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RIM P,

UREE B DL R R4S YTX K HATAY), H
SRR T PE N R A R R, T i
7E 955 ~1 551 ku'®' | YTX it L2 A H 7 HF 38 1
1 ( Patinopecten yessoensis) W 8% /3 85 W ok,
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AITE S o 20 i U T 0 M A — S 1 A
HUZSPES, MR B BT, AFRE TR —
T, 2 AR ) A i i Bl A P b AN R D i 2
RN, B TR G sl b, I RA Rk Y
AT S AR T A R R 2 R R I
AR BIBOC A I R AR BB T YTX
FUIMARS Hela 201 P9 4% B 4% B2 Bir i ) 2
BEMTo AT YTX 75 S 44 T ) nl REML A, Xof it —
BT YTIX I REPEAE @ AR Ko i 2 5 9 5 i
AP AR AE TR BRI R

bR

1.1 I8

YTX #5440 R IGNSPIIEDNEP Y=L
¥ %% 014> ( National Research Council , Canada) , i
JHHET T Hanks 22 i i B AR 2 ng/ L 1 TAEWE,
0.22 pm JE R IR R A TS 2 4 e 5

X A 5 iR 4 1L (TBD, K HE
¥ ) ; RPMI1640 ( Gibco, USA ) ; 1 : 250 Jif fiff
(sigma,USA) :D-Hanks 2% s fic il ,0. 22 pm j§
BT UERR T, —20 CEGIRAF;3-(4,5- - F Sk
ME-2) -2, 5- Op K P A e R ( MTT, sigma,
USA) , [ pH 7. 3 f#§ D-Hanks Ji 5| i, 5 mg/mL It
FE1,0.22 pum WEEHIERRTE . —20 TRELAAT
— H 37 1 ( DMSO, sigma, USA ) , 105 kPa &5 JE
K ¥ ; RNaseA ( sigma, USA),pH & 7.5 A 10
mmol/L ) Tris % i e i, £ ¥k & 2 50 mg/
mL; & [ fiff K (sigma, USA) , B i i 20 mg/mL
I 7 W, —20 C {4 7¢; 200 bp DNA Ladder
Marker ( BestBio, |- 7 Dl 1# ); Hoechst33342/
PI——4f i i T 55 IR FE 46 I 350 & (100T, |
HERK), —20 CHRGLRAF ; Capase 3 T ATt
M & (100T, FigHE A K), -20 TR 1F;
Fluo-3 AM(5 mmol/L, FiFE I K), MR ET
DMSO, —20 Ck 6 IR A, FH B 22 of i 7
Z TR s HABAR AR 24 4 R 20 B 4l e ol 4n
i35 500 P = 75K e il

mpe A smfndEJc  Hela 4000 [ R} B2
AN FE T AN . A 25 em® A 40 i
}EF504 (Corning, USA) |, 7 37 CE &Y CO, 5
A B IR, 5 IR Wk RPMIL640, & 300 mg/L
L7 ek e, 100 U/mL 3585 25 f1 100 pg/mL 46
TR, WM 15% WG 4 M. 4055, i

0.25% JglE A, 102 L4,
1.2 ZWH*

YTX 7%t Hela %8 it 3% 74 48 /1 49 % v%)

T BE A= K I AU 28 0. 25% SR AL , T 58 48
FEE R, P2 2 1 x 10"/mL, 4L 200 pL
A 96 FLANMEEEFRAL, F 37 THiFE 24 h j5 ¥ i
BRIk A SR BUR VR BE 1 YTX R, i
H 2k & ) 50,100,150 ,200 250,300 ng/mL, [F]
B LAAE AR Hanks 22 v 45 23 00 IR, B
P E 3 N

37 CREFERNEESR 20 h 5 BHLINA 20 pL
MTT (5 mg/mL) ,37 CH4kLEREFE 4 h, G FEIHES
W, EFL N A 150 wLDMSO, = i ¥ 6 52 3% 30
min, fifiFR{¥% ( Rayto RT-2100C, 38|55 1) 490 nm
WE T R 6% BE (A) A, R T A AR SR
5 R T 2L 1 4 L A ) 3
x 100

