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AT TR PR AR BTl R o L BRIA
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1.2.3 i MaVE R A B m B s (1) fRHEAE
. RS B Al 15 7 A0 R e A\ S 15 77 31 A
bSR3 ~T7 d Ja, MR P b i i R A T RTR
JIN, J VR AT B e 75 A A 1 M R TG PR 5 . A S
W) e T A A T RSP R b TR B R e R PR —
BT R IR 43 B 6 A T TR AT VM A B I
TR, 200 T VR A VAR AR e 5 3 35 v (X R 4
PSRRI JCRK) L 76 28 °C 160 1 * min ™' Z&fF
THERREFRS d 5, R BB (k™ M 7R
FRRTS R i JF ) pH TR B SR G pH AL
(i) TR TG 1. W TR AR 22 o T e T e 0 A )
F3EA 7E 28 C 160 r» min ™' & TFHEREEFE 3 d
J5 R AW R — ) A 00 0 5 W R A P
IR PE RS R BEE . DL 1 mL E5 353 12 h AL 26w
e 4l 0.1 mg R 1 A ol T8 il 1 06 1 2
3 [ T T P i v A B 5 T

2 ZEREHH

2.1 HESBESAK

MBI P 3 A3 47 BRATE RN, Horp 2
REZBEEE - AR ASL A aR, DBV AL
Vs W], 225U TR RE 6% 70 N I35 V1 400 71 % o R v
T AR (R DB R 6 25U TIN5 P 4 R i 7
S aetg A, BRI 2E , anmE ik IXT CY10.
2.2 16S rRNA ERE K54

28 16Sr RNA JE[H Jy 51 73 A, 45 6 20 1 1 v
fiE B 47 BRI I 35 BRATE( WK 1), fdfitsk
B 1 1( Actinobacteria) 16 #£,70 /& T 6 8L 7 1 @; 28
FE 171 ( Proteobacteria) 12 ¥k, Hrft o252 3 ( Alpha-
proteobacteria) 10 ¥k, 43 J& T 5 B 6 &,y LB H
( Gammaproteobacteria) 2 t, 43 J@ T 2 1~FF 2 1~ a@;
PFFEITT S Bk, 208 T 3 FE 3 AN E; 50 Bkl

R B

IR 2 BRI IR T 1R LA,
#1 98 BMENTE FACHBI0S 57 H 35 HRAE 5 £ P (T

RS REIR JIE Rt FRARI i o AT AR S A FARIE/ %
JXJCYO1 Actinobacteria Microbacteriaceae Microbacterium marinilacus 98. 84
JXJCYO06 Actinobacteria Nocardioidaceae Nocardioides aromaticivorans 98.58
JXJCYO7 Actinobacteria Intrasporangiaceae Janibacter limosus 98.90
JXJCYO08 Actinobacteria Intrasporangiaceae Janibacter melonis 99.38
JXJCY14 Actinobacteria Micrococcaceae Ciiricoccus zhacaiensis 97.71
JXJCY15 Actinobacteria Microbacteriaceae Microbacterium saccharophilum 98.78
JXJICY16 Actinobacteria Microbacteriaceae Agrococcus terreus 99. 66
JXJCY19 Actinobacteria Geodermatophilaceae Modestobacter marinus 99.12
JXJCY21 Actinobacteria Micrococcaceae Citricoccus zhacaiensis 97.84
JXJCY25 Actinobacteria Microbacteriaceae Microbacterium foliorum 99.38
JXJCY29 Actinobacteria Micrococcaceae Micrococcus flavus 98. 86
JXJCY33 Actinobacteria Microbacteriaceae Microbacterium pumilum 97.93
JXJCY35 Actinobacteria Nocardioidaceae Nocardioides furvisabuli 99.28
JXJCY38 Actinobacteria Nocardioidaceae Nocardioides alpinus 99.12
JXJCY44 Actinobacteria Microbacteriaceae Microbacterium testaceum 99.04
JXJCY46 Actinobacteria Microbacteriaceae Microbacterium testaceum 99.25
JXJCYO03 Alphaproteobacteria Phyllobacteriaceae Nitratireductor indicus 97.23
JXJCY09 Alphaproteobacteria Sphingomonadaceae Sphingomonas melonis 99.93
JXJCY10 Alphaproteobacteria Unclassified Phreatobacter oligotrophus 97.50
JXJCY11 Alphaproteobacteria Sphingomonadaceae Sphingomonas hankookensis 98.95
JXJCY26 Alphaproteobacteria Rhodobacteraceae Paracoccus marcusii 99.93
JXJCY27 Alphaproteobacteria Methylobacteriaceae Methylobacterium goesingense 99.51
JXJCY32 Alphaproteobacteria Sphingomonadaceae Sphingomonas humi 99.08
JXJCY37 Alphaproteobacteria Hyphomicrobiaceae Devosia submarina 99.18
JXJCY41 Alphaproteobacteria Hyphomicrobiaceae Devosia yakushimensis 98.26
JXJCY42 Alphaproteobacteria Sphingomonadaceae Sphingomonas abaci 99.57
JXJCY02 Gammaproteobacteria Enterobacteriaceae Raoultella planticola 99.93
JXJCY12 Gammaproteobacteria Pseudomonadaceae Pseudomonas azotoformans 99.53
JXJCYO04 Bacteroidetes Cytophagaceae Spirosoma spitsbergense 93.04
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JXJCY13 Bacteroidetes Sphingobacteriaceae Mucilaginibacter daejeonensis 96.31
JXJCY20 Bacteroidetes Cytophagaceae Spirosoma spitsbergense 93.31
JXJCY28 Bacteroidetes Hymenobacteraceae Hymenobacter luteus 99.25
JXJCY39 Bacteroidetes Sphingobacteriaceae Mucilaginibacter polytrichastri 96.15
JXJCYO05 Deinococcus-Thermus Deinococcaceae Deinococcus murrayi 95.46
JXJCY43 Deinococcus-Thermus Deinococcaceae Deinococcus wulumugqiensis 99. 65
2.3 HEMBIER pH {E HTEZHR(E 7. 00 FFEF] 6.20 Ze47, AL A

