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FZE . MIIEE A MRV N AetE B AR e R 2 L e iR LA B JmPU I AR BRI A9 4B T PSBL A1 T PSB2. i#ad
16S rRNA FE[H P31 Fe X, 4351 48 58 Sk e 27 27 55 3% PRIt 78T ( Stenotrophomonas maltophilia ) F JH T A P& SR B ( Burkholderia
gladioli). T PSBI F1 T PSB2 7£ & M M TOA BB A B I 56 b, e BB W v A PEmE & B = 0 A 20 T 402.9 mg-L™' A
589.9 mg-L™"; FEXME A DUBE EA R ARG SR ) REARSTAR 34 IRl P TV A B o i Vb, Al e o iy
SEEE]T 2.97 mg- L' F14.69 mg-L~". 5340, IR BT 8 4% Zn® " AOPTHE IR R, 26 00K 8 2 000 mg- L~ AR {4 55 5%
BT DA K BRA W9 114. 8 mg-L ™' F1125. 1 mg-L™". Ti7E & H A 91 000 mg- L~ BIBIRES 37 4
o PIRRAN TR AR R B A Jm Pk, 76 PL2F ¥R 1 000 mg- L' AOTRARES 352 3 P B VA v B2 23 03K B T 57.9 mg-L™" Al
71.7 mg-L~"; TAE Cr** ¥R JE A1 000 mg- L~ B S FR3E PBRA BV E 40 5100 60. 1 mg-L ™' F198. 4 mg-L~".
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Isolation and Characterization of Two Bacteria with Heavy Metal Resistance and

Phosphate Solubilizing Capability

TIAN Jiang', PENG Xia-wei', LI Xia', SUN Ya-jun', FENG Hong-mei', JIANG Ze-ping’

(1. College of Biological Sciences and Biotechnology, Beijing Forestry University, Beijing 100083, China; 2. Research Institute of
Forestry, Chinese Academy of Forestry, Beijing 100091, China)

Abstract: Two phosphate solubilizing bacteria (T PSB1 and T PSB 2) with high heavy metal resistance were isolated from soil of a
lead-zinc mine in Huayuan of Hunan Province, China. These two bacteria were identified as Stenotrophomonas maltophilia and
Burkholderia gladioli by 16S rRNA sequencing analysis, respectively. In the media containing insoluble inorganic calcium phosphate,
the soluble phosphate amounts reached respectively 402. 9 mg-L~" and 589.9 mg-L~" with the bacteria T PSBI and T PSB2 after two
weeks’ growth. Moreover, the two bacteria developed solubilizing halos on the plates supplemented with the organic phosphate
compounds, and the resulting soluble phosphate amounts in the broth media were respectively 2. 97 mg+L™" and 4. 69 mg-L™'. In
addition, these two bacteria showed the resistance to up to 2000 mg-L.~" Zn’* | and their phosphate solubilizing amounts reached
respectively 114. 8 mg+L ™" and 125.1 mg-L~". Similarly, their heavy metal resistance and phosphate solubilizing ability were also
found in the Cr and Pb broth media with the concentration of 1 000 mg-L~". In the Pb media, the soluble phosphate amounts reached
respectively 57.9 mg-L ™" and 71.7 mg-L"", and the soluble P amounts in the Cr media were 60. 1 mg-L~'and 98.4 mg-L™" at the
concentration of 1 000 mg-L™".

Key words : phosphate solubilizing bacteria; soluble phosphate amount; inorganic phosphate compound; organic phosphate compound;
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1 #B5E7EE

1.1 BORAIE:
L11 +#fF

R LRER B T WIE A PG A6 M PR AR
W FEACRERE R 2012 457 A, HHERE G /3
TEEAE T 3 1 mm HIEGE T 4CRTE. &)
Br, LR S AT Y G S A N S R
Zn0.74 g-kg™', Cu38.7 mg-kg™', Pb 1.1 g-kg™',
Cd 6.73 mg-kg™", Sb0.82 g-kg ™.
1.1.2 Bigpdk

TCHLBEES 3735 . M 10 ¢, Ca, (PO, ),10 g, NaCl
0.3 g, KC10.3 g, MgSO,-7H,0 0.3 g, FeSO,-7H,0
0.03 ¢, MnSO, - H,0 0.03 g, (NH,),S0, 0.5 g,
Yeast Extract 0.5 g, Z%1/K 1 L,pH 7.2, 121°C KA
15 min, EATEFREEINA 20 ¢- L7305,

A HIUBAR T 85 3 6 - g TC ALl 11 44 15 33 ik [
I Ca, (PO,), JRILIS , 251 & 50°C 47, A BN B
B, B 100 mL S5 FRIETIN 10 mL BTG B,
LI B g ME— Wi

AR AR SS FR 3 . T IR 55 1) TC AL
PRI I oI A I U I TR ) B R A 7 T, 2 ok i
EHNO0.2 g L7

1L.1.3 {43

HCY KA R4 4R % 559248, JY600C HLUk1X,
Tocan 4= [ hEEHE AR 2 48, BIO-RAD & [H #4843,
SPX-150B AE L3246, UV-2102C AU HRA] WL 53
HEETT.
1.2 ik
1.2.1  HIErP R i 0 T e 00 25

