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ABSTRACT

Due to climate change, water temperature of Korean coast has been
gradually increased. So tropical dinoflagellates appear frequently in around
Jeju island. Also occurrence of Harmful Algal Bloom have become fast and
duration of HAB is longer in the southern coast of Korea. Many marine
biologist study about microalgae, but few marine biologist study about dead
of microalgae. Programmed cell death (PCD) is a mechanism of cell death
that has been received increasing attention. This study focus on bloom
forming species which might initiate PCD in response to environmental stress,
leading to the hypothesis that an active cell death pathway may contribute to
the decline of blooms in situ. We measured PCD markers in Cochlodinium
polykrikoides and Amphidinium carterae under temperature and nutrient
stress. Some results show that C. polykrikoides does not display clearly
molecular hallmarks when exposed to stress. Whereas A. carterae was
temperature-stressed at 10 and 35C, where it showed the highest proportion
of cell exhibiting PCD hallmarks after 24 hour. On the other hand, A.
carterae did not show PCD hallmarks when it encountered nutrient stress

during culture experiments with nitrate or phosphate deficiency.
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AAAABEZARE LAF A3} vhebee] EEseo] Thd Wi 00074C F7b

,EEl AS EF 00267C, 4 50melAE 0.0117C, 4 100m 7
$-0.0005CH st = Aoz WM (Jeong et al, 2003).
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MA st Aeg delxl AEFECItHKim et al, 2013; Shah et al, 2013a). 1
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Fol APy WEo] ol oAs) A, ANH A4 AT 42 + 9
(Yasumoto et al., 1987; Hallegraeff, 1993; Ismael et al., 1999). o]&{3t o]fF=
Q13 A. carterae= Intergovernmental Oceanographic Commission and United
Nations Educatoional Scientific and Cultural Organization (IOC-UNESCO)9|
Tl = MER{ 55 27 tH(Mandal et al., 2011).
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oA ot vhd walsh BaldlA Aa4E HxE dor Fgsel ofFe A

AALS dodl= T AFEA, AAlE FeiE sl AthHKim et al, 2001a).

C. polykrikoidesE X3ste] fralxfol g A+ wulelAx &3] 3
a1 Qo (Park et al, 2001; Lee, 2006; Lee, 2008). L&} B5F F=2 E83H7
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death, PCD) 7]%to] =& HloS A 3= o=z &3 A (Kirchman, 1999;
Bidle and Falkowski., 2004). PCD+= WAEZAAEA ZAA 0w dojv= A4
ow A AAAAM BDag AEy vtole X, Al o Qe E4" AE
E AAsk= Aol o] HAFS Tl HAEAEM= TE RS P
U HAAZEE ES RodA Ath(Kim, 2008). ol#d AL Kerr et
al.(1972)°ll ol A& LdHAA HJow A PCDe= ¢ 7|zoz Is=
Aoz gt 1 5 HIZAAE PCDO b dlmAl 7igoz deiA 9l
= apoptosis 71 &S ©@ilA R g9 caspaseo] old] A3 ET, AMA
= % DNA Adwh, Az 5 Alxde] o 5l Axe] 7| @4, apoptotic
bodieset= &A1Y A 9o ofe] dAdo] TAst= Aom A A HKim 2008;

]
Choi et al, 2013). AESZHIAEY] 2 TAHE AE 45 PCDE 9F-3-4

g 2Efzr s Alx 22271 S5 AddYste 84U AE =&
(apoptosis)S n| &t Qt}. ofzx Zm Ay MZA AFoAE AEe] T2
T AlEARe] Gt ool disiA = obA FyEo] QlA & AAINE A
3 AEOME ook FAMEE RS AHstr] 98] WolEof il JIth(Bidle and
Falkowski 2004; Franklin et al, 2006). o}# =ufolA AR FE W Zal WA
ZFE ez PCDE A8 Aldl= §loy o)AM= F2F Thalassiosira

weissflogii, FHXEZF Heterosigma akasiwo, =535+ Micrasterias denticulata,



Dunaliella tertiolecta 5 @] A EZHAES Aoz A xH T 9on oA
2R 99X Amphidinium carterae, Peridinium gatumense, Karenia brevisE T
qoz dA+E AFEZE dtH(Berges and Falkowski, 1998; Vardi et al, 1999;
Segovia et al., 2003; Franklin and Berges, 2004; Dingman and Lawrence, 2012.
Johnson et al., 2014).
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T AY Y T A SFARFA Amphidinium carteraed AT 3t &
FE Ao A A FEte] TGAES capillary pipette washing methodE ©]-83}o] &
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&l /2 Medium Kit(f/2 Medium Kit 50L, National Center for Marine Algae
and Microbiota)E ol-&ste] AGA oz Axd {2 wA, A9 Aol (=
/2 9iA], A Aditol gl /2 wiA ILA F=H g F o] &gk wjgAE
E5 722 F]dskar 20T A viYfstdv. 9dd 29 =Ed

-3duit}h ZAslg o] MEFIL gadts AV =

MEF WH3= 1mle A5S FHsel HE5E 1% Lugol solution® 114 3
Sedgwick-Rafter A3 o]&3sto] FedAn o= AF3st3t
AFEHE A Wsle & EdtolE S92 fo A EE "ol AMEdgs

= 92 7 Fedndes dAsain.

