@u943%§§g@ﬁ%§mm@iﬁﬁﬁ,
" :éﬁ* 2 HEPFEZ T AR R LAERE Y L AT o Muyzer$ 4 (1993)F L1 i1 H
K ® < (Denaturing Gradient Gel Electrophoresis, DGGE) = i k5 i it #» cFR# g4 - 4 3 2 R A 7
(A7 PIRE T2 P EEZ % E S EE 0 B0 P IALE 99 %m 2 B 2 A4 £ 2 s
Frop A LA A F AP EOGN 2 R IRE F K2 RO 12 ieAmplified Ribosomal
DNA Restriction Analysis (ARDRA)(Lin et al., 2012) » Terminal Restriction Fragment Length Polymorphism
(T-RFLP)(Zhang et al., 2012) 2 Single-Strand Confirmation Polymorphism (SSCP)(Henne et al., 2012) % > 12
P PEDNAR ZI R 5 5 fRfhandp e > 247 4 e 5 ¢ hfaflic > B S B2 RAT Y F A RS
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=

P2 R RFE TR BRI P OEFE DN T PREP o iR S E PR 2 G iR T
M2 ELSTHRAF AT R R - S FDNAT R B iFanp-i# i8> P A oieng i £ 2 A (High
throughput sequencing) 7 & @& A 47 % * % X3 kv g A2 - 7> {EAFHTA A 177 £ L&
PR B U e R Hop(Next Generation Sequencing, NGS) @ 2 4 5 47 3 A7 38 7 %
EpMagd B oo P N AL & 3 £ WApplied Biosystems < & enSOLID 2 & & > # WRoche
Applied Science = # 11454 2 _F % ~ ® # Solexa technology®Z lllumina=> @ £ f B % enllluminaz_& % >

P EEITE R e AR L 3T e F1RE 2B 4 47 (Cruz-Rivera et al., 2012; Cantu et al., 2011;
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Canavez et al., 2012) » gt #F > =& R TR » B Ml F 2 i % = (Niche)sa 47 0 ein § 3 5 A 49
(Jaenicke et al., 2011) ~ & %4 % 3 (Eloe et al., 2011) 2 * #4875 pﬂ#pfér]/»\ 17 (Qin et al., 2010) - Bl =
B3R # A %] 5 M culture-independent2. = % (Weinstock, 2012) » 5 L p T3 ¢ FBicd 2
BDNA» 2 (57 4B T S 8 f vk A2 AT S R (DR TEE 2 R ADNAR L - A H R
&5 Ap B DNAGR & B 7 o i 7 A TV 8 0 T iRTRB Y ATl B R - (2)1% PCRA t5x ~ 11 pE4g
RNA (fRNA) » ¥ A 2472 F > B2 v 2 Filc2 o5 ed o )03 27 Rm @ o4 £
A P> 2 2 0 R ERRY I SR 2R

PRI EREEZ B AT SRR 2017 ERE 69 RE A A A FR R BHEOBF 0 4P
M1 REmpREIR AT E  BFY AR CFRLED F L UE 8% R PR R
WEEFRES RAN R R Z AR AR F L AR RO b B AAAA R £
U RARE R o Blas fRpEE B -k f#pF (glycosyl hydrolase) (Cantarel etal., 2009) » H 7 3
CHARE AT o e FiTERER TG 0 F 2B VRS fREE R T 0 NS
ME L 24 R cFAERHE A MBI AN RN fEREEEL 2 ¢ SR Y B
(endoglucanases,) » *t*» § B pEfs (exoglucanases) - 8 # # % i (B-glucosidases.) 0 A S
P RasfREh Rt A F Y 2 AR R S e e RS R ARG 4 g
# 1“8 % (Bajpai 1999) > s dr 4 & chee g b oo B ARPEET A FRAE T 0 KE SRR ol

ﬁ?”} it »cF (Murphyetal., 2009) - Flgt » 5 7 FE 1 £ % i ? chat A > SRS JEREE LR «cﬂfr

R EHE 7 (Yaoetal, 2007; Mahadevan etal. 2008) - &4 S & ¥ > ¢ 5 4p§ % 9w 7 &4
4 pﬁ,tﬁ;é I o R R R B M 02 B HEenfEin o i D ERAR
2 4] (Haney et al. 1997; Russell etal. 1997 ) » p # c7#7 7 Aion #i 48 2 3o 2 8 “i?&&éﬁﬂ?ﬁ? RE7T®
BRARM M > BB e B A S+ B angp s I8 (Haney et al. 1997; Bogin et al. 1998; Leemhuis et al.
2004; Kim et al. 2008 ) -

