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FE  KHF R L4k i I 3 (Scrippsiella trochoidea) . & & 4% /) 3K # (Chlorella pyrenoidosa) . 11 2
i 3% (Scenedesmus quadricauda) . 4 4% /1N F # (Cyclotella striata) fF 4 5236 3 ##, 4 9% £ 4 10’ CFU/ml
B E MR A3 25l N 4 PRy A R . 2 R RA R, 3 HRRAER Y, 48 hWER
AR T EAERE, CRAMN10d, UHERXERAI X4 HERNEERR, SR8 T,
ERMEL Y, MEASRTREAR TS | RAFEHENE, ARAKEH, &5 KM ER
B, %10 KA EEH 7.07x10% cells/ml, & 2 1% Tt ¥ 4t 2.90x10* cells/ml (P<0.05);
IR, mEHAE AR EEEHSRETE, £ 10 REHBTE K 2.58x10 cells/ml, £E &
T B 4Lt 2.09%107 cells/ml (P<0.05); Aot 41 00 RARE A AR 2 %, ST BA%E M T E L
EEFZR(P>0.05); MEHALUNREEE TR 8 REM, 5 10 R3TEB4 5 In 4 3% 2 8 % 4 41
F 4.38x10° cells/ml, 1.78x10° cells/ml, Am B 41 3% 40 1 55 & B 2 1% T % FE 41 (P<0.05), B4 % L5 b,
WAk A3 A MENEERREGEMEEZREREN, Wik A3 HHERITKELAKEARENE
BER, MEARNREE DREMELKEER, AASITELEKEARGNEEER . AR K
W, WAk A3 EEEEREN, RN KEEH T EWEERER, Tt 3 FhE T %A R
VAR A AT R B
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HER 3 G 3 (Scrippsiella trochoidea) 25 4 2 H 35 G FET(Linares et al, 2009; FKIHAE, 2012), LR IFF
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M ORI i T4 FA= Y o e e o Fe s i
X A W Fol i TV 5 4 S K AR PR B i RS e 2
WA (BZEREESE, 2010). K, 0 T8 RIFHIF-5E
IS, T B AR A A, JEHERE L
R REREAEON R R AR s E R o

X TG YL | fh2r | AT E ] S g s
FE(ERE, 2014Y; Bao et al, 2013; Accoroni et al,

2015), WEEAMEEREEA RS, K. BRI
SEUUAT, HAT S HA ORI A Y

BT PR R A AR, A2 Bz 50
(FE% B, 2010?; Jing et al, 2014; Hare et al, 2005), HT,
IR s i A A R 4 R P A o R A T A
X H VR AR . VERIAILEI 45 J7 THi(Yang et al, 2014),
i Z B RE SR A I E A FE TS S 0 R IO T R T 1Y
L[E BT . KA T ] TR A K A, s A TR
TEA R A E BRI, 2w AR R4
B ORESE RS, 124 1k MR GRS A I ORI

R R B 3 2 7 B b 0 1 R DA R I
CRAEIESE, 2007; FRHDE S, 2009), 2 AZ/NBKE
(Chlorella pyrenoidosa) . P4 F #if % (Scendesmus.
quadricauda) . 2x40/NER 3 (Cyclotella striata) 7 3556
WIE AT, AR E, BAME . SEEEsF
BT A A KR PR BE SEVE T, 1 i ok B st R
SRR AR R FPUZEATSE, 2011; BAT55, 20107),
WA SR, REREAKEIRE F, R 5 (Gymnodinium
aerucyinosum)&FFH IR /K HIE . UM . SRBUNA SRR
|5 Ry s =N A N R ) VA= B 5= e s N 03 127N
HrICHE S | SRR/ NEREE | SRBUNR RS TE AL
PBh(FE L, 2013Y; XUZEATAE, 2011), (RIL, ARBFIOK
HEAR T QA A ERAD , SR80 NI A ik AR
Flv, SR /INEREEAE R = R B K R SRse A 3R, U 2l
BAE AR B ARG AR, IITHRTEA S ANTE A3
(T SCTRIFRTR AR A3)REAS ] R B K A L3 A i 7 e
PE, AFRFEKIARAG F BB R 120 i B AR

