420

T SRERAFBRFRENRETNARER
2 0 T OBO%
Chinese Journal of Biotechnology April 25, 2012, 28(4): 420-431
http://journals.im.ac.cn/cjbcn ©2012 Chin J Biotech, All rights reserved

FHBLRIA

E%‘lj /JI_I\P‘ 7 \/%?“a jdi)é@

R A AR, TR T 510275

T, EEGH, BA, S5 LRI A AR AT ST . AR T AR SE R, 2012, 28(4): 420431,
Wang K, Wang SD, Huang R, et al. Advances of metagenomics in discovering novel biocatalysts. Chin J Biotech, 2012,
28(4): 420-431.

B OB MAVBREXETAAILEABENGAMEAN. Kb, HEIZRF FREKRIRSE T KT R
1% 69t Aty RAB M F R @ SRIE — LIRS F 69 T A ik A M 28 B 20 DNA. My 3K B 28 SUZ 53 Lk it
ik, FERREAFGHREARG—FFiE, ©RETHRAED S BIZHFIL, RAFLKEAL T RTHA
WAMGRH AFE, Bk, AZEARAPIZBEHFEAEADBAOF —AZTAMFRGEE, ATEESEZEARA
L e #fou kR DNA RITr ik, LA MM Fo 5 i Rk 69 85X A NG @R RILBAT T 538, 5187
VAR A R A B AR R BT RAT R AR, RSB IR S eRE T R,

KEBIFE: RARMF, REEMEN, RTRAMEY, KL DNA, LEME, LEHE

Advances of metagenomics in discovering novel biocatalysts
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Abstract: Microorganisms contain a large number of biocatalysts, which are of great potential in industrial applications.
However, the traditional cultural approaches can obtain only less than 1% of microorganisms. As a culture-independent
method, metagenomics is an advanced solution by means of extracting all microbial genomic DNAs in certain
environmental habitat, constructing and screening metagenomic libraries to seek novel functional genes. It serves as an

Received: October 30, 2011; Accepted: January 11, 2012

Supported by: National Natural Science Foundation of China (No. 31170117), National Marine Research Special Funds for Public Welfare
Projects of China (No. 201205020-07), Major Science & Technology Projects of Guangdong Province, China (No. 2011A080403006), Science
and Technology Plan Project of Guangdong Province (No. 2010A080403005), National High Technology Research and Development Program of
China (863 Program) (No. 2007AA10Z308), Research (Innovative) Fund of Laboratory Sun Yat-sen University (No. YJ201027).
Corresponding author: Yuhuan Liu. Tel: +86-20-84113712; Fax: +86-20-84036215; E-mail: Isslyh@mail.sysu.edu.cn

EZ BB (No. 31170117), EIGGHEFEASIEATIRMIFEIT (No. 201205020-07), )™ AA B ARHL L5 (No. 2011A080403006),

IHRARHERITE  (No. 2010A080403005), [ R M ARBFFE & 11K (863 1K) (No. 2007AAL10Z308), H LI KA H 24 IT ()
H4TIH (No. YJ201027) B,



T FREFRAFEEFEEMECHINRRER

effective tool for studying these uncultured microorganisms. Therefore, mining novel biocatalysts from metagenome has
drawn the attention of researchers in the world. In this paper, environment sample category, genomic DNA extraction,
library construction and screening strategies were reviewed. Recent examples of isolated biocatalysts from metagenomic
libraries were presented. Future research directions of metagenomics were also discussed.

Keywords: metagenomics, environmental microorganisms, uncultured microorganism, total environmental DNA, library
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Fig. 1 Research papers on Metagenomics in recent
years.

cjb@im.ac.cn

421




422

ISSN 1000-3061 CN 11-1998/Q Chin J Biotech April 25,2012 Vol.28 No.4

R (36 1) BB ZZ LN A S e g2 4B B A W e
TRz M, BATTHEA T RN A A2 4
PEPIEALRI BRI AR SR T A S IR 2 2
FERIRE SRR . 2L (K2 DNA MFRHER . 75 5L
21 SC PR A R S A LA o B 19 S 6 RS 4 S8 7
HHE T, RELRE T RN BN A I LA T8
TR MIEATIRTZE R BUIR , FEX54 5 AT S A &
JETT R TR,

