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A7 TR % A TR PR

pPZP201-gfp: Spe’ W52 WL AY ofp FE A Sl 2T
T EJFURL pPZP201 ARAF 1Y B 10 2R, A 52 56 = i
1) gfp PRiCEAR  IRAEAE E. coli DH5a 11,

pRK2013 :mob * , tra® , Km", P By i kr , 44 77 75

E. coli HB101 1, fy A% 28 R85 (0 AE ) TR 5 38 =5 o)
B, SR A LB i g ik AT 15 3%
1.1.2 +FE AR Pt AR A R
KR, AR 15.4 g kg™, A 10.3 g kg ™',
LW 2.0 g kg, B RUBE 0.65 g kg, 4 A
23.8 g kg A 2.5 g kg,

AHUILEKSF 125.1 g kg ™' BT 451.6 g kg™,
N18.8 g kg ', P,O,11.5 g kg ' ,K,019.3 g kg ™",
BIE5 49.6 ¢ kg*1 ,pH 6.0,

L1.3 B3t (1)LB K535 5k B BHR 3 5.0 g,
FEH K 10.0 g,NaCl 10.0 g, fil/KE & % 1 000 ml,
pH 7.0 ~7.2;(2) TAK: F= 5 0% 10. 0 g, K,HPO,
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0.5 g,CaCO, 1.0 g,MgSO, - 7TH,0 0.2 g, in/KE %
% 1000 ml,pH 7.0 ~7.2;(3) i % F1 b+ 55 5% 5
g MR TR RS, /0.5 mg ml 7',
pH 7.0 ~7.2;(4)0.4% W) /K BG4 g Billg, n K &
2521000 ml,pH 7.0 ~7.2,
1.1.4 HAEREERREEL HHAERMAT
LB 53R vl gl o o & R o A= Uk B2 43 51 O - 3
KHE R (Amp) K 100 pg ml ™", PUIRFE (Te) Ky
5 wg ml ™' HULEE K (Spe) 300 pg ml ™',
1.2 REHE
L2.1 fRidmbkmmeE RS EEST,
W2 AR pPZP201-gfp | By 51 k. pRK2013 F1 H 1Y 14
PR GW-1 43 2 A& FH W 028 20 LB A By 77 gk
W SRR E AR K O R AR R R R (A
PRBHBh R , Z ) 4% 2 ml, 10 000 r min ™~ B0,
FHTE K BESE 3 W, #5H LB B R BRI 1 IRk, M2
VEW AN 100wl LB B 5% 5L 5 6 = i R
SITE— KRB TR B - 1B E T A
FHAZRM LB P b, FREARA T 30C KR 1 d,
PRI b SRR T B R IR A Tk B AR |
BFELJdERERBESTF TS AMENERD
LB FAR [ ,30°C FE AR, T 28400 F kil 22
SCHIE AR OK BB B, T OO W B T W 5% kO
IR
1.2.2 gfp Bk fE fase vk ¥ GW-1-
GFP B BRAZ A T 300 pg ml ™ WA R 19 LB FAR
b HEFRE L, A 10 R RIG T LB Bi R
BV b BRI SR 4 40 R POk W RUBE
WS DA R 5 5l 5 T 42 A 58 A0 KT A A, DL
gfp R IE R RELE GW-1-GFP B bk f3 e it 1% .
1.2.3 GW-1 GW-1-GFP B #k A4 1 il 2 19 il 1
535K GW-1 .GW-1-GFP £ T+ 15 5% W rh 1%
O SR IG#2 5. 0% W 35 Fh i 5% F8 2 100 ml (1 i
PESE SR, BB 0.5 h HU— I KE, T 24 h 2 Y1
0D 00, EALAE B
1.2.4 GW-1 Fitk 5% gofp 3E A GW-1-GTP & #
B 25 5 FRAE L3R ¥ H R GW-1 Fil GW-1-GFP
53 R R BT LB AN 300 wg ml ™ UM £
() LB - b, 1595 2 d Je MR FEVE B S B, -1
JeoF BB T MR FEIRIE S .
1.2.5 GW-1 Hitk5% gfp HM GW-1-GTP Bk
F8 4 — DK W fifk e g LA (1) BBk 4 — 0 % At g
JIEVE R . B R R GW-1 F GW-1-GFP 43 51 4 £&
PR T O v 3R P B B3R 2 d R I AR