FZ 2 Hela tm o 509 %R (1) Je2¢
B AHBERER KE T A A MR L 1 x 10°/mL
WAL mL F 24 LSRN, 37 TREFR24 h )5
PRB R IR L IR A YTX bRl i, fdi HL &
e 50ng/mL, H Hanks 2% g 15 A ] S5 4 FH
25 X IR, 37 CHEFE 48 h 5 5] B 7445 ( Nikon
TE 2000-U, Japan) M %<, (2) Hoechst44432/PI
XA AR 50 ng/mL YTX WEF 24 h J5 (1) 41l
T 1.5 mL 2.0, B0 5 B 4 U0 vE
0.8 ~1 mL 4l Y (527 v S A 5 L 1Y
Hoechst YL {837 , 56 850481 51 FEIMA S pL 119
PI YL oy R 57,4 C B Y 4 30 ming 2.0,
Hanks 2 M PE4— IR, 96 WM BE 4%

DNA 35 fig #& ¥ 7 W% 5 50 ng/mL
YTX 5 48 h 1y i ¥ 40 i, 7f FH 0. 25% JEE i 1M
AT EE A, K PR 435 9, VE RS 1) 40 BT 3
A 2 mg/mL RNaseA ) 2L/ 2% #p i 40 uL,
37 CRUARANML 1 h; FEhA 20 mg/mL 7 (1 K
10 wL,55 C/K¥ 3 h; (i) DNA HiHE# HhnA 10 x
loading buffer, FJ 2% B IgHHEEE 20 V B3k 5 h,
marker 3% ff] 200 bp DNA Ladder Marker, EB 4t ff;,
J5 BAMNEAA

AR LA KR e T
Hela Zfifi5 50 ng/mL YTX 233 5H 2.4.6 .8,
10 12 h; [F]E AHAR 23800 0.1% H, O, /T4
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LA Sy BH P X6 BB, b e 4 A e rL A7 19 2
Hanks 2%t pEis o LA, 9E6IREH S FHIT 123
(Rh123,10 mg/L)37 CiEytYL s 30 min; P
X, W 4 i o, 9 = 4 il {X ( BD FACSCalibur,
USA) #ril-F- Y28 , UL B 505 nm, % 5T i
K530 nm,

BObAa R R £ B aHHe ] Hela it ) Ca™*
RGN B R AIRER LA 1 x10"/mL
WP 24 FLESFEI,37 CHEFE 24 h 5 RBRIFIK,
JH Hanks 22 e % 2 U, ¥4 400 ' T 5 umol/L
Fluo-3/ AM a8k 37 CHROLIFE 1 hy PEEmA
500 pL Hanks 2 gk SL 60 & 30 min, AR
Fluo-3 AM 7E4HMU N 5¢ 454578 A Fluo-3,

(1) WOLFHE IR A 0 U T 2 4R 5
1) Hela ZHf, [ BRI [R] A 2 s, J A i o ) 5 57
LA 50 WL YTX, LT 2R W) 5T A A 4
HLN Ca®* ¥ BE (R0

(2) IR TR i 20 Jf 1% 5= L B i A 100
mmol/L {45 F 2571 EGTA , i HZk i 2
mmol/L,JE 5] 'E 10 min J5iIIA YTX, WAL Hu4h
TG Ca®* 51 F AN Ca®* W AE 1k

(3) ) Jin 28 4 1 At e 355 7 L B Jin AL 50
pmol/L %) L-#Y 45 &5 3 j8 FH W7 7] i 2R ok i
(nifedipine) , i LA A 1 wmol/L, JE 5] Fi e —
SIUIMA YTX  IREE BT AR Y Ca®* e EE A1k

2 %

2.1 YTX XJ4HRatE5E AN HI1E

MTT Z5R KB (|8 1), YTX R84l | Hela
MU IG 5, BEE YTX W BE 38 A, il 1
Wi 4 YTX ¥ JE 5 T 200 ng/mL B, YTX %f
L3 B A R 32353 50% L) L
2.2 YTX X} Hela 4R A5 B 2200