ARt R A B EAEE S B b 21%cert B o = k¢ fF (proteases) frig 4 % A
(carbohydrases) 2. ¢ (Hasanetal., 2006) - H z_& % 4 i fig -k f#f*(glycerol ester hydrolases) » i R i£3%
Wi ge s g foRtcd 0 (Turki 2013) - %‘fl#ﬂﬁ’“ S SR e P GRS
@ ~ *&# > triacylglycerol acylhydrolases (E.C. 3.1.1.3) 4 esterases (E.C. 3.1.1.1)( Arpigny and Jaeger 1999;
Messaoudi et al. 2010 ) - i&— # ¥ Arpigny & 4 (1999) %= 7 Bgom » Hx ot AN BRE S T b0 &
nEE L A2 5L E @ (lipase engineering database, LED ) » % "o 3sf% 4 cnfg w BLit e A f T 0 7 A
%= 25> GGGX » GX {r Y (Widmannetal. 2010) » izt &~ $p ko P dhft 2 § it o P pt 2 B
HERBIEARY PEFR a2 FRT ?M% A A Re Rk 2 % (Bacha et al. 2015;
Duarte et al. 2015; Mello Bueno etal. 2015) > F]yt » A 3Ro 3 FEN g R4 A L o BALE
%“gr} "TWRBI-GETEE B A E 9 9%p 4 (Sandana Mala et al. 2001; Bishtetal. 2013) > # 2 /a4
S mast B4 R F(E. coli) o 5 % 92 4% 7 (Bacillus subtilis) » 42 % & @ (Trichoderma reesei) » £ #
fi¥-* (Pichia pastoris){-f iFji% -+ (Saccharomyces cerevisiae)® % 2 ¥ # # (Madan and Mishra 2009; Lu et
al. 2010; Fang et al. 2014; Jin et al. 2014 ) -

k% -k fapE(Urease) § £ 75 e & 1@2 Fend $d s domB s BEE P VRES - A hpF
(metalloenzyme) » # # it 17 % ¥ - 5B g F KRS 5 X8 a5 (ammonia) » ¢ EARF i € 1 S kR
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B 3 4e > pH i+ = (Stocks-Fischer et al., 1999; Muynck et al., 2010; Siddique and Chahal, 2011) - F]g* »

%ﬁzFﬁ@%«ﬂﬁ%ﬂﬂ%?**%%%ﬁ”@%i%’E%%ﬂﬂiﬁﬁﬁiﬁ§@%Wﬂﬁ
FAf o m G BRI RRIRE R AR MR F KRR PR R T e e At g

0 & Tk (Soares et al., 2012; Singh etal., 2013)- B2 X Fe B -k fEpr e P £ F E g2 S 2 3P 7§ £
BOU o Mgt EERE R v B G frdl B E KR AHR 3 4 chet i (Becker-Ritt et al., 2007; Muynck et al.,

2010; Siddique and Chahal, 2011) » ] 4p B Fi & -k j# % crF7 3 7 B AR SR 9 o

B3 B

AR E Féa%ep’"wm R Bk Sd 2 R IERRZ ST > ¢ A ffE £ E &
T8y F 3 ‘,,Lr}%‘r\4fgﬁk—%,r]@;4y}*ﬂ¢a/ﬂ\#$,ykmgwﬁ,i PLigBhm mﬂlfgéq

F,ﬁzp B rﬂtb APFE AN ERFY 0 %2 ERGED DL R fj\—%ﬁqz{ o ik fiF 2k T e
AATELE S T R LA AFE R ¢ rrﬁgr](NCBl database) 7% B 4 o i - *5#““&
AR EFT R0 T LR DAy Tenfp Bl 2573 ¥ R 0K
AT S22 5 S ¥ F e AL SREAFIRGTT R VREENFF
2 Fr3E BT 7 WS ER  F 2 BRTRARM AT Aot AL fRRE ~ IR PR R LR
AT A RS PLR BT R TRREE  RBRERT R FAD G
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1. 43 DNA %Rk

FEKBE L RFARRELR § R B T%%ﬁ%“’é;&ﬁ%w?%% B ACHAT
ol Fr e NS 05 0 A F SHE “Féﬁé}ﬂ p 1995 & 8 7 B 4B {7 X KA (T
PR heT o pH(LL) S 5.3 A+ 235 R 5 7.4 comlkg?! z#‘l“iéwﬂéi éct? E R~
ri s A ] 5 T74~625-14940.23-4.3-62-4.6 & 891 mg kg™ Bray ¥ — ;2 ¥ FBp 5 14.8 mg kgl (4 -
1999 224§ > 2002) - 35 B v HE P2 2 F XK L(RCBD)’wmﬁ PSR R RIE 0 B R g e
AR R 0 A ASEIE ATl HRE A% Eieiegl o2 L F W E L RN IplaE it g
37 sfl 3 % ff\',? ‘@@ifﬂﬁﬁi % (Y 4mE el o 3 ?tﬁ?ﬁr} 57 5 DA H pE Y 3aT o 4 »ﬁ ﬁ\g%‘r’g A 4 1/3 v
B gt »); ¥ 3a 8@ b y;gFﬁ 13§ i+ & § 5w 054,5 ﬁ?ﬁg 57 4y 23 (VB g w5 A »}; ¥4 35 8 b >
5’;‘,?]‘% 203 B VB § 9w o6 %4 1/3 (LB F 37 > 25 Kiwn %E\)j—é"glf_ﬁfﬂ ) 5’;‘,9]34‘3 138 -8§
oo TR RA LB F F Ao R R P USRI FE N 0 2 2 KRR IFT B YR
THEEROERPTFLZIAFAENY 0 A BRFHEEAL 26 )0 2K 22 fRH(FEAEL H632)
T A (BRI 1 126 3 ) K AeA R I CRAEB I 9 63 X ) kiR R (ke 1 87 <)
RS AR (KBRS 1S 9 126 %) o

