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Abstract: In this study, jellyfish Cyanea nozakii and Nemopilema nomurai were collected from the Bohai Sea
in the summer of 2020. Three indicators were designed to evaluate the hemolytic activity of these two jellyfish
species based on their morphological characteristics of tentacles and nematocysts, namely the hemolytic activity
of nematocysts protein(HA/protein), hemolytic activity per unit mass of tentacles(HA/mass), and hemolytic
activity per unit area of tentacles(HA/area). The experimental results showed that the half-maximal effective
concentration(ECs) of C. nozakii HA/protein was 145.4 pg/mL, while it was 4.36 pg/mL for N. nomurai, the
hemolytic activity of N. nomurai(100%) was about 238 times higher than that of C. nozakii(0.42%) under the
same nematocyst protein concentration(76 pg/mL). Meanwhile, the nematocyst proteins of N. nomurai per unit

mass of tentacles(9.33+1.16 pg/g) was slightly higher than that of C. nozakii(7.34+1.22 ng/g), and the content
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of nematocyst proteins per unit area of tentacles in N. nomurai(1.619+0.424 ug/cmz)was significantly higher
than that of C. nozakii(0.136+0.004 pg/cmz). The HA/mass and HA/area of N. nomurai was higher than C.

nozakii considering the significant difference in HA/protein ECs,. In summary, the tentacles of N. nomurai have

higher hemolytic activity, therefore, more attention should be paid to the safety management and clinical

emergency diagnosis of bathing beach.

Key words: Cyanea nozakii; Nemopilema nomurai, mitochondria COI; nematocyst morphology; hemolytic

activity of jellyfish
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Homologous sequence alignment of gene COI from jellyfish Cyanea nozakii(N1) and Nemopilema nomurai(N2)
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Eirene hexanemalis ACJ24316
Rathkea octopunctata ALO20615
Proboscidactyla flavicirrata AGC14130
Liriope tetraphylla AIM48687
Nausithoe punctata QWV43161
Cyanea nozakii AUY55137*
Stomolophus meleagris AWM96758
—Rhopilema esculentum CCV02868
82 ——Nemopilema nomurai AEO13422%*
Aurelia aurita AXC47482
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Fig.2 Phylogenetic tree of common jellyfish species in the
Bohai Sea,

constructed based on amino acid

sequences encoded by gene COI, using NJ method
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Tab.l Genetic distances between common jellyfish species in the Bohai Sea, calculated based on the amino acid sequences encoded by gene
COI
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Fig. 3 Morphological picture of nematocysts from jellyfish

Cyanea nozakii(a, c) and Nemopilema nomurai(b, d)
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Fig. 4 Statistics of nematocyst emission status of jellyfish

Cyanea nozakii(a) and Nemopilema nomurai(b)
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Fig. 5 Hemolytic activity of jellyfish toxins in Cyanea

nozakii and Nemopilema nomurai on blood cells of

chicken at different protein concentrations for 30 min

BEAh, Y8 P B e B o 22 B B R R
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Tab.2 Protein yield from single nematocyst of each jellyfish species, number of nematocysts and corresponding protein yield per gram or

square centimeters tentacle

[Ef=heey/ S5 Vi !
BN 22 AR 17l (<10~ pgleyst) 0.09+0.002 1.797+0.231 —12.767%**
B3 i T 24 L (< 10° cyst/g) 8.07+1.34 0.52+0.06 9.767**
PR BT R Al T 2288 28 1 (ng/g) 7.34+1.22 9.33£1.16 —2.044
B3y TR T 22 (< 10° cyst/em)! 14.909+0.496 9.008+2.363 4233%
BT TR TR 22 423 11 (ng/em’) 0.136+0.004 1.619+0.424 —6.048*

TE: p<0.05%, p<0.01%%, p<0.001%***

AR IA . R (A 5—9 H) i
W S 5 R PR i R ki coT FEFIAE
SR LR AT B, O8N Tk EETY
2 TR S W 0 % 5 4y 26 Ortman
P4 fif F COI X FF 2 DNA 4T RSAR4E A
KVGH: L 6K R0 AR A6 K P U 5K B ]
(Medusozoa) PRI AT 43T 40, JLUEE H 1 AP
S KEE 10 FpERKEERD 84 A7k R 7K £E; Bucklin
2520 S8 o Xof A R i R K o 0 Vi Bl SR A 114
FEA AT COLFF AN 4™ 14 Al e, 35 e 15 34
5 6 FlKBEARER 1 FAOK BETE N BY 41 Fhis e
). AW Y 8 COl &N f B fl DNA
DU, A5 30 B R A W K BEFR 288 43301 oAy 1 € 2 /K B
VDG EL, ZEE R RUE T COL JF 41 SEE K BRI
YE AR, [RIET, ABi 588 i o B 1 AR K
REFIVD g H COLTRAE L A, A B HC AL &5 it 1E
AT/GC #3703 1.8, B BLI]RAHY A/T fhi 4, i 5 H
flb 7K B2 COL K A/T & BEAHAL, 454 )5 A 50
R A PR L e L e