2% 5 M T W Hela 41 i TF 45 24 A8 4k %
L, BTN M 2 2 008, B AR S, A A% R
H B AT UL 240 M T 1) 30 0 3 i, B et 4y (A
2-a) ;MM YTX W6 A9 240 M, Wi 46 42 13, D2
JHOI b 58 v 0, A R 5 2 /N, A e
¥ih G4k (& 2-b %73k 38 ) ., Hoechst33342/PI
XYL 25 L R A B 24 h 5, X6 BE 2 41 i 4 Jif
B R B A) (B 2-c) , YIX I G
Hela 4fi g 4 Mo 4% B 0 A8 T8, 4 0 e 4 , [t &
WA, I H i T 40 A i R Boib b 2

BEAE D R N W B AL MR 254 (18] 2-d
R o

4l s INHIZE 1 %
inhibition rate
= N W s Ul 1 @O
o S & &5 &5 &5 o & &
HH

50 100 150 200 250 300

YTXHKE / (ng/mL)
concentration of YTX

=)

1 AERE YTX Xt Hela 40 i 1858 1) # 2R
Fig.1 Inhibitory effect of YTX on the
viability of Hela cells

2 RERMBAMRAEBMET
Hela 4R ASF 4L (200 x )
ac: ¥R b.d: YTX AbFRA
Fig.2 Morphological changes in Hela cells

under inverted light microscope and
fluorescence microscope (200 x )

a,c:control group; b,d:YTX-treated group.

2.3 DNA Ladder IR HERE k4R

YTX Ji# 5 48 h J&, K Hela 4 2 [, f:
MHUBE R 7% , WA 4R 20 M 2% B i it 5 e P U
& BUA Sk ( J T AR AE 1 < ladder” MG A5 (IR 3) 6
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4 000 bp
2 200 bp
% ¥2000bp
1 800 bp
1600 bp
1400 bp
1200 b
® #1000bp

800 bp

600 bp

400 bp

B3 FRE4IEZH DNA RS Bk E
M:200 bp DNA Ladder Marker; a: YTX ZbFHZL; b %f BR4
Fig.3 DNA fragment was measured by
agarose gels electrophoresis
M:.:200 bp DNA Ladder Marker; a: YTX-treated cells; b:

Control.

2.4 FHEXMENAEEBAG(MTP) K

X2 )2 0. 1% H,0, YL A L, bl & i
A SR I, YTX GEfif Hela 41 i 28 by {4 JE e
DLW [, B AR 45 I ] o5 B R 67 o IR B2 A
PHA % R (FR: 550 B AR EL AT SRR B B (P <
0.01),

1200

—
=3
=)
=)

800 r

600

400 | —e~ Control

SPEITOLE
average flurescence intensity

—0.1%H,0;
- YTX
200 |
0 2 4 6 0 12
AfE] / h

time -

El4 YTX 5 12 h Hela &tk s B (T A ZE 1L
Fig.4 Mitochondrial membrane potential changes of
treated Hela cells in 12 h

2.5 YTX X} Hela 40584558 FiRk B RIS

YTX A B 1% 6], 240 B 2¢ 56 A 38 58 1 3L 4
(B5), st e B A2 4k th 2 (18 6) , 40 il
Ca®" B¢ Y65 B AE YTX i A B IG% (7] 3% 5i%, 158 W]
YTX ) fI0 A A5 20 0 oA 55 25 5 Wk 3 A 1 ik 18] 7
FEELA .

Before After

5 BERBHET YTX 3t Hela K
IR ERI ST (100 x )
Fig.5 The fluorescence intensity affected by
YTX in Hela cells observed by

fluorescence microscope (100 x )

1000
= 900
%
£ 800 |
g
X5
¥ 700} Wi
25 TTTTIIIIY
o L
% 600 F vy
[
=
500
4()0 1 1 1 1 1 I 1 1 1 1 I L 1
0 4 8 12 1620 2428 32 36 40 44 48 52
i8] / h
time