2. kfeiSE 2 L DNA B2 3 F FRA

BRI RASe 2 A S ATFIMAE 7L & F* £ % 2 A (Next Generation Sequencing, NGS) 4 jisB~
## +~ & DNA FE 7|(Metagenome) 7 #L > §1* De novo sequencing 2 #£4 > £ j&_ National Center for
Biotechnology Information(NCBI) & 7 ¢ “wicd $» A FIR A7)~ §ov T2 SFHBLEFTREFL ST
fR47 0 @ FEFORE D H B 7y $(alignment) ~ 8 F]zrfZ(annotation) & Ap B A A e 1R T A ﬁ&i(?]
=)o R RASD 2B AT E BTN  Jfd S TR EE R B RESF E Ar R
PR FIengR 3 o

6



3. 2AFE

Wy T ATEE 2 AT A FR 7 £ 22K F1* Applied Biosystems 3900 High Throughput
DNA Synthesizer i& {7 > JA F] & = » #-4 = S el Flig 7 » pET & 52 % Iﬁ!@kfg:‘ VRS i
BRI AT e

P —

Raw Data (FastQ) ]

!

Preprocessing (Trimmomatic)
Remove adapter
Trim low quality bases (< Q20)
Remove short sequence (< 35bp)

s
N
™
™

.

[ Analysis of relative } _—| Metagenome de novo assembly ]

abundance of species [

h 4
Gene Prediction & ]

Annotation
Krak Blast tont
raken database

[ MetaGeneMark ]

] ] ) Blat to Blastp (nr database)
MG-RAST Align to SILVA (16S) Orfs longer than 250 residue
Rice and Maize

Genome

Bl—- -~ Metagenomic sequences 4 7 i 4% o

4. AFEE

Ml R RAF AT PR B REY O AEAT AR RFAUE AT
e Mk 54 32 & 1 ODgo ) 0.4~0.5 PF » ik 2 207kig @ 10 ~ 48> & 4°C¢ 17 4,000 rpm.< 10
AU B dme o s ds b i o #dmre pelletr 13 R EiR AR chvks 0.1 M CaClo kg iR 5
Batskip @ 15 A48 o B 4°CH 12 4,000 rpmages 10 A 48 0 2 1125 Fik M4% chvk A 0.1 M CaClp & i5m
soyﬁgmgﬂ%mﬁﬁﬁ%em@ﬁ@ﬁaﬁj’@%ﬁgﬁﬂm%@ﬁﬁﬁalgﬁ,gg%
e REL R BHED IR FZIBZAEFRE o

5. 3¢ @

W a0 37 ~ fERAPF 2 R PR A FI AR P 3k £ His-tag 1>+ 41* Ni-column i& {7 %
o FHEE NP - A IBRAAY RAER AT A AY 2% OD.E2 04-05
v »~ isopropyl B-D-thiogalactoside (IPTG) % 34 % %5 %7 4 j2f% ~ ffefis 2 JRF % -0 P& IR o 203
v 4% SDS-PAGE it {7 4 47 > FEi & W P 9s 4 fRfs ~ e fafis 2 )T\-% fiF F-9 {5 12 Ni-column i {7 & iv o

6. P iEdA 4

Wb (U A R AR R A R TR AR B R AU AT FEAT A 7
7



PopH iR TeFE R o 1 BAS FEAE pH BT A fRRF MR R A F R
BT RER MRS RNk 15 M S AR -

Ry
SR EEEATT TR 2 nE s S A PR R AR S ASE 5 ¢ AL & F & G
THS ¢ AT R M B ORREA T R 5 Aa AL sk hd AT

FRFM 0 AFTL P S S R AL A5 T REA SI(R - ) T3 £ 127 Bk A A
%7Gb’;wf$ SRS R R ATR A > B isF B S5 46 RiE > T £ 110 Bk -

5,'—3)):\? )"J—w ] ﬁr- 55.6 Gb -

Fo— AU R A BES TR E 2 3 DNA 2Z T o

Run Sample

Total illumina Reads 502,243,422
Read Length (bp) 127

Total Base (bp) 63,773,611,392
Total Reads after QT & removing adapter 467,184,214
Average Length after QT & removing adapter 119

