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B3 K . Duan U2 HFR R IBEE HEEM 15 CHEZE 25 °C .M. wesenbergii M M. ichthyoblabe AR Rt %
WA R AH R AR SE TS5 M. ichthyoblabe FER RTINS A5 M. wesenbergii FEAR R SFHEK.
X BB 5T 285 SR WY, A [ S X P 458 DR 1) Wi AN [ AT L i o A R — B AR AR 22 0 PR 85 I 1 ol B
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1 #H5HE

1.1 Ry

FEANI E o E R BE K A AR W OE BT IR K BE R L A SR T B M. aeruginosa (FACHB-905) . B Fl /it &
T 1000 mL B =AM F.7E25+E1) °C.2 500 Ix. GHRE AR 12 he12 h AN T ESY 8 2580k
1.3 000 r/min .03 H BG11 3505w 2 i, 85 T 525,

1.2 XLWigit

TR E 10,100,200 F1 400 mg/L 4 A5 25+ BT i W FE A B ,0.05.,0.50,2.50 F1 5.00 mg/L 4 A4 JFi it
e BERSE . 10.50.100.250 mg/L 4 AT R BB BE L2 000.4 000.6 000 18 000 1x 4 4N HR#R BE DL & 15,
25.30 F1 35 °C 4 AN BE A B, B A0 B 3 AT AT, SEE R S B F LB RT3 i B CaCl, L NaNO, #il
K, HPO, $&4E 3270 34 5 43 B . W] — D5 38 04 JL A6 B85 T 41 4o ok 9 5 200 oL 422 %88 3 KL I JFLC At 5% 3% 4% 4 A IR
A FRLE 18 d. S 25 o e LA T IR 11 00 . D 2 25 4 Ut 41 28 & ) (bound extracellular polymeric
substances, B-EPS) 8% & Ht.

1.3 #REK BHEXMNE

2 d BURE PEAT T4, SR M BRI R0 78 )6 2 B UBE (CX31, Olympus) I #E47T %0 458 BE A 7 i 1 48
P10 min B FFE AR 53 BSR40 .

ST 45 RS BURE LB 4% 45 0 R BEARTE iU B0 B 0.1 mL B RE S i AT W R 9 3 B0HE (0.1 mL) A, Bl AL
TEIC 100 A FEAHEATH1 BRI Image J 80 58 04 09 BBl (L) AR A il (SO KBl it i F A D=
(L XS G RHR B AR (D) I AR RFBURLAR 20 A & 50 865 3] 50 Y6 B i X R 1 BLAE Do {8 K D14k B 4
K.

1.4 Zeta BAL B-EPS ilIE

SIS 7 KRB E Zeta AL 2R B /R 3 Zetasizer (Nano ZS90, WORCS., England) %} 4% 4 {4 T
TR AN L) Zeta FLAHEAT I A 0 58 117, 2500 WA 4 A0 O 4 B B F i 8 43 K 0.05 %6 19 NaCl 3 LA X
JIT A5 R il B S T 3 BEAT AR VEAL OB pH (B N 7.0.B-EPS 42 BT £ B IR Zhang %15 19705 e #EAT R 2K
-t R 1 o B EPS % i
1.5 H#EIE

JIT A B 1 LLSF S48 £ br o 25 R R T R 2 07 22 43 Bt CANOVA) Fil Turkey B HSD 45 50 % 34k X
I8 6] 1 4 35 1k 22 S R ] Excel 2016 #EA7 4085 40 #1 L 81 - #4538 4 OriginLab OriginPro 2018 {2z,

2 H#RE5HMHh

2.1 A[EINE E F 3t 80 4% 0 T TR BT A B0 22 T

ANFE ARG KT 50N M. aeruginosa FEATE U B0 WL S5 T ST i 57 5 1k B 4% 2 1 IR 5T 2 A B8 119 AL
Wi DL K m ISR BE Y B T M. aeruginosa WRE.JLHIE p(Ca® ) =>100 mg/L.p(P)<<0.50 mg/L FJEiE =
8000 Ix YA T, 55 7 R B BERF AL Do KT 30 pm. 3R W45 85 055 5% 28 F O 58 7T B8 02 52 1l
M. aeruginosa FEAARIE W) 3 B 85E 7.