6 YTX g9fnAX$ Hela f2 A $5 5 F K BRI 200
Fig.6 The concentration change of intracellular
Ca’* affected by YTX

)28 s LA Ca®* 54577 EGTA, Hela 4]
MIN DO CIREE R Sh T — T o MREEMA YTX,
Hela 411 g 4 14 %€ 56 98 FiE 78 Ak A K, 1 F i A
CaCl, Jffg N % '3 BESlie b, B b g AN B
(B 7). fHAILIE (Nifedipine ) i /i A GEBH Wt L-
RUEE B Fm 38 , 5 A YTX, S 98 e (i R A
REFREIRAS (K 8) .
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YTX Ca*
700F  EGTA l

FHYOLE
average flurescence intensity
N w
=) =)
=) =)

w
=
(=]

200 N
0 1216 20 24 28 32
i TE /h

time

4 8

B7 % Ca’ &l YTX 3436438 ER# I
Fig.7 Effect of YTX on fluorescence intensity in

Ca’" -free solution

800
700
YTX
600 —Nifedipinel

500

400 |

FHVOLE
average flurescence intensity

300 |

200

0 4 8 12 16 20 24 28 32 36 40 44 48
A/ h
time
E 8 AHIFEMLIERT YTX {E A B
Fig.8 Effect of nifedipine on YTX’s

function in Hela cells

3 the

2 T LAt 20—, 2R A AR
WANEZAG S IR, T350, N AFE 2 Rl 5
SR EAE, BRI A RS Y, R — 15
T DAE 22 255 S Al i AR, X SR AR AT AE
HIEAE S o

ZHHELN 7 5 Ca " 2 A i N 15 S (L 2 1 T
ZRAZ—, SHME T R E A K. At
FEFW], SN A T R S R S PR Ca® T YR
(TR o Ca" ¥ E 1) T o5 AT LA 38 A i o9 ) —

SO TR WA RN — S N YRR AR BRI , X SE il
Xif Ca®* SR, S 20 P T B Ca® 0 T B 40
Fo UMM P IR PEAZ R A YDl Ca®t Mgt K
FPERY, MY N Ca® B I T, IR V)
TG 8 | TR T A /AT 55 AR B 7], 7 A /MR
B BRIV PRI A 2 U T A 40 M L B
WHEE I HL Uk B 2t 0 REAE PR A OB 2517 5 B Ah,
NICOTERA % [y i 5t 45 £ W, IEFORE T
HA% N pH 54K, A R T Y S, i Ca®* o]
DAFI ATP —ii2VER (ALY pH F5 , A5
et TSGR AN B, B K RO, T B T A%
T2 P9 V)t 335 4, 26 BRI DNA BT 2R . 40 g Py
pH 119 722 b 1 B IR 40 O P 25 555 1 1, 2 2F 40
T,

AHFFEH MTT 45 R 0], YTX 19 A af
DA Hela 20 i 5 5 , 18 3 T 25 2 WL 8K B NE l
B IE P K A S 2R A S L S 0 R B, 15 YTX
7 — BT ] 5 Hela 2 A= R0 TR R, A JE
ST/ IMA [ DNA W24 A Be Al LA B 4 b Ak i e 37
IR BF— 25 38 3 48 Fluo-3 % 6 4K 41 W 5%
YTX WA Ca®* (4R, & Bl YTX iy A fig
ML Ca®* W JEE b T, X i 2 YTX AT LLifs
S Hela 40 % A= I T-09 S . {ii F] EGTA #4
PR Y Ca® T AR YTX AU 3 A%
FIZIILPY Ca®* Wk B Th i BR G , 1 4k 25 8 15 R 3R B8
B A Ca?* 2 N Fluo-3 [5G Ji 45 i
f R, YTX AT RETH o 4 M4k Ca®* Ak T i
BN Ca®* e TH . 20 it 35 T A7 AE 22 b 3. 1
£ P, AR S P 65 B S0, X A [ 0 281, A7
S [R) 1 306 458 P SEL BRI 791, 3 5 e el 2 L P — o 3
FEVEAE T L7545 15 1 308 108 1y — 0 N e 2 L b
Flo TEABFFE A T 57K 0L I BT Hela 2 g
FTI B LG5 83 T , SRS A YTX, 45 8 %
BUAH AL RE 58 BT YTX i A Hela 4 g
PP IR 1A Ak, BIAN PN 1 Ca® " e JEE e |
T, YTX B # b7 AT AR 20 55 3 T ) L7045 g
FAIEE . M YTX A RHLR T R s . i
5 YTX AEFH T 40 M0 5 18 1955 5 13 , A5 g 4
Ca®* Py I 40 a5 Ca™* ¥ 5 T vy 5 4 P Ca®”
R TE 1 T v el AT — S S B 1 R IS oAy
KR DT B P T L, SR A T
Ah,Ca®* VENEE M52 515 514 50 H 5 HA
F5 B SR AR AR 22 X, AT LS i A 5 540 7
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N — WilR IR (cyclic adenosine monophosphate , [8] OGINO H, KUMAGAI M, YASUMOTO T.
cAMP) | =2 JULEE (inositol 1,4, 5-trisphosphate , Toxicologic evaluation of yessotoxin [ J]. Natural
1P, ) 2Rk i . YTXs B {87 40 i 4 19 cAMP 7k Toxins,1997,5(6) :255 —259.