Total Base after QT & removing adapter 55,677,109,678

#4778 3] DNA B 7141* MG-RAST (the Metagenomics RAST) server 4 47 S {71b 4
1o B R - 7 KPR TN e g RirmE s AR EPA P2 AR R0 2
Porllm e d et Bl 0 i 96.5% 0 H G 2%% 4 FjE L3I A o mA N0 0.1% 0 139

& AEE P SFag > )P 14 Proteobacteria #7 ik vt B F o iE 38.4% 0 & E FB R S LA )P
7 10.8% 0 gt kA AP A J{ 2 A B 2 2b b & g § (Systematics agenda
2000,1994) > L B 5Bk 7 E - ﬂwﬂi@%%éﬁ S| B3] 0 00 fRHE A g “Ll’ifn SHenk 4 o



( A) M Archaea

M Bacteria
B Eukaryota
W Other
Ediu)
(B) M Acidobacteria B Gemmatimonadetes
M Actinobacteria M Nitrospirae
W Aquificae M Planctomycetes
B Ascomycota M Proteobacteria
B Bacteroidetes M Spirochaetes
B Chlamydiae M Streptophyta
¥ Chlorobi W Synergistetes
B Chioroflexi B Thaumarchaeota
# Chordata M Thermotogae
M Crenarchaeota M Verrucomicrobia
M Cyanobacteria M unclassified (derived

from Bacteria)
M unclassified (derived ...
]

M Deinococcus-Thermus
M Euryarchaeota
M Firmicutes

Bl- ~-kf&w 55.6 Gb /54 MG-RAST (the Metagenomics RAST) server L' 5 > 2 45 B 73 B - fa2 » #
Ir%—;lj o

#okfen A 472 55.6 Gb A 7lie— % 1% Gene Ontology 7 B i& 17 £ F]# iy f22 fF (R =) -
E %R A4 $ i i (Biological process @ & Fl#r 482 end F0 g5 )¢ > 2 Cellular process ~ Metabolic
process % Single-organism process *4 I ik Fl#c & £ § 0 tne 2 % (Cellular component » A F] #
e h ¢hen % )¢ > 2 Cell ~ Cell part 2 Membrane #73 3| chfk Fl#c® & 4 » 4 F # i (Molecular
function » 2 Flens + E )¢ > 2 Binding 2 Catalytic activity #73 3| ek Fld & & 7 -

All-Unigene GO Classification

141008

14100

L 1410

Percent of Unigenes
Number of Unigenes

biological_process cellular_component molecular_function

Bl= ~55.6 Gb & 7| ¢ Gene Ontology z& F]# it 2_ 4 & °
9



ESR IR R S o ’}—Ei”r%ﬂ’s*”’ SRp2_Ap R AL F] 0 4t 556 Gb A AT ek e 7 o T
MetaGeneMark g p| B <3 & 1= (open reading frame)> 5 % # M e X R 7| ¢ 7 F = F—0 F 2 contig
TEL79F k(R ) B¢ FERIARE 250 B pi 2 A F1 3 1.46 § iF > 424 500 B =LAk 2 AL F
7 562 i - Az 1000 B ué;&zéﬂa FO90E o

44

2 EBERATVHEES v T2 dkE A7 o

w5 B 7 (Contig) 2 F—v ' 3F Rl B0 FicE
All 1,787,113
>=100 aa 381,819
>= 250 aa 14,577
>=500aa 562
>- 1000aa 9

A7l R 7 P (5250 rek FR) 52 b A K f# 25 F](glycoside hydrolase) > % % 3 33 29 iE 4R BE AL T
FTAEN(EZ) HEpw NCBI FHE " HFRApPNA SN 3 2426% > 5 % 72 alpha
proteobacterium i 99.71%7p iz > A # e 5k ? BoE X5 535 B YR AL o /w\%fr %81 7 "% 4 A8 F](Lipase)
SEFMF 10 AFITARES(Z ) HEpa NCBI FAE Y g mip R &K E 5 43.71% >
B % ¥ Pseudomonas sp. GM30 = lipase é 83.7%4p v > 481 BIxFPL 5 B 7 B K v‘ WE B
Bradyrhizobium sp. STM 3843 & 47.59%p iz o & 7 587 Fi % -k f#F% % A Fl(urease) » B % MG 1ik4p
MAFITAREN (LT ) B pw NCBI Fal it 4 ¥ Arthrobacter sp. 35W fFfa ¢ < urea
amidolyase #p 7 & % 57.68% o 4 47 %27 4o fa fi¥ % 78 Fl(phytase) » 2 % #F R 1 ik4p B A 717 AL 8% (%
=) R pa NCBI 3 £ v 3 2 Mycobacterium triplex #4& ¢ 7 3-phytase 4p i & B £ 86.9% >
dONERR A B o C f\-‘i’xﬂi FRBAPE > FRPEEF L LS ATFEEFHALARE A e

