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i , 2k DO BERI I, e B 1 A R B U BEEE Y Fosmid TEf (prol2) o iff— 20 #h) s R 12 H 7w e
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CIp:2 il G =7/ IO NAEC IR 8 3 bl G B 710 Pk - U
FEF G, FRATT B4 DA 3 2 Uk A b B TOAR ] 4 4
HOe , #y it 75 FE P 4 Fosmid SCHE , i i % SC 2 #EA T
AR HUER BRI e, e 310 1 SR 2 SR 2R 1 g
BN XN AT TR 08

1 MR %

1.1 ##

L1132 2500 R A28 - 8 K IR 25 0 #L ( Sigma,
Type:3k15) , PCR {( BIO-RAD, ALS-1296 ) , ¢/ il
&AL ( BIO-RAD, 76S/06413 ) , ¥ i 7K ~F- Hi 7K 1%
(BIO-RAD, PAC3000 ) , % % 1% 1% 1X ( OLYMPUS,
SZX12 )5 3C FE ) & FH M Fosmid 3K 7| &

CopyControl™ HTP Fosmid Library Production Kit)
Fosmid DNA $& Bt H] i® 7] £ : FosmidMAX™ DNA
Purification Kit, #] g H & [E EPI /\ % ( Epicentre,
USA) ;s 519 B 2E TAEWHR ARG FRA A B
L1.2 SEgepbkl: BT 2008 4F 3 R4 A ifFIE
DX A OB Bt i S AL ST i i B A 37 2 TR
FEH ., MR B IVAERR 10 4ELL E o SREEHLIESE 10 4>
PP B A e, b SBEE t oR FH  R AR
BERPMEAFRAE S DN BUTAREI (RS ee 10 em) [+
BEREGh RARTRIE O 0 - 15 em , IRB 5 % HH4e0
[, A 10 mesh (2 mm) G i 0 , 2B/ INBURE A9
A1k M BAT BAE IR R, AP T - 20 °C UKAf e
TR 1,

x1 BEETEBEAVER
Table 1  The soil sample tested in this study

Sampl H Organic C Total N Available N Total P Available P Total K Available K
ample

" Y (g/ks) (g/ks) (mg/kg) (&/ks) (mg/kg) (&/ks) (mg/kg)
soil 7.2 27.5 2.0 25.7 2.4 82.6 25.2 273.7
L3 5% g G b A EE T W 2.

&2 PCRIXWETASIY
Table 2 Primers used for PCR experiments

Primer Target sequences Primer sequences(5'—3") References

F27 16S rDNA of Bacteria AGAGTTTGATCCTGGCTCAG [16]

R1492 TACGGCTACCTTGTTACGACTT

NS1 18S rDNA of Fungi GTAGTCATATGCTTGTCTC [17]

FR1 AICCATTCAATCGGTAIT

21F 16S rDNA of Archea TTCCGGTTGATCCYGCCGGA [18]

958R TCCGGCGTTGAMTCCAATT

S-C-Act-0235-a-S-20 16S rDNA of Actinobacteria CGCGGCCTATCAGCTTGTTG [19]

S-C-Act-0878-a-A-19

CCGTACTCCCCAGGCGGGG

1.2 11 DNA H$REX

%% Bertrand %545 Bkl ' S R W 4n i
fIPLEEHIL0 mL 0. 8% NaCl &5, #h b 10 mL [
PVPP, i 121 47, 10000 x g,4°C B0 10 min 535 -
WLEE 3 -5 W, 2 BIERRE A, JIE 10 mL
0.8% NaCl &, ¥ 10 mL Nycodenz ( Axis-Shield,
Oslo, Norway;8 ¢ Nycodenz ¥ T 10 mL B 7K ) fill
ARG, 11000 x g,4°C B0 30 min, /YA
& Nycodenz — - 3EIR & WURLAN 2 /K 2 73 At F i)
FEOAIHZ , RS 7E 10000 x g 4°C .0 20 min £
FR Nycodenz 5 W . 5 4% 6 I 46 1 g K— 141 il —
SDS P HL -4 DNA, i 100 wL TE %% ,1% BE
BEELIKAZI , - 20°C LRAF o
1.3 #EEEA Fosmid 3T EME
1.3.1 DNA # i 32 B S 4lifk : Nycodenz %5 B 44 B
B R E A DNA 281005 23 i HL Tk (4°C
25 V,8 h), ¥ e i i [l Wi = Tk ol 3 Ha, koA

