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, Eschbach  (2001),
0.lmL, 0.1mL 20mmx20mm 400uL ,
R 200 , 3 ( 10%, Smin, 2s,
( , 1997, , 1989) 1s),
x1 ORI EMHERE
Tab.1 Sample density of the four Karenia species
(x10%cells/L) 2.46 3.26 1.80 4.38 35.06
*2 REIRZFEANRVMBREE
Tab.2 The initial density of each group before and after being mixed
(x10°cells/L) (x10°cells/L)
A \ 1.63 \ 2.19 3.82 \ 2.40 \ 4.25 6.65
B 1.23 1.63 \ \ 2.86 2.80 1.90 \ \ 4.70
C \ 1.63 0.90 \ 2.53 \ 2.80 0.60 \ 3.40
D \ \ 0.90 2.19 3.09 \ \ 0.70 2.50 3.20
E 1.23 \ 0.90 \ 2.13 6.75 \ 2.30 \ 9.05
F 1.23 \ \ 2.19 3.42 3.00 \ \ 2.35 5.35
G \ 1.09 0.60 1.46 3.15 \ 4.05 0.40 2.40 6.85
H 0.82 1.09 \ 1.46 3.37 1.05 0.90 \ 1.15 3.10
1 0.82 1.09 0.60 \ 2.51 2.50 1.05 0.55 \ 4.10
J 0.82 \ 0.60 1.46 2.88 1.65 \ 1.15 2.15 4.95
K 0.62 0.82 0.45 1.10 2.98 2.45 2.15 0.90 2.55 8.05
:A—F G—I: K
1.5 :
8g NaCl 0.2g KCl 3.58g Na,HPO,4 12 H,0O (%)=(As—Ab—Aa)/Acx100%, (2)
0.215g KH,PO,, 1L , 0.1mol/L , As: 150uL 150puL 0.6%
HCL pH 7.4, ,
4°C ; Aa: 150pL 150uL
8.775g NaCl 0.238g KCI 0.15g MgSO, 0.6%
0.551g CaCl,'2H,0  1.476g TRIS 1L ; Ab: 150puL
, 0.1mol/L HCL pH 7.4, 150uL
, 4°C ; Ac: 150puL TritonX-100
EDTA 150uL 0.6%
100mL, 800r/min , 10min
R 0.6%
(2007) (%)= + (3)
150pL 150pL 0.6% 1.6
1.5SmL ; 20°C, origin 2018 , SPSS
100pmol(m®:s) Sh; 20°C,  ANOVA LSD ’
3000r/min, 10min, 414nm
3 +
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Fig.1 The images of strains of four Karenia species
a e ;b f ;cog ;d he
a—d =2um; e—h =10pm
2.2 4 3
3 5 >
: 2 3 E (0.48/d), G K
10°cells/L , , 0.26  0.29/d
107cells/L : : -0.21—0.22/d -0.05—
0.58/d -0.27—0.31/d -0.20—
, 0.30/d E 0.58/d,
( 2a); (0.48/d),
(  2b) ,
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, (-0.05/d), s 3
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Fig.2 The allelopathic effects of four species of Karensis on other algae
x3 4MIEEFRESH LERKER
Tab.3 The growth rates of different combinations of four Karenia species
ZAEERIS
R (/d) A B C D E F G H I J K
0.53 0.13 0.05 0.18 \ \ \ 0.3 -0.2 -0.15 \ 0.09
0.49 \ \ -0.14 -0.08 0.31 \ -0.27 \ -0.16 0.08 0
0.48 \ 0.27 \ \ 0.57 0.3 \ -0.05 0.07 0.1 0.05
0.51 0.22 \ \ 0.04 \ 0.02 0.03 -0.21 \ —0.01 0.05
\ 0.18 0.17 0.1 0.01 0.48 0.15 0.26 -0.03 0.07 0.18 0.29
60
2.3 b
4 ( sof @ 46.36 c c
, 4 - |43 [F
) E 40t 37.02 3781
e = -
R
(46.36%+1.02%), (42.33%+0.66%), o sor
(37.81%0.82%) (37.02%+ ‘% o0l
<
0.64%)(  3) .
4 1or d d
(0.33x10"cells/mL) 189 437
(1.2x10%cells/mL) (Suo Nada) 0 /%? % /4% @%' X %
2 2 2 \ & &'
R 37.81%=+0.82% (  4) Qj%} \/\g%‘ @’%‘ g@% _@@
& & & * Y
, (A—F 483
) 3
D ( ) €«

Fig.3 Hemolytic activity of four Karenia species
:a b ¢ d , P=<0.05
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Tab.4 The hemolytic activity of strains from different Karenia species

