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ing experiments
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Table 1 Cell growth rates of P. globosa at different treatments

and times

i B A K K Cell growth rate/d !
KH/d
Days/d il 21 ¥ % 4 THik 21
Control group Cooling group Heating group

2 0.13%0.07° 0.10£0.11° 0.12%0. 06"
4 0.59 % 0. 08" 0.48+0.13" 0.44%0.10°
6 0.96 0. 09" 1.00£0.11° 0.43%0.32"
8 0.39%0.07" 0.52+0.11" 0.63%0.07"
10 -0.07%0.06" -0.18+0.01" 0.65+ 0. 39"
12 0.22%0.12" -0.27%0.03° 0.29 % 0. 02"
14 0.07 % 0. 08" 0.04 % 0. 03" -0.70%0.04"
16 -0.15%0. 06" -0.18+0.11° -0.2140.13°
18 -0.12£0.05" -0.23%0.35" -0.68%0.16"
20 -0.20£0.06" -0.20%0.30" -0.62%0.21°

Note:letters are labeled as multiple comparison of LSD, the same let-
ter indicates no significant difference between different treatment
groups,and different letters indicate significant difference between dif-

ferent treatment groups,and the difference level is P<C0. 05.
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Letters are labeled as multiple comparison of LSD, the same letter indicates no significant difference between different treat-

ment groups,and different letters indicate significant difference between different treatment groups,and the difference level is P <<
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Fig. 4 Trends of the Caspase-3 activity in P. globosa under gradient heating and cooling conditions

2.4 BEFERBRENKESERARBTHZM
TR A0 B R T 4 R IR 22— S A 5 O v
Jin s DA 3 B 200 it R 6 T 5 22 2 R (PS) A BB 4
]38 3 Annexin V-FITC 4@ 3174 &, 78
55 6.10,14,18 KXt 3 41 % 40 Jg K Ik #E 17 Annexin
V-FITC J 0, (8 5= 7) , FHR A 7555 14 K e ;i
SRR PR SO, S B R R 28 G R (FITO) P %
7 33. 861l 6 (o), I A I il 2 0T ECZH 25 i A
IRE (0,75 G FH A B0 42, BV i R A 0 3 20 A T R 4
TESS 18 K 3 41 ¥ 4 i 4B Hh B T 2 €2 2¢ 't BH M 2 1

[E 5D 6(dD) - 7(dD ], Bt Xt BB 4L THIR 41 B#
M40 B FITC BH M 2 43 5 2 30.77% . 60.54% .
38.14% ., ME 57 ATLAFE . BAR 3 2H ¥4 f #K
BT PS AMEIIL G AH R A L R A B 4
B B AN ] A0 B B AN ) . T I 7 40 L PS A1
L) . 3 T A B A i A B A PS A1 Y B
B T A P4, FRIR 415 X B4l B 40 i PS
A1 E A B[R] AR ], 38 0 T T I 2L E R O 4 4 i PS
A0 B LA v T X B



I ARE,2023 £,30 %, 5 4 #] Guangxi Sciences,2023,Vol.30 No.

a ( (d)
10 pm
10 pm 10 ym
10 pm

c
( (€9) (h)
10 pm
10 ym 10 ym

(a),(b),(c) and (d) are Annexin V-FITC staining results of P. globosa control group at day 6,10,14 and 18, respectively;
(e), (f), (g) and (h) are the control group cells of P. globosa at day 6,10, 14 and 18 under ordinary light microscope,
respectively.

[l 5 X HE 2 4t B 0 T A D 45
Fig.5 Results of cell apoptosis detection in control group
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(a),(b),(c) and (d) are Annexin V-FITC staining results of P. globosa heating group at day 6,10,14 and 18, respectively;
(e), (), (g) and (h) are the heating group cells of P. globosa at day 6, 10,14 and 18 under ordinary light microscope,
respectively.
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Fig. 6 Results of cell apoptosis detection in heating group
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(e) H
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(a),(b),(c) and (d) are Annexin V-FITC staining results of P. globosa cooling group at day 6,10,14 and 18, respectively;
(e), (f), (g) and (h) are the cooling group cells of P. globosa at day 6.,10,14 and 18 under ordinary light microscope,
respectively.
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Fig.7 Results of cell apoptosis detection in cooling group



