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Characterization of epiphytic bacteria associated with colonial Microcystis

FAN Qi, XTAO Huijie, WU Qiang, WANG Shuijuan & LI Pengfu ™
(School of Life Sciences, Nanjing University, Nanjing 210093, P.R.China)

Abstract. Epiphytic bacteria associated with colonial Microcystis may play an important role in the development of cyanobacterial
bloom. However, information on characterization of Microcystis-associated bacteria is limited. In this study, eighteen Microcystis-as-
sociated bacteria which belonged to six bacterial groups: Alpha proteobacterium , Beta proteobacterium , Gamma proteobacterium , Ac-
tinobacteria, Cytophagia and Flavobacteriia, were isolated from four Microcystis species ( M. wesenbergii, M. flos-aquae, M. firma
and M. aeruginosa ). Analysis by BIOLOG plate indicated that except for two isolates of Alpha proteobacterium and one isolate of Ac-
tinobacteria, the other isolates were capable of utilizing more than 10 carbon sources. Among 18 bacterial isolates, 12 isolates
showed chemotaxis, 12 isolates displayed hydrophobicity, and 14 isolates exhibited autoaggregation ability. Except for Flavobacteri-
ia, other five groups contained hydrophobic bacterial isolates. All six groups contained bacterial isolates with chemotaxis and auto-
aggregation ability. Most of bacterial isolates associated with each Microcystis species were capable of utilizing more than 10 carbon
sources, and exhibited hydrophobicity. For each Microcystis species, there was at least one group of bacterial isolates exhibiting co-
aggregation ability. Except for M. flos-aquae, most of bacterial isolates associated with each of other three Microcystis species
showed chemotaxis. The results indicated that active metabolic potential, chemotaxis, hydrophobicity, and the abilities of autoag-
gregation and coaggregation might help the bacteria colonize the Microcystis colonies.
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WAL= 240 B A 3 1 B SRR A R A I A4 28T B ( Proteobacteria) KT B ( Bacteroidetes ) A2k B ( Acti-
nobacteria) % , FLTRTHE4HL U [7] T J LA U o U S A AT TRTRRE . B A 200 0 W R A s 40 ) e e K
5 B R A ) B C, — S B A 240 7 9 o A Dol 4 7 3R, DRI RS 2 240 9 1 i 20 K A8 2 R rp T B
T B BRI AR S T B B AN TR DO RS IR, S BELRS 1 % B A 25 T B TR
BRI AT RN R AR 20 T 5 BT A AR LR , A SO Bl e e R T o S BT A S R, O 20 BT L2 i A
REYE SEATE AR MK PR LK F 2R (autoaggregation ) FIFEHE ( coaggregation ) fiE

1 HRS Tk

11 EENERSRERATNS S

HICIAE s NJ-24( M. wesenbergii) \JESEHAERE NI-54( M. firma) JREEHEERE NJ-177 (M. aeruginosa ) Fl
TRAETAFEEE NI-159 (M. flos-aquae) F 2011 4F 8 H MIAHARER 4. 7€ 50 ml = FIJf AT E BG-11 1%
FEIEFEATHIR 4 bR BEAE S0 00 28 B R A v — P S BRI 25, B 3R TR O 25°C G B 5 3 oy 2500
Tux, S A8 12 h @ 12 h

TR T RS JT , E RS TR R SR VR O T 1A Y JE e 0t (FLAR 20 pum) I, FIJCTA BG-11 85
FEFPTE 10 W, ARG BRI AR 16 Ry A RS JR 3L 11, 30°CHE IR 9% , AR IR A R 3 L 1 7%
B A TR AE S B VS SO T o A SR IS R TR A B R VRl T e R, A A L Rl £k lifh.
1.2 WAEHARENS FEE

%32 Tillett 25 ()7 VAR TN B DNAMY R A 314 27F (5’ - AGAGTTTGATCCTGGCTCAG-3") Hl 1492R
(5'-GGTTACCTTGTTACGACTT-3") ¥ Akl A= 41 T& A 16S rRNA KB 43 7 51.PCR ¥ ¥4 S5 4 40 - 94°C HiAs
1 min, 8235 5 20 MEF Y (94°C 30 s,50°C 30 5,72°C 2 min) , §¢J57E 72°C F 4E{H1 7 min.PCR F=4 i 75
A W E A YRR AT FRA R 58 BT, A DNA [P 51238 5] GenBank 1, Jf:-F BLAST $R3| e AHARIY 17571
1.3 B £ B R A L i