Wi Ca® T .M. aeruginosa HEVRZEEHE I, 40 M0 [ 25 45 900 5% . 3X 5 Wang % M BF 58 45 1 — 34
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M Ca®" g 400 mg/L B FEA R ST oK, AT 3A 63.58 pm. & (=100 mg /L) 8 (=2.50 mg /L) 5t 4 & 45
Bf WM. aeruginosa 5 DL PG A TE AFEN S A BEFRAR = 50 mg/L.0.50 mg/L B, FF i H SRR {H
20 i 255 A P I, R AR R MR R B A BY T M. aeruginosa BERRYIE BT B G SR IEINE 6 000 1x B
TE b6 BURFAR AR DL 7K IR 2% 1 (15~ 35 °C) T fok 2 8 35 oK o SR A4, A0 ] DL /b o 285 9k 3R W3 I B8 %
M. aeruginosa FEVRTE B A W58 520 SR 00, AFF 58 R W Bl & IR BE AN 15 °C Fhim 2 25 °C, ol 38 S i AR R~
K, AI g A T i A RN [
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WiF R ATRE R THEFREWKE Ca® £ F M. aeruginosa T& AR (s S1) , 40 o 8] A0 558 34 , fdi B 44
PRY 1S AL R A L WA P DA b B T R AR T

ATRVE B T R ) M. aeruginosa AR EFERT 6 d IR L 22 % (B 1(h), 1)) HMNE 8 K
TE b AR A e BT R R RS T A B A R A B R WYL X M. aeruginosa S, AR B 4G R
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J2 TSR OG AR T HL 15 388 AR T A 1 D BB Y e AL R,

45 3% p(Ca*) =10 mg/L 60 & p(P)=0. 05 mg/L 56 & c((N)=10 mg/L 36
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Fig.1 The growth of M. aeruginosa in response to various environmental factors

HE 1C(e) AT, 30 C & M. aeruginosa "R EAERE .15 CHRAMT M. aeruginosa JLFEA K X
& RO AR 25 P 408 P 6 PR AR D A A 2 B L A1, 35 °CF M. aeruginosa A RKWAZH] T —
SE TR BE B 30T BE R B8 S EOE A E PE BRSNS G Rt s SR,
20 AR AR = T 20 “CAN 25 CHEFE T B9 M. aeruginosa »25~30 ‘C IR EEE S M. aeruginosa F 1.
2.3 AEMEEFEERHEE BEPS SERN# I

NI FREE K X5 A~ M. aeruginosa MM B-EPS & 1 520 W1 & 2.B-EPS & ik i Ca®" 57 &t ¥k i T+ 55
BT EJE T R I H 200 mg/L ) Ca®" F B-EPS & &5  » 15 0.93 pg/cel. B Sk E 1Y Ca™*
REMS AR B-EPS (43, i ad @ 19 Ca® ' i 2306 B-EPS 1943 . X 5 Zhang % B9 4518 — 803X 7] BE 2
P T R R Ca® " AR 40 B 55 %) 38 35 M L LA T EPS 1) 40 M A0 40 0T R AR 2L B AR 1E R L A A o e
B-EPSTH & T S M A B &0, H B-EPS & & b 35 2. B U W B A9 T im B AIG B% a 43 01 3k
23.85 % F1 37.42 00, 3X F B A W E F7 £h 0 I AN A S BROG G VR T W e Al n A i 3 B T R 0 AR B
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Fig.2 The content of B-EPS in M. aeruginosa influenced by various environmental factors

2.4 AEFERFFRUER Zeta BRI

AR IREE R FAVEH T 8 S R i Zeta A AR AL NI 3 BT /R M. aeruginosa 20 L 55 T 34747 L Bl
Ca’" M 10 mg/L FFE & 400 m g/L,Zeta LA —28.3 mV ZF# A1 % —15.03 mV. 5 Tan 252 A i 55 45
R—BACE R T BRI Zeta H0 A7 B 3 b L i VR BE AL BRAE T ISR T B A 1Y Zeta
FEL A7 L X S5 R R0 i 2 1 R 1 ) o Tl o R AR A 2518 — 3 7E 2 000~6 000 Ix YR SR BE A F T o Zeta HLA
BeA WAL R, 8 000 1x YR 45 F B 4% i 8 5 Zeta M A7 WA B TH 5, WL 0 ROGSR &l i B 8 1 Zeta
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31 EARMBEEHAEASERERFHNXER