e A B A7 BT R [ A L cAMP [9] DE ILAMRZ)SIA.L A,fALFONSlF) A,l\./ILAleNCl) N,f

N N N et al. Modulation of cytosolic calcium levels o

R T B PR TR R I IR AR human lymphocytes by yessotoxin, a novel marine
RE-ClE bk S U I PSE L UERS phycotoxin[ J |. Biochemical Pharmacology,2001 ,61
) Ca®* fig 5 45 18 £ ( Calmodulin, CaM ) 4 4, & (7):827 —833.

BTG RTE 2, 2 T S B R AL, 5 R [10] TOYOFUKU H. Joint FAO/WHO/IOC activities to
N cAMP ¥ E 1) T, AN, Ca®* ¥k i 1y Ax provide scientific advice on marine biotoxins
A X AR S A7 1 B ), 5 R T A 5 N (research report) [ J]. Marine Pollution Bulletin,
TR AR TR TR 2006,52(12) ;1735 —1745.

B AR T A TR AR B R A [11] AUNET, SORBY R, YASUMOTO T, efal.
B[R T R 2 2 A P Comparison of oral and intraperitoneal toxicity of
BRI YTX 378 % 81 T WL T B A (i S if:siog(z)xm towards mice[ J]. Toxicon,2002,40 (1) :
T IIE, AT P O 2o 2 ) 20 M P A B [12] TUBARO A, GIANGASPER A, ARDIZZONE M,
AR R0 I P R B fe e S iR 48 S, Xk 4k et al. Ultrastructural damage to heart tissue from
AL — 2 BB P A TR repeated oral exposure to yessotoxin resolves in three

months[ J]. Toxicon,2008,51(7) :1225 —1235.

SE Ak [13] TUBARO A, SOSA S, CARBONATTO M, et al.
[1] ER, R0, AFEA5REWRSE1E0 5% Oral and intraperitoneal acute toxicity studies of

[J]. t8#HEK = ,2007,115:71 —74. yessotoxin and homoyessotoxins in mice [ J ].
(2] m&dE X0y, R ¥, 5 IR R IR Toxicon,2003,41(7) : 783 —792.

Yessotoxins ( YTXs) , H [E W v U1 25 i vk & B [14] TUBARO A, SOSA S, ALTINIER G, et al. Short-

— N KEYFER[T]. B4R, 2010,32(3) . term oral toxicity of homoyessotoxins , yessotoxin and

129 —-137. okadaic acid in mice [ J]. Toxicon, 2004, 43 (4 ) :
[3] PAZ B, DARANAS A H, NORTE M, et al. 439 —445.