WX BN R 2405, T 0.85% NaCl % 3 K, I BB T 0.85% NaCl ¥ H1 % 0D, ~0.1, B 150 pl
B0 2L, B0 B BIOLOG A= 254 ( EcoPlates 1506, 2% 8 BIOLOG A &), H 150 wl B9 0.85% NaCl % i
FEXT IR, 30°C R R LS F7. BIOLOG A 9 &AL 77 AN W] A R ., >4 4 14 BE ) Fi A U5 i) BIOLOG Az (¥ 9L vh
S, B, 6 B AR AT 3 KL T A AT
1.4 MHEMFERELE

SR FHSP M 3 K00 20 4 6T T 0 W R R P e A AR BE FR 3600  1%10°7 mol/L 9 K, HPO, (1%
107 mol/L (] MgSO, .1x107° mol/L [ (NH4),S0, . 1x10™* mol/L [ EDTA 3x 107 mol/L & E . 1x107
mol/L () D-i% B 0.2% B, pH EIEE 7.0 U835 35 B X EOU 0 20 , T 0.85% NaCl V¥ 7% 2 v 1% 3
WK, B R AN B IR 10 ol FE A B VR AR S TR 9 A AR B 35 3, TR A8 8 A SR 85 77 2L P . 30°C T E R
R, o RN S R i AMEDE T BUE K, DL 4 K5 Rl i 1818 1548 /N ke S B 240 A 1) R b 1t o 55, 5
FhANPE E A 3 L5
1.5 Mt E MR R E B K

R MATH 3 fe 05 AR ACVE ™ Wi B B 7% 48 h (94T , FHJC T 1 h 2% W (PBS,0.01mol/ L, pH
7.0) Vel 3 I E AT PBS 1 0Dy, =~ 1.0, MR 4 ml YRS AN B EIF BN 4 ml 1E 7558 Tl ik iR
4 1 min, {# & 10 min, U T JZKAH OD g fH.

(0OD,-0D,)
Y A A IR T B K (% ) = T“OO% (1)

A, OD 2T 4R 41 B B ) OD o B, OD 2 5 T 7S BEIR A J5 T /2 KA ODg 18, FF0 41 e 3 IR T 52 550
1.6 WAEHMBERERMLEES

K REIC R T AN G B R AL AE S SR 9% 48 h BUANH, PBS YEIK 3 IRTEE A E
ODggo =~ 1.0, TR VI 4 ml M AR LA, 5 T ##E 0.1.4 F1 24 h 54N 4 B £ IF W 1Y 0D A
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SLEREBE T 3BT B A TRR VR 1 2 [ L ) e v 4 B A5 300 4 B A 0 7R B T R — 4, 25 B 2 ml AT
WO B R — Lo A L IR 5T () B 200 B 45 H 4l G331 A 21— LG 6 L 4 SR o) R, s T e 1
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2 ZWHER

2.1 MAEREN S FEE

I\ 4 TR (AR 2 88 (NJ-24 |NJ-54 \NJ-159 F1 NJ-177) h 53 2545 51 18 RRFHAE AR, Horp - B 49 (Alpha
proteobacterium) 7 #k, B-AE I ( Beta proteobacterium) 1 ¥k, v-22 B #H ( Gamma proteobacterium ) 2 f , it £k
R 20 (Actinobacteria ) 4 B , - 4EXE W B 40 ( Cytophagia ) 2 £ , BE T B4 29 ( Flavobacteriia ) 2 F. P\ BL [ i s s | 1%
FARBERE K AL BE AR SR B 0 B AR B B AR R AN S 22 5, 40 A 8 T 4.6.7 R 8 BRANTA , Hrh
a-BILTRTE 4 FhilE B B AATE , A B-AR T T RAF T T 2 ff A . 2 R TR 3 o 03 S e 3 9 v oK i R
HETRER T, K SR Tl T A R IR A 2T 2R P 1, 174 S G e e rh R R IR AT T (3R 1)
2.2 MAEHE M £