DNA 4>+ /M0.1-40 s,6V/cm,16 h) ,

1.3.2 f @ 3C FE: # M Epicenter /A ]
CopyControl™ HTP Fosmid Library Production Kit [
A BEIAXT DNA J Beif A 7R 41, S8 HE AT —
AR 5 B B W ik o L Uk (0.1 =40 5,6 V/em,
16 h) , PJEL 25 — 48 kb 2 [A] 1) 757 , 7 ¢ il 125 [l i
DNA, #$#, f0% 5 5 A EPI300 75 40 b, 14 5
12,5 mg/L A& RN LB P4k |

1.3.3 el PRECS IR A7 : FHTC TR 28 P Al 1)
kR 96 fLAR, AW — AL, LA
150 wL % 12.5 mg/L SR R W LB ik 775, A
FEEF 11,37 CHRAR T 5 9

1.3.4  Fosmid J& [X 41 SCFE (19 JiT 7 %5 7 « 4 A B
/KGN : AR 13 4> Fof AR Fosmid SCPERY
AR G U R A5 A T S 1 R, Al ARG &
$& U1 %7, 4% B8 FosmidMAX™ DNA Purification Kit
{5 56 BH S BBUTORE DNA SR J5 FH Not T Y, bk e
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VKRR AR Be K /INe FERERRE PRI - BE MLk
5 ANTkE, AR 1 mL E A R LB AL
FREP AT TE 6 d, S HIHREE 0 AR (55 1 ) M
55 100 fR (55 6 K) 40153249 ' 1 TR DNA | EcoR
I BY)E , kA . SCEE AL A Y Fh 2
RPN DA SCZE Hh B AL B 138 AN 58 R dE AT R
St , SR 5 HEAT BLAST He X, &G Ly %o 465 5K iy
=05
1.4 ZEQEBEREGE
1.4.1 EBYGHR 23t AR B4 96 FLAR AL &
8 17,12 31, My — gt B AE LR 96 FLAR
8 TTHEHERIHII) 96 FLA T Y[Rl —747 ,12 FFE4H23 55
Hh—A~Hr 96 FLA H [l — &1, FF #b I 150 pL &
12.5 mg/ LA F % (1) LB MR KT 37 5L, 37°C 5 37 3
Wo XFEFIER T 42 48 & 1 HRA27 A~ 12 & 1
Mro B2, #48 & 1 Hh [F—47 1 e e Ar 5
— P 96 FLAR Rl — L (T IEFRIRAE 8 & 1
w12 A1) XEEEE AL T 4 96 & 1 sk, B
AL
1.4.2  SCPEGGVE o Ff Fosmid e dEFFF LB E{ARS
FEE(E 1% WAEYY,12.5 mg/L EW&ER) |,37C,
Bi 9% 48 38 VLS TR VR TR Bl 2 75 A 3 HH B ok 1
LR R AR
1.5 TS EFiFiE

PLEL Fosmid DNA, %5 EcoR 1 1 SPh 1 XL ]
Ja B 1. 5—5 kb KNGS F B, % 322 2 H AH L Y
R U1 5 1 pUCT9 284K I, 54k (| E. coli DH5 )
Je AT LB AR R (% 50 mg/L AN HE
%) 1,37°C,12 h J5, $hBUS 2 09 W 5e %, 37°C
PER SR 12 h WG re R e8] LB AR IR IE (&
1% AR, 50 mg/L AR5 %) 1,37°C,16 h
Jei W JE L= A o7 B Pl A S e Bk 1,37 °C L PR 1S
F2 12 h, i MR EE R 15% 19 H I, — 20°C UKER 1
£ H o
1.6 ZEAMRZRENEDINE

IR 45 2k 1 ( Meloidogyne spp. ) Sh #E AR , 4% I
Huang 21" 177 LRI 0, BEAT 2R 48 A= Wil 2
TG WG AT 1O 0 8 B T N — 20°C VKA v B
H FEHEL S B WL, 3R T2 45 50 mL #if4 LB
¥R R 100 mL =4f i ,28°C , 240 r/min, 3% 37
4 d J5 U ,4%C 8000 x g BS.0> 10 min, Ii4E &
VEW S R 4), — B4y B L, —
TRHLEFE(100°C,25 min) J5AE T,