REZE BEAREESFHETREIZREERTEE E MU

RIS
3.1 KBETUERMIEERERELERENXE

VKRB 2 TR AR ) 2 K I s - AR
AR ) AN A 3 R R M G A 88 T R TE A K R
A KRB SR BRI AR s e AR i R
SR R F 22— o LU0 T 30 VA Sy 8] AR VA A TS
I 1A SRR T 51 5 U0 T 0T 0 Vi R T A B ol A 1)
S ELAT B S A 2T REAE L G 10 4F O JL 3 S AT g BR OB
A B R A R A i SR A A TR AR X A IR 1 2R 1Y (10
HERAE 4 JDU . F/ALTT WG TR B X BRE
FEBEBERIE LIS 00, 30T 10 420 125 BRIE i 98 3
AR B K TS A 0 5 LR ST 4 SRARAT A . IR
X 2008 — 2018 47 £k M T BR P £ 48 i S 4R 19 R 25 B
L1112 A kR AR IR B KR E
18.5—-22.1 °C;1 H .2 H KA BN /7 2K iR A
XPEAG, EE R 15.6 - 18.5 C., BRIEkER M EAER
TR 5 T AR AR B D) AH G T 2 M AR AR U TR
AR AN F R TR R E RS AR, 1.2 1
FEKEAET 11 H 12 A BB s 5% LR
S-S K T AR R 3 1 5 B 2 VB AR I, AR R K
B KR A AL F— A AR K. R E R 2
R K o W] B 4 8 L BP9 K R E 24 °C DL B R R F Bk
AR RE B e K

E o BE T UL B I B 52 6 b, 0 R B R 50 %0
RH, SC50 85 R B, 76— A FH R I 1 36 5% v, IR
Fhies 3] 24 °C I BRIP4 8 o 40 2 %, AR 21 TH IR i ik
R, i e A o TR 38 R D) (A5 BROE AR 9 T A IE R
ARV RAEREET . EFIRT] 24,28 CHE, FHRA
R 3R TR A 3% 98 35 A0 i e 2 R ik 0, 7R 56 16 R L4
A 3 T 400 2% R Tk ) A, O v T R R O
i J 3 s 1 o R 36 T T ol A5 RO A e e A
WA TF IR 28 T 5 16 32 °C I BRE b 48 3 LA U7 25 B 4
R A AEAE » FLECRE 38/ S AR A [R]85 3% 8 30 14 xF
MRl A Mg . 0k TR 4 A BRE b 0 i 2 T At
PIZH B A I T, TR B R TR R v, RO A
B AR A I & U s A L H S X IR A e
oA K B G 7 S ] o A R (R I, K
TR BROE 5 4 i AR K R E R RT3, fE 5 16
KO FREER 12 CHFHE 16 CJ5 . MR 4 i ERIE
P P 1) A R ATD SR 32 N AF A2 00 3 A D)

SASR T TR EE 23 52 ) BROY A R i ) AR KN
FEASHIEFE v % BB A 1) 3RO A 4 35 A 155 5% JR 0 o O %

52 B AR Ak ok 1 R T 4 AR B AR B R IR TR
Xof S 200 L T A R 1 0 o el A A R 2 7 RO A
1) S A AR A /0N 5 T U 3 R D AR BE S I 1 BR P i
0 L A K B TR B R 0 AN L R AR L
A A A K 32 B BRI DR O T T 2E BR T f 0 i ) 20 A
IERES U

3.2 HEARKENKEFEEREKNIIE

R A8 ke A B 00 0 8 SR e 0 SOR T S 8
BROE A 2 i B2 R UK R 2K AR R 2 K AR
14 3R I ot 20 v 40 K 985 38 14308 3 R A L DI J2 /K AR 1 BR O
PR R IRE T m TRZ KK, Xl TRZEK
A 5 345 R BH S L 7K T AR 5 1 K PR R G RE i 2, K
T A FU R J2 7K VAW fm o R 3/ DN 22 S 30 B DY O R
BRI A5 28 5 32 B0 o5 T W 300 e 07 A Bl 22 3 R, BT DA Bk
TEAR BB A KTt 32 B BRI

ARG R B TE 16 CH 12 C I BRIE £ 4 35
AR S Z B . 78 24 °CBE, B3RP 45 28 35 240 M
U VRS TE AR Ak 22 3 28.32 CHE, BRIE
PR AR K22 BB B L = B PCD 4. K
TRk BN 38 2 fuf 2 T A 0 1 05 4 T R 3R B, T4 HOB
AR R IE 7 A8 SR L 5O 1 VR AR
S5 LR PSSl QY Z2 R I R R R L ™ EE S e A 1R
EFAEREEY ., 5 R M L, 9 R A 5 ERIE R
PEWE AR KO A B 25 5 L (H RS 35 W 1Y) B A
R 0 IR B () A A T 38 O A 5 | R 4
PCD i 72,