18 s A= 240 T A P BRI R AP (T 1) SRR O 3 MRARTE (oI T 49 By HIXS F HIX9, DR
LMY HIX8) HBEFI T 5 Al IR, 1 B3R 4 0 BRI 7, LA 20 T 1) BRI 1 Y RS, R RE A8 1 10
LA b B BRUR , A L1 BRANE REA HT 20 R L b AOBRIR, G145 5 Bk o2 B (HIX3 \HJX11 HJX18 \HJX16 #I
HIX1S) |1 ¥k B-ZETE I HIX14.2 BR7CZR T (HIX17 F1 HIX19) (1 BREF 4EH5 9 B HIX10 LA K 2 Bk 84T 1
(HIXT AT HJX21)  JA3e 1A 1 AT LAR I, 7EREAS A 20 Fh L it B 4 B A 40 G v, S IR e it rh A
FRAAEA (HIX3 A HIXT) , B S2ACs s vhAr 4 Bk (HIXT L HIX3  HIXTO Hl HIXTL) , K AR Gl s v A7 2 Bk
(HIX18 H1 HIX21) , f g it b A 5 4k (HIX16 HIX15 HJX14 HJX19 1 HIX17) , A i e e v R &
A 2 #RLA BRI AR (BRI 20 Fh L 1 BiUR ) A2 DA A el i v 1 DR 28 B A 4 AR iR R 10 Fi
VL F BRI, AL S 100, A R e v 14 K S BB A A T b S R R T3 2 1A DL

BB T A A i U 04 A R A 2 2 (8T 2) SR, /S RZEBRIE T I BRoK AL G EUE IR JRIR . 2 R Y)Wy
TR 2 AR S T LLw BE A 403 B R 3 1 bl b A 21 R IARBE B 10 Fh L4058 A H , Horh A H PN BRI R
FERR A AR B2, IR BN T 17 F B S iR ( D-2RFUARRERR \ D-F ZLbE-y- A I8 I 0E (4- B8 R
Jie) REREHY 5~ 9 FhAEE FI T, A S BRI (D, L-o- BB H I AR \y-J2 25 TR \2-B B TR K M%)
HBERE 1~3 Fhan s A, Forb 28 58 Y R X Re Bl — b 4 B ) .
2.3 MR E YL R K

18 TR A 20 B A 12 Rl B A (3R 2) /S ORZEREAY B A 40 i v S 7 7E B At b 26 7E B fl
PERIARE T, v T B A I 40 T HUX22 stk i, SR B AR IR F) 43.1 mm, o BT H 40 40 1 HIX16 il
HIX18 DL K BT AR A T HIXT 0900, Hola b3 AR 1 20 mm, 1) B-A8 T2 A AN AN R HIX 14 A5 55 , H:
BT ERRA 4.7 mm A BABPER A0 E 45 3 Mk o8 JE B (HIXS  HIX9 Fl HIX15) (2 # i 48 B
(HJX8 FIHIX20) LK 1 AR ECFF B (HIX21) b AR 2k 20 mm (14 [ A= 200 581 28 DG AR o A IR S ff g e v
HBEH 1 ARANEE (HIX1) , KA g 2 #k (HIX18 F1 HIX22) SREHMEENE A 1 bk (HIX16) (3£ 1.2).
IR HE N 7 BRI AR A A 4 MRS EA B, S IR B AR A AL T, R S T e RN A 4%
e A Al rh R S H R R A Bk (3R 3).

18 FHRHAE NG A 12 Fh BBk PE (R 2) , oI W N B A HIX LS AR A A R A1 s HIX 17 Bk
PEIGR , 735K 5] 79.0% F1 78.4% , - BT TR 4 0 20 P HIX 18 IO 1 20 ) 241 7R HIX19 Bk Mt 55, 435
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Fig.1 The number of carbon sources utilized by each bacterial isolate in the BIOLOG system
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Fig.2 The number of bacterial isolates capable of utilizing each carbon source in the BIOLOG system

k1 52.0% F1 58.5% .6 it it AL A R i K P EUE ARy 0, Fe B SRk M A0 o ZBTE B N R 4 B HIX 11 1 HIX16 -
A FE RN HIX22 T4k I 40 A AN HIX10 LUK BAT B4R A0 4N X1 A HIX21. 77 25 FG fese i fn i
SR AT BK KT 50% (1 B AR 20 1, T AR K AR e o 1 Bk (HIX18)  ZEA SR I s h 7 3 1k
(HIX15 HIX19 Fl HIX17) (3 1.2) AGRP e b A 40 e P i R Z BRI 2ER A BiAk PE (3R 3).
2.4 WMAEMREMRESY