IGEE AR, 75 R A I8 s w1 1) T
PR, v L AR R A1 8T A Bl b A T AR TXT-
CYOL Fn IXJCY12, £ B B2 5 7 M b A B Bk JX)-
CYO1. JXJCY12. JXJCY13. JXJCY44. JXJCY46 Hi
IXICYAT. FERUARGER R 2R AF T VR 2 RAR R B
WA L AELAS [ BRRR F) AR E ) 22 S 80K, [ — BTk
X BIFV R g PR AR O T S ) e W08 4% 1t e LR

REF(WAER2).
pH (BRI 45 5 ( WL3% 2) 2R WA: B8 i XA )
F2 35 BEEEFRTEMRSER pH

A B i 4 77 pH fELUL 23 Bl 15 57 ) ) A9 SE TR
Ke,S d Ja T RER]4.10 oAy, AR RR A5 AR R G 15 77
SR e pH ELAR W] A2 4k, B0 7. 00 A4,
T M TR IR 1R 5 d Jm, pH EEEALE
FEAZE. EXT IR L, LW 97 S d J5,28. 6% (1
PR BRI i 5 77 B pHL R 35 B AIR( P < 0. 05
BP <0.01) , Fr A R Ak 4 T BORL AR #5 15 97 2 pH {H
BEFAR(P <0.01) ,71. 4% 1) B R 5 5005 2 45 1s
FiFk pH (H i FFFR( P <0.05 8 P <0.01) .

