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1 #RERZE

1.1 EMRIEF

A S50 B FH i R R B 2% i B8 i (Microcystis
aeruginosa)PCC7806, HH 1 [E R} 7K A= AE it 7
T 7K b 22 (FACHB) $E 1k . SRR AT FH 85 97 36 4
BG-11"", pHN7.1—7.2. HE3RIEER(25+1)C, 6
#4925 pmol/(m’-s), SE&& Y5 Av4 Y6 U (Philip), 6
AR J912h: 12h. BE40 R 5 B0 B K s
F 525
1.2 EMOES54

KA 1175 (31.45° N, 120.03° E). M2
(31.41° N, 120.19° E):REE W # /K LKL, 0.8 pm
(138 (Millipore)id i€, U8 TG B K F6 RE 22 AN [
B E TG U AR, B PAR RN 2R 4 S Al B ik . 4l
FE IR 5 NLB: NaCl 10.0 g« ZEFEE10.0 g BEEE
FEEU5.0 g ZZ0#E/K1000 mL, pHZ) N7.5. £ 9%1R
B R30°C, i3 J9140 r/min. 0] [ k5 35 3L 55
TN 5%(m/v) I EE A o
1.3 FRARNFEREE

LBiRIAShiE IR MM PRI iz
B T LB RE 7738, £57748h )5, LL10% AR L
A0 R B TR I B R, R — NI SRR R
LB AR F= B FILBAL, 25 (A 5 I8 41 (CK 40 ) e ¥ F
TONEEARFI I TE T K o AF2 R BURE I 52 2 1) e
#a (Chlorophyll a, Chl.a)i&RE .

LBE A matE R RMmm  Pes
o R AN T LBRE AR, FRAN B VA K, FEE
KPR, WRFT 35350 i) B R e IR, B S P S T K
VLA 25 B 25 5% 10° cells/mL A A7« BL10% [ 4
FULEL WS 0 B8 & Wk Ly B b, B A A
(CKA) B N SEARF TC R K o B2 R BURE I
SEE R alk JE

UE BB EENPCRA YA A R,
BTl #3 111168 rtDNA 7 51| 85t i, 7635 [F 3 7. 4=
P ARAZ B 0 (NCBI) ) GenBank 5 & v =)
A FE A EE ) T R (BLAST) AT 1 12 5 %1
G V5V . FIHHMEGAG6.08 A, % A8 41k
(Neighbor-joining, & FEF1000)/4 & R4t &K & W,
X 7 0 L v v i AT R e e
14 LBEFEFERSINEAE

Fic 1] 5 LB Ak 15 77 35 Hh S5 9k 2 R0 I BRI
V. B . NaClUATR, LL10% AR L 4
TR I AW R, 25 6 IR 4L(CK AL I N SRR
TEK, T129 h 95, BRBAIZX, —H G W
LR AR KR DL

H4 P B4R B T T DA 10% F A4 B L 8 I &2 95
W, = A R (CKA) I N ERF LK, T
= A A R, e S8 I R R 1 AR AR
tho AW B DAEE VR AE 680 nm Ak I % 2 (ODggo) K
FKowe
1.5 BFEARKRR

S E R THW T B JE . W Ak E &
W JRIE TR LA 0% AR L In N i, — i G
EREIN 5 2R 2R alFIIR BT, 20 T S A 3R (P T R
1.6 BEEMYIRERNEEEEIE I
R

4 B R THW 7 (1) J6 TR B8 LA S % [P AR R BN
LW, A I SRR B K, T-500 mL =
s IR . A E 3N PAT, B2 R IUREI 2 A 5%
AFERR, BRI ODggos MEERaIRE .
FJF (BRI R T2 E) aObRERALALR).
ETR,(F KHL T #EF). MDA(H 8 & & M
PR TE . (1) 5N AT 43 i v o i
T4 R adk FE RODggofl; Q)M SRR WIS
F,F,+ a- ETR,AWater-PAMll5E; (3)MDA % &
R AR B b 2 il 2, (4)SODGE AL
A B ) 35 1 SR P K% B 3 -NBT (A 5L Y U 15 )
R A f R ™" POD G AL W) ¥ 14 5% FH
A AEEN Y, CATCGS Ak S0 )T 1 % F4H
W ey Y, R o T v R P A B P e
AR TR AT I AR I e R AT I R .
1.7 HEESRETEN

DA 3 3R a ) 2 bR R RALTE B ROR, A
M2 R alf) 25 B (%) =[(Cy—C)/Cy]x100) 2,
Co N S HI LRI B 4% 2 adk FE (mg/L), CNEE
2 S0 5 B P H- 47 2R @A (mg/L) o
1.8 HIBEEIBS%H 0

