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Abstract: [Objective] We aim to find the new genes with biocatalytic potential from the plant
microbiota metagenomic library by the means of high-throughput screening combined with
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multiple hybridizations based on probe stripping. [Methods] First, the phage particles were
used to infect EPI300™-T1R E. coli cells according to the titer of the phage particles as a
primary library. After incubation the mixture was then divided into aliquots of 96 and cultured
in the medium overnight, followed by storage in 2-mL 96-well plates. The resulting fosmids
were hybridized to screen the library for the new enzyme genes. [Results] We found a thor-
oughly removal of the probe by striping the nylon membrane as described here, and the target
DNA on the nylon membrane can be used repeatedly for at least 7 times. All these resulted in a
highly efficient means for storage and screening of the metagenomic library. [Conclusion] By
using the enoate reductase and short-chain dehydrogenase (SDR) as probes, candidate fosmid
clones were obtained after two cycles of screening. Based on fosmid sequence analyses, new
homologues of enoate reductase and SDR were found and cloned for subsequent heterologous
expression and enzymology.
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KL RIS PRI PSR, A TR ER
I SDR [R] 4 P8 I v b 3 AH I ) 4 R HE D 71
MTFIRENZE SR ARE

1 MRS
1.1 FERFIFANEE
Sk DR 2 S P v 3 RO R v 1 Lg% iR
[ Epicentre Biotechnologies; Hb &4 Fricix
% PCR DIG Probe Synthesis Kit L4 & J& ¢l
F Roche; PCR. Bef&d 54 2= 50535 H
TaKaRa FA:Y) TRECGE)VAIRA R | B4 T4,
SiFEER 96 Replicator (%15 VP 408S2), V&P
Scientific, INC.; PCR 1% (##1*5- Mastercycler gradient),
Eppendorf; <321, Amersham Biosciences; 96 fL
M LS Digicen20), Orto Alresa; 52074 1k
B0 LS Centrifuge 5415R), Eppendorf; —80°C
VKA (55 MDF-U32V N), Sanyo; —40°C K4
(15 DW-FL362), WFFE2z; B MNE RS,
Syngene; 7K (%5 Mill-Q Biocel), Millipore;
fEIREFRIRG o, LR, Rk g, db
N .
1.2 EYHEREEREAENWESRE
i I AR KR EAHE R (Mallotus nudiflorus,
M 4% Trewia nudiflora)2% i B [ H RN B 6
SR bl (= B4 S BB G ) . ARPETRAT]
B 315 & WL R A Sk 1w SR kTR e
KRR ICT, N 1.6 kg BRI ZE R
202y 04 g AR E LI, A2 2
20 ug DNA, H CopyControl™ Fosmid Library
Production Kit (CCFOS110, Epicentre)fy 7 1 klik:
SO, Al pCCIFOS™, 34T £ 1.37x108 4
W R EIEORE, i ERC EPI300™-TIR E. colis
PRI — KK Ze K 3711 EPI300 597 [ &
5mL LB {533, Hi7% 12 h (37 °C, 200 r/min),
210 10 W LR B2 2 15 mL BTt LB B (&

10 mmol/L MgSQ,), 37 °C £ 100 min £ 45 {4
Jitd 2% 15 51| ODgoo A 0.9-1.2, H AT EAZ 2540
Mo, FRAETRBEE 15-50 pbl JE A SO B AR 1 2
Wk 2-5 mL 2SR ), 37 °C fRif
30-60 min; HfANMIIR S5 3 96 /Moy (53 MK
10 b TR A AR EOe ), B mA
2.2 mL LB B IR (&5 # B % 12.5 mg/L), 37 °C ##
B FR 18 hy Horb 1.7 mL R4 B DI R InA
20% HiH 0.3 mL, H 96 FLAR{AAET-80 °C, FlAx
0.5 mL BN A %% S W (Induction  solution,
Epicentre)f) 3 mL LB £ F# K (A F X 12.5 mg/L),
37 °C kit 10 h HEATHRLY = #5 DU, T
UNIQ-10 (1A T)$REURRARAT

1.3 HEFELBELERFIE

131 EFEFFRREA0E & Eid Ak GenBank
BoRWEEAEY ER &R T, U
YP_001886171  (Clostridium  botulinum)
EAY44006 (Bacillus coagulans). YP_001309053
(Clostridium beijerinckii) . NP_349962 (Clostridium
acetobutylicum), YP_002157977 (Vibrio fischeri) .
EAS43725 (Photobacterium profundum) L1 &
CAAT76082 (Moorella thermoacetica), #7172 FLMR
FRA RS, MRAEORSFRE RSB RIF5 I (GR 1),

% 1 ER &331¥&it

Table 1 Degenerated primer sequences for ER

514
A7 5| Y1551 BILFR T3
Primer Primer sequence (5'—3’) Amino acids
name
ERsl GGSYTSATHATHACSGGSGT  *GLITGV®
ERs2 ACSGARMGNGTSCAYGCSTA “TERVHAY®

ERs3 CAYGCSGTSCAYGARGGSTA "HAVHEGY?®
ERa3 GSNGGRTGSTTCCAVTACCA Z®'WYWNHPP?*?
ERa2 GGRTTNTCCATNCKNCCNGC 3*°AGRMDNP3®
ERal GCYTCRCANCCNGCNCANCC *““GVAGCEA*?

