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HMEO| : Alexandrivm affine, 719 ¥R, 71944, ANEFTEE, HEspds

Abstract : In this study, we investigated the effects of dissolved inorganic and organic nutrient on the growth of dinoflagellate Alexandrium affine
(LIMS-PS-2345). The maximum uptake rates (pma) and half saturation constants (Ks) calculated from the uptake kinetics experiment were 77.0
pmol/cell/hr, 17.6 uM for nitrate and 15.5 pmol/cell/hr, 3.88 nM for phosphate, respectively. These results suggested that this species has high inorganic
nutrient demand and a low affinity for inorganic nutrients. During the utilization of organic nutrients for A. affine, growth rates of experimental groups
added by organic nitrogen (urea and glycine) and phosphorus (adenosine triphosphate and glycerol phosphate) were above 70 %, compared to the
experimental groups added by inorganic nutrients. Thus, 4. affine may need to utilize organic nutrients to understand the dominant strategy and

advantageous position in the interspecific competition within low inorganic nutrient environments.
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1. A-I E o3t 7| Ak W3R HAE= o= GLEtlxﬂx]u]-(Lim et al,
2020), oF2 41ET AAZE AYH EA Fotd} 3 A
S A 9 F7E So A Fxlolo o] mjg FEE A

HESFAE AL G Ee B Fol % 1LY
A Ak N ETH FAS AAeE o, Yol o] &4 o]th(Kwon et al., 2014).
% A FEFAA JURERZ FH Bt Lm o0 SPAREF dlevandriuns A AAH 9k 3097
et al, 2020). WAT FHoE HFRA 229 71FW o1 ek TS (Anderson et al, 2012), i S 5 A

L
2
12 oy

Be5 Sol wet A AAH e kel N Agolt
i ] (Anderson et al., 1983; 2012). =rWoll X = dlexandrium 5ol 2]
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affine, A. catenella, A. insuetum, A. pacificum “LE|3L A. miutum
s FeolFo] Edste Ao delA JArhKim et al, 1990;
Park and Kong, 2009; Kwon et al., 2013; Shin et al., 2014).

AT O F9 A gffines DA HEE B
¢l o™ (Fukuyo, 1985), 4] &5 E}=vp}L ol(Hallegraeff et al.,
1991), =2 F7+3} ¥ 212 (Balech, 1995), | 5F-(Vera et al., 1999),
Q1 %= Al o}(Sidabutar et al., 2000), H| E 2 (Yoshida et al., 2000),
©ll A] . (Garate-Lizarraga et al., 2002) 5 %2 7oA %= Bl
vk ok el M= 19861 d 99 R Rkl HxR B
HRAI(Kim et al,, 1990), H+ 20173 8¢ FF QUFoA 1
Do) S B A THKIm et al, 2019). LuH2 02 wlhH]
) 3l 5 (paralytic shellfish toxin; PST)= 'L AI7]A] &&= &
o2 dHPAT, djdz wEY £8 T carbamoyl
toxin (GTX1+2, GTX3+4, NeoSTX 1#] 3l STX)¥} &2 59|
B 315 o] (Ngoe, 2004; Subong et al., 2017), 27} €3 F
o7 olaya gt}

7] A A (dissolved inorganic nitrogen; DIN)

N

| A A (dissolved organic nitrogen; DON)
= Alexandrium® 73 %, éﬁ:i PSTE]
Aol ks mHva deA dom, = o
Sholl whet Al Zy] = A4 o] WstE A 7L§]r51‘er By
2 BH(Leong and Taguchi, 2004). WElA A9 o] THLS A
F3 73 9lo] Fasit)

A2 oAl A%, Axgx 2 FHaEHd 2
AEEFAENY} FAE BEANE Aol vl
Sk 9 2~o]th(White and Dyhrman, 2013). 3l & U2 &
F-7]9](dissolved inorgainc phosphorus; DIP)Z} 8=l
7] Q(dissolved organic phosphorus; DOP)S. 2 EA3}H, UK
Abell A Ak AR YR} FF AAS FEE
St} DOP 3 E2 A4 o2 A o] &317] of&] 91,