AN R AR 12 LT IR A s SR itk A T,

FAL 2 mL 4bFEYE ,200 - 300 k2, 78 B R A
TFRRERSET L B R0 5 YR A B (BH M X R ]
Y (Abamectin) |, & i 3G, A0 H & 8 LT
T, BATE E. coli Xt BE AN LB 8532 3% 1R ) | AR AL B2
b3 WHEKR,
1.7 FSIMEFE 554

PRI FERE esprol24a5 JFURL, 3% b 50 18 T8 18 PE
RL2H O 5% rh ol I o B 43 A AE AR W 2R RO
DNAman F1 DNAstar 47, W 5 R 6 35 (19 5L [
MR Y 9 2 FAE 4 5> B 5 (Chup://
linux1. softberry.

com/berry.  phtml? topic =

fgenesh&group = help&subgroup = gfindb ) #f 17,
1+ CBS SignalP 3.0 server 5[ ( http://www. cbs.
dtu. dk/services/SignalP/) 3R M S KB T
{3 /5,38 77 BDGP Neural network promoter prediction
B Chip://www. fruitXy. org/seq _ tools/promoter.
html) " B A S ST 0 RS 3h -, I A
[ £ 5045 ZE (http : //merops. sanger. ac. uk ) R
FIBEE T 0 2RI E

2 HERFupAT

2.1 TEFAEYE DNA B91RE

44 PVPP FAh BEA Nycodenz %5 BE 4 B 1500 1
PRI A YL 2 DNA 2l MR, TRy 24
A 14 DNA M LB, BB A S BB - 1 AR, A
MU o FE43 I LAAN B IR A oty T 0 L 1T 3 FH 5 |
Y (3% 2) #E47 PCR P73, 4 14 45 A 19 DNA H
1) 4t U B 0 b %k 3] g o 3 IR A S PR )
2.2 Fosmid 3 FEHERIFIEST
2.2.1 4lifb5 DNA FE 5 K e gioRs: i ; a) 42 4
B 44k 5 i DNA 7E 23 - 97 kb 22 [al4 B 54043, i
Fosmid JFRLxH 4l A R BER/NEER — ol 40 kb 72
A1, B LA $ DNA JC7 HLART T W B A & e 2K
BEAR A LT o — W Fh i ZE P 41 DNA, + 5650 E Y
DNA F47 AN R A vh 13— XU, 177 2 40 A
TERERBTERIPY , 3X AT BEAG 6 5 T A IR He— S

B A5 3 1 DNA Wi

2.2.2 SCEMEA R B E: H Nov 1 AT BV K
W, AT SEREAE 6.5 - 9.4 kb Z A7 — 2% 8.2 kb Y
RS THE AR BE 2 RN R 24 B, i nT
A& L HERUEY) DNA LY Not 1 BV 852 B4 i
o SCHE £ & 31008 A~ ve B, R 48 Fr i /Y
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pCC2FOS Frkidfi A Fr Be /Ay 40 kb 7247, flidhi%
SCPE T R W R R K/ 1 Gb,

2.2.3  GeREARE MR 25 100 (REEDTENE 55
0 fRAYTCHEAnI W b 22 53, A BRAR A B 25 2K
o Lk, P AT EE Y Fosmid SCIESEFAE Y
2.2.4  SCEEAR I PR < 138 A BEHLR 3 Il P 45
R A 6 Al xR OB AR AT R I
AT E Parvibaculum lavamentivorans iR g /R

PR AIE s FP AR B, 4 A Hext L2 B AT

Mo 210 AN Hext b T RIVEF A, 4 7.25% . TGl
U5y 50 0 e B IL 128 A, (5 5] 92.75% . X R BHi%
SCIE & & K AR R, K10 AN X B
IR 7 91 ) #0220 B 7 41, 3K Rl BB T T 1Y) R
B, o AR TR R PR R i A AT R, LR =F
JEE e A7 1R o B LB DL S A B 5 L T
FEHL DNA (773505 20 A0 18 s R —2k . Jb4h, i
DU 235 53 W7 1% SCRE I 25 3R AU R 1. 2%, BEBLYE
S 1.000, #5r BLAST HEXF2E R WL3% 3,

