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Composition of bacterial community related to degrading the exopolysaccharide from
the cyanobacterium Microcystis aeruginosa
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Abstract: The acidic heteropolysaccharide released by a water-bloom cyanobacterium Microcystis aeruginosa FACHB-912, which
contained 8.3% protein, was used as the carbon source in stable enrichment cultures inoculated with natural aquatic microbial
communities. The process of microbial breakdown of the exopolysaccharide and composition of the microbial community related to
degrading exopolysaccharide were investigated. After inoculation of aquatic microbial community from Lake Taihu, enrichment
cultures were obtained. In the enrichment culture, the exopolysaccharide was degraded immediately. The breakdown of the
exopolysaccharide slowed markedly after about 18d, left a nondegraded fraction after 37d. The above data, together with comparison
experiments on degradation capability of bacterial communities from various aquatic environments, indicated that the
exopolysaccharide from M. aeruginosa FACHB-912 could indeed be degraded by microorganisms coexisting only with the water
bloom in nature. Denaturing gradient gel electrophoresis (DGGE) analysis showed composition of the microbial community did not
change significantly during exopolysaccharide degradation. Phylogenetic analysis on DNA fragments, which were excised from
DGGE gels, placed three degraders in Sphingomonas, one in Phaeospirillum, one in Pseudomonas, one in Rhodocyclaceae, one in
Hylemonella, and one in Mycobacterium.
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(epilimnion) & F70.007%, 757K He 5 W AT LA i 310.06%C). E 7K A v S5 35 32k A K T B8 3R 5,
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1.1 HERNEFRRERN S IR

Hi 4 E B (Microcystis aeruginosa FACHB-912)1 [ H ERF 22 Bk A= A WA T B, itk i 55 i ig
16 1997 4F40 3 H K. 2L SRR IRAE 3L #EIEMA, HigRdh BGLL, Higrud il A g =, Joi
2000Ix, JGmSH: 12h:12h, JREE 25°C. K537 30d B9 6000r/min #5.0 10min, W& LVEW, LiERIKIH
0.8um. 0.45um A1 0.22pum FYFEALUERERhUE, W FHZEKIENT GEHT4E# B 73+ & 7000Dalton)72h, 45°C
WEHAR S5, 53 VE R Sk e s S b 2 W (MEPS) BRIV H T2 E IR Ak 2= 2 o b, S0 T
Th2f 2 A H
1.2 MEPS BJ{LFER 4 17
1.2.1 F B8 A R oA FRBUAT MEPS 5 10mg B A ZEEI A, JILA 2mol/L =5 4% 1.5ml, TEAR
A, bemhB O, 7 120°C FKAF 3h, AKEEE AR A IR S SR TG, % RZRYOMEE ik b T s 1T
AARE, LR TR B A 10mg $hERE AT 0.5ml THERE, 90°C /KA 30min JEHRY, BURER EEHE,
A 0.5ml BEFRTF, #£ 90°C T 4k&k s ny 30min HEAT ZWEAk, B 58 U AT A Gk /BT, BRpibRiE fh b 3
[ L.

SAMEOTESAE: AR A HP-6890 A (A% 4X, (0 i >y HP-55% 4% F 5 7 45 (30mx0.25mmx0.25um);

T L.2ml/min; #EAEREE260°C; P THE: 146 CLRE 2min, M 146°CLI2°C/minTHil5210°C, M210°C LA
30°C/minFHi5]280°C; FIDRMER, Kl EE300°C, HA A, dEFEE 1.
1.2.2 VRS E WA T BT BERSRREMEHT MEPS HI/KME IR b, TR (KM= 1-E 5k
-3-F EL-5- ik kR (PMP, 0.5mol/L F B 9)20ul A1 20pl 0.3mol/L S EAL IR, 70°CoK ¥ K28 30min,
FrAEF=imA 30ul 0.3mol/L ERFRER AL K T RKBRZ 4005, Aidr=wd R 2 &k, B4s
SN KA =P T HPLC 434, MR RR bR 1f b A 3 ) |-

HPLC 4cfF: {a3it4k: ZORBAX SB-C18(150mmx4.6mm); WizhiAH: 0.1mol/L Wl Eh 2% -2 I
(V:V=83:17); #ii#: 0.7ml/min; #:i: 30°C; ALK 245nm.