Yessotoxins,a group of marine polyether toxins; an [15] FRANCHINI A, MARCHESINI E, POLETTI R,

overview[ J]. Marine Drugs,2008,6(2) :73 —=102. et al. Acute toxic effect of the algal yessotoxin on
[4] MURATA M, KUMAGAI M, LEE J S, etal. Purkinje cells from the cerebellum of Swiss CDI1

Isolation and structure of yessotoxin. a novel mice[ J]. Toxicon,2004,43(3) :347 —352.

polyether compound implicated in diarrhetic shellfish [16] FRANCHINI A, MARCHESINI E, POLETTI R,

poisoning[ J ]. Tefrahedron Letters, 1987, 28 (47) . et al. Lethal and sub-lethal yessotoxin dose induced

5869 —5872. morpho-functional alterations in intraperitoneal
[5] YASUMOTO T, TAKIZAWA A. Fluorometric injected Swiss CDI1 mice[ J]. Toxicon,2004,44(1) .

measurement of yessotoxins in shellfish by 83 -90.

highpressure liquid chromatography [ J . Bioscience, [17] MALAGUTI C, CIMINIELLO P, FATTORUSSO

Biotechnology and Biochemistry, 1997, 61 (10 ) . E, et al. Caspase activation and death induced by

1775 - 1777. yessotoxin in Hela cells [ J ]. Toxicology in Vitro,
[6] SATAKE M, MACKENZIE L, YASUMOTO T. 2002,16(4) :357 —363.

Identification of Protoceratium reticulatum as the [18] PEREZ-GOMEZ A, FERERRO-GUTIERREZ A,

biogenetic origin of yessotoxin[ J]. Natural Toxins, NOVELLI A, et al. Potent neurotoxic action of the

1997 ,5(4) ;164 —167. shellfish biotoxin yessotoxin on cultured cerebellar
[7] HOWARD M D A, MARY S, KUDELA R M. neurons [ J ]. Toxicological Sciences, 2006,90 (1) .

Yessotoxin detected in mussel ( Mytilus californicus) 168 —177.

and phytoplankton samples from the U. S. west coast [19] KORSNES M S, HETLAND D L, ESPENES A,

[J]. Harmful Algae,2008,7(5) :646 — 652.

et al. Induction of apoptosis by YTX in myoblast cell
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phosphodiesterase activity. Effect of yessotoxin on
CAMP levels in human lymphocytes[ J]. Biochemical
Pharmacology,2003,65(2) ;193 —208.

[20] KORSNES M S, HETLAND D L, ESPENES A, [24] PAZOS M J,ALFONSO A, VIEYTES M R, et al.
et al. Apoptotic events induced by yessotoxin in Kinetic analysis of the interaction between yessotoxin
myoblast cell lines from rat and mouse [ J ]. and analogues and immobilized phosphodiesterases
Toxicology in Vitro,2006,20(7) :1077 —1087. using a resonant mirror optical biosensor [ J ].

[21] WYLLIE A H. Glucocorticoid-induced thymocyte Chemical Research in Toxicology, 2005, 18 (7)) :
apoptosis is associated with endogenous endonuclease 1155 —1160.
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Apoptosis and intracellular calcium level change induced by
yessotoxin in Hela cells

PANG Min'*, QU Pei'?, GAO Chun-lei', WANG Zong-ling' , ZHANG Yi’
266061 , China ;
266100, China ;
266003 , China)

(1. The First Institute of Oceanography ,State Oceanic Administration ,Qingdao
2. College of Environmental Science and Engineering ,Ocean University of China ,Qingdao
3. College of Marine Life Sciences ,Ocean University of China ,Qingdao

Abstract: The marine toxin yessotoxin( YTX) and its analogues have been detected in shellfish samples in
Chinese coastal areas and they pose a potential threat to public health. Many YTXs toxicity studies have been
carried out worldwide ,but the process is still indeterminate. In order to study the toxicity of yessotoxin on
Hela cells and analyze the possible action mechanism, MTT assay, optical microscope observation, Hoechst
33342 chromatin staining, DNA gel electrophoresis, rhodamine 123 staining, and calcium-sensitive laser
scanning confocal microscopy were conducted in this paper. The results demonstrated that YTX could induce
a significant reduction of Hela cell viability and the cytotoxicity of the toxin was dose-dependent.
Meanwhile , the usual hallmarks of apoptosis could be detected, including chromatin condensation, DNA
laddering , and loss of mitochondrial membrane potential. Furthermore, YTX caused cytosolic calcium levels
to increase in Hela cells. The change of intracellular calcium concentration may be the main cause of cell
apoptosis induced by YTX.
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