PR 10 g PRAFI A BIA T LA 150 mL
JC DA 7% 18 7K (%) JC TR E TR O T, T 28°C #R IR 150
remin PR 2 h, RJFBUE T E IR EE 30 min, B
1 mL F3SWT &4 9 mL JC 1 /KBRS et
TR REZE 10 7, SR 5 BUREA 0 R B2 1 7 R AL
200 L, A T ICHLBE AR 338 | A AR B U A
3 AN EEACE T 28°CHIRAR 153 5 d, K
AT 30 B R %) 20 R A T A S AR IR D T ARt v
T RAE.
1.2.2  4iE DNA FHEHCRT 16S tRNA 54130

TR DNA B IR B 7 45 5 1 40 14 1 S5 7E LB
WIRHE LRI TEAL, SRS PR B 75 TR LB 8
FeFErp RS 48 h, P IR0 DNA 2 BURAH & (b
T B B A ) S DR BB AT B | ) v 928 BR A B
FEZ] DNA, =91 T - 20°C {R 47

16S rRNA FEE T HIE - 51 P E £ 5 A% A )
16S rRNA #Y i H 51 % 1492R ( 5'-GGTTACCTT
GTTACGACTT- 3") F1 27F (5'-AGAGTTTGATCCTG
GCTCAG-3") ,PCR ¥ $#4 20 B& W] WL SCHR [ 16 ] 19 5 1k
PEATHRAE. ¥ PCR ¥ 34 7= 9 28 T b 5t i 380 vl it
TR, 3RA525 555 5 5147 A NCBI(http :// www.
ncbi. nlm. nih. gov/) #Y GenBank H##£47 Blast [F]JilE
53HT.
1.2.3  fm A0 R oA LB A B o ) Al

V5 DU 0 240 A TR 9, BT VR T LB AR S 5
FerhiE Ak 48 b, 5 E W TR R E R 10% efu-mL ™" 1R
1 mL BB HIINA B 2258 20 mL KB AR TC
PLBERE SR LY 50 mL HETE IR, R F 240 B 42 3 0
HETE IR, TR) B35 AN I gl A1 1 S 3 SR xof R SR s
BT 28°CHIAH 150 romin T 3555 2 JH, AHRF 24 h
it PRI AR 05 20 D6 BE LT R I 3 9 b mT i
B AL
1.2.4  fEBEAN R HUBEA Bl SRR W IR 1t 1) s

VAN R T A HLBE A b, 7 28°C fH IR &% 14
NERFRE 1A SSRGS A el P A A O L
A MLBERE A RE ) 0 B A0 P EA 70 AL, BT mL 3
PR TR W4 Tl T A MLV A 15 75 2 v | 9 400 7T 48 3
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121°C K Z 5 , 43 B B KB A TCH L 15144 K i
PREEFRE T (115 3 FhEE 4R AR 518 0
100, 500, 1 000H12 000 mg-1L~", %7l i 42 Ja (14 451
W R RN 3 WA

PG LS R B A IR AR T & A 3 Fh e 4
JEI 5 A BERE R 1A b, RS RRA BE S
U AL T 28°C fH IR KT 77 1 &, Wl B4
B A B B 75 AL (colony diameter, CD) DA K i
W58 B 4% ( phosphate halo diameter, HD).

BT mL 36 A A AR W 20 R B, DA 3 R 43 )R
()5 /> e BE A0 B IR BE SR i, 28°C # IR Th
150 r-min 4RGSR I TEEFRE 1.5, 10, 15 d
O RGN b3 b T A . RS S N i

Tl 200 1 P14 o P 2H S 5000 5 b 3 R B R i Y
£y
1.2.6 &5 Abp

i F A Excel F1 SPSS 19. 0 X 52 56 iy i 75 1)
BE e AT Ab P22 1 | ) Bkl XS 5 22 o L AG: T

600 9
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1 8
500 —o— fEEN
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"o 400 6
=
& 1’ =
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3 4 =
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£ 200 3
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1
0
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53T

2 HRE5HH

2.1 B A DA 1 O R R 25

K3 1 FA a3 A A BRI L B
17 P A 2 P EC b R A R B4 AT T PSBI
FIT PSB2 REJE BAH XA 1) el P 3 3 DR A 2
1 16S rRNA & K 7 5000 17 43 A1, o550 K /43 5]
1 451 bpAill 438 bp, 51 & 25 55 57 S 11 AL &
WA T 2 R T Y A UE M s, s T
99.65% F1 99.86% , GenBank HJ & 3 5 &
KC503914. 1 1 AY297695. 1.
2.2 JoHLBEnI v wE