H {4 & /K £ (Cyanea nozakii) 5 ¥ H 7K+
(Aurelia aurita) [F)J& T 7K+ 44 (Scyphomedusae)
i 10 7K B H (Semaeostomeae), 3 T COI A B J
B PR AR B RSk B AR TR,
10 S KRR 5 ] KB 5% 22 30K (0.0638),
BT HAEKES O E KR (Stomolophidae)
FelkEE (0.0106) LA SARE7KEEH (Rhizostomeae)
TR AV B 0 1AL R S (0.0160), 51858532
A A7 AE — 2 2200, 3K T g S R T3 R o 2R B
JG COI AR AN, AN [RIKF8 4% 22 RAFAE S
2, R COL J7 41 Al g IF ANl T dr [7] 5 AS [F R
BWRMARGE KT RRZD, REAMHREN,

COI JFHNFE W 15 3 K I R G R B Hraliok
B 19 43 2 AT SR A7 78 e b Y, (EL AR AR IR 5
h, JET COI i Bt i & L 7 5 kAT I R 5
KB A3 HT AT OB R K BE 4R A K R KRR 40 ) K B
Sy BC B I & 28 BE, UEWIAE B S 4 25 B ot |, COl
¥ BA —E TR TRE ™. Beah, HBFSE
T, RIS Y LR Z TR 7 9 (1) R G R B
W BE I3 4T3 B2 A% R 910, COT H BE 4ty 1
IR T B TE 5 = 3 2 B os B9 i AT BE T R R L
FH DNA #fE 319 2 JE 2 13 41 B8 fig Sk 3L R R A )
e Vg Y S

IKEERE R R BRI TRl 23 rh, il 45 4l
SEREM R 2B F T EHERN SR, FH
PEIOK Bl 22 € (%) J7 1 FEEAHE T B BB
O A g & AREFSY R Bloom 2
1 A s L D8k, AT A VDU BN 22 T AR R
H5.1x10° A /g, W2 T E P e A T i
TR e 58 R B 0 1 A 8 i A P U vl B N 22
54 (9.31x10° />/g), HiE B T4 1 K SR 1k K A
VA U8 T A KRR 22 B T SR L EARDFSY
o, YR SR ) 22 4 B R R R BOT
H1.797x10 " pg/A, B T A AR K EE (0.09x
107 pg/ ), 75 RIS 22 28 (19 B F (76 ug/mL),
VOV 0 I TR PR I i T KR, A H
238 1% A v R B, A0 R KR R YA B
A 22 B8 75 2R R S AT, VOTRR B 22 4
SVER O R T KB, I HAE AR R
20 R VR R (82 pg/mL), YR A A A K
B 75 20 ZRX I 21 41 9 95 1t R 3T L, 43 )R
52% Fl 57.6%. %255 77 By J R AT fig 5 K B
it R B 3 R R ) 24 8 ) % A B 2k R P )
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oA G FEARMISR Y, HO B KRERY | 22 48 5
FN 46.59%, X ] BE T 2O il 22 e R AR R
BT ANHEI R 1, DT S BN AT 099 11 PEAR T
HSZFBRAE; BLAb, KBRS ML MR Z W Fp . Sk
KEBAKE. RS RE. pH, &8 &1
WESEZ MR A . AR, 570
BV PR AR OG0 4 A e, PR AR IR
T B B, Ty — P 5 3 4 A O B B IR I
A PR IITE 20 R AR R, I BRI K
RS A, LA R AR A7 X B0 Ak, A
32, M3 (Rhopilema esculentum) 7 2 135 1Ml
W PETE pH 6~ 10 41 F 35 758 Mg™", Cu™',
Zn™"| Fe''| Ca”’ (=2 mM) % 4 J 85 T 17 75 1 4%
PR, RS I T S 2 R ATG TZER BEER I 40 <C
U TR BE R, 7 S BOLE M E M
R,

FAh, Wi EREEROE fil 223 W KR FA6aE
IR BRI 22 5, T2 A KB A T 22 B AR HES o
i LAFE BN . ARBFSE R, H KR
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W (0.52x10° AN/g), 290 H 155 1% WA DT
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09 1.66 450", BV G, F 1 v R SRR
By A RE R, S = F
ECs 1Y $ 25 Pk 22 55, VD1 48 50457 Jo ot /1 AR fik
PR S I35 P B

KB RE R LG M AR 55 BR T S5 K RERIE
Kog R R EE A SCHE, 38 55 121 240 Ffd 1) e A
—ERR, FARUKEE (Carybdea marsupialis) 75
S 1l 2 1 21 40 AR U Y £F Gusmani 221 %
b ¥ KB (Rhopilema nomadica) W B 58 %
B, R Z A ] W 021 40 B B4 3 L35 PR A A
Z5, 0T AL R I KR 2040 i,
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TEVD I 22 87 R IR IR F 8 pg/mL I, ¥ 1ML
K B 50%, £F A SCH, Vil H FEAE 30 min
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A AL ) R o

(B AR A, BRIA MG EAL, K175 il
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JKAE B 0 AR B AR A S
BN SR SR 1 T A 7K REEAT TS 0335 1 1) S S AT
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RIS, S 75 X K BERE 2R 1 22 R A T M ifE A T
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PEALEE AT 1) S KA

3 45

LR COL P HIME Ry 3 227 M e A 3T
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