1 HHEH%
1.1 SEIedfl
HEEERD R HEIRHTICHE . RBUNREE . B

1) FEE.
2) fixRE.
2010, 32-42

PRS- 3R

ANERSE . VUM, R DK PR A S B R VK
PR it . SR Y R ER IR 2 BBk 1R,
2010)”, SERRIEEELH 70 pmol/m-s, JYEISEEMI 12h
12h, A 23C,

SCHTRAR A3 MHER T P h s RS (K AR,
2010)”, &R KK A S T, 2% %8
F T %)@ (Marinobacter) .

1.2 BE¥k A3 &KL

PR A3 fE O 2216E WRR: 353k 28°C |
250 r/min FZ¥%5 5 5% 48 h A 2RI, RIS A
TGP AR . B2, & 6 h BURE,
PR AR E R R I, SR EIN 5 do LIBIRE
PIXTECH B AR B R A AR, il AR K k.

1.3 HEHAIREIR

131 Bi&H % BBk A3 1E 2216E WA 35
Jrp 28°C | 250 r/min K537 48 h 15 R T, FIHF
MR AT EGA TR AN R B, FTCH 2 B3R ok
TR B LMk i 108 CFU/mI B TR o

132 AEERFE WAL T 0 B R I 4 F
BB, % 500 U/ml MRIEMAERER . IKKH
AR, FIMERRGVAERZHIT LR, &
PRI ] S 4—8 h (FRAR, 2010)7 . WAL S (38 A
EOE T, 1800 g/min B0 5 min, IR, T
VELLTICHE 172 BEFR s, KAV 3 &k, 2T
VE BTG £/2 B R B R R 7 o

133 W A3 BEFRER MR 1 ATLIES, k&
4 FPEABE RIS IR | 2 MhEIR A RS A 3 FhEEIR A
W RS, SCIAE 25 ml B =Ml EtT, &
AT HONEEA 9 ml FJCHEERL K 1 mlkE K 10° CFU/mI
FRIAR A3 TR IS LB, IR ZH PR A3 SRk
JEoh 107 CFU/ml, X BEZH LLSER A JOr £2 5535
MR W, 4% 3 AT BBl T 23C.
ISR 70 umol/m-s., YEREEWIN 12 h 1 12 h £&4F
TRESR R E R RS R FRI 2 W, SEER SR 10 d.
HIA 2 R, A5 48 h BURE 1 1R, SRR 5% P [
FECRARIESE, 2007), WA T WSS BN T A5
Bk N7 3 A4 M B B (k1R , 2010)°

PHBEAENH WL A L W) RS TE. T BB B R (AT S B A AIT T AR ~2 A8 3, 2014, 49-68
B R O AR PR £ e DL T X R AR S B SR AR AN B DS AR R S AR 2 R

3) BXTIGFES. AEYITR RIS SRt K B R I I R S R AN . A PRl KA RS A SRR ST, 2010, 22-42
4) PSS T R AN UK AT A B S5 A S K B, RIS K2R AR L ST AR 24 08 5, 2013, 17-36
5) RAR. FRIENEPRAN A S AN ITST. R KA BT 9T A 247 18 3¢, 2010, 21-75
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Tab.1 Experimental design
T3 A Inoculums amount of microalgae (cells/ml)
e -4 Groups HEAR I F BN B /R D A
S. trochoidea C. striata C. pyrenoidosa S. quadricauda

HER TG S. trochoidea 1.44x10*
ZBUNAEE C. striata 3.51x10°
M % /NER T C. pyrenoidosa 3.28 x 10°
Py M S quadricauda 1.60x10°

NS Sy 3
RS RN AR 1.84x10* 4.53x10°
S. trochoidea—C. striata

1o S S
BARGT AT A BN R 2.06x10°* 120 x 10*
S. trochoidea—C. pyrenoidosa

L ST, S i
HER S-S MR- BB oo 6.5310* |20 % 10°
S. trochoidea—C. striata—C. pyrenoidosa