2.4 Svtox-Green staining

Alg 1ImLE 7]+¢22  SYTOX(SYTOX-Green Nucleic Acid  Stain,
Invitrogen-Molecular probes)S 5uM == AHE|ste] W& 2pcst e ol A
10-15% wjkAl 71 & &3338n 4 (AXIOPLAN, Carl Zeiss)E ©]-&3}o] positive
cell?} negative cell®] & 7247t SAsto] dA ME ol gk stained cell®]

Hl & Albs v

2.5 Annexin V Staining

.

A E2¢] phosphatidylserine(PS)o] 932 =% E 2 A dFAS Annexin V

(Annexin V Conjugates for Apoptosis Detection, Invitrogen—Molecular probes)



£ ol&dte] FFAMAB R vE HlES SASA. Wi AR ImLA A4
2] (3000rpm, 20°C, Smin)stod, A5 HS AT +

saline)®  AlZE Add. 2 F  dAEET
Annexin-binding buffer(10mM HEPES, 140mM NaCl, 25mM CaCl,, pH 7.4)
100uL.®} Annexin V. 5ul. 37bs 7 Ao U Aakst JE2 158 v gs)
At Annexin V. A3 Az FFAvFdor #ZStS  stained cell
unstained cell& A3l AA MxEFo] g stained cell?] B]-&S A4S
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2.6 Caspage—-like enzyme activity (Metacagpase)

Apo-ONE Homogeneous Caspase-3/7 assay (Promega)® A5 E 8] 3}o]
TAE o] &3t At wE FYFHES Alme] diAgFo R o o

A% Caspase-like enzyme activityS A3ttt A5 10 - 15mLS 94

oty
ME
o
o

)

2 (3000rpm, 20C, 5min)dte] ImL= &=3% % Homogeneous Caspase-3/7
Reagent®} Al 59 %S 1:1 B]1S100x0:1000) %, 96-cell plateel] ztz} 53}
plate shakerg ©o]&3te] 333 tl.  Fluorescent microplate reader(GloMax
Microplate Reader E8051, Promega, Madison USA)Z o] &3}o] 499/521nmol A
2A1F &9 16 HA R FA4e At I A2 gl o] histidine?} cysteines
xe3ltt= HS o]&3l Pierce BCA protein assay kit(Thermo)E ©]-83Fo] A
5o F guA=RS FA Al 10 - 15mLS 94 % 2(3000rpm, 20C,
S5min)3te] ImLZE &=3Fe] 96-well plated] A& 25u0] working reagent 2000
2 77 Y& % 30% %<t plate shakerE o]&3&) &3at9drt mixo g 37C
;

o A 308 E¢F i3t 3 plate readerE o] &3] 562nmoll A =438k}

2.7 Caspage-like enzvme inhibitor

kAol Caspase Inhibitor(Caspase Inhibitor Z-VAD-FMK, Promega



Corporation)< &% 20uM =%2& 713t F FdstAl wlgste] Sytox-Green,

Annexin V x2 & inhibitor ¥ A2 A2} v w3}



3.1 =2 Helof| 12 AEG A0 elat 4. carterae| PCD S

3.1.1 A E%(cell abundance)®] W%

10CAA 27 AMESFE 1.2x10" cells/mLelPom 12417ke] Ad Fof =
0.8x10" cells/mL, 24417t F o= 0.6x10" cells/mLO. &, 72417k o] F o= 0.3x10"
cells/mL% 723tk 30CelAE 1.6x10" cells/mLell A Alzke] Aol whe} &
7bakel 72A17F o] F o= 8.4x10" cells/mL 7} ¥ control?l 20CHTH A o]
wE A dojutth 35C A$ 7] MESFE 1.0x10" cells/mLel o 141 7H5S
40% 723kl 0.6x10" cells/mLZ 7Hast9la 6417 3= 1.0x10%cells/mL, 244]
Zb Fol= 0.6x10%cells/mLO. &, 72X]7F Folli= A9l AbEaEdth 40TolAE 14
b who] AR A s tH(Fig. 1).
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A. carterae
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Fig.1. Cell abundance of Amphidinium carterae for 72 hour at 10, 20, 30,
35 and 40TC.