. A EPERE S R/ (mg e mLT") i FR W pH {H

e SR RS RS I I HRRES RS
TR R

JXJjcyol 0.12 +£0.47 1.98+0.26  0.30+0.11  4.09 +0. 14 6.15+0.05** 6.70 £0.08**
JXJCY06 - - - 4.07+0.20 5.51+0.11** 7.00+0.05
JXjcyo7 - 2.73+0.32  0.52+0.14  4.18+0.17 5.95+0.08%* 6.11 £0.06**
JXJcYos - 41.92+0.53 0.16 £0.10  4.00 +0. 15 5.57£0.06"* 6.19 £0.08"*
JXJCY14 - - 1.17+0.15  4.05+0.11 6.45+0.06%* 7.02+0.03
JXJCY15 - - 0.84+0.14 3.91+0.09° 6.33+0.08"* 6.91£0.02"*
JXJCY16 - 3.85 +0.35 - 4.15%0.19 6.05+0.07** 6.76 £0.05"*
JXJCcY19 0.72 £0.09 3.14+1.27 0.27+0.04  4.13 £0.14 6.23+0.08%* 6.77 £0.06**
JXJcy21 0.47 £0.17 1.09+0.16  25.88+1.38  4.09 +0.12 6.36 £0.12** 5.80 £0.04**
JXJCY25 42.78 £3.28  58.19+1.79 181.62+12.55 3.08£0.12** 3.03+0.07** 4.74£0.06**
JXJCY29 0.51+0.09  4.39x0.14 51.21+2.42  4.03 0. 14 6.02+0.07** 5.32+0.11**
JXJCY33 0.38 £0.08 0.25+0.09 4.02+0.17 6.30+0.06** 6.87 +0.06"
JXJCY35 - 2.54+0.08 - 3.83£0.12" 5.35+0.11"* 6.83£0.08"
JXJCyss 0.63+0.08 34.48 +2.70 1.24£0.21  4.00=0.14 5.45+0.11%* 5.60 £0.06**
JXJCY44 0.89+0.16 54.55+4.12  0.40+0.08 3.86+0.13" 5.38+0.06** 6.50+0.06"*
JXJCY46 1.99+0.13  15.08 +0.57 0.14+0.08  3.99 x0.12 5.63+0.08%* 6.70 £0.09**
ICWIT ] 2B IE TR

JXJCcYos3 - - - 4.07%0.12 6.71 £0.02** 7.01 +0.02
JXJCY09 - - - 4.18%0.16 5.76 £0.08** 6.59 £0.06™*
JXJjcyio - - - 4.12%0.06 6.98 £0.13** 7.00+0.09
JXJjcyii 2.20+£0.18  57.05 +1.68 5.09+0.38  3.83+0.08"° 5.06+0.06"* 5.15+0.09"*
JXJjcy26 - 8.71 £0.41  14.66 £0.35  4.06 0. 11 5.37+0.14** 4.90 £0.06**
JXjcy27 - - - 4.07x0.10 6.04+£0.05°" 6.51 +0.08""
JXJCY32 2.06+0.11  70.14 £2.87 2.29+0.24  3.97+0.09 5.29+0.05** 5.60+0.11**
JXJcys7 - 7.89 +0.21 - 3.88+0.10" 5.4220.06"* 6.13£0.10%*
JXJCY41 - - - 4.08x0.13 6.46 +0.06** 6.96+0.04
JXjcy42 - 28.82%1.25 0.31+0.09 3.92+0.11° 5.22+0.04** 5.85+0.07**