%3 34 Fosmid DNA {5 5 2 BLAST LE3i 2
Table 3 Partial BLAST result of Fosmid DNA sequencing

Reads name e value Identities Annotation

vemfaaAO8 1679 34 gi| 154154406 | gb | CP000774. 1 | Parvibaculum lavamentivorans DS-1, complete
genome

vsmfaaC03 le-121 86 2i191798527 1 gb | CPO00319. 1| Nitrobacter hamburgensis X14, complete genome

vsmfaaD02 le-149 90 gi119172958 1gb 1 AE005673. 11 Caulobacter crescentus CB15, complete genome

vemfaaDOA 3eol2 2 gi| 47118316 | dbj | BAO00040. 2 | Bradyrhizobium japonicum USDA 110 DNA,
complete genome

vemfaaD11 7624 36 21178033986 | emb | AM039952. 1 | Xanthomonas campestris pv. vesicatoria complete
genome

vemfaaGO3 50.88 01 gi130407127 | emb | AL646052. 1 | Ralstonia solanacearum GMI1000 chromosome
complete sequence

VsmfaaB10 le-126 88 ¢i177380231 1gb 1 CPO00094. 1| Pseudomonas fluorescens PfO-1, complete genome

2.3 EQBERAME

(%50 mg/L @R FRER) L,37°C,12 h j5, HHUL

PAGERE % S JE& W0, 4 2% 3 R — 2% 3 b 0
Fosmid e[ 125 LB LR WM 1-,37°C, Kid7 48 h
Ja, R B TERE prol2 A A W AW (18 1), £
SR, SElE prol2 JAEIXIA S WIRE, 1 il sefE
JE R G2 IR B A7 A, 1 prol2 w5 2 BRI

1 prol2 7£ LB 45 _E MM AR TR R
Fig. 1  Degradation phenotype of proteinase prol2 to the skim

milk in LB medium.

2.4 IEREHE . IFIE

P2 Fosmid FZ[#E prol2 ) DNA, £t EcoR 1 il
SPh 1 XU Y) 5, i 1. 5—5 kb R/IN B (&
W), 342 3 AR I i il XU U 1) pUCLO 384K |-,
AL (] E. coli DHSu) J&, Ul T LB [l {4 B 77 5

EZIWFLRE,37°C , FERE IR 12 h, B ve B 1%
B LB BRI (S 1% BUIRYS,50 me/L &%
HR) Lo 0k, 5k esprol24as fE 45 I i i A
Wi 2) o UIIERE S HAREE H RN

esprol24as

B2 EMEE TR

Fig.2 Subclones based on function-driven screening.
2.5 EBAMREHENEYNE

ZERER(FEL,F3), WILKE esprol24a5 X

PRgk H Meloidogyne spp. FL AR A A/ 4k U 1
AP R BOER 4 h 8 h 12 h 5
MEET53 514 80% ,99% F1100% . 12 h J5 , GEWEH
IR L AT, EITA BT BR: [994 xo B
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P E. coli, LB Y 1A 3% 5% 3L A 35 35 W) 138 W A& b
25 min, 12 h 5 ,BOLE TS 25% LIF,Jf Hixds
Xof BEHR SR T4 B £ S ST AF O . AAKE R - E
X £k B G TE P 10 IH 32 IR 4 5 A B A xR R T —

EMEH . % 4 AT i, esprol24a5 A2k T
P 2 5 BH A X RE BT 4% B4 25 ( Abamectin ) |, i BH &
FIi esprol24a5 4 5 1 AR 26 dL s P

%4 Meloidogyne spp. 7t esprol24as ¥4 iR P HRIER
Table 4  Mortality of Meloidogyne spp. in culture supernatants from esprol24a5

Active substance 4-h mortality of Meloidogyne spp.

8-h mortality of Meloidogyne spp.

12-h mortality of Meloidogyne spp.