FE A RS AR P R AR AR E 14 Fi b A 0 A B R R B N R R T UM IS, BOR B A R bk
F1(F£2) .o ZETE R IIANE HIXS A HIX9 [ BB S i, #5 1 h 534 WA 81 T 50.8% 1 48.0% , #¢
HiE 4 h R0 24 ho i A RAE TR T IHADA . o TR R AR A TR HIX16 i A A 7 HIXS FILF4iH
I B A0 B HIX10 | R AE S AR, 24 h JSARIA S T 45% LI 1 AR SE 86 B b, o8 T TR 40 10 40 1
HIX3 - AR TE TR 40 B A0 B HIX22 (21 4K X B A0 A AN TR HIX4 R #8418 2R A Al B HXL 1 X8 ) A 1 SR 4
MG AEAE A REES AEE ARSI 24 h [ R8T 40% BB E B, 72 8 Ui e b oA 18k
(HIX10) , /KAefg s i A 3 Bk (HIXS5 (HIX9 1 HJX8) AL i 1 R (HIX16) (£ 1.2) . B ICHHE
FR) 4 RRIRAZ 0T R 1 BREAT 1SRRG T 08 SE A i 7K AR R 5 R A St 8 B B2 A TR v B K 2 R 28
AT HRAE S (£ 3).
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Tab.2 Chemotaxis, hydrophobicity and autoaggregation of bacterial isolates

i e . e e A RaeI1/%
R ANTH G 5 bR HA/mm Bk % h ah 2t
- IE 4 HJX3 13.8+0.7 10.3+1.9 — - —
HJX5 0.0+0.0 23.4%3.9 50.8+2.3 81.9+2.4 86.6+3.9
HIX9 0.0£0.0 22.1%2.1 48.0+1.8 67.1£3.7 88.5+1.4
HJX11 19.2+0.4 0.0+£0.0 1.3£0.5 3.3+0.5 17.426.0
HJX18 23.5£1.0 52.0%0.5 2.0£1.0 4.5+0.7 20.6+0.9
HJX16 28.6+0.6 0.00.0 0.8+0.3 12.00.7 48.5+1.4
HJX15 0.0£0.0 79.0+1.8 1.6+0.1 4.7+0.4 13.8+1.2
B-EIE T 2 HJX14 4.7+1.0 27.9x1.9 2.1+0.5 11.9+4.4 29.3£5.0
A HJX22 43.1x1.5 0.0+0.0 — — —
HJX2 16.7+2.4 30.7+1.7 1.2£0.3 4.520.7 22.7+1.9
T2 T 4N HJX8 0.0£0.0 39.12.3 9.7+1.8 31.5+2.5 58.5+2.2
HJX20 0.0£0.0 19.6x1.1 3.2+0.1 11.0£0.3 28.2+1.8
HJX19 14.3+0.4 58.5+1.6 0.8+0.2 2.7+0.8 16.6+1.4
HJX17 9.6+1.7 78.4+2.9 1.3£1.0 3.7£1.0 14.8+1.8
2T ZERY W TR 4 HJX10 17.3+0.5 0.0£0.0 5.7+1.1 13.2+1.3 46.4+3.1
HJX4 12.6+1.9 27.3+4.6 — — —
HFFE A HJX1 23.1+2.5 0.0£0.0 — — —
HJX21 0.0£0.0 0.0+0.0 2.4+0.8 4.6+0.7 18.60.5

# BRI AR LR 0 = 35 —3FRIRAE 24 h BSCRE e vh B IR B LL (0 L P A R R A A B 52
3 4 b UE e PR AE A TR R Y LU A BT

Tab.3 Comparative analysis of characterizations of bacteria associated with four species of Microcystis

K ﬁ%;ﬂ’JWi FIH 10 ﬁbf}%ﬁ ANEA ﬁi{aﬁn’a rﬁ;zkﬁﬁ? 6} AEAA %ﬁﬁﬁn@
e AR R bYA= 400 A £ 240 T 5 RiF A= 240 v B
HIG s NJ-24 4 4 0 1(HJX1) 3(HJX3 HJX4 HJX1)
IS NI-S4 6 6 1(HIX9) 2(HJX11 HIX10) 1(HJX3)
IR AT #E NJ-159 7 5 4(HIXS5 HJX8, 2( HJX22 HJX21) 1(HJX22)
HJX20  HJX21)
SRR NI-177 8 6 2(HJX15,HJX20) 1(HJX16) 1(HIX4)

FER AT R I O AN R IR G (£ 4) , HAbd &R B BA L REE T, [ Fh i 2 e
/G —HAMEEA B REES . A /KB EE P4 # HIX18 F1 HIXS5 VL& HIXO Fil HIX5 B8 T
RRILREE ) 4 h 50 R R T 42.3% Fi1 39.4%.