Lz o okfen ¢ mAKIEAT -

Amino acid Identity = Coverage

ene Closed sequence Famil
J q Y length (%) (%)

glycoside hydrolase [alpha

G195 _ 348 99.71 100
proteobacterium LLX12A]

glycoside  hydrolase sugar binding

G560 . 2 262 53.78 96
[Ktedonobacter racemifer]

glycoside hydrolase protein [Phlebiopsis
G991 . 31 535 375 9
gigantea 11061_1 CR5-6]

glycoside hydrolase, partial

G1136 . i - 2 296 43.67 100
[Fimbriimonas ginsengisoli]

endoglucanase F precursor [Fibrobacter

G1147 ) 255 31.19 77
succinogenes]

glycoside hydrolase [Gemmatimonadetes
G1198 _ 31 252 53.97 99
bacterium KBS708]

G1466 glycoside hydrolase [Flavobacterium sp. 9 277 72.56 100
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FI]

G1508 glycoside hydrolase [Niastella koreensis] 252 52.19 99
glycoside hydrolase [Niabella soli DSM

G1690 2 270 62.73 100
19437]
Cellulase [Ruminococcus

G2047 _ 5 257 48.64 100
champanellensis]
glycoside hydrolase [Acidobacteriaceae

G2266 _ 2 375 29.65 94
bacterium TAA166]
glycoside hydrolase, partial [Colwellia

G2299 . . 27 374 52.69 92
piezophila]
Glycosyl hydrolases [Chthonomonas

G2537 . 101 263 49.46 68
calidirosea]
glycoside hydrolase [Acaryochloris sp.

G3056 CCMEE 5410] (glycosyl transferase 268 40.6 99
family 1)
lycosyl hydrolase [Thermaerobacter

G3079 gIyeosy y [ 33/58 286 25.84 98
subterraneus]

G3217 glycoside hydrolase [bacterium Ellin514] 76 308 55.02 100
Glycoside hydrolase [archaeon

G3266 25 264 41.06 77
GW2011_AR15]
lycosyl hydrolase Terriglobus

G3489 9 y_ y [Terriglobu 313 42.53 98
saanensis]

G3540 cellulase [uncultured bacterium] 5 277 29.92 45

G3597 glycosyl hydrolase [Bacillus niacini] 88 278 87.88 95
Glycoside hydrolase [Nitrolancea

G3654 ) 5 253 59.35 85
hollandica Lb]
beta-glucosidase-like glycosyl hydrolase

G4041 'g qy i 3 335 50.15 99
[Pyrinomonas methylaliphatogenes]
Glycosyl hydrolases C-terminal domain

G4256 . . 38 308 56.23 96
protein [uncultured bacterium]
glycoside hydrolase [Paludibacter

G4392 . 43 341 55.03 99
propionicigenes WB4]
glycoside hydrolase [Paenibacillus sp.

G4529 38 494 43.73 100
HGF5]
cellulase, partial [Aphelenchoides

G4554 ) 5 267 24.26 92
fragariae]

G4681 glycosyl hydrolase [Saprospira grandis] 435 32.16 94
secreted glycosyl hydrolase [bacterium

G4829 _ JYEosYL Y [ " 11/43 256 55.02 96
Ellin514]
lycosyl hydrolase, partial [Aequorivita

G5136 gyeosyl Ty P [Aeq 366 58.82 98

sublithincola]
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3w ,};ﬁ;g ¢ nq a;}\ﬁgﬁg—% &[ﬂ °
gene  Closed sequence Amino acid Identity (%) Coverage (%)
length
L529 lipase [Pseudomonas sp. GM30] 276 83.7 100
putative Lipase [Bradyrhizobium sp. STM
L900 481 47.59 93
3843]
L1145 esterase/lipase [Leptolyngbya sp. PCC 7375] 288 67.94 99
L1620 lipase [Tsukamurella paurometabola] 280 75.44 100
lysophospholipase Pyrinomonas
L1699 ysop .p P Py 300 63.45 66
methylaliphatogenes]
phospholipase C [Candidatus Koribacter
L2145 . 253 72.44 100
versatilis]
L2830 phospholipase [Methylocystis sp. SB2] 281 71.74 98
phospholipase C [Candidatus Koribacter
L3207 . 284 52.45 99
versatilis]
L3594 esterase/lipase [uncultured bacterium] 308 43.71 87
phospholipase  [Candidatus  Solibacter
L3766 = . 277 65.83 100
usitatus]
23 okfEn ¢ RAKREEAT
Amino acid )
gene Closed sequence Identity (%)  Coverage (%)
length
U4802 urea amidolyase [Arthrobacter sp. 35W] 267 57.68 100
x5 o~ okfen ¢ EREEE AT
Amino acid )
gene Closed sequence Identity (%)  Coverage (%)
length
P1088 3-phytase [Mycobacterium triplex] 290 86.9 100