Tk B2 1 TH 55 BE 6% 32 W 175 T BROE B 48 9 40 i 1Y 17
W R B PR AN AN RE S HLAE A1 B4R il RN R, H
F 14 Hh s S5 A IR RE SR Y A SR T L SR 2 AR R TR
1) 200 L 22, DR TR 0 1 R Ol i i L BB A FE VR
JZ K 3 TH I R DL AR AR T 20 0 IR fE O & 1R
Y, KR E Tl AR BRI R e R K
24 °C B T v bR T A0 A Y BT R A, 4 i R
1 IR A 4 A R e T TR 2 R T
FHALBAL . I TR A L R TR A R T Y
o R LR A A AL R, AN A K R S R
IR L BREE b A 3R W TRAR X AT BR BRIP4 4 1
PR G G 23 0 T AR TR B S AR KT R A2 3
. H T A LA G I R S A RN R IE S
AT X BT v R T 3 DA R B 22 T O B 3R A, i ER
TE A 3 8 U0 25 PR AN B 5 5K B — 5 % A BB TP L
RN ARBFE THR LRSS 8 — 12 Ky 25 2 4 i d i
W 555 10 R AR B 1K 2 55 — A e 2 A 4 B



T AR ,2023 £,30 %, 5 4 #§ Guangxi Sciences,2023,Vol.30 No. 4

(. Bl 7E R 2 THIR M8 T, PR R — KA 5 g PR
BN SR FE T R BT (AT I A T 2 A0 Sz B T
R g 0 R R B L A0 B R T R R R
EVEBVAPNIE 20N G B 37 A TR 3
ffL 2 B — ER LI AR 16 KR BIR K. E &
T A 4 B R IR A0 R S A L BROE A 4
P AN T 4 K B T, Ok R BB AR, TR
14— 16 K, il 25 2% 14 3 T 40 i 25 1 15 K L2 10 —
14 KT 24, 35 vd W 0 B 2R 07 A 4 8 32 3 A
Y SERIIE P, S N
3.3 MEABREEBEGETHRERER PCDIEHN
Mg iz

A A= Wy W38 23 3T A P K 40 M P 3 4 (ROS)
(1 2h 25 715, ROS 11320 1 A 3R 2 5 B0 AU A R 3, B 403
ARG ROS B A AE N E 540 F#0% PCD, fH%)
g bR ROS MHT & 4L W A1 45 SOD.CAT . 4 Bt H ik
T ALY EE (GPXD) FIHL IR i 2 1 1k P i (APXD.,
SOD J& ¥ Bk ROS (5 — 18 Bl £k . e f 8 A e 9 5 1k
N H,0, . bfif5 CAT.GPX fl APX ¥ H,O, Bt
TEY R, AR, SOD Ml CAT %
P A AL 9 15 1 L BB A5 A 50T R ROS, DT 0 /0 i
o 0 6T 38 I ) SR A R 5 . AR R g b IR B 28
CIIAT 4 h WTHRE 4L SOD iG A CAT 7% M W
e T A T 201 b e g 3 3 0 75 RO A 4 98 4 1
7 A E A R B I AT N B DA T 5 A DG SR Ak il T
PEREIM DA A B AE R E., 2524 h
PO T il 2 1 B 4 A il 3 1 K T 38 R R R AR
— ™ W% e TR R B K L 3K 1 T 9 40 TR e IR e
7 T SR A IV SR RE A R TN BE ST A T R R IR
SRR — R E IR A R G FE R IR
L BR O h BRI AL A EROE AR B B ) CAT 16 M
A T IR A, B 2 FRIR AL CAT 36 v
IR X6 HE 2L 7 A, A I 5 1) A B KT 38 33 R
DA B S IR CAT 36 MK AH 2, X 36 B IR
o 360 Xt R T A 4 e 1) A R B0 1 S R R IR A
LTS PR KR B L e I R AR E R R

v L R 30 RE A% fih & PCD 18 &, PCD R 2k B4R AE
A 4G Y o T BEZE CDNA B R L L 40 A 0 46 L S5 A 40
JiLBE 73 BS Fl Caspase 58 B0 2%, Hl W 41 it 1Y
PCD 372 dr, 40 N ROS f 3a JBE A & ol A 2 ki 1R
SEA R T BE AN SR AT 25 A SR 7 P 1 e
T0AN N SR Vi TE2S TR NTAREORS ) R I = 3 s XD o)
TS5 dATP 454 fih % Caspase ZJi& B9 ZLER )