(10*cells/mL)
Fukuoka Bay 4—35 Zou et al, 2010
Suo Nada 39% 8—10 Zou et al, 2010
Hiroshima Bay 10%—20% 0.02 Cho et al, 2017
Kyushu Island 70% 2 Kim et al, 2020
38.67%=+10.69 1.2 .
52.44%42.67 3.8 Liet al, 2017
37.81%=+0.82% 0.326
42.33%+0.66% 0.246
46.36%+1.02% 0.180
37.02%=+0.64% 0.438
), 56.54%+1.49% 107°%/cell, E ( )
56.44%+1.09%  53.70%*1.13% R 0.59x10%/cell 4
G—=1 ) ,
, G ( (3
I
) ( 3.0
) 50% ( 52.49%+0.62% 2.58
50.57%+0.73%) K ) 8 25} ]
=
57.05%x1.13% (  4) L
< 20} 177
0 1.66
= 1.51 % 1.49
60 e ¢ 2 = 130 :
4 e d cd — g15r 1 ) $123
o —— b mim Cc a ﬁg 3 1.12
__sor a 2 ab = 0.86 & 0.88 % 0.1
S - —— L S 10t 77 0.71
2 & 3 0.67 0 59} 3
&5 40F : 3 E
R 8 .
0 05
tj 30 B 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
g 2l mwmgxABCDEFGHI JK
) ?LL fj\t # %ﬂ
cliol 5
1ot %A= =3
f
ol== 5
CK A B C D E F G H | J K R . .. . C
BAHR Fig.5 Hemolytic activity per cell of Karenia species in different
mixing methods
4
Fig.4 Hemolytic activity of four Karenia species mixed
:CK s (a—f) 3
, P=0.05
) 4 2
>
> > , ,
2.58 1.51 1.30 0.86x10%/cell
(0.59—1.77)x10%/cell, ( ),
D (

) , 1.77x ,
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(Smayda, 1997; Legrand et al, 2003) ,
40 ( )
(Granéli et al, 2008; Poulin et
al, 2018) 4

( -0.14
~0.08/d); :

(Alexandrium tamarense),
(Skeletonema costatum), (Isochrysis
(Dunaliella tertiolecta)

(Gentien et al, 1990; Uchida et al,

1999; Yang et al, 2011; He et al, 2016)

galbana),

(Cylindrotheca clostetium) ,
(Prorocentrum cordatum),
(Chaetoceros curvisetus)
(Xu et al, 2019)
(Thalassiosira pseudonana) ,
(Asterionellopsis  glacialis)
(Poulson-Ellestad et al, 2014) ,

Poulin
(2018) 5 (CCMP 2228,
CCMP 2229, CCMP 2281, TxB3, TxB4)
, 5
(Li et al,
2017, 2019) ,

(Tatters et al, 2010; Brand et al, 2012)

(monogalactosyl
diacylglycerol  digalactosyl diacylglycerol)
(octadecapentaenoic acid)(Parrish et al, 1998)
, 4
(Polyunsaturated

fatty acids, PUFA) s

PUFA ,
(K. umbrella)( ) PUFA,
(Yasumoto et al,

1990; Fu et al, 2004; Hyun et al, 2016; Wang et al,
2018) s

) (
),
(Brand et al, 2012)
(Zou et al, 2010)
37.81%
(1.2x10%cell/L) (38.67%) (Li et
al, 2017)
(Sciaenops ocellatus) 50%
6
, 3 , 3

10%—20% 39%
70% (Zou et al, 2010; Cho et al, 2017; Kima et al,
2020) Yang (2011) ,

, 4
, 19342018
87 34,
13, 10
, 49 (Li et al, 2019)

E >

2007 9 2008 1
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(neurotoxic shellfish poisoning),

(Wolny ef al, 2015) 2019 5

113 ”»

. http://gc.mnr.gov.cn/201806/t2018

2700
2020),
4
4
4
, 4
.4
s , , 2001.
133—138
, 2013. 2012
0619 1798016.html
, 2020. 2019

. http://gi.mnr.gov.cn/202004/t202004

30_2510979.html

, , , 2015,
,39(9): 117—122

, , , 2007.

, , , 2010.
76—81

, , , 1997.

: ,96—100
, , 1989.
, 170—190

>

(Cen et al, 2020)

, 23(1):

, 38(6): 536—541

, 3409):

s , , 2007. 4
. ,2(1): 78—82
, , 2019.
, 50(3): 474—486
, 2016. http://redtide.afcd.gov.hk/index_tc.
html?mode=0
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PRELIMINARY STUDY ON INTERSPECIFIC RELATIONSHIP AND HEMOLYTIC
ACTIVITY OF FOUR KARENIA SPECIES FROM SOUTH CHINA SEA

LIN Ya-Rou', CEN Jing-Yi', WANG Jian-Yan’, LIANG Qian-Yan', LYU Song-Hui'

(1. College of Life Science and Technology, Jinan University, Guangzhou 510632, China; 2. Department of Science Research, Beijing
Museum of Natural History, Beijing 100010, China)

Abstract Karenia species are widely distributed in the coastal waters around the world, and are notorious for forming
harmful algae blooms. In generally, the Karenia algae bloom isn’t caused by mono-species but the simultaneous mixing of
multi-species in the same family. In China coastal waters, we observed a multi-species bloom involving four Karenia
species (K. mikimotoi, K. selliformis, K. papilionacae, and K. longicanalis) in 2016, in Hong Kong coastal area. Therefore,
we conducted co-culture experiment on the four Karenia species in different combinations (two species, three species or
four species) in laboratory, to investigate their interspecific-relationship and hemolytic activities. The results show that the
four Karenia species significantly affected each other in the co-culture. K. /ongicanalis promoted the growth of K.
papilionacea, and K. selliformis and K. mikimotoi inhibited the growth of K. longicanalis. The four Karenia species had
significant hemolytic effects on rabbit red blood cells, and the most significant hemolytic activity was produced by Karenia
longicanalis with a value of 46.36%+1.02%. After co-culture for three days, the hemolytic effects of all combination
groups increased, and co-culture of the four species yielded the highest hemolytic effects with a value of 57.05%=1.13%.

Key words Karenia selliformis; Karenia papilionacea; Karenia mikimotoi; Karenia longicanalis; hemolytic

activity; harmful algal blooms