K HExcel 201 3%} S 46 Ho4 247 8 71, ) H
SPSS 19.01E47 HHi 73Hr . B £dis 35 % FH 5. R 3R
77 Z 5 BT (One-way ANOVA) 775, K% 4 #ilfd H
OriginPro 9.1,

2 FR
2.1 FEERENFIEREE
AT B alifh O3RN B, 480 ik % 5

AR TR BB, X B L AR THW 4 A
THW7 I, R 40 IR A R S5 50 . FHaI M
FEAIEFTH DLLB ] AR A} T 220335 57 470 [ e v 200 L 1) 45
A R e T B RO RS, B L B 44 % 1 4l 55 77
VDN IN 22 PG BE Bl T SR K oIk 5 2 PR P T
RN R B o



640 K& A& Y ¥ 44 %

LB A4t 15 7= M0 LB E 4 £ 4h 35 F 1A 5
SR RIG AR, X R A I A R eI SRR
ST S AR S R T PR (B 1A), 5
FART A HRA(P<0.01). HFETHWTHILBR AR 41
FEPNINNFER G, B S R aIR RS N %, 28
2. 4. FORM G ROREEZMTHAMKA
(P<0.01). ORI 4 ZKak EN0.326 mg/L, N
WG 7K 11128.07%, A NT1.93%. LBAF
F R THWA I LBE: 7= W) 448 5 ik FE 1E 552 K i
B ANEFEEE T, 2dJE IR 5 R MR, Hid
LBZH N P 2 2 2 5 T W AR THWARE =) 2 1
TREEF(P<0.01). F6RFLBA MM 4E R aik
2H0.685 mg/L, ¥ #EE N E H41.04%; THWARE TR
(R 23 K a I FE0.891 mg/L, VA FE R N23.34% .

B AR THWA ) R e BN WS, M43
IR IR T, s S IR AR [F]; AR THW 7
3.5 -A .
3.0 +

25 1
20

1.5

-2 Haik &

Concentration of chlorophyll a (mg/L)

1.0

05

0

4.0 r
35 1
30
25 1
20 1
151
1.0
051

M-SR aifk i

Concentration of chlorophyll a (mg/L)

i} 1] Time (d)

1 PIRRANEE AN [ B SR R i B R
Fig. 1 Algae-lysing effects of different culture solution of two
bacteria in LB liquid culture
A. LBIAREFR40; B. LB {4 T 55 7740; $dls -7 Bhr v
7 (n=3) BARiE 7 BEAN R R ORAE A — R F AL A7 2 B 2 =
G
A. LB liquid culture solution; B. LB solid slant culture solution.
Data are presented as the means+standard deviations (n=3), and
different letters indicate significant differences among treatments
within a day. The same applies below

RHALE BN EEG , BRI B3k, 2R R aiik
FEIZWT T B (K 1B), & KT 6 AL R B R THW 4
R ZL(P<0.01). ZE6RS, AR THW7RHH
VML 2 3R il FE PR 220.162 mg/L, (NCNHTL6
IKFRI15.23%, T BERCR N84.77%

FREFEMNEE RS WEM AL
I ok W BRI TR E THW T NG-1, F PR, il
BEBE 4, ek K A B 1, BE R 2R R AR 2, BT
BN A G, el ANEW. BIRE. FIH16S
tDNAJFHIHEAT L 0 dr, B R G R B, e H
AR B R J& (Pseudomonas), 55 7 B 0 1 Pseu-
domonas teessidea type strain PR65T(AM419154.2)
HIE %k R (B 2), 16S tDNAJE K [ AE AL Ky
99.79%. H Bl A WL 2G5 PR AR S0 ) v Ve A e
22 LBEFEARERSHIESR

VRN 1 R VA TR NaC LV Y B0 9 20 8 v 2
SR fh, AN AR ORI R AT WS INLB YR AR 5 77 3 A
Pt RESEEUY) B 320 5 (1, 100 PH R R AR K 2 B
HlE AT (K 3).

i B $ BV 98 VR N 28 = A7 90 TP R 0
SE R RN IR ZH B AR K R UF, ODggo L ZR Tt 15 BERE
PEEUP ¥ 20 1) 8 B 2 R T IR IR G T &, 8
ODyg0 % 220.080( 1 4), & KT X ZH(P<0.01),
23 AEAXNSH

TRISAIAE F R SR I S i S R a2 91,162 mg/
Lo —J& G, o B2 2 KO R4 R4 B T
2H . 0 T 0 VR 2V D % o T e A K A7 B B SR M
R HEZ A, M RaKE D HIFF20.571/
0.443 mg/L, ¥ 5 F T X B4 (P<0.01), I #ERCE
73 N50.84%F161.84%; T 4% B 2 N S i B v
AR LA RN EH, 2k R aKE 5 X
FRAH AR — 2, TR 3 22 7 (K 5).