Z o] &3l7] HoH )= alkaline phosphatase(APase)2= 71~

7JA

A GHE = th(Bgge, 1998). TS0l Fwtet Qlef gk 11544
ArEet o]lg wHo] thtstA vEhr] wiiel, Ay
A T BAAE FEATE FAa% 8<lo] " rh(Yamamoto

et al,, 2004).
el A A affine A5-¢] oS
il

W, FEE 183 cysto] BE

R 2R/ Alexandrium affine®] 23°gol WA &= &EH

F71 2 F7 ddd@ 2k Q) 9F

(Kim et al., 1990; Shin et al., 2007; Shin et al., 2011), Kim(2006)
9] 4. affinest 717873 SFHIF Amoebophrya spp.2] 43 7
18] 3L Kim et al(2019)] &, G B o) upE A

o] Wl AFE AlQfstale o]3hstAQl Bl wE AlE
Wk At F39] 59 Aol webA 2 daE 4
affine®] F7] YL F £ 5 s Bk A,
Aol e o84 L stebsha, oln AE % 4

3

el visiA oL
2. M A dY

2.1 Alexandrium affine@ Bl 4 23}

23 F9 A affine (LIMS-PS-2345)= 3+=0-3)] & 3}8}7)
g A TEA oA FFurel A F o
Fol 2rot e B FAe 2o ® 20T 1Al 30
psusith. A& wx =l g s vEoew
/2(Guillard and Ryther, 1962) W] Aol selenium(H,SeOs)S 3%
120,001 pMo| H %2 A7t AFE3HATE A affines] T
T35 30 24 well plateo]] AM 9 &3 (Provasoli et al., 1959)
I} e Fo| AENS 742 0.1:0, 03:1, 0.5:1, 0.7:1¢] H] &=
A7V 3, 24X 7 B3 skl o, dAnA stellA HE Al
X AE K- RIS HEFH R 0.1:19 H[ER I
A A NEE 72 WA HEFFAT, A G7] NEE
DAPI(4’, 6-diamidino-2phenylindole)= & Aj3}o] &3 &n| 7 &}
oA FS &5} th(Porter and Feig, 1980). T3 22421
9S Y] Y8 ZE AL clean benchol A 428515 o
o, A¥7] 75 19t B#(121T, 202 kpa, 20 min)dlo] A&
skt

2.2 Alexandrium affineQ 7| &
Eaisr AlS
o M | =293

o

AEEFAEY] 99 FFe VAR 3 T
FEA = o ESA R, A Ul YLD poolS TFA =
A, A7l wet G oR S £E9 vk EAS
Bbe W A9 27 F S5 S0 dAT AT S
A F(surge uptake)E Holm AlX °§ Fel syt
31% A1 ZE Yol A& sfoF s-tk(Eppley et al., 1969; Harrison et

. 1989). WebA] FFd FF 2P ng 571 2ol %ol
o AAAQ WstE ghofstgint WA, AlE W HAe}
AZAIZ717) 18] Aa B o] E3hE A &2 AK

T2 7Hko R 8 L1 XA 4 affine AWFS 3

Agol BATE w7k wj s AAlste], Al

o1& WA Z . L &, NaNO; 35 uM¥} PO,-P
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3uME 58 L1 ajAle] AE W A e 9 1dFH 4
affine= AE3IATE wlE NAI0E), 10, 20, 30, 45, 60, 90,
120, 180, 240%-ol ¥jkoNS x]4=5}o] NO-NI} PO-PE A
sttt =2, AE 2 F27S Kim et al(2019)0] Ha1dk
HFEL25C), FE(30 psu) 233 FZ7(150 pmol/m¥/s)ol Al
T3Sl

ojJokrod T2~ AT
19 55 &=

= 100 ml Bl -8-7](Pyrex, USA)°l| PO,-P
7} 0.1, 0.3, 0.5, 0.8, 1, 2, 3uM 79HA], NaNOs= 1, 3, 5, 10, 30,
50, S0uM 7THAIZ ZAE L1 wiAle] AE W Fax e <l
o] ZH A affine(>1,000 cellymL)S HE 3} E} H A 7E
2 A7l Med Ade] A3E ngeR HE F5E
= Ao R Sglth 53], 449 g AlEE ek o
FAE H7FEE Al POPOF NaNOs o 557} stolbA] 7] ol
T A5 gFNE A8kl POPe} NaNO;i 7433l e
, A TR 5 AR ZX‘OP“E} FEA =

