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Abstract: [Background] The frequent occurrence of harmful algae blooms causes serious marine
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ecological problems, which not only directly affects the stability of marine ecosystems, the sustainable use
of marine biological resources, and the healthy development of marine aquaculture, but also lead to a
serious threat to human health and even life. Efficient algae-lysing bacteria are one of the effective tools to
control harmful algae blooms by biological methods. [Objective] Isolation and molecular identification of
algae-lysing bacteria with high algicidal effect on Skeletonema costatum, and studying the algae-lysing
mechanism of this strain and the characteristics of algae-lysing substances secreted by algae-lysing
bacteria. [Methods] The 2216E plate dilution method was used to isolate and purify bacteria. The 16S
rRNA gene sequence was determined to identify the bacterial species. The cell concentration was
monitored using microscope for both control and treatment to calculate algicidal rate. The algicidal
progress of challenged S. costatum was observed by scanning electron microscope. The algae-dissolving
process of S. costatum was studied by using conventional physiological and biochemical methods to study
the characteristics of algae-lysing substances. The molecular weight of algae-lysing substances was
detected by dialysis bag retention method. [Results] A high-efficiency alginolytic bacterium FDHY-CJ for
S. costatum was isolated, which belonged to the genus Alteromonas (Alteromonas sp. FDHY-CJ). The
72-hour treatment of red tide algae by this strain showed that the algae lysis rate was 95.45% against
S. costatum and less than 40% for other common red tide algae. Algae-lysing FDHY-CJ lyses algae
through extracellular secretions. The algae-lysing properties of algae-lysing substances are not affected by
repeated freezing and thawing, but are sensitive to acidity, alkalinity and temperature. Scanning electron
microscopy observations showed that the algae-lysing bacteria’s algae the substance directly dissolves the
cell wall of S. costatum, causing the siliceous shell to open and the contents to flow out, then the algae was
lysed. The algae-lysing active substance has the characteristics of being precipitated by ethanol and ethyl
acetate. [Conclusion] The algae-lysing bacteria FDHY-CJ has specific algae-lysing effect on S. costatum.
The bacterial algae-lysing was indirect algae-dissolving through secretion, and the molecular weight of
this compound was between 3.5 kD and 10.0 kD.
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Note: +: Positive; —: Negative.
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P FDHY-CJ TR AR B ik 96.0%, Libil
MIFHERN 84.0%, DAAHMIBSAT — LSRR, W
RN 26.0%.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3532 (G ESTE Microbiol. China
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1 REBFE Alteromonas sp. FDHY-CJ #F 16S rRNA ERFHIHWEMN R KL B W

Figure 1 Phylogenetic tree of algicidal bacteria strain FDHY-CJ based on 16S rRNA gene sequence
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Note: Support of nodes >50% are shown. I: Gammaproteobacteria; Il: Cytophaga-Flavobacterium-Bacteroidetes. The bootstrap values are
shown at the node; Bar 0.05 means the nucleotide substitution rate of 0.05.
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Figure 2  Scanning electron microscopy image of Figure 3 The algal-lytic activity of FDHY-CJ against
algicidal bacterium FDHY-CJ several harmful-algal-bloom forming species
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Figure 5 Algicidal rate of S. costatum with different
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Figure 6 Scanning electron microscopic observations of S. costatum attacked by FDHY-CJ

A g0- B 90 1
80 - 20 |
=700 70t
< 60} + < 60| : :
2 2 5
g 50t g S50 I L
g 40t T 40
230} 5 307 l
<20} <20t
10+ 10
0 : : : : ) 0 : : :
80 20 40 80 120 3.0 7.0 9.0 11.0

Temperature (°C) pH
7 AELIRE(A)FELRE(B) R AL FHIE M FDHY-CI RT3t b i & KR aA R MR

Figure 7 Algicidal efficiency of FDHY-CJ metabolites treated with different temperature (A) and pH (B) conditions on
S. costatum
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Figure 8 Algicidal efficiency of FDHY-CJ metabolites treated with different treatments
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Note: A: Treated by lead acetate; B: Freezing and thawing; C: Extracted by organic solvents; D: Treated by UV.