3 itip

3.1 M AR R E AR AN A A I

PRI R 2B 0 T P T ol R 2R I, HUE IR RSR 1 B 400 ™ A AT B A Sb i T i 5 7K
T B LA AT LA AR 50 DA S 36 5 R ) Bl R A A v 0 0 A5 1 S RS A 0 7 7 K S8 A O T8 0 ™ A 1
AL, B T IR P AR IR ML L.

Sr eSS ENEY 18 MRANG A 10 BRJE TSI TR T ], 100 HL 4 Fh o B i i A 40 R f R S B T, X 5 2
ZEARTE (19 B S AR (5 R SERE VAR B A0 TR rh A B BT o P 38— B0 Bk T AR I T LASh A G ik 4y
TR T T T A T RS 19 T 20 R ST T 9 P 240 T, LA T ) AR T S s TR T A A 2 TR L X
ST AT YRS B AR B T A AN A AT RS T GO B A O T A AR R A B A 4
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Tab.4 Coaggregation of bacteria associated with colonial Microcystis

o 0,

A R - AR e

HIX1 F1 HIX4 HCREBE 6.8+0.5 16.3+0.8 20.6+2.5
HJX1 F1 HJX9 W S e 0 i 4.0+0.5 4.2+0.7 11.3+3.4
HJX1 H1 HJIX10 IR SR A 2.5+0.4 13.2+0.4 23.6+4.1
HJX18 1 HJX5 IRAET 9.7+0.4 42.3+0.3 38.5+4.3
HJX9 1 HIX5 TR TR 26.8+0.3 39.4+3.6 41.1%3.3
HJX16 il HJX4 G 0.6+0.4 14.5+0.4 20.0£0.7
HJX19 1l HJX17 R s 0.0+£0.0 0.1+0.1 21.0+0.8
HJX20 FI HJX5 i S 0.0£0.0 0.0+0.0 19.8+0.3
HIX5 Fil HIX14 i SR A 1.4£0.2 2.9+0.4 8.1x0.2

 JOHE g I (AR E R n = 3.

T HIXO L ¥ S B B 5 ( Sphingomonas sp.) , Park 2547 8 5 42 e 20 Jfd 141 RE A8 Wit e e g 5 R 7 WA A i
HIX22 SR B ( Pseudomonas sp.) , 8 45 s (BB B 5 8 B 2t M0 22 Tl A B 0 2 38 AR 2 T 3 i
R

BIOLOG #4341 b7 , 18 B Az 41 1 v A 15 4 4 1 1) R ik 8 %) 9 RT3, R R AT 10 LA b e i
BIOLOG # "h /K AL G VIR JR IR 2 TN (RS M7 S RS 5 AR e Bk B A 4 1 i A AT, 31 Fifrfie
TR 21 PR IEARBERE 10 Fh 2 DL 1 40 DA . 3 Ud BB 0 Gl 8 ol %) BF A 4 TR AE QIS L e, EL A ) D s
JiL 77 A i A A B P T
3.2 P AE A R AE 1L 1 | 0 R R /K MR AN 3R S R 1 e EL X 4 BT Bt 2 AR 1 RN

H LA BB TR ( Pseudomonas aeruginosa) ELA X &L 1LY, XA A T H 5 P8 (Anabaena sp. ) B
SEAE R RTS8 R AR AN A 12 Fh LA KA 33X — R A T B 40 A e A
AR 4 1 Prasad ZEAIFSY % B, A 5 388 B 4 A0 T A0 vt A B — S R A B P YRR 18 ol B A 20
AL 6 FIONELAT A T ) 20 D, 33 150 I I AR R Tl R A A e A S AR DG AR (FL R T o P A
PR S B R B Gk 1 AT

1 5 THT A K P S M2 RDRG R 7 00— R 2, 8 SR A A IR0 199 ) 240 B3 =2 1) 9 A B
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