Note: H (A/CIT); K (GIT); M (A/C): N (AIT/GIC); R (A/G); S
(CIG): V (AICIG); Y (CIT).
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SRIG ASCIE R R AR, it 810514 PCR Y3
PG ER R B, MRARFE SR A B
DNA Folicit 5514, i PCR DIG Probe
Synthesis Kit (Roche) & UM =2 FR 2 AT ER #R8%f
SDR #REHFHIK A THA TR TR BEHLA 5
TRt % BRAG—~ SDR FER Tnm17 (MR % %),
132 s bkl i R A SRR RLZE
95 °C 7&ME 10 min J5 &K EAE N DNA, H
96 Replicator 7 VP 381 B EN IR AR MRk (2 L,
0.2 g/L)S Fr IEHL e (123 mmx81 mm),
TEsk AT S AE 384 4>, % Roche iy DIG
Detection Kit 3] 5317 s 4428 (50°C, 12 h)Fi
PEWAL, HAGEBR: (1) AadRri e et
SMTIRGE 3 min JRTAZRSE, SA)E A 10 mL
4«22 % (0.75 mol/L NaCl, 75 mmol/L Sodium

citrate, 50% Deionized formamide, 0.1% Sodium-
lauroylsarcosine, 0.02% SDS, 2% Roche blocking

reagent), 7F 50 °C 243U T TiAE 2 h (fik
4 r/min), (2) 7£ 95 °C AFMEFRER 10 min, dLs &
UK RN, AR INE] 50 °C WA 7.5 mL
T 24 S VAR I ) 1l 2 S R (IR T A S R P ) 4k
JER 10 pg/l). BAACHERZ I, FRAACM
IMAZAEHW, #E 50 °C Z4a8 {458 i (% ik
4r/min). (3) VAR S Sz i 4. (Z= M Roche DIG
Detection Kit i3, L IRHE),

1.33 IREGEBLEAE: N TR A E Y
PREF HEAT 22 IR A58 ISR S TR 0%, W22 38 R %t
PIVER A PEEA T A R 5250 & ol CL 438 )
Je IR #ifE 55 °C ) —H B H L (DMF)Hh,
T 3-5 K DMF B EB A9 5e iR 4,
THKEDE, RIGHETT T — B BRE U, Vi h
0.2 mol/L NaOH (% 0.1% SDS). 434I7E 37 °C.
55 °C 1 68 °C {7 10-30 min, HHpEMik &S
—IR, ZJE KB RCR . Ve e e
JE B AT e e, D SRR W R TR T,
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Xho T AR UCGHATREEDI /3RS, AR H K Sty (R R/
TSR A Be RN BB B o3
34, H—dHnUKIREH A 10-20 HIR/NFIVREE
M, BHEA — RS, #5717 454 GS FLX 5
WY o AR P S5 BT [, LA RS
AR B A A

2 HZRHRH

21 BN EREEEREREBE

TEAE Y 0 A A3 5 DA AR ) 1 45 A L 21
W H PAER SRS AR MY, fit
BRI ST BB AR, AT H L AR IR 0
FERE YR B2 B HLIE, T — AR /NS A,
HJRE 2 44 FR LT o MR8 240 D ZE AR R b e R4,
PRI AT DL 2 DA AR AR A5 25 g 4l v ) AR g AL A
PSEFIA] DNA, R, 4R 25 A A R
WA WS SR AL, S8 YA L, A3
ARSI 4] DNA FA it AR # o . andi
BRI 1 g MM RHY S K 4] DNA RSO,
PR T5 G R ) L 2 DNA Wb LA XS]
DR S 35 1T FLRO AR R LRI 41 DNA, XA
W SCIETCEE R —HE B3 . BRL, A stmy g
TRl 7 B DR 2 SC PR b 200 1 S S A T R AR
A, BT Bk AR B A MR & 2
AN E I

ARG EE SDS 5 NaCl ik #2451
T, ZHBEOARE, M 1.6 kg TRk ZE R B AR
T 04 g ZERIATE, R EC“Metagenomic
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DNA"# T 1.37x10° /M A 4025 ok 1 40
URSCHE, VAR B 34.5 kb, EREAHMMT
5000 MERE AR ZHEE DL, FEBLAT 200 Kk
A S FE B, 24 88.89% I ST IR I A F B ok
VR A, SCEMIEFADREMEE 7 A0
2% 200 AL JEAZAEY, Hop LU
(Proteobacteria) i1 it £& F (Actinobacteria) fi*) Fj 2%
M FEE, W HA SR8 TR R Rk
s AR IR
22 RERBAXEMSHRE