B GW-1 GW-1-GFP A= K AR DL, 91 25 1 o L % fi
a5 R BYRE JT o (2) TA R 48 DR I i e ) 2 5 U
Eo B HE R GW-1 Al GW-1-GFP 2 Fh 2] 2= Fh 1
FEFRWOh i s Ak, B 5% B4 A B 200 ml
i 8 K IR HE B FRIE 25 F1 IR 56 O A TR Ab B B K
B ,28°C 160 r min 'R REEFE 4 BIF 12 h 35 h A
WAE,15 000 r min”‘,%/l} 20 min Ji5 , B B, 2B K
LR R 0.22 pum MK R E LG, 8 Y B B &
20 ~ 100 g ml ™" 30 FE P [0 S KE 26— R A v 94 A ]
FER RS 22 030 FL, DA 4 — R 1 £ B8 I ], 9K
J HERE T RORAR 835 { (HPLC) #E47 43 #7 , 2 i
W E GW-1-GFP & & 7 35 i A& I /9 4 — Ik B fi
BE /1o

g5 A W SCHR [ 16-17 ], /5 &8 53 4 % « Agilent
1200 Y 6 3% 4%, {4 3% #£ & Agilent ZORBAX SB-Aq
(FLA% 4.6 x250 mm, K42 5 wm) , Jish AN O +
K =10% +90% ({AFLA»50) , 3} 0. 8 ml min ',
HER 25°C , Kl K 195 nm, BEAE &L 10 pl,
1.2.6 GW-1-GFP 7E -+ 1 v % 52 78 1% &0 F0 R i 45
TR EE 7 (1) BRI 45 o 5 Ahnid
PRIGAL G, 1% 5% K930 T & 100 mg L™ 0L %
) LB B3 00h 8 T 28°C 160 r min ~' B FEE 1
WEF BN, 27 000 v min~ B0, ] LB PRI
R H R BT W, 2O 6.5 x 10" CFU
ml™' o (2) B REAY AL B AR R R N A AT Y
200 g T3P P A {8 B o A g A S TR R
HI7E 8. 13 x 10” CFU, ¥k B AR5 15 25% , 4 b B 3
AEE,BEWT O [ A g Z K R4 =
IR % S T GW-1-GFP; @ % B« 45 ik 20mg kg ™' +
HE(RKE L) + KiE GW-1-GFP; Qb B A - 45 — JIk
20mg kg ' HIE(RKE ) + 1% LT ELHE
KA HLIE ; DAL HE B . 45 — K 20mg kg ™'+ 3 (R K
W 1) + GW-1-GFP; ®4b 3 C . 45 — Ik 20mg kg ™'+
BEORKE L) + GW-1-GFP + 1% -3+ 5 1 L I8
KA HLIE ; @40 FE D - 45 Ik 20mg kg ™' 39 ( K
1) + GW-1-GFP, (3) il Wi #k GW-1-GFP 7f 1 3
R e L. T 1 d5 d1l d 16 d.25 d,
45 d i HORE BB IR A T 100 mg LU EE F 1Y
LB 372 5 rh ,28°C 557,24 h J5 16 55 5MT T 3T 8098
RT3 ANE , (4) g A dn 0k R
FE o PRICHARTE L3P E S 25 d J5, EER A
1T B ,28°C (160 r min ™ 7 K 35 37 1o &, A 45 — Ik
FEOTE AR B R, LR 0.22 pum 1 KK R
U8 BB 2ok i I R T v BOHRORE S AT 43 BT
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f) 25 mmol L™' (NH,),HPO, , % # % 1 ml min ',
i 30°C KGR 195 nm , #EAE R 20 pl,
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Bl 1 GW-1-GFP R BREZEZG U (10 x 100) T I R AIE S
Fig. 1~ Morphology of Strain GW-1-GFP under the fluorescence
microscope (10 x 100)
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Fig. 2 Growth curves of wild strain (GW-1) and tagged strain
(GW-1-GFP) in the aerobic condition
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mAU - VWDI A,Wavelength=195 nm(CSMBA 2009-05-11 10-07-56\031-0101.D)
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Fig. 3 Standard HPLC chromatogram of biuret
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Fig. 4 HPLC chromatogram of residual biuret in the zymotic fluids different in treatment (A: no GW-1 or GW-1-
GFP; B: GW-1 cultivated for 12 hours; C: GW-1-GFP cultivated for 12 hours; D: GW-1 cultivated for 35 hours;

E: GW-1-GFP cultivated for 35hours)
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45 WRARBEHE A 20 ~ 100 wg ml ™' 2 i) 5
E RV P W TR 2 ) R R M O &R DR e A
[F] 4b 3 HPLC 43 #7 J5 4 — DR W T AR 1) L 4% ( b3 46
UL 1 R DL 4) AT DL e R O T TR P
TR RE AR R, B4 AT, 52 (X, GW-1