&5 I~

=T
= Michaelis-Menten 2}°l] thl3le] &

?}

PE r

P

s}o}5} A Th(Dugdale, 1967). °ﬂ°k?3 Fel Zhzte] W
= 54" APgE Aol dgste] madd HaAed
= ARkstint
S
c 1
Pmax O(:)] OO]: ?3 g’]m % é?l:'—Il:——(pn'lOl/Cell/hI')

2.3 Alexandrium affine {7| GYH o[

7] A9 02 urea®} glycine(Gly) 2] 7] AP0
2 NHNF NOsNE AFg-3tgl o, 13s| 45 ngo s g
Livfx]o] Z}zte] dofdo] #F 300uMo] ¥ =% A4 3191
o} T3k f-7] 919 2 2= adenosine triphosphate(ATP)2} glycerol
phosphate(Gly-P) 22|31 F7] QlYoz=
(Tripoly-P)2} PO,-P(PO)E &S npFo = g Livj#] o]
Z4z 25uMe] W= 2AEGI T s A% LA
o A affines HF AX L7} 100 cellsml =% 4 ZF3)
Ak Alxe] AAEEE deAdds Hole w3
& elgate] oy 2@l o8l Axtakadeh

tripolyphosphate

1 N
P= AN @

11]—76]_(’3_ AWS|

Mo

=

No : A7 NA 2719 AE S(cells/mL)
N, : A7 oA A7 2] AlE S3(cells/mL)
At : tFAE71 9] 7)1 3 (day)

F2AL A affine®] ¥-7) A 2 3
of e ASER 4P} o] AL, G 2eln =

|=] [e]

2.4 Alexandrium affine L' & Zo A DINZt DIPS| F7|
kel
2017 8 4, affine’} &AL 3 &1 9] DINI DIP 3} &
4L Ftetatr] flate] s ek o h
Management corporation; KOEM)ol| A #l| 3-8+
AR5 5 AL-E-5FS Thhttps://www.meis.go.kr/portal/main.do). 2
| % AL 2017d 89l 4. affine’t AT A
A H(34° 48 7 357N, 128° 17" 41 "E)9] ¥35 AHo|H, 1997
H-E] 201797k4 9] 2€ 59, 89 T1E]al 11Y€9] AEE AE

stoie

(Korea Marine Environment
A BAZA

3. Z2nt A 1

rl?l'

3.1 Alexandrium affine 27| 24 ¥ 9 s&0 ME EF+

558 AH

A affine®] F7] Aiel dFdF AHEFFANTS A
NaNO;°| &%= Alghel whet 43kl NaNOy &
= MY 2715E 108 52U 69.8 pmol/cell/hro] A 7,
o= 1.20~24.7 pmol/cell/hr® @A 3| #Aisdtes AEFS
ChFig. 1; t-test, p<0.05). WA 4 affine®] NaNO; S5~ 213
o] AIZFE 10 2.2 g ste] a8l th 0.2 4. affine
o] F7] o digk & S5 AlFS A EW, POP T

Al bl whet A Akl w ek ANAI
B 205 59FS 230~4.00 pmol/cell/hro] 1.1}, 30~240%-)
+ 0.40~1.20 pmol/cell/hr= 7+4~3}SI Th(Fig. 2; t-test, p <0.05).
WA A affine®] POP S5 &% AF A|7FS 20807 A
gatalth