BE B Caspase-9 R ¥R 2L i FH 1805 Caspase-3, X
£ RS NG I (== ' O 7 T N = 7 N1 IR <
PCD s #2177 R g A 4 PCD 1 56 4 45 1F 3 /2
Caspase PR A BEAO BTG . ZEAHE S v, 55 R W aa
EERIE A 2B 1Y Caspase-3 {6 P i & 82 & . R & R
[ 38 45 PCD 3l B 9% B0 . 4 i T 46 i A PCD i
TR, MEIE A PR R N R 2R B E PS A B 3 2 4 A A
TR A B 35 R AR 22—, L R R AN X R
Pk % 2 5T 3 0 M 2 S B B /NI PS R
HEZ.MUELES PSARSHESESGIEHN An-
nexin V3 £ W 5 BT B8 AN XF R PE 3 2 0 T 2
BBt RS o R S AR L RS 14 R
TR 2 1) SR A 206 35 4 L 2P T %k R 20 R R I 2 G T
HANM T, 7658 18 K 3 £H BRI 4 4 15 40 i 24 46 1)
40 B T B IR A RO AR R A A Y FITC FH A%
0 258 T LA T 2 20 M TR R R, X U
T 30 5 A5 IR 2H S A A A T R PCD B B, B
Jo TR 2H P TR BR2H e Ax RO PRAR 1 A L 0 T IR
Jofr3E 2 B o RO A 0 i Y E AR K B L E R
H B PCD iR

4 it

M6 B B TR 5 R T B A 4 988 1) AR K A2 B o
T B TR 25 F T BROT A 98 08 1 O 2% R PR3 B IS kA
PCD i BRI RGBT, AR IR0 ) T BRIP4 4% 35 200 Jitd
W5 A AE R W AR 55 AR TS 3 A iy SOD Al
CAT MG HE m HIE W MAERKEE . BRIP4 5
A DA 3 K T A AR HE B s TR AS R AT L
T B R RE A B R 2 I 8 R R BR Y
FRAA B i RO 5 2 B 0 2R K, T B S LR A
PCD it 7%,

B T O AR b, BROE A 4 e R B Ak 0 K
SOD #1 CAT MGk B % im . J# AR ROS A
A o8 BB AR S 5 1 BT bR L 5% ek B et
Y LK R 15 5 305 PCD. A 3 B R 4 ) T BRI
PREE PSR R G0 0 E B A B N, SOD Al CAT 1)
T PE AR Lo G R 2w AR

R i & PCD J& , BRIE A% #€ 8 1 Caspase-3
I P B 3 T i L 0 A0 M B 9 PS A B A R
Y M PR TR S, B BB AR 8 B i PCD o 2 K &
T AR ST BRIE A 2 3 00 A 4 2 2m ] L (HOR
23 P PCD Wi 7,

AR GT HE— 25 B 5T T BRIE 45 4 S X T 2R 858 R



REZE BEAREESFHETREIZREERTEE E MU

9 A 25 3 AL L T URE 5  BH 3E 51K B PCD iR
JO7 5 BRAE At 4 18 38 0 2 P % R R A 5 AT
oy il R A A A BT YA 5 AR A R e A B
AR .

&% ik

[1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

(10]

[11]

[12]