1 KA 45U B B ROR
WAEMBORER, FEEZ, A TR

[l B 23008, 78 A AR PRI 8 iy Al it
e, B4 T IREZHER . 7EA R A= FRSE
N HEA T EERT R AR S B A AR, T
THEHBHEL, L, AR BRI Yh EUR T
— A ERIERL, ZURE KR IE T A Tk A
FAF GREE. pH. BT TR AL S P E)
A DIHELETR], HAS [l SR g5 v A e A7) B Ao
FAAEALE FORAMIR, mAMT—EAE SR A
A= I HEAL T AR A T RE E 22 78 TR — e E B
SRRy UL R, AR SRR 2 A
LA AT, R RITAR SN2 . Bl

DNA fragment Cloning into
Sambie DNA extraction DNA fragmentation recovery a vector
& bo M 1 bo M24 6 8§1012 14 min bo M 1
20277 v
Biochemical Sequencing and Screening Metagenomic

10¥ 1V 10° 107 107

Fluorescence

[Fluorescence-positive clones|

B2 ZERAFREIZEEMELTOREE

Fig. 2 General process of metagenomic strategies in mining biocatalysts
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Table 1 Examples of isolated biocatalysts from metagenomic libraries in recent years

Sample Vector/Host Target Screening strategy Reference
Arable soil (;o_smld/ SUERI Ketoacyl synthetase Activity-based [8]
lividans

Stream edge soil pUC19/E. coli DH5a Amylases Activity-based [9]

Deep sea sludge Fosmid/E. coli DH5a Alkaline esterase Activity-based [10]

Coastal sludge Fosmid/E. coli EP1300  Cellulases Activity-based/Sequence-based [11]

Horse excremen A-phage/E. coli EPI100  Glycosyl hydrolase Activity-based [12]

pKS13S/E. coli Naphthalene catabolic P

Petroleum sludge XL1B-MR enzyme Activity-based [13]

Hot spring soil pUC19/E. coli DH50, S?s-;uuazggxme Activity-based/Sequence-based [14]

Deep-sea sludge E\Q{E&:TNC/E' celf Alkane hydroxylases Activity-based [15]

Soil PUCIS/E. coli DH1oB POl (DL-lactic acid) 5 cii haceq [16]
depolymerases

Hot spring sludge pET(+)/E. coli TOP10 Thermophilic lipases Activity-based/Sequence-based [17]

Vegetable soil pZErO-2/E. coli TOP10 Pyrethroid-hydrolyzing  Activity-based [18]
esterase

Acidic leachate Fosmid/E. coli EP1100  Carboxylesterase Activity-based [19]

Dairy rumen BACI/E. coli EPI1300 Lipase Activity-based [20]

Marine pGEM-3Zf (+)/E. coli

Microorganisms DH5q Fumarase Sequence-based [21]

Cow rumen BAC/E. coli EPI1300 e 537 EESE, Activity-based [22]
amylase

LA CRETEIEE T Fosmid/E. coli EP1300 CETEI Rl Ean Sequence-based [23]

seawater | phosphate synthase

Plant rhizosphere soil ~ Fosmid/E. coli EP1100  Esterase Activity-based [24]

Mangrove soil pUC118/E. coli DH50, Laccase Activity-based [25]

Daging oil field soil ~ PErO2/E Ol TOP g Gaacrosidase Activity-based [26]

Straw returning soil pUC118/E. coli DH5a Feruloyl esterase Activity-based [27]

Cotton field soil pUC118/E. coli DH5a Tannase Activity-based [28]

Arctic soil Fosmid/E. coli DH5a Cold-active esterases Activity-based [29]

Compost Fosmid/E. coli DH5a D-Serine dehydratase Activity-based [30]

Soil Cosmid/E. coli DH5q  -olhydroxyalkanaote ;i paceq [31]
synthase

Goat rumen pGEM-T/E. coli DH5a  Cold-active Xylanase Sequence-based [32]

Alkaline-polluted soil ~ P>=M32F (/B coll g Gycosigase Activity-based [33]