4 affine®] NaNOsl e F= &= of 30uM7H+] 5=
7} Z7Yell we Frhsk o, T o]4de] kel A= frAks)
S tFig. 1). ©]Z& Michaelis-Menten 2] . s D=
77.0 pmol/cell/hr, Ks= 17.6 uMZ AIAFE AT} Qo) 3l F<=
HE= A dAe A %2 3uMZHA POPE] F
=7F Sl wel 718l oM (Fig. 2), Michaelis-Menten 2
o2 §53 A9 p. = 15.5 pmolcell/hr, Ksi= 3.88 uME 7]
Hatbel=

o i [T

o ¥ Hor F T
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p=77.03*S/(17.60+S)
=091
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Fig. 1. Changes in (A) nitrate concentrations of nitrogen-starved
culture of Alexandrium affine after addition of nitrate
and (B) uptake rates of A affine as a function of the

ambient nitrate concentrations.
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PO, concentration (M)
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p = 15.50"S/(3.88+S)
#=097
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Fig 2. Changes in (A) phosphate concentrations of phosphorus-starved
culture of Alexandrium affine after addition of phosphate
and (B) uptake rates of A. affine as a function of the
ambient phosphate concentrations.

=5 UEhl= # =0, Ks

X7 e E e Y v= 1 M w2 Aggsh,
W R Ks 557 #5575 2 99 #3404 et
= A& 9] gt (Dugdale, 1967). Tl%0] A|E2] A7]7} 2F&

TR F TYFF, A F(neritic speceis) Tl 2] FAd
(oceanic species)d 5, A EL7 H& THY 2S5 ¥
L KsE Ho|= Ho=w LE:] ] A TH(Eppley et al., 1969). A.
affine®] NaNO;oll ]t Ks ¥ =5 thE T3 v|ulste] B, §-
gkl A wid 3]'74]0'” EHH]"‘E Sl T Cochlodinium
polykrikoides, = JHRZXF Gymmnodinium catenatum 18
TN Z5 Prorocentrum mznzmumP_E]- =% TH(Table 1). PO,-Po|
3l Ks 529 4% C pobikrikoidesSt A. tamarense BT} 3%
OLP—Ui FEAel ok we aFY e S Hol
G. catenatum™ AAA 2579 FAFSHS TH(Table 1), &=

i ABE QU 2K HEERAE F2 7
AeAIE A7ske=d Aol Ks #hET JA3Ad A5 ap
maKS)7F B F-831A] AF-8-% Th(Harrison et al., 1989). & &9
75, NaNO; 9} PO,-Poll Thdt ai= T Fof njslo] vf$- ub
2 S BYloH(Table 1), H2 55X F7] 44 3ol A

o]—N

£

0&' rl

Table 1. Comparison of uptake kinetics for nitrate and phosphate
among various phytoplankton including Alexandrium
affine

, Ks £ max a
Species References
e (uM)  (pmoeellhr)  ( fouKs)
Alexandrium .
affine 17.6 71.0 0.23 This study
Alexandrium . ¢ ¢ | - Collos et al. (2004)
catenella
Chattonella ., ¢ 0.91 309  Nakamura (1985)
antiqua
Ceratium
furca 0.49 - Back et al. (2008)
Cochlodinium .
N pobkrikoides 3.04 1.89 1.61 Kim et al. (2007)
Gonyaulax
polyedra 8.6-10.3 - Eppley et al. (1969)
Gymmodinium Yamamoto et al.
catenatum 759 648 117 (2004)
Heterosigma
dkashivo 2.00 - Tomas (1979)
Peridinium 9 - Sherr et al. (1982)
cinctum
Prorocentrum Lomas and Gilbert
minimum 500 0.10 500 (2000)
Alexandrium .
3.88 15.5 0.25 This study
affine
Alexandrium Maclsaac et al.
tamarense 260 1:40 186 (1979)
Cochlodinium .
Ppobkrikoides 1.19 0.35 340 Kim (2003)
Chattonelia— o, 0.14 136  Nakamura (1985)
antiqua
Ceratium
furca 0.05 - Back et al. (2008)
Gymmodinium 30 ) Lieberman et al.
P bogoriense ) (1994)
Gymmodinium Yamamoto et al.
catenatum 340 142 2.39 (2004)
Heterosigma
akashino 1.0 - Tomas (1979)
Achnanthes sp. ~ 3.95 0.17 232 Kwon et al. (2013)
Amphora sp. 3.82 0.06 63.7 Kwon et al. (2013)
Navicula sp. 3.02 0.23 13.1 Kwon et al. (2013)
Nitzschia sp. 3.15 0.30 10.5 Kwon et al. (2013)

* a is calculated by Ks and p.x described from each references.