NS Shr > S s
HEAR IR B 34 50/ N R - FE 5 36x10° 7 00%10° L 27x10°

S. trochoidea—C. striata—S. quadricauda

1.4 HiEALIE

SRR T Excel 2010 AbFRAEE, SCu 4 5

FFA it 10 d, WiEs P, XTHRZ%
R ML S 58 (K 2-a, 8] 2-d. K 2-f, ] 2-h),

DL 2 (8 45 U 22 (Mean=SD) £/~ . G114 B % H
SPSS 19.0 # {4, FIJH 8 H F J5 2 43 H1 (One-way
ANOVA)F 1722 5 W E 0T, P<0.05 MHEA BE

%EO
2 HRE5HW
2.1 HEHR A3 EKHLZ

Rk A3 IYZEREH N 0-12 h, 12 h J5 3 AFE %04
KM, 36 h Gt AfaEW], S4h 5t AT 1),

12 -

10

& Lg Bacteria quantity/(CFU-ml ™)
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The growth curve of Strain A3
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Fig.2 Morphology of microalgal cells affected by Strain A3

a. WILAHEIRETECHEANNGE; b. 1 d RHHERRITICHE; c. 5 d IP4RIR
HrIQEEAL s d. WA ZRBUNREEANND ; . 8 d I 258U INERBEAN
Jis £ PIRGE VYRR EEANA; ¢ 10 d A DURRMRSEANNG ; h. WILhEE
FURZ/NEGEEZN s 1. 10 d IR A%/ NERBEA i
a. S trochoidea at initial phase; b. S trochoidea at the first day;
c. S trochoidea at the fifth day; d. C.striata at initial phase;
e. C. striata at the eighth day; f. S. quadricauda at initial

phase; g. S. quadricauda at the tenth day; h. C. pyrenoidosa
at initial phase; i. C. pyrenoidosa at the tenth day
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N0 BT ZEL A PR BT Qe A 58 1 R Ras ok, 4l
MIHL AR (] 2-b), 55 5 T 40 MR 24 1% f# (K] 2-¢);
TR BUNRIE T 8 KIAM (K 2-e); HNE 4L
MM E A/ NEREEA L SRR, HikE A3
XFH TG B R (B 2-g—1 2-1)

222 T A3 EMEAREAKGYR FK
A3 X BAFP R IR AR K AR LI 3 R 3 RTLLA
HH,ORT HE ZE AR 0T DG 388 41 i 2% AR S T s i R B
PIEEEEUERTARN 5 <E e R (P gl Ry
TR IYT I 3 20 M % B 40 B 2.90x10* cells/ml
7.07x 107 cells/ml, il 25 35 40 i 4 3 b 25 (1 X6 R
ZH(P<0.05), ULHATER A3 XTHERIT ICHE HA W a
PEAEF 5 X HR 4 5 00 T 4 2% 80/ IN A g 0 i 2 T 4 B e
THE G AR RS, 55 10 KX A 54 480N R
PEAN PR BE 3 9 K 4.38%10° cells/ml . 1.78x10° cells/ml,
IR 2 7 A 3 R IR X AR (P<0.05), {HLILAT
SRBUNABEAN M B AR, P, TRTRR A3 XFARAL
JINPR TR () VS A PR 55 5 ) R 4 5 0 T 4 B 1 /N BR
AN M Y 2 B A R TR, 5 10 RXTIRALS
TINERTZH 2 A%/ NEREE AN FE 43R 2.09%107 cells/ml
2.58x107 cells/ml, P, BFEkE A3 X8 (% /INER TG

47 HERINIRIE S trochoidea
—— i} i 2H Control
3| =t A3%H Group A3

B

Microalgae density/(x10*cells-ml™)

4 6 8

0 10
B[] Time/d
= 3500 - FEA/NEREE C. pyrenoidosa
—— X B4 Control
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2100 |

Microalgae density/(x10*cells-ml

1400

700 |

4 6 8
Fis} ] Time/d

B3 TR bR A3 XL SR G DR T FC 3 |

10

VAEAE T s SO HIIR], X R 2 5 D R A 41
EERI R ST R RIS, 55 10 R0 IRZL 54
AR E /3 N 1.75%10% cells/ml. 1.68x10* cells/ml,
VBT 2 5 0 e 2 s A 22 B TG W 2 22 (P> 0..05),
FIR A3 XU R AR K TG BB . 4538, 76 4 Ff
BRI RE SR AT, TR RR A3 X HEIR I G B
FINGBEVE T, XA BUNR A K B 055 T AR
X PRIk 5 Y R R e A .