Fig.2. A. carterae (A;normal cell, B;vacuolar cell C;dead
cell).
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3.1.3 Alxze] Aste4 W)
ME7E Zom AETS FAX(membrane integrity)e] 33 % o]  Sytox-
Green A|oFo] A ¥Evhg Fajsle] dlo] QAAE

a ot
AlsEo] Sytox-Greens A 2lstal 108 § FFAvFo=m d&EsdS w Hofal

= A% A EE chlorophyll® o1& w7kl o & ey, £& A% 8 By
o

| Aleke] GAlx]o] dre =8 wWrh(Fig. 3).
2 A 10CAA eS| 2423 Fol F25)
, 2447 Fo 3BHTANA viA3AE HAE 27]dE 1247 ool AE HEE

ol gllont 2447k o] & HE F AT} o] oA tH(Fig. 4).
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Fig. 3. Sytox-Green staining of healthy cells (left) and

temperature stressed cells (right) in Amphidinium carterae.

A. carterae

o
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Fig. 4. Variation in proportion of cell stained with Sytox—Green at 10, 20 and
35T.
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A. carterae

70 { =100 AnnexinV " I00C AnnexinV

== 35 AnnexinV ;f'%[[]h' o _“_%

Anncexin
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time (h)

Fig. 5. Variation in proportion of cell stained with Annexin V at 10, 20 and 3
5C.
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3.1.4 In-situ caspase-like activity

A. carterae®] caspase-like activity= 10T wj<st7] o Z+z+ 4.6, 3.9
RFU h' mg! proteinol Al 1A17F = 50% 7HAa® Aoz vepwch 18y 1
AlZF o] & RE] Caspase activityZ} Z7}ste] 72417 %o 132 RFU h'! mg’
protein® Z7}8th o] $X%= control?l 202 3.2 RFU h'! mg ' protein®
t} oF 4uf it (Fig 6).

35Col e &0 Waty] ZAel 7tz 2.8, 74 RFU h' mg ' protein® &
93, 35 CE Fo] WAz AIZRE Zrtets Aoz Yyt 71y =o

A= 24N 7 T2 408 RFU h' mg ! protein$] tH(Fig. 7).
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Fig. 6. Variation in caspase-like activity of A. carterae at 10 and 20TC.
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Fig. 7. Variation in caspase-like activity of A. carterae at 20 and 35TC.
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3.1.5 Caspase inhibitor # 2]

casppase inhibitor2 A2t Al5E IF2A ZF2 A5 MEIFTE v USSP S

A 10T A 12N = FARSE AE&S B o 12 - 24A3F ARolof H]
A Algs 0 - 1223k H]8) 543 #A4E Bl W) caspase inhibitor ]

2] Al8E 1.3 x 10" cellsmlZ Z7}8H QA tH(Fig. 8).

BTCAA MFsAS d5E AEFE HueAS ZAF INWMAA = FARS
A3 Holal 6A7F 3 9= caspase inhibitor @7} HA &o Alg7} ¢
e NEFE BYor} 1247 Fo = inhibitor A& AJE7F 1.4 x 10 cells/ml
Z nAg A8 06 x 10" cells/mlEt} 2u) o] Egkon] 12413 - 72A3t
Abolell Al inhibitor A2l & 4] &2 AlZRTH F=A e tHFig. 9).
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Abundance
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- 20
. 00T Cas — =
i T 10°C+ inhibitar ; -'E 5
- w
o
j i L
L
. )

T T T T
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Fig. 8. Variation in caspase-like activity of A. carterae for 72 hour at

10C (bar) and Cell abundance of Amphidinium carterae for 72 hour at 1

0C (broken lines). Samples were untreated or treated with caspase

inhibitor.

lcells fml)

Abundance

A.carterae
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N =

time (h)

Fig. 9. Variation in caspase-like activity of A. carterae for 72 hour at
35C (bar) and Cell abundance of Amphidinium carterae for 72 hour at 3

5C (broken lines). Samples were untreated or treated with caspase

inhibitor.
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3.2 9o HE | elet 4 carterael| PCD § %

3.2.1 M 3E(cell abundance)®] W%

Z7] AZEEE 1.0x10" cells/mlZ W A& & dFde wjxo] Holalis o
FHol 2xEE= A7IE Hol vjg AlZ 7Y o] FHE 29 A SR AEE A
Azt AExFE SA4sAT

Aoz Azxd F2 A9 wdA(contro)e]  14€7H4] F43] 18U 7HA]

A 574 2718k 1.5x10° cells/mlo] & & 299 = 2.0x10* cells/ml7FA] =

AArd 3 1Ak el 2 AgE wEAEWE2 -N, {2 -P)= B WA S
Aol v} B Hx7t =k HAAAEF7E | A7l g Al 16 2 F
WA E 57 2H2E 4.6%10° cells/mltF 4.2x10% cells/ml2 A 24F wl =] ]k R} wb
ko o]F MEFo W-go]l Ao fIATH(Fig. 10).
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A. carterae

cells/ml

Abundance

Fig.10. Cell abundance of Amphidinium carterae for 3ldays at three conditions
(control;normal f/2 concentration, f/2 -N;N deficient, /2 -P;P deficient)
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why
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Fig. 13. Cell abundance of C. polykrikoides for 72 hours at 10, 20 and 3
0C.
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Fig. 14. C. polykrikoides cell(A;changed
cell, B;dead cell)
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