(12 h) \GW-1-GFP (12 h) % W o 4 — D o gk %
55019 56.34% 51.92% ,GW-1 (35 h) .GW-1-GFP
(35 h) J I 0 H 4 R A 2R 0 00 0 99.56%
99. 47 % o Vi WH e Ak T ik 15 i T B B 5 R I
AL b 10 B AR 119 45 — IR B it fE ) AT R A1

&1 GW-1#1 GW-1-GFP EXEINEREABRTFHFRE_RNSE

Table 1 Contents of residual biuret in the zymotic fluids of strain GW-land GW-1-GFP at different times
W i 1 Peak area( mAU min)
T ]
- Z5 Ak B GW-1 4b 7 GW-1-GFP 4b 3
Fermentation time (h)
Blank Treated with GW-1 Treated with GW-1-GFP
12 3716 £10Aa 1 622 £95Bb 1786 £89Cc
35 3 715 £98Aa 16.2 £2.7Bb 19.8 £3.2Cc

HAFNG FRRRZER B (p<0.05) , ARIKRE 5/ #R
significantly difference at 0. 05 and 0. 01 levels, respectively

2.5 GW-1-GFP 7£ T §) E FH1E 5 Fn P i 48 —
IR B4 &€
2.5.1 GW-1-GFP [ bk 75 4 4 vh 1) 5 58 1% L
GW-1-GFP 7EAS [m] b ¥ 5% 44 75 7F -+ 58 v i) 2 B 15 0
W5, GW-1-GFP T #k 2R ¥ 1R 2 25 d (1 B[]
P RE 8% W] LAAR 4 Ml 7E 48 op o B, KRR g (A B
D) 745 Rl o) 90K T B 1 5 B, in A BILIE (A 2
COTE—ERBE LA M T GW-1-GFP [§ bk 7E -3
MIORAF,25 d J5 3% AR B R RE B0 R 1% 45% L) L
45 d J5 # Bk GW-1-GFP B 2 e LU I, ] AN R i
LT 7 e e SN e o N T
2.5.2 GW-1-GFP # T 3 b 5 25 K9 4
TR fi G ME2EHARLEDS RS
W E, A B CD g IR B T
72.21% .68.46% 50.91% , i} GW-1-GFP #£ 4 3
T Rl A5 A1 i b 56 ik 4 — 0K o

SR 3 (p <0.01) Note: The different lowercase and uppercase letters show
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B S
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Al Time (d)
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Bl'5  GW-1-GFP 75 AN [ b R - 38 v ) 52 B8 175
Fig. 5 Colonization of Strain GW-1-GFP in soil in different

treatments
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Table 2 The surplus contents of biuret in the soil under different treatments

R T I 1]

I 1 F Peak area(mAU min)

Fermentation time (h) 23 19 Blank X it Control

AbFE B Treatment B 4b¥f C Treatment C AbF D Treatment D

12 68.9 149.4

41.54 47. 14 73.34

HARNE FHRERERBE(p<0.05) , RNEKEFHERZEFTWEE (p<0.01)Note: The different lowercase and uppercase show signif-

icantly difference at 0. 05 and 0. 01 respectively
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TESHMT T WM&, 1] WL/ 2 i AR AT 2 0 9 D' 2

(F6), Uil GW-1-GFP Ja #k ] LLAE /) 2 iR AR 4f
Mo 5E B, I BE BE A AR 114 S e I A AR B R AR
YRR A F i 4R HT A 0 bk W32 Bl 2B 0 v 3R S
YR E I RS LR
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Fig. 6  The colonization condition of strain GW-1 and GW-1-GFP on

the root of wheat (under the ultraviolet lamp)

WE 7 BroR  EEAINGE — BREGE BRI B kR
GW-1-GFP B2 E /N 22 4R B 9 Ak 4, 76 40 — Ik vk JE
BAK(0.01% ) B, A5 1C & bk GW-1-GFP 84 3% % it
45 TR /N A2 B AR Z R M b A0 0 AR K A ) A
FH 0 MR GW-1 (9 /E A WY 5 4 — IR ok 2 R
0.02% I, b GW-1 Fl GW-1-GFP Xt /N2 4 K 1)
YER S W 55 7 4f — Rk B 4R % (0.04% A
0. 08% ) B, HXt /N2 A i 30 i) AR R AR O, m el #k
GW-1 REAE— & T2 B b 22 i 40 ) /F I AE R i) &, i
FRAC T Bk GW-1-GFP {4 {E I AH % B /N