Groundwater p18GFP/E. coli IM109  P450 enzyme SIGEX [34]
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Table 2 Classification of samples used for metagenomic library construction

Environment category

Environment subtype

Terrestrial

Aquatic

Host-associated

Engineered

Specific

Soil, alkaline-polluted soil, arable soil, plant rhizosphere soil, straw returning soil, oil field
soil, cotton field, arctic soil, Taishan Mountain soil, saline-alkali soil, sugar beet field,
meadow field, river valley, unplanted field, agricultural soil, forest soil, acid mine, saltern

Intertidal zone, drinking water, hydrothermal vents, saline, hot spring, deep-sea sludge,
coastal sludge, marine microorganisms, Mediterranean seawater, mangrove soil, Antarctic
seawater, water enrichment, reef lake sludge, river, lake, pond water, Sargasso Sea, coral reef,
estuary

Lumen, earthworm gut, goat rumen contents, horse excrement, dairy rumen, cow rumen,
buffalo rumen, large intestine, vagina, fish gills, human saliva, human faeces, human gut,
termite gut

Persistent organic pollutants, compost, alkaline-polluted soil, activated sludge, landfill,
wastewater, paper mill effluent, glycerol mill mud, petroleum sludge, bioreactors

Drainage biofilm, geothermal sediments

2 FHFE% DNA WK

FEHER 2 DNA PR HE R ) 3 22 FL PR 41 S

M W | A e AR P R PR R
H A P A A EE AR BRI DNA FEImLAzife. H
B i Rk, W BEA RO Rmk . B

MSCHEP IR, DONPREERE b A DNA YRR | 4
JE R BRI A 2 DR 20K LR R M 2 2R I
AR i AR . DNA 3R IB05 12 k]
OY I s EARERIBOR AP G
EARARBUL, MARIRALRR L, XTI

http://journals.im.ac.cn/cjbcn

Pk BORERTTIL | WORRIENA S fLemik
KB aGR A R G PR (i SDs)., #h3&
AL S 5 A 32 D0 5 R P v Al 1 2
Ko AN [ 28 12 1) 22 078 T AR BE 114 75 AN )



T FREFRAFEEFEEMECHINRRER

AR WO T X PR AR S P A S W kAT
SR, BRAERTAE, BRSO PrRe s a2
RIS LA SE 4, i DNA RIS FRE, Frikign
SEIH 2] DNA BB HiL S WRE v = D A i)
ZREVE, H TR R PP ETDI K, 33
JIrakAHH) DNA By (1~50 kb), HZ M-
iy AN, M FEREYIEF L] DNA HiRA &8
BT R . W ZmeE YA, AR
BAR, HEARA T 2 A A B A AR 2 J5 220
T ERAE (0 DNA F§Y1. PCR 714) (7
B LRI DNA F 2058 HF LUSOR B 0 1
BRI R A 1 /N e BESCIE A 2

AR IOL,, PR 2R, R R
B0 B 25 R 0 A T R SR AR A ) IR B R
d AT ok, SR IS P R R T B
2 DNA. %72 B3R 2 B 5 e /0N
PR LB, Frak15 DNA 4l fEis,
JrBOR (20~500 kb), G TR LU SRS L
(Cosmid) FI4pg A\ T UL tafk (Bacterial artificial
chromosome, BAC) M#RMARM K H B S 5 (Hix
T AR B, 1o B A R Sl i A R M A
LA 22K, I E R RN SR T A R A PR A 1 A=
NGRS, TR R DNA Hr R4 (5 B
()02 AN B A S, 9 5 AT A, ik
1) 1%~109%"",

M DNA J=38 gl | B R KO AN
AW 0 5 R A DT RTINS, A AN
PR AR LL, MHokE, ERs g
FIBSE A BLUR FH HAHAR UL R £ o R AR
B A5 2 FRES . DNA 4B 2 (0 ) f,  #F
FEHENTHESL T 25 DNA $2Hzifk )7 . Zhou