5511 AR, 2 S e e N A A TR 22 R K A TR ST 79
F2(8)
— ARPERE S/ (mg c mL ") iR pH A
BRwEE FE RS RS BRBEE FE RS WEIRES
AT yETE
IXJCY02 0.54+0.03  2.06=0.05 — 4.01£0.06  6.11+0.16** 6.86+0.08"
IXJCY12 1.64+0.24 18.88=1.73 14.89+1.58  3.72+0.10%* 5.48+0.05** 5.60+0.12**
PUFFETT
IXJCY04 0.86+0.08  3.27+0.31 —  4.17:0.14  5.62+0.10"* 6.97+0.03
IXJCY13 3.95+0.36 31.79+2.89  0.52+0.19 3.99+0.12  4.85+0.06%* 7.01 £0.02
IXJCY20 1.73£0.08 119.48+3.07  0.51+0.11 4.04=0.16  4.96+0.07** 6.99 £0.03
IXJCY28 2.19+0.10  3.38+0.31  2.52+0.28 3.97+0.05  6.22+0.08** 6.99 +0.04
IXJCY39 4.95+0.32  4.13+0.37 — 4.02:£0.08  5.67=0.06%* 6.99=0.03
S BR AT ]
IXJCYO5 1.40£0.14  0.80+0.08  10.67+0.74  3.97=0.11  6.00£0.06** 6.37 +0.08"*
IXJCY43 - 6.25+0.26  0.93+0.17  3.94+0.07° 5.83+0.07"* 6.83+0.10"
T - FORARRIE TR * A% x 25 R il R 4 5 X IR AE P <0.05 Hl P <0.01 /K- 2257 0 3%
2.4 BEBREEIEM ®3(4) UemL™
TEE RRIERIBREE A ks s o D RS RS RERNS
PR PER R Tk 81.25% MG w0 ) )
PR, B Y AR AL 7.00 U » mL~'( 3K 3) s ZEFL 1 3 JXICY09  0.16 +0.05 - -
b R R 06 T G SR A X BRI, A 38. 90% IXJCY10 - - -
{H IXJ CY 42 ZERR M 55 F T, W36 X 5 ( 37. 54 = JXJCY11 6.50 +1.01 - -
2.46) U mL ™" $UFFHE 1] 3 il R G 76 14 4G 1 R JXJeY26 - 1.88 +0.36 -
H73.30% . FE MW R ZL iR R E, R R
Y N . +U. - —
JXJ CY 13, JXJ CY 28 A1 JXJ CY 39 15 53 31 g JXJCY37  1.26+£0.20 0.35+0.00 0.90 =0.10
27.90 £2.22.39.51 £1.92 F1(41.71 £2.45) U - IXJCY4l _ 0.83 +0.20 _
mL ™ RGN EE SRR B, % 2 P AATERE S R JXJCY42  0.48 +0.05 - 37.54 +2.46
B85 35 U EY W TR B S PR OT R L BB TS 49 R it ATy
200U * mL-". JXJCY02  1.02£0.07 0.98 £0.10 -
335 GABEFROBBREEEE U nl xjevla - - 6.4420.91
iy PRIEBHRING  HYEGRRANS BRIERERLNG %{ii‘)f 1.10 £0.17 0.62 £0.09 -
X JXJCY13  27.90£2.22 8.04 +0.41 3.74+0.42
IXJCYOL  0.94+0.20 1.78+0.29 0.35£0.12 IXJCY20 B 0.99 026 B
JXJCY06 - 6.58+0.49 1.16+0.28 JXJCY28  39.51+1.92 1.83+0.20 -
IXjeyo7 - 0.19.£0.081.05£0.20 - IXJCY39  41.71£2.45 7.66+0.72 2.21 £0.40
JXJCYOS  0.38+0.00 6.21+.057 0.21+0.05 [Ep T —
IXJCY14  0.11+0.05 0.30+0.05 0.29 £0.06 IXICY0S  0.67+0.05 2.82 £0.35 ~
IXJCYI5S  0.16+0.12 2.69 +0.34 - IXICY43 0,54 £0.08 ~ B
IXJCY16  0.03 £0.00 - 0.17 +0.06 : ——— :
IXICYI9  0.42+0.03 0.67 +0.02 - HE — BRI S A AL
IXJCY21  0.13+0.05 0.62+0.05 0.22+0.07
IXJCY25 - 4.60 +0.68 - 3 g
IXJCY29  0.97+0.09 0.13+0.05 0.06 +0.02
IXJCY33  0.67+0.14 5.35+0.47 0.15+0.04 I . .
IXJCY35  4.27+0.44 0.89+0.23 2.92+0.36 3.1 SGUEE R MR S
JXJCY38 0.75+0.05 3.98+0.32 0.39+0.04 ASCGE TR REVR A 35, TR RS B Al 55 2 )
IXJCY44 - 0.24 £0.05 - 16S rRNA JEK P51 70 H7 , A& A 2% 1wl B 5 FACHB-
JXJCY46 0.24+0.05 3.17+0.33 1.02+0.12 905 B3R 5 T Proteobacteria~ Bacteroidetes Fll Ac—
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The Diversity and Phosphate Solubilization Activity of
Microcystis aeruginosa-Associated Bacteria

GUO Qigen, XIONG Suli, XIAO Yao,XU Changlong,ZHANG Binghuo*
( College of Pharmacy and Life Sciences, Jiujiang University, Jiujiang Jiangxi 332000, China)

Abstract: In order to understand the diversity and phosphate solubilization activity of Microcystis aeruginosa-associ—
ated bacteria,dilution plating procedure is used to isolate the bacteria,and the 16S rRNA gene sequences are used
to determine the taxonomic status of the bacteria, the molybdenum antimony resistance colorimetric and disodium
phenyl phosphate methods are used to analyze solubilizing-phosphate activities and phosphatase activities of the bac—
teria, respectively. The results show that the isolates belong to four phylums, i. e. Actinobacteria, Proteobacteria,
Bacteroidetes and Deinococcus-Thermus, respectively. And more than 83% of these bacteria exhibit solubilizing—
phoshate activities at least on one of the three phosphorus sources such as lecithin, phytin and tricalcium phosphate,
and more than 94% of these bacteria exhibit 1 ~3 kinds of phosphatases, and result in decline of the pH value of
phosphorus media. There are abundant solubilizing-phosphate bacteria in the Microcystis aeruginosa-associated bac—
teria,and these microorganisms probably play an important role for the algae to obtain enough soluble phosphorus.
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