24 AR EENEIRENR

ERER R VIE S IEFEODgo N
0.254, M4 R alk ' N0.817 mg/L. X IR 38 A4E
KR K AT, ODggo FIT 41 K a il B IR T Ab R
YHOD g M I SE 2 al FE (AR A S AL, 1B 3T T &
(K 6), BELT XTI (P<0.01). Z510KHF, ODgg,
F%220.041, M2t Fa i B 220.046 mg/L, (NI
IKF115.62%, T T2 %1594.38%

RAERGEM 6 IE X R 2 A R AR
BRI R T, AL — RIS R KIS
BF JFy av ETR,—BE AR & /KT mHnE
METHWT I I8 A4, Fo/F s av ETR, S
HGE T B S 7), 28 E KT X R 4L(P<0.01).
MR F,/F AE 6 R FE20.032, A NI UG H Y
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Pseudomonas putida strain DNRS03

- Pseudomonadaceae bacterium FND-2
Pseudomonas koreensis strain YB1

I Pseudomonas fluorescens strain KBL33
88 | Pseudomonas fluorescens strain M8

1 Pseudomonas fluorescens strain K12
Pseudomonas teessidea strain B26

89| | Pseudomonas teessidea type strain PR65T
Pseudomonas sp. F54

10011 | rw7

82 Pseudomonas koreensis strain

L Pseudomonas moraviensis strain IARI-HHS1-33

Pseudomonas entomophila strain L48

Pseudomonas chloritidismutans strain AW-1

Pseudomonas psychrotolerans strain C36
9 Pseudomonas aeruginosa strain ZJU1
100L Pseudomonas aeruginosa strain LMG 1242

Aeromonas salmonicida strain CS126

100 Aeromonas veronii strain S7
57 EAeromonas hydrophila strain CCM 7232
74 Aeromonas caviae strain VS7

0.01
B2 WEAMETHWT RGK B W
Fig.2 The phylogenetic tree of the algalytic bacterium THW7

K LB e B I NaCl

B3 LBA A o i A A RS R
Fig. 3 Effects of different components of LB on algae growth

9.94%, 8K [ENE . ETR, MoftiRIHI AL 1hiK) MDAZERMENEFEE  WHAMDAS
it Ak 3 B 8] P B 46 BRAE, 282 % 49 il BRI 31k BIRA SRR — N EURKF; A FA MDA &
ISR 21.81%. 42.81%, \NEFARTTIE, LBk %= HIEFE2REEYIWREMT5.75%, 2d )5 & T+ &
o BR AR (Bl 8). ZARK AHAMMDAT & @ £V G 1E
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Fig. 4 Effects of yeast extract on algae growth

M-SR aik &
Concentration of
chlorophyll a (mg/L)

S = N W A B

b b
X RFAEEER LW ELER  HR
AP Treatment solution

Bl 5 VA2 BT THW 7S [R] b B VR IV 24 SR
Fig. 5 The algicidal effect of different THW7 treatment solutions

FI1.6215%, 2 & T X IR MDA & &8 (P<0.05); &
6 8K, MDA T & 7 Al It =i 2 41 4h AE 1)
199 2.771%, #5583 5 T % HEZH (P<0.01) .

XoT R A B AR — s Y Bl N B R, RN
RHHSOD. POD. CATIEM: 2T & 5 [
Rk H— B e TR, A CATIE ARk
B2, 2d DT B AR 9.4765 (K 9). ALEEEE
4K, 6K, SODIE ML Hl I+ B H K F 1
1.256% 1.73fi%, PODYE 14 535l Ft /3 W1 46 K P 1
1.90F% . 6.19f%, CATE 153 5 =1 W 4R 7K F 1)
HIUE K1) 7. 7645 F111.851%, 5 2 & T X B4
A A S B 14 (P<0.01) . ALPEEE 8K, SOD. PODiE
PE B ORIE R B, B4 5 R4, A PODIE A
VI HI3.080% . CATIETELE 558 K AR, 4k 4t