223 Bk A3 2 HRAMEEARG YA HkE
A3 GFHERIT G5 28U N B A B 3R AR K5
WK 4, NE 4 TLIE S, WA SR, XTI R
$0r G 8 200 it 2 S S R A T R I 2 A e
EEENTRBEE, L8 10 Xk, XA 5mE
AN B3 3 2.43%10% cells/ml . 3.93x107 cells/ml,
JOTTRT 2 35 440 2% R K T IR A.(P<0.05), HUIEA
HIRA BRI AR IR 0T FC R AN M 8 R ARG, Rk, PRI B
A3 GHEIRINT Gl A B 3 SR s XRS5 m
R 2H 45 S0/ IN R SE A I 2% B 8 S S T I R R

5510 KA, X AL ST 4 A B N R AN 2% B 3 )
# 6.07x10* cells/ml. 2.87x10* cells/ml, JIIFH2H 320 iy
25 I BT R IRAL(P<0.05), B, I LR SR
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Fig.3 Effects of A3 on the growth of S. trochoidea, C. striata, C. pyrenoidosa and S. quadricauda in
the microalgal monoculture system
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Fig.4 Effects of A3 on the growth of S. trochoidea and C. striata in the microalgal mix-culture system
AR BUNR BN N B RSO B  , RG, BbR A3 XE 224 Bk A3 P 3 ARASMEAKRGYG Fk

ZRBUNNEE VA SRR S . S5 IR R, TEHEIRINIC
HHASUNAEIR G RAMT, Wbk A3 XHRRET
IR AERKE A WEMERIEN, X RSUNEA KR
AR S

R A3 XHHEIRIT G 5 R A%/ N ERBIR B 15 5+
AP AR ILE 5. KL S nRAEH, X)L HE
PRIUT G PR 20 M 2% B SR 2 TR n e 2 40 B o
EREN TR, ESLIRE 10 RS, XA 5
ZH AR RS9 h 1.92x10% cells/ml. 1.36x10° cells/ml,
JINPE 2H S AN A I X IR 2 (P<0.05),  ELINTRT 4
TR SR P AR QPR g i 28 B IR, Pk, TAPR A3
XPHER T ICHE A W e /e s SCOR AR, X RIRZE
SR AR A% /N BR A M A 2 W BTG
B 10 KIMNTE L5 X BE L B 1A% /N ER v 20 i 2%
A5 7.40%10° cells/ml, 7.77x10° cells/ml, FHit, Bk
A3 MR AR/ E R O s E I . R BoR, TEHE
PRI CHE S AR/ R IR AR SR AT, Witk A3 1]
VI S50 A PR 0T D38, X8R AR/ NERBE T R

w
1

HERIT R S. trochoidea

—t— i} I 2H Control
=t A3% Group A3

'R

Microalgae density/(x10%cells-ml™)
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(=]