FH, 9 A2 B, FUIEERY e AAa
stal A= AEFES aiv}(Flg 3; 4). Kim et al.(2019)% 4.
_]

2 20~25C, ¥ 20~35 psu=

G SAE AL A SHE A Aoz naad
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<319 €] &4 DIN# DIP 7H4E Al4HeHH, DIN
25 uM/year DIP 0.02 uM/year® A8k 74 &0t
INO] 2.36 uM, DIP7} 0.34 uM
A = Ry o 3 v
B #r19dael @i% 3]' ]‘i'f”} ofvgt &4,

o

ko e dekdse) 9% ek s
slele] By 9UY A2E U% 218 7FsAel 9
EE EF5FL S AT US FAAA, AF0R
o

< 2A] 2] th(Hallegraeff, 2010;
Gentien et al., 2005). A, 20173 82 £ ALl A A affine
kA A] o] DIN 5%+ 047 uM, DIP &%+ 0.55 uMZ 4.
affine®] Ks gkHth & 1 3 e 52 By el §7)
FFAe] Qo] =L A gffine®] AT EARI A2 EA
HEs 1 gehd o 24 AET -3 8 E 77
P ol ot FHo Lol HaFs o+ Arh

y =-0.054x + 6.691

DIN (uM)

97 98 99 00 OF 02 03 04 05 06 07 08 09 100 11 12 13 14 15 16 17
Year

Fig. 3. Long-term changes in DIN in Tongyeong area from 1997
to 2017.

y =-0.006x + 0.734

DIP (M)

0.0

97’ 98" 99 00 01" 02 03 04 05 06 07 08 09 10 11" 12 13 14 15 16 17
Year

Fig. 4. Long-term changes in DIP in Tongyeong area from 1997
to 2017.

3.2 Alexandrium affineQ /7| Y 0|

A dffine= F7] QU ko] W s THA A

om, -3 HsiM = EFEHoRE e P JUS
O] o3 Aow Hasigith A f3f SRR o
Ao A &EH 7] Aol shte] dlo R A7E
Rom, 7] 4L ol TH FoAAL A Tt
91 BH(Bronk, 2002; Park et al., 2013; Kwon et al.,, 2013). w&}A]
7] FYFe o]l&5go] T3 ao] & Aow FArty

z)
=4

Al - A E
o], t}%Fe DONZ} DOP 5 WEA<Ql 2FS Aelste] AX

(batch) ¥ S 3l 351SIT)

Azt dig A& FakF oA 059 /day, UE
Yoldell A 027 /day L& 3L Glyol A 0.51 /day(A A+ ol 3t
A& oF 88% ll ), ureaoll A 0.44 /day(R A+
3 AL o 75%d )R YElYthEFg 5). ¢ 33
Eof sl POoNA 0.59 /day, Tripoly-Poll 4] 0.52 /day 12
3L ATPOl Al 0.53 /day(POsoll W3FS] ATP+= 91 %), Gly-Poll A
0.42 /day(PO,ll th&lo]l ATPE 71 %)= LFERSTE 2 Aol A
T NHANOA 32 A S5 8 nglon dakddoln 713
S AGEEE BAARL 2 abole A4 &gtk 1l
M Gly-Poll A vlaE] w2 gL ATPO A 2 A%
57t W7 Wil A affines F7] 999 ¥k ol

SEH 7] YRS Al F ol s 54 B

(A)

Urea |

Gly |

NHa I

Nitrogen compounds

NOs |

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Specific growth rate (day ™)

l (®)

Gly-P

ATP |

Tripoly-P |

Phosphorus compounds

PO4 |

0 01 02 03 04 05 06 07
Specific growth rate (day ™)

Fig. 5. Specific growth rate (/day) of Alexandrium affine
incubated with various nitrogen compounds (A) and

phosphorus compounds (B).