Vs i A T 38 M T X T B 2R T TR R
RANE 9 Fros, AR 43 4 04 3F A 48 %)
FDHY-CJ LI #ATiE T, i/ T MwWCO
3.5 kD WYEMTAE, AIF TR H IS AV B
I 2S5, BEBE T AT A b A ROE
BT, AR S FE>3.5 kD;
P T MWCO 7 10.0 kD IS HT4%, B
WSRO AL T EMET, Ui FDHY-CJ A
BB R B RR, 43 F1E<10.0 kD, £ B
W, R BT BE R K R EESS, TR R

HH

40 +

30 1

20

Algicidal rate (%)

CK 3.5kD 10.0 kD

B9 B FDHY-C)AEEMHATNDFEEHE
Figure 9 Molecular weight of algicidal compounds of
bacterium FDHY-CJ
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3.5-10.0 kD Z[A], %I B BT H HER Y 5 1
R H A 7 2 (4 SDS-PAGE 45) AT 5E .
3 Wik

K RE s R BN, ER02R LR
HOEE M E IS R I o TR T 1] v A2 B i
Bera 8 )y AT AN, B
(i AR 2R T2 ST g AR vk HEAT AR A
printR b E m e R EP P e g —t
A MR 1 2 2 R o e A 1 1022,
LI I 2% 7 3 A ) A 0 ) ARk g
AT B — X R I AR R R T RO T
BE, BTy NP AR, IR
VS BRRE LV B AR DA B T Ay B EA T T
WFFE, LA A 48 705 V5 B T X L s S A 8 1 8 4 1

PLHEBES %
1T BT 41 3 A B B Xt T G b TR Aol 1 7 38

VEFA— AP LA FR S vk, A S B R I 8 1 Y I L
Bz, RENSTRIR R 1SRRI Zhang %543
B PR B Y42 X 2R AR e B —
EEESEEM, Paul /e Kordia algicida
HRAT AR B — PR i B ST 3 Rl sE R A —
SE BT P X e R A EE A 1 T R A
SO SR A S T R S R FL AR A, AR
VAR ST A R A R . A R PO T
PR LP-10 X} 25 FhieEfhibt s T s, AKINHE
I H AP BRI AR 4 6 P TR TCR, A
20 FlsE JLTP-BA TR AR . Kim 200 B e A
PRI T 350 07t R B M — O E R, Pokrzywinski
2215 B 53 A TR IRI-160 {00 F S Al L
B B VE BRI o X R i R T
P AT Ve AT X RO s A T
B S TR R R R B A 1 2SR R LA IR Y
R A RPN (RN R G, WU S
ANTH 22 FLAT ) iV R, T R S AR AT
% BATF SRR BCR P AW R B v
PETR FDHY-CJ A6 Hh il B 2 3 HAT e R 1 e i

P, X HARE UL, AR K IR
TSR | A AV RS R A, XTI
J& TRk ) = A T8 R IA BR WA 18.11%,

LI BET FDHY-CY RI/F AT A 5 Bl v 2%
BRI A

AW B AR BB FDHY-CY J& 152
s MU T & (Alteromonas), 1%JE AN 2T RS
HiE R Z SRR —, R
B o B R RE 22— 0 SIS 0 200 T R R VTR
W R B DA 56 3 LW B ELA VR S T B0,
A 4 57 1 I A O A A L 2 B
F A b an K e R HRTE & %
F9 200 1 BE A T AR O SR 0 35 46 Y B3R
BB K AR AR S RO R i
B DA 1 BT 2 22 O 4 WA L A T R A o DA R fi
R o ) 3 TRT K43 T R B B LRO3°) L AR S g 25
RBIR FDHY-CY B9 BAE F &l o A2 i ey
2, P 7 A K AR B AT I B, o TR
3.5-10.0 kD Z[al, 33X it — 2L WF ST B A A e
HARBENEAESE T RIFRBFR AL

4 B

(1) 43 B85 itk FDHY-CJ R T30 & S T
J& (Alteromonas), % REMAF EL 2911 L A5 2o Al
MG, 48 h TREERIK 95.37%, ky HAGHGE K
TR S RO B R —

(2) T FDHY-CI Bt R, X
Sl HA T — VR BERCR XIS R 3 A HoAth
BB WA R

(3) WA FDHY-CJ 18 i Mg oMoy i iy ] 42
B, HOCIA AN RRE . RS E R
BT, FIRESE/KARREZS, 4> 57E3.5-10.0 kD Z[H].
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