% (SE) % (SE) % (SE)
esprol24a5 81 (2.11)"" 98 (0.50)"" 100 (0)"*
Abamectin 35 (1.19)""° 75 (2.80)"" 100 (0)""
E. coli 8(0) 8(0) 13(0.70)
boiled esprol24a5 15 (0) 20 (0) 24 (0.62)
LB medium 7 (0) 8 (0) 10 (0.10)

Death was determined by nudging nematodes with a stick under a light microscope, the immobilized nematodes were counted as dead. Mortality of
nematodes = number of dead nematodes/ all tested nematodes x 100% . The mortality with the letter b indicates statistically significant difference against
its corresponding E. coli control within a column. The mortality with the letter B indicates statistically significant difference against its corresponding LB
medium control within a column. SE, standard error of mortality. For all these treatments,an independent samples test showed P < 0. 01.

3 Bursaphelenchus xylophilus 7£& b h I EIEIE R
Fig.3  Death note of Meloidogyne spp. in each treatment after eight hours. A:esprol24a5 (25 x );B: E. coli culture

supernatants (25 x ) ;C: boiled esprol24a5 (25 x ) ;D LB medium (20 x ).

2.6 FIIME.FIHH

ity iZE H W) ORF Jy 41 4K 1746 Sk,
Hiftth 581 DA BRI AL E H L, HA B Fi N
61,353 Da,G + C 3= 63.82% , 45 1 &1 8. 75, AU &
HAR LT ATG A2 %575 F TAG ( Accession No.
GU556930 at NCBI) , 7EH: 544w X T S-D J¥ 51
( Shine-Dalgarno,SD) , 3" 9 g fith [X. UG S 1] £ Bk 86 4

J# %1 ( Tandem inverted repeat sequences) , TF 232
Frg e, 23 il 24 S GBE IR Y 51 22 ) & HAR 5 I B
AL

# 3 NCBI I blastx FEXt, & B esprol24a5 5%
H T Maricaulis maris MCS10 ( accession no. YP _
75682. 2 at NCBI) 142258 iz 2 [ i S15 XA 45% i)
VR M, 5 55 Ab—Fp A AT 4l 15 5% (%) Maricaulis sp.



CEAE A - i 2 B TR 25 2 2 2 b b ST ) 2 i DR 201 SC PR AR A B HG - /U E 2412 (2010) 50(8) 1077

(Accession No. ADD69818. 1 at NCBI) 22 4 12 &
fit peptidase S15 {CH 93% )[Rl W5, & — R AL )
223 TR B U, A RS AL =TT 2 : Aspyg
His,, Fl Serys. [F] B}, esprol24a5 £ 7¢ NCBI |- %
3 IR T 516 515 : GUS56930,
3 it

TERFEF AR T, e E N — D R
L4 DNA (88, B B Ry Ik, A — M4
— I S35 5 PR BT A PR AR S DNA, 2]
U DNA OB 22, 52 84 A DNA 9 f0aRTE.
DNA (3O A PR 222, i o i 2 A 1k
MFREEAE i BRI B2, ()40, S N BRBEAE &
I3 B FA AR U A W) A, R 5 P R AT 2 At 2 OB
BERE S DNA . XVFZIREERE SR UL, [ 453 2 140
AT o AR ORBE, B4 W 73 B DNA 2
NSRRI, PR R B A 0 5 A, DRk e 4 4
R U TS IR AR o X R ok
Ut P2 TIERYTS YRR R R E Y, B, 25K
JE A5 YL REAE 52 0 DNA (9 2li4k , o 5E S i 2 2 R 41
A eh B S (95 B8 . Lindahl A1 Bakken' ' 4ii#
FH % BEAR B 0 B W ( Nycodenz ) K (A= Wy 240 i 73 15
R, AT AR IBCEEAS b 2 ALK T v i I X4 R
#& Acridine Orange Direct Counts( AODC) Jy A%,
XA 5 AR BRI A 240 R 0 B B VR A B 0 i A
S AN EE S T 19 —S0% . 9 FL SRR X1 41
I R

(R , Mg 305+ 358 DNA fit & B2 i BRI, A
WFFERIE, & PVPP 1y Nycodenz %5 FE B B B0 A
WO = - U E P R 4 DNA, Je s 73 oy + 4
R B0, FBR K IO, SR e 3 B0
BT, 1 PVPP 3Rk 1 -3 Ik, KR8
FEPR A A T, e J , 5 40 i i B M 28 Nycodenz %5 i
T B B0 BRI A ) R e Mo e BT, e A5 8] T
SR AR P AN, S A R R ik
FEICEN Y DNA gl B 2 Bk, o8 2 R e A 2
LR Fosmid SCEEREER