DON % Gly % %& 2] o} 1] :=2H(dissolved free amino
acid; DAFF)¢| dZo] AFFE A EZHIES] d4ATF
o zA ujg- S-ﬂml n AL 2o st
T3 2 dyA FadAelA o 28-S drh(Cowey

9% #7%

H“ —%Jh

A)

and Corner, 1966). QH¥FZ o EE%AEY AW DAFF
Hl &S Arginine 4] %o 714 o G SE3}5Fo] Aspartic

2]
o ly
acid, Alanine ~12] 3l QHEE AR WL

=

Hir
}-L

ol

Lysine & ©
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s}

Hoot olglgh Ao opnitEe AEZIFAE Al
FHste FAO g Sl ¢4 o
uj] 5-of] (Cowey and Corner, 1966), ¥ 1
& Bl GlyY o]&2 #F& 7712
g 5 o

ureats ob=4ke] HF Fel AMEE O AEIRAE
o] o]Z o]g3lo] Aol 75 di(Steidinger et al., 1998; Auro
and Cochlan, 2013; Kwon et al., 2013; 2014), 45 F(dF =
+ Synechococcus &)= weaZ Aol o] gst=d o
gt wreaseBH= VRS A LT 7HAA] Z7] Wl weaE A
ol o] &3kA Feh= A% UTH(Collier et al., 1999; Lartigue
et al., 2009; Nagasoe et al., 2010). 4. affine= B3| ureas ©|
4313 7] wizoll, Aol ureas 7HEENAIZL 4 A= urease
o] FAE 7L e Ao AEY, 57 AAvt A

He 389 4F, 20l FokA ureaseE 7HA L

B FTHU 449 oxle] & Aow ArE
DOP % ATP o}tl|d2l(adenylic acid) A1 g 9] 3E= 3
< TS diie] AEEEAE] o)&ste o=
% ATHOh et al., 2010; Kwon et al., 2013; 2014). 53], 3|
oM ngl w2 EA8H, G AEEdAEe
7Fs3k eldo g A ATHKwon et al, 2014). A%
1= of| 2~ 8l 2 (phosphomonoester; PME)2] & %21 Gly-P2] 7%
PMEE 7}E3llat= APase 7ol wel A7l o] &3t
T 287 ZFL FE FEH7IE F(Nishijima et al.,
1990; Yamaguchi et al., 2005). 2 A Table 10] RoF HHREZ
 H akashiwo (Yamaguchi et al., 2008)= PMEE Aol o]&
SHA] kO™, Fibriocapsa japonica(Yamaguchi et al., 2005)<}
FElvtet Aol sk 2T Skeletonema sp.°] A
T % PMEE ©|&3}A & STHOR et al, 2005). §HH ] 4.
tamarense(Li et al., 2011; Xu et al., 2012; Kwon et al., 2013),
A. catenella(Xu et al., 2012; Kwon et al., 2013), A. fundyense
(Dyhrman and Anderson, 2003), C. polykrikoides(Kwon et al., 2014)
22831 G breve(Steidinger et al., 1998) 5= T4 PMEE ©]
&ato] Aol 7hsd Aow HAHAY. 4 affine= Gly-P
£ o] &3tl7] wiEell APase® 7HAAL & Aow A7
™, ole g f7] dEA o8 L F7] d¥Fol AT
d BN o AL B A8 defow ugdn. o
A 20173 8€ 5 QTN A affine A=
7] JFRL ol g3tel v

rr
ot
N

Y

o
XN
ol o

~
2,

}

pul

(o]

op ) T

I
s
o
3|

fe ko

O

S, oAb AEA A

mie]

i
)
By
rlr
ofN
i

o

f
e,
o
ﬁ>~l_‘
rio,

= T O
of thell 4% w &4 g+ Fxo] Y& 4 A, A
A Gl M HesdasE 2L AT AdEng ¥ g2 F
o] &E3FaL QITHOh et al, 2014). F=7F T Aol T F-9]

o)
N
=i
S
Q
g
=S
Sy
N
3
$
=
Q
Lo
o
o
2
=)
rr
op
N
=
o
N
=)
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