FRATTAR) A 114 T B A 25 R e A T 7 I PR A )
GOCPERR 100 TN TalE, Akt G BRI 2 ) g
A PRBCRTIRE, R TIR G B LA KA
ISR . SORVIRG AT 96
LR, HeAEFLE 2 TR EL 350 4315, 100 J7 5akE
I SCER 2y T 30 B 96 FLIRAEAR . X REAREE A
B8 T3, SO A AR VKAS W PR A72s 8], ATk
PP A O AT 22 3 A SO H Y, I HA
FIFE— 20 Rl i e . A R T B 4R
SR W R (ARG 2 R ) R TR R, AR IR
FEALI SERERLE 200-600 MR, SEREIR G K
BRI TR 2P B, KASGEA B SRR A
) H Y o S22 B AL R 0 5 Az A 4 I ) AR iR
B e AN AT 1 h, S sa e B i £
PRAE 5 I 1 [] s 6 77 Rl R 9 v 8 D15 3 5 42
B, IRARRLT T IR 2R PCR ¥4 | 42528 b5
SCE
2.3 RfE FHOEE DNA AT F 7 K432 ik

FET IR FNABRIE I 7 TR 2228 8 TR
FEPRAH SO e . X R —5K 5 % DNA
ANFEREF AT 2 438, AT LA 2R R 9 H AR
SEPR P4, AT S 2 8 e 7 3k DR 4 S 1 i 16 4
R AHTEEAFH A EUE: (1) PR 04 Rl s an
Al BE S KPR B2 O B JE JeJiEE | 5 DNA? (2) —
TRAE L AHE DNA B2 W] T JLIR LA ik s

T X AN [R) S50 25 A T R (R R AR 2T A M
(% 2), &L 37 °C /i 10-30 min FfRL G 8 i
5, BIMARER RS SUERTLT—2 Ul
WIS b B 2 ACHRE AT IRATAE o P VMR B £ = 3
55 °C, ol £ R 5 ik €5 o5 B s AT SR FEAE,
HE—7E 68 °C PEME 30 min BUSER, B AR
SRR G ok T P T E S A A 1 Dy
DNA 958 4 Kbk . BlRE e 2V, #
ZJe AR ER #REF R T44E, 4t
P2 0 S5 AR 5 5 — IR IR S AH [l 9 67 B 1 B T R
SO, VTR BENZ IS AOR B T I 1Y
#1 DNA, Jf HIX St DNA B L T 488 0
oo AN HATIRET BRI 5 2858, RINA S
ZAFF, Rl FAYHE DNA 2=/ R IEFT 7 k-
2k . Je B L EAT P RE A SO AR 2R,
AL ] — K - AO#E DNA AR RRE T 20k
ZRAE, DA 25 i 15 7 35k R A SO B I BEAS0%
GG A FEIRE AR o (A R) TR iC Y
ik, b T A S I P R

K2 FEFM TR

Table 2 Removal of the probe

T ] TREH LR
Temperature (°C) Time (min) Probe removal
37 10; 20; 30 < 5%
55 10; 20; 30 < 50%
10 50%—80%
68 20 —90%
30 100%

2.4 BRMERSRIRIH] S THIE

i 35 5 P S AR 19 431 2% 58 i 18 7 v,
FIFf Enoate reductase 1 SDR F&RIZRET X4 HE 1Y
TR 25 B 22 S A SCRE AT T 56 — e i v, 3k
133 70 MRS R A (] 1), 5 i ST
N RIR A TObE, WAL TR & s R AR AL 2%
400-800 A FERESE AL AL, XF FikRR
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B 1 HSFHICER RERINHREES
Fig. 1 Hybridization signals generated by a
DIG-labeled ER probe with colorimetric detection
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V\]t)]ii BamH I . Pvull 1 Xho I 4R TEEYI 4

R, AR LK SR I R IMIEBR R R BE R

o BEERAMEEARRL A R 3 2, BE—LLRE N R
ﬁﬁﬁﬁlwmyﬂﬁ¢ﬂW§mL,ﬁﬁ%ﬁ
RA W —AEEM, T 454 GS FLX i
¥ M 25 5, % P ER A1 SDR SEMFEN, H
eI Y 2 LR P 51 55 B 8 1 TR IR B A
35%—70%, LAAHN B R AR AR C v pE R K
B, RS IR S 2AV S B T
3 ik

ARV AL, REERE S P RIR E 2, g
BRI SCEAS TR . R, DA R 21 S v
i 355 18T 1 D) 8 i R 5 B — A v 3 it 1) A R
PG WAEYTEMEATE . (A WEHKT LI
DNA J751 K-35 AN [a] 1) B sk iy i 3 7 48,
WFFEB AR AT J2 58, X BERRAE AT B 2 LA
R RR R e . A H AT R IR AR
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