Pan g 2 AFIRBEAIZALAZPT RLA S M4 BEE > Bokfsn ¢ e 510 B lipase A 7
fro dvend R IR AP T(Bl e ) AR R R 0 0 10 BA R 4 8 6 B BT AR
AFIEERE? 2A4F L5 H IR o kg b 2RSS 0 B HJ1* 2 AT E S B EE R LI00 2
L3594 & A3 44 A FI(p i1 & 2 B % = 4k F16S30 50%) 0 E AT PET & 712 & MAH > o~ 4
% F 0 M0 f24d Metagenome 7 e % %E'L%fr;fﬁ'rizi Fl2 R A AR TN X R
P AR w44 e Codonusage 2 (BT ) 0 £ & =i s DNA B 7 o
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57

—

Photorhabdus luminescens (CAA47020)
Salmonella enterica (AAC38796)

—
64

L3207

4,— Rhodopirellula baltica (CAD74552)
73

Uncultured bacterium (DQ458963)

_I

L1699
[ Moraxella sp.(CAA37220)

99! Streptomyces albus (AAA53485)
99 Pseudomonas fluorescens (AAC60471)

1 Streptomyces anulatus (CAATEE42)

L529

76

L1620
Streptomyces coelicolor (CAA22794)

A Arthrobacter oxydans (Q01470)

34_|_— Pseudomonas sp. (AAC38151)
96— Alicyclobacillus acidocaldarius (ACV59879)

99— Bacteroides fragilis (BAD47626)

=

L Thermotoga maritima (AHD17901)
Uncultured bacterium (ACB11220)
9' Uncultured bacterium (EU515239)

N
62

L900
93/

L3766

Arthrospira platensis (AAB30793)
Pseudomonas fluorescens (AAC60403)

L1145

99[ Paucimonas lemoignei (AY026355)
Shewanella halifaxensis (YP_001674955)

L2830
99rBacillus sp. (KC579466)

54

L Bacillus sp. (AAT65181)
991 Caldanaerobacter subterraneus (NP_623858)
Thermoanaerobacter ethanolicus (ZP_05493352)

_93.|— Bacillus pumilus (CAA02196)

Bacillus subtilis (AAA22574)

97 [Mam.teﬂa sp. (CAA37863)
99

Psychrobacter immobilis (CAA47949)

IT

XI

III

VIII

VII

v

X1I

VI

>
—
—
—

Bz ~okfen @ inpe R A FE e o 14

B3 i (A 1T -

0 150 300 4'5'0_ 600 :"50 00 1050 1200 1350 0 150 300 450 600 750 900 1050 1200 1350
Relative Position of codons Relative Position of codons
0.89 CAl: 0.59
T
o0 TR 1T R T TR - -
peg 1 [ ] PO AR R UL - -
g I
008 11| 1] {10 I O (L
& oo JUMITARIRTE JLT T8 0 CULREOLRCH QTR R IR
= I | | IR
P M D (B o
L]
<00 |11 L AL i L
30 thliFHE ==+ ---}---=-1 -~ “fe=f-f-f=-=--
Ezo e R e pt ST
QY i ol
0 100 200 300 400 500 600 F0O 800 900 0 100 200 300 400 500 500 70O 8OO 900
Relative Position of codons Relative Position of codons
0.89 CAl: 0.67

W1 - L900(A)= L3594(B)= i AT47 1428 F1% codon usage 4 17 {¢ > (A)(B) = Bl .5 | i
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Mol pETA P M2 AFIEA » < i X D gins kg o 0 RH A g o T
A7 Pa4aE B2 g AR IE L ELBIE 0 ¢ 7 4-nitrophenyl butyrate -~ 4-nitrophenyl valerate -
4-nitrophenyl octanoate ~ 4-nitrophenyl decanoate - 4-nitrophenyl laurate - 4-nitrophenyl myristate # nitrophenol
palmitate » -3 it chjded Fres 2 JriR &40 30°CK s 10 A s> 3 % A %k & 3-310D405 i p > % % 4y
211900 ~ L3594 % i iRt 15 ik F1 % Bgor ¥ 4-nitrophenyl butyrate(C4) & 3 & B hifelit iFt > @
4-Nitrophenyl valerate(C5)# 7 609 /% |+ » 4-nitrophenyl octanoate(C8) ¥ "% & 20% = + > I ® % F &
AR R H g om AR L o

100%
& o 0OL900-opt
5 80% op
Z 900
-E 60% @ L3594-opt
2]
= B 13594
£ a0%
<
>
& 20%

0%
Bl= -3 b pi4dry vk 22 1900~ L3594 % ‘5 il i i+ 14 ik % (LO00-opt % L3594-0pt)it 17 i 1+ & Jisipl3&
L900 ~ L3594 2 ‘¢ i i i {& crafi¥ % (L900-opt %2 L3594-opt)¥: 4-nitrophenyl butyrate:g 778 & & » *¢