(=]
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10
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TR
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A3 WPHEIRETICHE . RBUNAREE . DU RMHETR & 155
KA ILIE 6, MIE 6 FTLLAE H, XiF B8 2H MR i
[ P88 240 i 285 B S VAR I gl a4, T 2 AR B TG o
YA B R I R RS, 5 10 RAF, XTHRALSm
TAZH B 2R BE 291 h 4.92x10% cells/ml ., 31.00 cells/ml,
IR 2L bR G 35 A4 i 22 R W IR T X R, R
PR A3 SHHER I I3 AR K B W I e eI s X iR
2H 55 B AL SR BN IR B A % R ) 2 R Rk g, X R
S 4 d e TR S, 510 REF, XFHE4
SN A B0 NN 53R 5.13%10% cells/ml
1.80x 10" cells/ml, F2 8K I IH I 8 21 4% 280/ INFA356 41 Jfd 4%
JF W A TR BEZH (P<0.05), (B0 B 2H 45 80/ N R4
Mg e AR R, L, TRRR A3 X ARBUNA B 7
VeSS ; SCueHIla], o A 20 55000 1 26 DY A o 4 e
55 SL I Sk, B 10 TN IR 2 55 4 3 400 A
SR 1.27x10% cells/ml, 1.20x10* cells/ml, XJR&ZH 5
A ZEL A % B 2 SN 1 35 (P>0.05), RIL, TEIAR A3
X PO R E IO AR T . SRR, HRk A3 7EHEIR

1000 -
EH/NREE C. pyrenoidosa
800 -‘_er.;qﬁgﬂ. Control
—dr— A3%4 Group A3
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Fig.5 Effects of A3 on the growth of Sitrochoidea and C. pyrenoidosa in the microalgal mix-culture system
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Fig.6 Effects of A3 on the growth of S. trochoidea, C. striata and S. quadricauda in microalgal mix-culture system

F
_
=S
=

Wy Q2R U/ D IR BE - DU R A R 5 B, T LA 2K
TR TR T QB W 2R BUINIR R A RV A A8
X P FE I e A A

FIAR A3 XPHERITICH: . ARBUNREE . HE /D
PRBEIR G R AR IR WL 7, & 7 0l LUA

AT, IR 2 2 B0/IN R AN 2 B S IR HT 6 d Sk Eh
e, 6 d IFRREN TGS, 5 10 KXHAS
T 4 35 40 0 25 BE 43 9 5.47x10% cells/ml, 3.27x
10* cells/ml, SR N T 2H 3 40 it 55 13 o 350K T BR 4
(P<0.05), {F T 41 TR A P P 45 B0/ NI o 200 i 28

XoF R BRI L A % B2 S 00 T 6 d S AR sh AREGE, B, TEbR A3 XESRBUNA B EEAE
B, ZIE R A, T 2 AR I TG A B85 5 X HRZH 550 T 4 B A% /N Ko 40 i 2 44 4
g R I R T R, 2B 10 KRBT, XRS5 F)_ LT S5 10 O B2 55 2 3 20 B 28 B oy
TR 2 DR 30T G 88 40 i 23 433 R 8.17x10° cells/ml WA 2.85%10° cells/ml., 7.74x10° cells/ml, [Htt, Btk
2.83x10° cells/ml, Ml B 2H 3% 200 it 23 P35\ 21K %o A 2 A3 X R/ NR BTG E R . 4R BN, TARR A3 7

(P<0.05), ILEF, e 2R A e v Hh e R 30T G e 4n i
BRERAR, Uk, TERE A3 XFHEIR G B W2
VREAEFH 5 R B ZH 2% 50N R 40 it 2% 5 5L S22 1 e 5
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Fig.7 Effects of A3 on the growth of S. trochoidea, C. striata and C. pyrenoidosa in the microalgal mix-culture system

3 it

R BT I 988 S5 A 3 Sl A o W 5 B b 9 v A
W, G ) 35 B 1 VS M (TR S, 2009
Alonso-Rodriguez et al, 2003), H{T, ] % B
P R MI g 2 A Rl . AN ZE R S (2013) NI
WRCR T TR ST T bR N3 X H bR 0T G 38 % 5 75 B
FAA PR o Su %5 (2011) I BEHIL I 75 R 55 & 2R