R IR S F 20 SR P R — B R vk 20 O, Tl S8 oA 0.8ml MEPS %3, SRR 173 43 91
JMA 4mol/L S LT AN pHS.4 HITNRRZE i 4% 0.1ml, RIS EINA 96.4%HIWEAR R 5Sml, T 100°C/KI
FRrokiE 6.5min, AE1JE N 0.2ml 0.2% M L BEARIR ST, 100°CoKEE# /KA 10min, B HIET 525nm
N OD fH, DARSIZTHHEE W R hr e S 2wl bn ik i, bl i 2T 53 BRI 1R 5
123 ZafiM4ETEE4EMN KA ERAEY TR T 0975 553 22 08 P e =50 G0 e
HE SR, 1CPS-1000 [T 2 HBHA & 55 B IR R SPOGIEA (H AR B HE A B i) i & JB oo R & i
1.3 MEPS 42312 047

BRI BT FH A A kAR 23 S AE 2007 4E 8 . 12 H B K e A RN G K SR ST B R A 4275, 8 A
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O3 0 LA 2 I A= s W | i 2SR A SO 0 . Sml RN E] 100mI #5753 (44 50mI £ BG11 K5 5%
A NS AV 24 230mg/L 1) MEPS+50mI TG K iK) H, 25°C 4544 T WG AL AT & 4R 3G 3%, R WiFE 30,
15-20d JEHEHeE] 10 MERF R R R . M F00E 10 B LB TR R T MIRE R G 3R 0L, AR TR
R SR A R AT M ad R . BT AR T BB KA & A0 & AR Ay A B Iml B SRIRE S,
8000r/min &.0» 15min, | i HIZE B - B E TG IR K AL A i . B B 2R W R AL 20 B Aml i
T 2% HEE [ 52, DAPI YL (0 )5 I ZOE BB 5. g e sci iy E R 3 .

1.4 PCR-DGGE & #TB&fR B A

TE 53 T MEPSFE fif i 2 7 g S AmITRE, 5.0 5 i TR AR A T -20°C. ok Mgk 11 R IR 2 ) 4R B S IR
Wk[9, K A XF oKk £ B 4n B ORI T 4R B 16S rDNA EE [l V3-V5 X EL A 4R R M 51 B X
341F(5’-CCTACGGGAGGCAGCAG)1907R(5’-CCGTCAATTCA/CTTTGAGTTT) X} H2 B i) £ it 5 IR 41
1T PCR Y™ 34 , H v 5| ¥ 341F #) 5° ¥ & 32 35 40 1 B £ B9 GC & 3¢ 4% #J (5*-CGCCCGCCGCGCG
CGGCGGGCGGGGCGGGGGCACGGGGGC). K Touchdown s i SR, 254U 95°C A t:5min, LA
TH94°C 1min, 65-56°C 30s(&FMEMELC, FH10MEH), 72°C 1min, J520MER A5 CIE k, &5
72°C T 4Ef130minf?).

7 P A R R I P UK (DG GE) S 14 byt 3R TR s Pk e o I ke 22 6%, 728 P 9 B 40%—70%(100% 2 H: 751 2y
7mol/L bR 2 F140% 25 25 7 H BE R TR A5 ), HLTKZE MM IXTAE, 60°C 4% T~ 100V HL Kk 16-18h. RN
LR EE I FISYBR Green T(JH TAER B100001%) 4 (1.30minj&, FiOmega 10™4x [ 5 £ ShAESE I bR b
REANE.

1.5 BREFENRSEEZE NN

MERDTIR TR BE RS LV 40, A LomIB O e, A TES Ml 30ul, 4°Cid ik iDNAY H.
BUgs.o e B3 , H ERRRER S R 341F R & GCIo) FIFEFE Y 18, PCRAZH%E B AE T AW T
PR ARA B FII R, B #51916S  rDNAJFESI7E GenBank i 4 b A7 AL PE LA, M m] P45
PG EEIELES IDNAIFHIE IS b4, FClustal Wil T2 E ¥4 YT, SRIGRAIMEGA 4.08 441
AR R G0 R T A, I R4 LRI 252 B GenBank gk #5417 51l 5 EU887518F] EU887526.
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21 LFEB S

MEPS A . BIRLAME . HERE . w5 WA 2 UM b 2ol FE/R [ R7.4:6.6:1.4:1.0:1.0. 7%
A 2 O TR 0~ LA B8 1 O R 1 B, BB TR 5 1 6.7%, BRI & 1 8.3%, S5 B LIk ariras R
iR, MEPSE ZFh 4@t R, HiCafMg & i (£1).