PRRERERGBERFREEF B BEE T AR A 30CHE Y A G EE(R ) 20°C£%ié'ttﬁ'1 F
1 20%-30%% + o MEFE AR H F 0 L3594 2 L3594-0pth § i chat £ 1k > L3594-0pt3t 70°CHE v &
4 74%:iE {4 > 1900 & L900-0pt & 70°CH: ] T 12%-13% - 4-%1 7 s A 47 » &% A7 v f6 75 2
BPHT7 5§ ik B 5 12 (B ) > pHE ¥ ¢ 143t 20% > L3594 % L3594-opt &pH8 pF2 & 44 % # *1 1900 2
LO00-0pt » 4 3 & 4 21 L3504 40k 125 & e chad £ 1 0 K f fdb 5% 1 pHO BF 2 A {LR PR
% > pH10 Bl w fE 7% 4 428 11 10% -
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100% |
80% -
g1 900-0pt
60% - —— 1900
| 3594-0pt
§ —@—13594
= 40% -
~
U
& 20% -
0%

20 30 40 50 60 70

temperatureC

B~ ~L900 ~ L3594 2 5:if i it {5 chp% % (L900-opt 2 L3594-0pt)>t % kB & 2. FEHF o

100%

80%
—e—1900-opt
. —8—1900
60% —&—13594-0pt
—e—13594

40%

20%

Relative activity (%)

0%

pH

B~ ~ L900 ~ L3594 2 ‘i it {5 crf £ (L900-opt 2 L3594-0pt)*t 7 fr fhdk B2 /E 1 F I o
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L900 ~ L3594 % ‘g i ifs i 15 ef% % (L900-opt 2 L3594-opt)¥r 4-nitrophenyl butyrate i& 78 & {5 » &
e R R RRAEFASBA 0 ¢ FUM S A TR 0 R REEH L BRELBE B
Bom L900 2 10%e=n® g% ~ o fx 2 7 ARIR BT (R4 ) 5 5 82%-91%hF FE 0 & 20%0T AR R o fE
BB o HEM I 68%-75% > & 20%:7 %R B E B A F chiE 14 o L900-opt & 10%:1® fF ~ ¢
fE2 7 BT (BL) HER A 4o 1900 0 '8 3 40%-53% 5 f20%:hT fEE ¢ fEIRE T 0 HERR
7 39%-40% - 7 A L B 0 L900-opt EEF F 3% e

100%

Foor]
N

80%

60%

40%

20%

Relative activity(%bo)

0%

0 5% 10%

B4 ~L900>pH7 2 30°CT 22 7 I+ F 3 MR & 18 > 7 E 1K BRI -

20%

40%

100% SN
e
5:_‘, 80%
Z
= OFE
S 60% .
« BlEE
> NTE
k=
W
27

20%

0%

1

B - ~ L900-opt>tpH7 2 30°CT™ &2 % I 83 HR £ {8 » (721 F BBl o
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L3594 % 10%:h® ff ~ o 2 7 @IRBE T (Bl - ) £ 56%-86%:13F iE it 0 H §43t ¢ f chad X
BT AR T iR E 0 4 20%0T fRE 2 BRIRBET 0 BRI 3 i 62%-83% 0 20%:hT fR B AR E hiE
{dele L900 ¥ % > H A2 i< 3 38% o L3594-0pt & 5%:he fRFRE T 0 H E Aok L3594 2
Lo RAE IR TG BRI A D 10% (Bl 2 ) A K3 40%-62% ot 20%:he R B
W7 13594-0pt A1 aE 5 54% 0 A @ e 20%:T iR R T R TRAE T 0 HIEM R 5 2206-29% 0 4t %
SR B ORR T B SRR B ORE s o

Relative activity(%o)

0 5% 20%

Bl - ~ L3594 >pH7 2 30°CT 2 72 I % 3 MR £ 18 > & FE MK BRI -

100%
o~
X 80%
v
£
.E 60%
2]
®
€ a0
k=
=]
& 20%
0%

Bl = ~ L3594-0pt>pH7 2 30°CT 27 I 4 4873 HIR & (5 » & (A4 F iRl3 o
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Wed ATPETA LML AT » A S F B R A AR 0 00T RE 2 e
% % phenol-redz& ] v 2 FMRE S b hded FERFRENIRERF B2 T4* 4 kL
B 3-+-OD550 i iRl 5 % 47 91 U4B02 2 i i 1 14 ik FIUAB02-0pt's &7 77 1 30°CRE e F e & cid 4 ()
L =) » U4802-0pt & 20°CP¥ 1% % F 80%:ia 14 » & i & 3 4e PF > M PR broE 1 o

100

80

60

—®—1U4802-opt
——U4802

40

20 A

Relative activity (%)

0 20 40 60 80

temperature (°C)