7 GW-1-GFP Hl GW-1 B fkxd /N2 A PR AT (PR AP 1,47 .10 13 S A8 T o B Ak B0 A0 /N 22, L 45 — U ik 8 4K Tk
7 0.0.01% ,0.02% .0.04% #10.08% ;2.5.8 .11 .14 /N2 {di Gk GW-1-GFP #4381, 45 — IR EHK X R 0.0. 01% .
0.02% .0.04% F110.08% ;3.6.9 .12 15 /N i FH B Bk GW-1 b3, 45 — IR i AR K H 0.0.01% .0.02% .0.04%
F10.08% )
Fig. 7 Effects of GW-1-GFP and GW-1 on growth of wheat (in the figure, Treatments 1, 4, 7, 10 and 13 used untreated wheat, but treated
with 0, 0.01%, 0.02%, 0.04% and 0. 08% biuret, respectively;Treatments2, 5, 8, 11 and 14 used wheat inoculated with GW-1-GFP and the
soil treated with 0, 0.01% , 0.02% , 0.04% and 0. 08% biuret, respectively; Treatments 3, 6, 9, 12 and 15 used wheat incoluated with
GW-1, and the soil treated with 0, 0.01%, 0.02%, 0.04% and 0. 08% biuret, respectively)
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AW R A LB A BT UAE K, i 2 B GW-1 1
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TRER (gfp BURL) | FT A 36 5 M5 15 % 26 b ot WL 2 3Kk
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F1% IR B A 0 BRI AR B OR N A
U0 F SR 1 0 AR o A B R A R e I R
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T SRR W R A O B D B AR I O 9k Y
BREE
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% ik g — K B R B9 AE S AR bR GW-1 A LR
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e g I AR R N IR AR IE B PE

4 25 e

ATl =R ARG T RS0 OthRid
AT R GW-1-GFP, 75 ¥ 1 - Hz L A i 126 B % W 4%
L 48 R R A R IR B T R (L T Bk GW-1-GFP
W fif 4 — WK BE 1 5 U ER B GW -1 JE B 22 5, H.
B0 B PR AT 22 A I kA7 LR

i HT A R U gfp XU AR I UE B GW-1-
GFP REAZ 1E £ 58 v AR 4 b 7 B8, I B B0 14 I ik 4
TIRIGINRE, HAZHE AR A R A AR T e BOR

I GW-1-GFP T k32 11 1 /)N 22 M5~ 7E AR 7k B 7K
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LABELING OF BIURET DEGRADING BACTERIA WITH GFP AND COLONIZATION
OF THE BACTERIA IN CROP RHIZOSPHERE

Ping Quanrui Lu Yanna Huang Weiyi'
(key Laboratory of Microbiological Engineering of Agricultural Environment, Ministry of Agriculture, College of Life
Y Y 8 8 g o] Ag Y & g
Science, Nanjing Agricultural University, Nanjing 210095, China)

Abstract Strains of biuret-degrading bacteria GW-1 were successfully isolated and labeled with green fluorescent
protein with the triparental mating method and then the GFP-tagged strains were named GW-1-GFP. The expression of GFP
in Strain GW-1-GFP was visualized under the fluorescent microscope and its dynamics was analyzed and stability tested. It
was found that heterogenous plasmid did not bring any adverse effect to growth of the host strain GW-1-GFP and the strain
was stable. HPLC analysis did not show any significant difference (p < 0.05) between the origin stain GW-1 and the
tagged strain GW-1-GFP in biuret-degrading ability. The tagged strain GW-1-GFP, proved by the antibiotics resistance
screening and fluorescence tracing, could colonize well in the soil and was found to have degraded 50% of the biuret in
soil in all the treatments on D25 after the application of Strain GW-1-GFP. It was also found in the experiment that the
tagged strain was safe to the environment and vanished from the soil after 45 days. Good colonization of Strain GW-1-GFP
in the rhizosphere of wheat seedlings which emerged from wheat seed inoculated with Strain GW-1-GFP was observed and
the tagged strain could alleviate the toxic effects of biuret on wheat to a certain extent. The study provides a simple, intui-
tive method to trace functional microbial agents and corroborate their ecological effectiveness and affinity with crop roots in
the soil.

Key words Biuret degradation ; Microbial agents labeled with gfp gene; Colonization; Soil; Wheat rhizosphere