# 1 MEPS 4:J& 0% & 1 (mg/g)
Tab.1 Metal content of MEPS
EJRILR Al Ba Ca Cu Fe Mg Mn Na Sr Zn
JUER i 0.130 0.023 44142 0.144 0.098 10.037 0.059 0.678 0.262 0.114

2.2 MEPS F&f#id 24T

P RE MY & R R IR R R B T 2007 4 8 H K I/K AWK RE RN B & MEPS B35 5P 5, &I MEPS
TERWIA LR B e (B 1), K& 18d J5, HEIBRKALAS IR0 60%)5, Feffid i, 2 37d Rt
I 4E RIS 29 30% AR K AL A B AR A D R, PEREE S M A, AN TR B0 I S K, 78 k4 18d
A IR S k2 8.0x10%cells/ml, 27d J5 4 AU PG 2218 F %, 2008 4F 5 H SR F A A KB 4
KEEFRIRE BR T X5 MEPS 4 R fi B 7 (B R BoR). Tk B T KW JC A 46 301 1 802k W KRR B b B
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Fig.1 Carbohydrate concentration and bacterial growth during breakdown of the exopolysaccharide from
M. aeruginosa FACHB-912
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A [ S At st 190 B BT RE 8 DGGE Jbr, L4538 T K&y 944441 (1K 2), M\ DGGE I A& H 3 ARk fifk it
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Fig.2 Composition of the microbial community during breakdown of the exopolysaccharide from
M. aeruginosa FACHB-912

2.4 BBENREEEIN

MR TSR V1T 9 24, FRK PCRJGHETINY. ARG R G M (E 3)KAE, 44 B4 RN
HIET o788 5 W40 (Alpha proteobacteria), 454 JB1, JB2 Al JB5 XX MEH B T 4 A B AN EE
(Sphingomonas), £ JB7 fEHIH R T8I E )& (Phaeospirillum), 4547 IB3 RERIHE TN E S
(Pseudomonas), %47 JB8 1 3£ 1Y & J& T 41 ¥F I £t (Rhodocyclaceae), 7% 4 JB6 L& W JE T
Hylemonella(JGi%4%), 455 JBO 103 M0 B &8 TR B 49 (Actinobacteria) H () 40 FT B J& (Mycobacterium).



L BRI B R AR X A A B RS AT

373

JB5 (EU887518)
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Beta proteobacteria
Rhodocyclaceae bacterium WST6-1 (AM500706)

100 Hylemonella gracilis isolate LL (DQ861290)
100 - JB6 (EU887525)
79

Hylemonella gracilis isolate ZL (DQ861288) |
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Mycobacterium smegmatis (CP000480) [ Actinobacteria
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Fig.3 Phylogenetic tree of bacteria degrading the exopolysaccharide of M. aeruginosa FACHB-912
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M HASR e e b o3 B I N S A2 2 S L HGE ) e e b 2 B2 A, AR AR T2

g 5{9;,;[13-14].

MMEPS Y [ i F2  (1K11), Zead 37d R8s 37 A /- MEPSHE WA A1, TR 2930% BB /K £k & 4 i
VI A RE Bl I it ) 2l S 1 B, X AT AR O MEPSZE# 58 4%, 7 6 Ao A 6 g 7 22— K3
F R, S THEXAN LM S S, XU TE AR i i s o 22 W0 2 mT DLl 2 e fe
B, FERICR H 20074F FI20084F A /K AL TR T A= WK RIS, MEPSHRREDE 1 3 %, DaI/K e & Rk
KR RE A SRR MEPS. TRk B TR oK A3 LUK B 20 K A8 K AR i i 91k BE, MEPS
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AR B A, X R KR K A o P RE A FR 2 B RS R MEPS 10 S 2E WU B R RO AEAE. i
TMEPSEE M 2%, IR TT BRI R, A Al AR X LU 40 1A A REAT A% MEPS, T X S 14
BEAAE T BRI P A KA MEPS, Y 35S A MEPSHT, MEPSPEFFEAREREGC, Bk, FaEr
MEPSHY [ T E RAEAE T B K AR R R B BE. Janse 55T T o il Ah2istsiahi it (Phaeocystis) ia /H A Y
T W W e 5, 3005 AR ook 18 W S5 U0, 2R3k T 48T A 24109 Y ik /K Ak A 0 oA Rl A AR A A1) ),
GiroldoiZEfff 7% T — Pk 3 (Staurastrum orbiculare) 8 4h Z M RO UE Wyl it 72, 1% 2 WHE 14d)5 WA 52
SRR 3 R SR T T AN R 2 20 1 T A 3o R A T RN R A

I A R R R A e S B A R MEPSHE 1 A BA N RR, BE/R T MEPSHY I T RS2 M i
BEILRIVE R EE . RGEK B 00T on X SERE A B 43 8 T ANl 25 E, R UIMEPSHY Mt Z Fh e 40
WS 55EY, HTMEPSE A M, MR AR/ 4l i vl BEAK SRR TR, 00 4B T RE 4K
FEMEPSHYREAR WA, (02D rh— LU TR R A% 1 12 R/ MEPS.
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