Bl = ~ U4802 % ‘5 i 1t 13 chik % (U4B02-0pt)>t 7 o i B 2 & HHF fis -

Bk ok fRps s - B4 BEE o T 5 7 137 £ B $U4802 2 U4802-0ptas % 2 B4 A B4 » 8mM
SOELFEE C FIFRAR R LA T PR RF A BER > SRS e AR ) EFE
B2 % UA4B02 2 UAB02-OptA% % /& 1% P BEH v crual % » (S4B i 1 {4 ¢1UA4802-0ptfiz % *+ 60°CP| 4 p%
FY 3 4u a4 BT AR R AR T A 4o UAB02-0ptis 3 HHE A chid X 1 o

100

80

60

—0—U4802-opt
40 P

——-U4802

Relative activity (%)

20

0 1 T T
0 20 40 60 80
Temperature (°C)

Bl U4B02 2 ‘5 i (* 14 chis & (U4B02-0pt)*t F i B e » 8 MM FRfiedf 2 i 5 s o
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U4802 % U4802-opt 4 %) 4r » Fifk4dpr (B 7) > "L F B = 5 U4802 2 U4802-optps % & 1+ %
F P AEH 4echIL g 0 U4802 »+ 50°CHFid B 751 » 60°CRI P &% 3 71% » ‘i iR it 14 ¢1U4802-opt
fi¥ %+ 60°CHE /& 1HiE 93% » pb % % A om Frfisd: ™ # 40 U4802 % U4802-0ptf% % 48 & chf 5 14 o

100

80

60

—e—U4802-opt
—m—U4802

40

Relative activity (%)

20

0 20 40 60 80

Temperature (°C)
Bl 7 ~U4802 2 ‘g ig i 1S crpk % (U4802-0pt)*+ 7 fe i & 4r » 8 MM Frfddg 2 iFHF i o
U4802 2 U4802-opty ~ % +4r » Frfs4d Pr (B = ) L% 8 & 2 % U4802 p% 2 /= M Bg 3 4o crighl % >

B B 1 15 hU4B02-0pt% & *+ 40°CiE $ B 7% 1+ 74% » U4802 »+ 60°CPF it $ & 7% |+ » U4802-0ptp% 4 *+
60°CHE R "% i T 5206 » b % % B 7 Fnfih 40 7 i 40 U4B02 2 & %18 A chmt £ 2 o

100

80

60

—e—U4802-opt
—m—U4802

40

Relative activity (%)

20

0 20 40 60 80

Temperature (°C)
B+ = ~U4802 2 ‘gif ig i {5 crpg % (U4802-0pt)>+ 7 fe i & 4r » 8 MM Frfddg 2 FHF & o
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d SEAPEER A P S R ot ﬁ’?ﬁ» 0.5%(Systematics agenda 2000,1994) » & 3 ¥ % AT
AL 2 A B RERT] o eI @A B R G R 2R VL B S R
f& o F100SEF TR A T4 (Metagenome) = § ch® o B ow @ E TR ATAILA Flah N5 A TR
(Library)z= f#”‘w PR DNA < S A RE TR > 2 B8 & - Ry TR A i E ik 1l
LR 7 Fh 2k FI R R (7 A 47 & (Ferrer et al., 2005) » BB opie™ £ e % B aw p AR EF R
7 m%fﬁri&rﬂ » 4 B-lactamase - B-xylosidase - B-glucosidase % (Cao et al., 2015; Jordan et al., 2016;
Lopez-Lopez etal., 2015) o A m A FIRZE = cnSH#-¢ A2 0 H A FEE > AFESL R RER
Vv g s s N L E g o FE LBk A e SATHL AL F] 0 A g
FAFF ST
A% EL P P MGE ML ER%A T 35 BR%RY BEBFED T G 2k
Fe1 B 2o s U S 2 B e (Next Generation Sequencing, NGS) 4 47 3 5 3 & 7148 & 7|
(Metagenome) > DNA % & 17 502,243,422 i /i 7] » =353 £ 127 ik A > 2 /5 7]%93E 63.7Gb > 417
Mo+ A 2GR PR Z1 > B S 3 2x R 7| 5 467,184,214 ik > Tiod £ 119 B 5 > A FI& 9
% 55.6 Gb - i&— J 44 4F 7 v K fRf% % A Fl(lipase) 2 f & -k f#fE & (urease)ie TR > B R F MG 10 0%
ok fERE R A TITARES > R P H NCBlI TRl B HHRAp R S K F F 4371% > 5 3 &
Pseudomonas sp. GM30 7 lipase if 83.7%4p 2 » #-1900 2 L3594 zLFlig {74 1 & = {5 L &7 T pET30
ARPRE > BB FHY AR AR P FE A E R SRR S A R g
FEEEP L5 B4R > 1900 2 L3594 2 Fl4-4t-® & FL = T p-NP butyrate (C4) 2 p-NP valerate (C5)
g AR H B L P RO S P RRE Y L B SRR KRR E 0 FHRT FRIIAT
P T UAB02 » B 3t < e Y e X R ARA Fod Bl T RE L G R kRl
AT AL F R AT T GES & S APMATA AT 0 i F e PEFRE SRS T
Vs A R P FATLER R P pTIAR o
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