SCHOEMANN V,BECQUEVORT S,STEFELS J,et
al. Phaeocystis blooms in the global ocean and their con-
trolling mechanisms: a review []]. Journal of Sea Re-
search,2005,53(1/2) :43-66.
WHIPPLE S J.PATTEN B C,VERITY P G. Life cycle
of the marine alga Phaeocystis:a conceptual model to
summarize literature and guide research [J]. Journal of
Marine Systems,2005,57(1/2) :83-110.
XU Y.ZHANG T.ZHOU ]. Historical occurrence of al-
gal blooms in the northern Beibu Gulf of China and im-
plications for future trends [J]. Frontiers in Microbiolo-
2y,2019,10:451
TR, SRR B, RROAK IR o [ UV 5RO 5 % 3 (Phaeo-
cystis globosa) W 5328 43 A0 B H B4 [T . i ¥ L%,
2018,42(10) :146-162.
KANG Z, YANG B, LAI J,et al. Phaeocystis globosa
bloom monitoring: based on P. globosa induced seawa-
ter viscosity modification adjacent to a nuclear power
plant in Qinzhou Bay,China [J]. Journal of Ocean Uni-
versity of China,2020,19(5) :1207-1220.
VERITY P G,BRUSSAARD C P,NEJSTGAARD ] C,
et al. Current understanding of Phaeocystis ecology and
biogeochemistry, and perspectives for future research
[J]. Biogeochemistry,2007,83:311-330.
WANG X, TANG K W, WANG Y, et al. Temperature
effects on growth,colony development and carbon parti-
tioning in three Phaeocystis species [ ]J]. Aquatic Biolo-
2y-2010,9(3) :239-249.
XU N,HUANG B,HU Z,et al. Effects of temperature,
salinity,and irradiance on the growth of harmful algal
bloom species Phaeocystis globosa Scherffel (Prymne-
siophyceae) isolated from the South China Sea [J]. Chi-
nese Journal of Oceanology and Limnology, 2016,
35(3) :557-565.
ZEUE W SCBE L 2R IR, AL BRIE B 4 5 A WO T O R A
BilH 8 Ak B O T R R LT, A 3 4% 2% Rk, 2015,
34(5):1351-1358.
LN PR R B MR AL S BRE i 2 i 2 0 A0 L 1) 2
S RAATE L X RAFRLT ). MRl 2 2440, 2022,
40(1) :84-95.
BIDLE K D,HARAMATY L,RAMOS J B E,et al.
Viral activation and recruitment of metacaspases in the
unicellular coccolithophore, Emiliania huxleyi []].
Proceedings of the National Academy of Sciences of the
United States of America,2007,104(14) :6049-6054.
DINGMAN ] E,LAWRENCE ] E. Heat-stress-induced

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

programmed cell death in Heterosigma akashiwo
(Raphidophyceae) [J]. Harmful Algae,2012,16:108-
116.

ZUPPINI A, ANDREOLI C,BALDAN B. Heat stress:
an inducer of programmed cell death in Chlorella sac-
charophila []J]. Plant and Cell Physiology, 2007,
48(7) :1000-1009.

DUNN S R, THOMASON J C,LE TISSIER M D A,
et al. Heat stress induces different forms of cell death
in sea anemones and their endosymbiotic algae depen-
ding on temperature and duration [J]. Cell Death and
Differentiation,2004,11(11) :1213-1222.

GUILLARD R R L. Culture of phytoplankton for feed-
ing marine invertebrates [M]//SMITH W L,CHAN-
LEY M H. Culture of marine invertebrate animals.
New York:Plenum Press,1975:29-60.
BRNLME R T WA FL, 55 W AE 52 0 By 3 s A% i v R R
eI 2 R R S S M M By R LT ¥ v 5
¥ ,2019,50(3) :700-706.

F/NAC . KR BB RTY i B X 3R 5% Ry o iz [ D, 55
& < P R R, 2010.

TR M IR R B s AR AR 1 5 e (R 3R 5 Bl R TDN
1 AL HERF SR D], 7 T2 PE R %, 2020,

22 . B AT TR 5 R e 4R o FL A IR T A2
L 2 T 4 % 58 (D] db &0 db 50kl K4,
2018.

RS PR B - B L A AE W A TR 3 e R % B 5
T BATL ], SR 4,2021,23(17) :126-129.
WANG X.TANG K W. Buoyancy regulation in Phaeo-
cystis globosa Scherffel colonies [ J]. The Open Marine
Biology Journal ,2010,4:115.

RAVEN J A,HURD C L. Ecophysiology of photosyn-
thesis in macroalgae [ J]. Photosynthesis Research,
2012,113:105-125.

APEL K., HIRT H. Reactive oxygen species: metabo-
lism,oxidative stress,and signal transduction [J]. An-
nual Review of Plant Biology.2004,55:373-399.

LIU S X.ZHANG J,HU C Y.et al. Physiological and
transcriptome analysis of y-aminobutyric acid (GABA)
in improving Gracilariopsis lemaneiformis stress tol-
erance at high temperatures [J]. Algal Research,2021,
60:102532.

BIDLE K D. The molecular ecophysiology of program-
med cell death in marine phytoplankton [J]. Annual
Review of Marine Science,2015,7:341-375.