EIINE 4 FrR, M. aeruginosa BERNR ST 5B R4S FWREEAG B EMWIEM LKL R (D, =
—0.073p(Ca*" ) +15.56 ,R*=0.56, P<0.05) ,iX 5 Zhang %" [ HF 5T 45 5 — 50, X0 A 86 B 7 RE 4% o R
M. aeruginosa 40 I3 18 A0 7 fof SR 48 S 2 BRI IE Zeta B2 (B 3D, F 1 R {0R 40 9 18] 9 HE = 71, 577
R 3 240 B B A0 A g O R A S I AT R A St A 2 o v M A 22 B A DG R IR I 3R A L T AR O 2
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i R B RVRE AT B R R B A AR K BB SR T R R P A TE S A (D s = —0.0730(ND +
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Fig.4 Correlations between D and environmental Factors
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Fig.5 Correlations between D, and the surface characteristics of Microcystis cells
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0.27,P<C0.05), 5 Zhang %" B8 57 25 e — B 0L Ah , A R4 = — N e R A KL 193 B2 L B-EPS H & K
K PE T AR R R CIRAS L, B-EPS 5 & 1Y T G805 384 0 418 18] (04 55 K A ELAE L B HE SR fE A
R R IERGEE VRT3 R E Z I M. aeruginosa BEAER 15 H B-EPS & & A £ & F EAMH K (D, =
0.069¢ (B-EPS) —4.61,R*= 0.17,P<C0.05). FiR G5 R LKW . M. aeruginosa 4l 8] 1) 5 4 5 4 i 4 45 P
FLA 2 R DG T L SR T 52 e SR AR W IR AR 22 L SRR AR T A A R ST 5 A 3% T R 2 TR) ORI 5 G &R, B BOHE IR
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Rﬁ'ﬁﬂi/\%ﬁ%ﬁlﬁ]E‘J?I‘H?‘QFK%XEF%(RZ =0.27,0.17). P g, #0045 BEAR ROST 5 4 6 % T 45 4 ) 1) A OC
KR BLEE 75 1845 AN LA TR 5 B 45 [R5 R B 52 2% T 4TI A 4005 R,

4 #ig

1) e Jo o 94 8 5 B 1 AR v R 0 U R AR AR G SR A B T M. aeruginosa FAE.

DFERK/NG Ca®' ik IR (P <C0.05) FIE IR (P <C0.001) & i F M IE A X E &R, 5 A (P<<0.05) .
i (P <20.001) gt e B 22 I 38 SO OGOC &R

DGR T VA E IR OCIRIR R R R M. aeruginosa BEARTE WK AL 2 & 0 EEAR Y N T

4) X SRS A F E 2R I M. aeruginosa 43 Z 1 B-EPS T iF Zeta HL A 5 I 20 A 1) H1F 5 1
JHE AL HE M. aeruginosa BEE.

5) I 7 By % W K AR 0 E S XA B8 A2 25 77 05 20 5 8 ) 580 400 1] 95 288 016 B AR BRI e /K e

Bt S B FhR (DOT:10.16366/j.cnki.1000-2367.2025.04.28.0001).
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Deciphering the mechanism of Microcystis aeruginosa colony formation

mediated by environmental factors via cell surface property analysis

Zhang Ping., Qin Caihong, Zhu Yazhi, Xiong Chao, Chen Xuemei

(College of Eco-Environmental Engineering, Guizhou Minzu University, Guiyang 550025, China)

Abstract: Colony formation is crucial for the dominance of Microcystis species and blooms. The research investigated
the impact of Ca*" concentrations, nitrogen(N) and phosphorus(P) concentrations as well as temperatures and light intensities
on M. aeruginosa colony formation and elucidated the underlying mechanisms. The results demonstrated that Microcystis colo-
nies appeared under high Ca’" concentration, low N and P concentration. high light intensity and low temperature conditions,
with maximum Ds, values of 37.45, 38.22, 23.15, and 36.78 um, respectively. Compared to the control groups, high Ca*" ,
low N and P, high light intensity, and low-temperature conditions increased the content of bound extracellular polymeric sub-
stances(B-EPS) by 54.77%, 50.33%, 33.06%, 59.80%, and 67.87% , respectively, and elevated the Zeta potentials by
47.65%, 24.79%, 27.61%, 8.11%, and 43.49% , respectively. These findings suggest that these environmental factors may
promote the aggregation of M. aeruginosa by stimulating the secretion of B-EPS, increasing the surface Zeta potentials, and al-

tering cell surface properties, thereby reducing intercellular repulsion.

Keywords: cyanobacterial bloom; Microcystis aeruginosa ; colony; environmental factors; aggregation mechanisms
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Fig.S1 Colony size(a) and morphology of M. aeruginosa(b) under the influence of different environmental factors