THE BV K 14,1565, B2 & T xR 4R
CATIE M (P<0.01).
3 iTig

3.1 AEENFERREFRANRR
LB 77 5 % AT 40 i 15 9 5, 2 T i
2 TR i B R TR I B AR . 2 MO TR Al R

1) LB s 35 5% 4 Tk e Y8 Y T Y 9 1, RLAR 2D
VEEBILBE R I A G BT oA e T A&
WA R, LBE IR 5 B — € M ERAE A, I
= BRI BRI U B AR e VS R . A/
-2t o TR 0 5 5 3 S R R ek
JE 23 T, ST R HYIEE{E1.650 mg/LI%%20.865 mg/
L, (H I AR H AT IRANIR TR RE . 53 B WF 7L
SRKG LB B F7 5V 0 28 B v R /R g onf B, (HR B8 R
L. e, X e S HR I P LB,
Fr BTN B LA AR AT O o g il G 5% 57 HELE 7 ik
VA A T I R R BT, 8 0 B TE R 3 T
I B SR B 0 R R R s, IR — 7 iR
AE I BRI 126 75 2 LB VA R V) VA B 1T, 2 ) e v
(YA TR S A0 o IR0 SR FH LB VAR A 2 5 R 4 ek
PR R VA T AT A AE 5K PR P 12 s 7 XU
7R 126 % 8 TRT P 573 — o 7 XA e ] A T % R
B LTV R B OB I TR B, B R A B ) A
KA LR E B R B B AR R AR
W5 P B 40 1 THW AR THW 7 (1) LB [ 44 4 1 4 1% 9%
YIRE R B R, 45 5 R BN BARTHW 7 B A ¥

HAER, ArE A I AR K, 5 RATLTER, i
08 ¢

-@— X R4
0.6 | A ghpRsH
0.4 +

02 r

H: & Biomass (ODgg)

F-} i) Time (d)

25 1B a
-@- % B2
A REPRYL

2.0

1.5 |

MR alf B

Concentration of chlorophyll @ (mg/L)

&} [a] Time (d)

6 THW7 (75 B VRO A 2 S B 9 A AR O R i
Fig. 6 Effect of THW?7 bacteria-free filtrate on the growth of Micro-
cystis aeruginosa, as determined by the ODggq
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Fig. 7 Effect of THW?7 bacteria-free filtrate on the photosynthetic

activity of Microcystis aeruginosa
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Fig. 8 Effect of THW7 bacteria-free filtrate on the MDA content
in Microcystis aeruginosa
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Fig. 9 Effect of THW7 bacteria-free filtrate on the antioxidant
enzyme activity in Microcystis aeruginosa
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SCREENING OF ALGAE-LYSING BACTERIA AND THE EFFECTS OF
ALGAELYSING ACTIVE SUBSTANCES ON THE PHYSIOLOGICAL
ACTIVITIES OF MICROCYSTIS AERUGINOSA

CHEN Li-Ting"’, ZUO Jun"’, SONG Li-Rong', LIU Jin' and GAN Nan-Qin'

(1. State Key Laboratory of Fresh Water Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences,
Wuhan 430072, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Bacteria were isolated and purified from Taihu Lake, where algal blooms occur annually. We used LB liquid
and solid slant pure culture solutions of bacteria to infect Microcystis aeruginosa cells, which resulted in the identifica-
tion of seven strains of bacteria with algae-lysing activity. The method by which the algae-lysing bacterium THW7
lyses algae and the effects of its algae-lysing active substances on the physiological activities of Microcystis aeru-
ginosa were preliminarily studied. The results showed that there was a risk of failed screening or overestimating the ef-
ficiency of algae-lysing bacteria when using only LB liquid pure culture solution to screen algae-lysing bacteria, and
this risk could be avoided by using the solid slant pure culture solution of bacteria. The algae-lysing bacterium THW7
indirectly lysed algae by secreting extracellular active substances. When treated with the aseptic filtrate of THW7, the
growth of Microcystis aeruginosa was significantly inhibited (P<0.01), and the algae-lysing efficiency reached 94.38%
on the 10th day. Additionally, the activity of the photosynthetic system significantly decreased (P<0.01); the MDA con-
tent accumulated; and the activities of SOD, POD and CAT generally increased first and then decreased and were signi-
ficantly higher in the treatment group than that in the control group (P<0.01). The algae-lysing active substances
secreted by strain THW7 may act on photosynthetic system II of Microcystis aeruginosa cells, thus preventing electron
transfer and inhibiting the photosynthetic process. These substances also induced oxidative damage in the algal cells
and destroyed the integrity of the algal cell membrane to achieve the algae-lysing effect.

Key words: Microcystis aeruginosa; Algae-lysing bacteria; Screening methods; Algae-lysing methods; Physiological
activities