24 903 ot A 5 DN 3 B i Rt T PVPP I CTAB
R MRS IR , ARA5 T35 T H P 1 = I i 3
B DNA, 7R 5 o 1 2 3k P A 24 k5 o
Wz R A Braid 45O ik SRR A A0 2
Bz ; Desai 2R FH I 1A 24 A 7 0k 440+
ST, SRS S T A R B R S SS 4R JE B
A A 55t 25 o T 38 e 0 S O R
M, B2 T AT PCR SN I =i 4l s
VR BE 1395 DNA; Pang 25 P2Vt tof M I 21 35 v
VI JIE IS B R AEAE T 1% J6 8 R 5 i b
7 10~100 %), fii i Sephadex G200+ Fi& %t PVPP
JEMTRE 5 H Sk R A 4l A 14 7 vk A 3 P 2R BT
SRR DNA, IHIA T —A~% A 10 145
W& (AT ST SRR ST, I DAk A S i s 31— A~
B AR T L . ARSLISEAE Zhou 1B
Semh AT, 1R R R R DGR ) 6
X7 DNA SR T A D, SEERERfE T,
[ st ey, SR IR AR T A 39 S R A
SCHE, IR A 3 — AN LA 2 TR AR 24 A i i
T T T R A M 1) I A 1Y
SN

B RS A A LR, VEZHT) DNA 42
I AR R AR A AT USSPl 45 R f
R RS m T E R B DNAL R0, &
A — PR o Y S8 A R PR DNA R0 1T
fi] DNA S5 AR E — o M a1, 530k
etk B SR LU M0 DNA, (Rl e
MU S BT A W DNA, DA T 2 I T 2 174
DNA BYFPHERT w58 FESERRm I, AR 4 B
WS AR I RE PR RIS H A TR PR R AL

cjb@im.ac.cn

425




426

ISSN 1000-3061 CN 11-1998/Q Chin J Biotech April 25,2012 Vol.28 No.4

3 FEEAXEMME

3.1 EIRHNIERE

BT I A A h BAT A, H
A Bk (Plasmid) . 4T A T4 ik (BAC).
FIETRKRL (Cosmid) . HTARKL (Fosmid)5s, it
SMEAWERER PL FERERSE (PL-clone). fH P1 i

2N 1)U/ B R G 7 N
Mtk N T ok (Yeast

chromosome , PAC) .

artificial chromosomes,

K (Mammalian artificial chromosome,

(P1-derived artificial

YAC)FIi#L s N TG

MAC)

& (F3). HAET, EHAMEAFIMPFES, R
RS Bk . Cosmid. Fosmid. BAC. A

BRI DL B A5 P S MR AR o 2R By B 48

FIE

AR ZE : WF52 9. FrREUR FREE AL DNA 1
Bk, BAEHA B R B R . i B
ARE DL ARG 18 2 DA S SR s .
X JE B o v BT DDA T 1Y DNARE i

*3 RERANEFRHMKLLR

Table 3 Comparison of different vectors used in metagenomic library construction

B R SCRE T ORI R R UK R
Bt DNA #F 5 I3 P4 Cosmid . Fosmid &
BAC SCJE. (R, Tt LMl Fh A a2 S0 %
I WA AT S P F R P b B A A R T R
P BER 40
32 TEEMIEE

T E RN % LA N N ER . Pk R ik
B, 5 ERREACROR . S EARLE N E A
PR EPE | 15 EREA A XD R B R R LA T 1Y
SR RIRR R | X IR IR HE R P W 15 A B
AUARZSE LU HARMEIR (nBuiae) Shpa 155
EIHIT, A4 T 0258 3 i 100 7 i PR 21 SO PR, B
W BAE £ KR E E. coli, HAR S 7E T HAE
faT B B | B RS T B R R
MIHf . HLUOR AT Bacillus, 28 B A
Streptomyces lividans  Fl SE 5L B %A

Pseudomonas putida® **!

\Vector Size of insert (kb) \ector structure Expression host Transform methods
Plasmid <15 Circular E. coli Transfromation
A phage 24 Linear E. coli Transduction
Cosmid/fosmid 35-45 Circular E. coli Transduction
P1-clone 70-100 Circular E. coli Transduction
PAC 100-300 Circular E. coli Transfromation
BAC 120-300 Circular E. coli Transfromation
YAC 250-2 000 Linear Saccharomyces Transfromation
MAC >1 000 Linear Mammalia Transfromation
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