SR FH 7 L PR 2 i o e S 0 1B 38 694 £ 0355 1 0 Jo
2 HAA BB I M B TR 9 /NS 7 B Terragine
ABLCDE™ o JF ok ATl 5 i o g A A O
TR ALV ST, i 3 20T 1 AR W) R A R T iR
(FR) W BAewsme H Bk R B B i AT S
W) Ko Ay BT R DR A 2 22 AR g o k) A
TIHEBK 3 016 22 JE K 2H Fosmid SC 3 — 2 H EE AN

I 6 S0 R, W i 1) — A 5 1 i PR I v R
(esprol24aS) . R Z NAEY I & 5 R Y
B K WA JC 5 175 0], T se b8k E R 3+,
FRRER B R AR o TR 8 1 i R A ST
)3 31, Rl BB e — A I AL A
H B, 72 NCBI L il i blasx [ X & 3,
esprol24a5 5 3 H T Maricaulis maris MCS10
(accession no. YP_756822 at NCBI) [ 22 & iz 45 I
ity SIS ANA 45% WY RPN, 2 — Bl L i) 22 = IR iR
FIRE, A7 H AR SF B9 i A = J0 2 : Aspyg , Hisg,, Fl
Seryy o fHAE , AWFFEAUNS A esprol24aS 1352k
W AN E i T RIS AT M B iR
JEH pH AE, S IR B A 41k LA & esprol24a5
AL R HLRE A R THE— 2B 05T o

ARG 22 3 2 Fosmid SCFEFER K,
T 3 I ZA Fosmid S, i 7 KT 1 Gb L
AW R AR R AR T IRATT N P R 2 1 SE R
Tit TR T | AR A Do il 0 A0 I e Al S5 T A W R TR
85 [RI I b T4 AR B (> 35 Kb) , A #) T 3AT]
A 36 B R ) i PR A N A ) 22 R,
i 5 SOl AT 7 (PKS EIN %) 45

5% it
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Construction of microbial metagenomic library and
screening of a nematicidal protease gene in greenhouse
cucumber soil infested with Root-knot nematodes

Zhixiang Zhao'”, Xiaofei Lu’
Erming Liu'* , Bingyan Xie’"

Guohua Chen’, Yuhong Yang’, Zhenchuan Mao’,

b M

(' College of Biosafety Science and Technology, Hunan Agricultural University, Changsha 410128, Chinna)
(? Institute of Vegetables and Flowers, Chinese Academy of Agricultural Science, Beijing 100081, China)

Abstract ;[ Objective] In order to search novel nematicidal protease genes, a metagenomic fosmid library was constructed
and screened by uncultured method. | Methods | Density gradient centrifugation was used to extract and purify total
greenhouse soil microbial DNA. After end-repair, ligation, packing and transformation, metagenomic fosmid library was
constructed. At the same time, in order to screen the library, function-driven screening was used as a potential strategy,
skim milk was served as substrate and root-knot nematodes as targets. [ Results] The library contained 31,008 clones with
the average insert fragment of 36. 5 kb, including 1. 13Gbp microbial genetic information, so it was suitable for large-scale
microbial functional gene screening. By the function-driven screening, fosmid clone prol2 which contained the nematicidal
protease gene was screened. Then, subclones were constructed and screened. A subclone named esprol24a5 was
screened. After analysis of gene structure, esprol24a5 is a secreted extracellular protease and a database search for
homologies revealed it possessed 45% identities with peptidase S15 from Maricaulis maris MCS10 (accession no. YP_
756822 at NCBI). It is a novel serine protease. Besides these, it has the serine protease-conserved catalytic triad
residues, Asp,, , Hiss,, and the catalytic nucleophile Ser,,. [ Conclusion] DNA obtained from the method of Nycodenz
density gradient centrifugation had high purity, long fragment, and can meet the requirements of constructing metagenomic
fosmid library. At the same time, the metagenomic fosmid library contains a lot of microbial genetic information, which is
suitable for the screening of the other microbial genetic resources.

Keywords; soil microbes; metagenomic Fosmid library; function-driven screening; nematicidal protease gene
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