9 FIIABER : A HRE B M 14 (Pseudoalteromonas sp.)
(strain SP31 5 SP44). #Z# Hijifi T (Alteromonas sp.)
(strain DH12 5 DH46) . ¥ i (Idiomarina sp.) (strain
SP96). N (Vibrio) (strain DH47 5 DHS51). hujid
# (Halomonas sp.) (strain DH74 5 DH77)#R 38 i3 43 1
VA 3 ) o ] 4 i i B B 7 1l R (Alexandrium
tamarense).. Park 45(2015)#5% T ZHiEi4#(Cochlodinium
polykrikoides)/K 5% Ko Z i . Z& K WIE] . %Kk Z Ja K
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PR R RO AR 5 e O S e 2 i) A A B SZ R PR
AT UL, A P AR P i B 4 H e A A
S T BECR | B EEILE . B A B R E T
TR, 7R P 3 8 B B 45 PP X O B ol 2 el A AF
FE M)/ WARIE (Chen et al, 2014; Jauzein et al, 2015).
HHFFERI, KA R R VR i e ELA R K
PRI SRR A K S E I (B B, 2010Y; BEHRHY,
2013%; XHT, 2014%), B, 76 S B A
TP, R I RO R ARE e AR 5T, X T
KA B R S R R RO R
R B AL — I, KR B R BRI R
1 Fhak 1 253 (Hare et al, 2005). Guan 25£(2014)JFJ& T
VA LP-10 X4 3% i (Microcystis aeruginosa) , i
il /NERGE(Chlorella wulgaris) . = #6157 (Phaeodactylum
tricornutum) . H 7K B ¥ 3% (Asterionella japonica) . %%
R 11K (Alexandrium minutum) . £/ g 1k
# (Alexandrium minutum) ., 77 5 FF %5 (Prorocentrum
micans)&F 24 FPEEE . SRE . REBE . W SIS AR
5%, RIL LP-10 {O Ry 1 K e . BE 3 J7 1Lk
LT B UM I REE . HAR BT S AP
WA SN EERCR, X S FisEh A 4 FhsE T
F9EME, Pokrzywinski Z5(2012)WF98 &I, V3T
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Characteristics of Algicidal Activity of Bacterial Strain A3

XI Jianyunl’z, CAO Yuchengl, XU Wujiel, HU Xiaojuanl, XU Yu', XU Yunna',
LI Zhuojia', WEN Guoliang'", LI Shasha'*

(1. Guangdong Provincial Key Laboratory of Fishery Ecology and Environment; Key Laboratory of South China Sea Fishery
Resources Exploitation & Utilization, Ministry of Agriculture, South China Sea Fisheries Research Institute, Chinese Academy of
Fishery Sciences; Guangzhou 510300; 2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306)

Abstract In this study we performed a series of experiments in order to find an effective control of
dinoflagellate in microalgal community of the water environment. Scrippsiella trochoidea, Cyclotella
striata, Chlorella pyrenoidosa, and Scenedesmus quadricauda were used as representative microalgal
species in this study. Strain A3 was added into either monoculture or mix-culture systems of the four
microalgaes at a concentration of 10" CFU/ml, and the morphology and cell density of the microalgae
were analyzed every 48 hours for 10 days. Treated with A3, S trochoidea in the monoculture system lost
the motion activity on Day 1, then they inflated and finally lysed on Day 5. The cell density of S
trochoidea was 7.07x107 cells/ml on Day 10, which was significantly lower than that of the control group
(P<0.05). Morphology of C. pyrenoidosa was not affected by Strain A3. The cell density of C.
pyrenoidosa was 2.58x10 cells/ml on Day 10, and it was higher than that of the control group (P<0.05).
Morphology of S. quadricauda was also unaffected by Strain A3. There was no significant difference in
the cell density of S. quadricauda between the experimental group and the control group (P>0.05). C.
striata lysed due to the effects of A3 on Day 8, and the cell density of C. striata in the control group and
the experimental group were 4.38x10° cells/ml and 1.78x10° cells/ml, respectively. The lytic effect of
Strain A3 on four microalgal species in the mix-culture systems was similar to that in the monoculture
systems. These results suggested that Strain A3 might have strong lytic effect on S trochoidea in the
mix-culture systems. However, Strain A3 did not inhibit the growth of S quadricauda and C. pyrenoidosa,
and had weaker lytic effect on C. striata. Therefore, the algicidal activity of Strain A3 was highly specific
to S trochoidea, and hence could be used to develop probiotics against dinoflagellate blooms in
aquaculture ponds.
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