ME 1 A F Y, MRS " T PSBL Al T
PSB2 7ENIHEF ISR 1 d, i sl T, i)k 3
213.4 mg-L ' F1164.9 mg-L~". 7EHERMAOES 2 d, fit
B I T S TR, 5 LTS il fE R R 205
8 d FI%H 9 d KB e, 4300 402.9 mg-L~" FlI
589.9 mg-L~". BfiJ5, fEBEEENE T %, 75 57 10 i
Joi 4 d, WA 3% 3 v ) ATV P R AR R AR
E. ME 1(a) Rl FH, T PSBI fEK53: T 1 d )5,
RigRBLimy pH M\ 7.2 B R eI MH 4. 95, R )5 %1%
F 5614 d BFiA Bl E K. K 1 (b) &AM, T
PSB2 71542 7 1 d J5, pH il R &, 72565 3 d B
KB ARAE 5. 62,885 BI5E 14 d B IR B i s (H.
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=
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Fig. 1 Phosphate solubilization capacity and pH values of the two phosphate solubilizing bacteria with the change of time

2.3 A5 AU RV B e TR A TR Tl
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Wb A K IR A R A L2 R, T PSB2 B K
) e s P O A 4, FL AR 4 T PSBIL K, T WA 7E [ 1k

R4, T PSB2 X1 I v A eV M ML R
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Fig. 2 Halo of the two phosphate solubilizing bacteria

on the plates with organic phosphorus

®1 ZHEANBIREOEFENELER"

Table 1  Properties of the media used in the three different treatments

= 23 ) ATk A~ EL
B R pH /i“fffl i %iﬁf‘ﬁa B
CK 5.40 £0.55*  1.46 +0.55° 0®
T PSBI 4.82+0.16" 2.97+0.37"  47.64 +0. 58"
T PSB2 4.68£0.1>  4.69£0.61°  54.88 +0.50°

1) R P BB N 3 AN E 200 1 M8 + hriE2s 9T R A
[ i B R TE P <0. 05 /KF FEUE 02 5 5.3

2.4 T4 E T BN B T A R Y R
2.4.1  [EREG IR X A il A0 v A 4 AR 2 i)
TERE R 1 8, AP E R R s B4 CD
(M PEATINE I3 2. PIRRAH TR T Zn®* 1 PH*
(BT AR, 7 B e MR A2 000 mg- L' A A1
TSR ARAE AR TR B R/ NBE A T 4 R TR B Y T
1o I . T AR A B E O MR R 500
mg- L™ F A B8 A K, T #E 1 000 mg- L' Al
2000 mg-L~" {1 FAR I, BEPE AR K A2 80 T BRI, %A
TR # V%, CD M 0.
2.4.2  [EMRIEFRAAE T AT R Wi el B AR 0
TERG SR 1 e WA AR ERY s HD {HH
CD {E 43 51 % , 3 il s T3 2 f13k 3, SR 5 15 2
3 MEARIE AT B HD/CD fH, i 3. M
T2 ME3F W, IR EXT 2o PTTEIER &,
TEIR R W FE2 000 mg- L' B4 R RIAT LA K 9F
i BA i fE 1, HD/CD {8 B2 e 1 T 5 1 [
R(E3). FE5 CFF W1 000 mg- L~ 9P 4l
b, T PIRRAN A A BE A, PR A I A i
T PSB2 7EH B Ky 500 mg-L~" 45048 0] LUK R fift i
B, T T PSBI XM FE N B AR KM A TE L
R, PIRRAE X T Ph** p AR %, e
412 000 mg- L~ A F-H B ARSR AT DI R %, (H vk

®2 WHRAREARNELEFH EMEEERZ(CD)Y

Table 2 Colony diameter (CD) of these two bacteria on different heavy metal plates

5H 2 F/mg-L! Pb?* /mg-L"! Cr’* /mg-L~! Zn** /mg-L~!

0 100 500 1000 100 500 1000 2000 100 500 1000 2000
T PSBI CD/mm 5.6° 7.4>  5.4%  3.8¢ 6.8" 2.5° o o 5.4% 5.4 42>  3.5b
T PSB2 CD/mm 4.9% 6.1"  4.2¢ 3.24 4.7 4.5° ob ob 6.8 5.7% 3.8  3.9°

1) R EUEY N 5 AR, B R AR BT HERRTE P <0. 05 KRR 225+ B35

®3 WHAREARELEFR EHBEBEERZ(HD)Y

Table 3 Phosphate halo diameter (HD) of these two bacteria on different heavy metal plates

. 2 F/mg-L ! Pb?* /mg-L"! Cr’* /mg-L~! Zn** /mg-L ™!
WiH

0 100 500 1000 100 500 1000 2000 100 500 1000 2000
T PSB1 HD/mm 11. 4* 10.4* 12.8> 0° 9.0" 0° 0° 0° 10.4* 9.2  6.4°  4.8¢
T PSB2 HD/mm 8.9* 7.3>  3.4¢ 0! 8.7+ 7.3 0¢ 0° 8.6% 7.1° 6" 4.2¢

1) R EUEEI N 5 AT LR AR, B R AR TR RTE P <0. 05 K FEE 225 B35

J& 91 000 mg-L~"H12 000 mg-L~" I, W kkLHH 4 7%
AL fEwEE , HD/CD {E 4 0.
2.4.3  WRREIRAMT T R AR RS &

PR RS A5 1, 5, 10, 15 d 43
SERRA SR A 15 37 3 1 WP T v M 1
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