WANG H,ZHANG D,FERNANDEZ-LORENZO ]
L,et al. Reactive oxygen species, nitric oxide and plant
cell death associated with caspase-like protease activity
during somatic embryogenesis in Fraxinus mandshuri-
ca []]. Journal of Forestry Research, 2022, 33:1005-
1017.

LI P,NIJHAWAN D,BUDIHARDJO I,et al. Cyto-
chrome ¢ and dATP-dependent formation of Apaf-1/



I AR E,2023 5,30 %, 5 4 #] Guangxi Sciences,2023,Vol. 30 No. 4

caspase-9 complex initiates an apoptotic protease cas- [30] WANG H,MI T,ZHEN Y,et al. Metacaspases and
cade [J]. Cell, 1997,91(4) :479-489. programmed cell death in Skeletonema marinoi in re-
[28] LIU X S,KIM C N,POHL J,et al. Purification and sponse to silicate limitation [ J]. Journal of Plankton
characterization of an interleukin-1 beta-converting en- Research,2017,39(4) .729-743.
zyme family protease that activates cysteine protease [31] CHEN Y T,WENG Y Y,ZHOU M, et al. Linalool-
P32 (CPP32) [J]. Journal of Biological Chemistry, and « - terpineol - induced programmed cell death in
1996,271(23) :13371-13376. chlamydomonas reinhardtii [ ]]. Ecotoxicology and
[29] LU Z Y,.SHA J,TIAN Y,et al. Polyphenolic allelo- Environmental Safety,2019,167:435-440.
chemical pyrogallic acid induces caspase-3 (like) -de- [32] VAN ENGELAND M.NIELAND L J] W,RAMAEK-
pendent programmed cell death in the cyanobacterium ERS F C S,et al. Annexin V-affinity assay:a review on
Microcystis aeruginosa [J]. Algal Research,2017,21: an apoptosis detection system based on phosphatidyl-
148-155. serine exposure [ J . Cytometry,1998,31(1) :1-9.

Growth and Physiological and Biochemical Responses of Phaeo-
cystis globosa under Gradient Temperature Rise and Tempera-
ture Drop

LIANG Sirou'?,LI Jie*” ,LAN Caibi**,XU Mingben®”,L.U Jiachang®”®,XIE Fang'*,
WEI Wei'?,LAI Junxiang®®" " . WANG Yinghui'" "

(1. School of Resources, Environment and Materials, Guangxi University, Nanning , Guangxi,530006,China;2. Guangxi Key Labo-
ratory of Marine Environmental Science, Guangxi Beibu Gulf Marine Research Center, Guangxi Academy of Sciences, Nanning,
Guangxi,530007,China; 3. Beibu Gulf Marine Industry Research Institute, Fangchenggang, Guangxi, 538000, China; 4. School of

Marine Sciences, Guangxi University, Nanning, Guangxi, 530006, China)

Abstract: The frequent outbreak of Phaeocystis globosa blooms endangers the safety of marine ecosystems
and fishery production,and will block the cold source water intake system of nuclear power plants and cause
serious safety hazards. The outbreak of P. globosa has obvious seasonal characteristics. In this study, the
physiological and biochemical responses of P. globosa under different temperatures (high temperature and
low temperature) and the process of the Programmed Cell Death (PCD) induced by temperature stress were
studied by gradient heating and cooling experiments. The results showed that the low-temperature stress in-
hibited the normal growth and reproduction of P. globosa cells and did not activate them to enter the PCD re-
sponse process. High-temperature stress caused oxidative stress in P. globosa ,which led to the occurrence of
PCD response process. The activities of superoxide dismutase ( SOD ) and catalase (CAT) were significantly
increased,and Annexin V-FITC positive reaction occurred in P. globosa cells after the activation of cysteine
aspartic protease 3 (Caspase-3). Environmental stress caused oxidative stress in P. globosa cells,the activity
of antioxidant enzymes increased rapidly,and Caspase-3 was activated to induce PCD response in P. globosa
cells,showing the characteristics of phosphatidylserine (PS) eversion,cell contraction and plasma membrane
separation from the cell wall. This study can provide a theoretical basis for further exploring the mechanism
of the generation and elimination mechanism of P. globosa blooms and the prevention and control of red tide
disasters.

Key words: Phaeocystis globosa ;temperature impress; programmed cell death; SOD;Caspase-3
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