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ANA Y A5 FallA] £EHF 7] A (dissolved inorganic nitrogen; DIN) A3t S}ollA] f-5 AR Z 7/
Alexandrium tamarenseS}; A. catenella®] B3} 9783} Ze-S A BTt A-ASA} v\ Alexandrium <5
o] Edsh= 7|xkE<t DINO| AEEFAES] 34 A Ud s velsitt. dd-s=st Ao v iy &g Al
O] Ks#ka Aol sk E2FEY A tamarenseS} A. catenella?} =0, A Aol o] Bt #x]ol
= AOZ YElTE. SHAIRE A. tamarense®} A. catenellai= DIN A S84 Q4 ofw] Al 28 82 /-7]4 4
(dissolved organic nitrogen; DON) 3}3-E-3 A7l o] 31Tt webr] vk} 240] dlexandrium 470] E@sH= &
~0J 5714 DINo| A|gtd o o 2 2-881= oA DONS S558-2 ol& Fo] A4S fxlsh=d & 98-S &
ek ot Fo] Y 9 T BN E T3 YIS E A OE HAlth

Abstract — Dominance and survival strategy of toxic dinoflagellate Alexandrium tamarense and A. catenella
under the dissolved inorganic nitrogen (DIN) limited conditions were examined in the laboratory and field
observations. In Masan Bay, DIN was limiting factor for growth of phytoplankton during spring to early summer
when Alexandrium spp. have been observed. They have a disadvantageous position compared with diatoms
because Ks of nitrate calculated from growth kinetics experiment of 4. tamarense and A. catenella was higher
than diatoms. However, A. tamarense and A. catenella were able to grow using dissolved organic nitrogen (DON)
compounds such as urea and amino acids as well as DIN. Therefore, DON utilization of 4. tamarense, A.
catenella might contribute to not only their population growth but also dominance and interspecific competition
in the DIN-limited conditions in Masan Bay.

Keywords: Alexandrium tamarense, Alexandrium catenella, dissolved inorganic nitrogen (DIN; SE2E714 %),
dissolved organic nitrogen (DON; =772 4)

LA =2 Dunstan[1971]). ©]2]3t A= 8714, AP o] 87Fs
Sk g<=ef] 7|8 A (dissolved inorganic nitrogen; DIN) 1231 &
AEAA L] LA T A (nitrogen)s B (carbon), 4 EE| f7]8 A (dissolved organic nitrogen; DON)Z 3|4~ ol T
(hydrogen) 18] 2FA(oxygen) Thr 0.2 W2 oS 2pA5tkaL 91 oFsk = EAI8EAL QlTt. DIN 5 24 (nitrate; NO;-N)Z of
of, A gl Bl gl gl Tadt flao]thRyther and AT (nitrite; NO-N)2 AAPIAARE] Afjel] F=rilof #HFaba
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(Thomas[1966]; Wheeler and Kirchman[1986]). ©1* ¥ 2 &=
AES FE DING o] &38R, a5 SolA DINe| 553k 45

o thekgt o] DONS 7FallE Eall F71el = Aol o]&-
317]% 3} (Baden and Mende[1979]; Fisher and Cowdell[1982];
John and Flynn[1999]; Leong and Taguchi[2004]). = ¢ 5AF}8k
A AR E HPEOR 199295 E 20061744 Wbk el A 7=
H 235 7T AA 3 44 (dissolved inorganic phosphorus;
DIP)Q] 5= A HH (Lim er al.[2007]), DIP= 2002 d7H4] &
7¥etet AR} hAehs AES Ryoy, Aakde] A9 #4941
So= 1990 el vlsf 200000l FHad A ES YeRSIT)
DIN:DIP H:= F3F4 02 W7} 9l o), thA| 2] o= sA| e} 7]
°|| Redfield ratio(16:1)R.t} So}, AAAFS vhefu, Q1 x13)
WHERE of e} Zhehka el 5-o] wafqhe] Fantell e A
Agto] B 1E L QTHCho et al.[2004]; Jang et al.[2005]; Kim et
al.[2011]).

A, G5 QHRZT Alexandrium tamarenseS}) Alexandrium
catenella’=" $-2lvhgloll A vln] A 9| F5 2 (paralytic  shellfish
poisoning; PSP)E WA= A9l AQlFolH, eehs]
AP wiEel] ANEARl Fatn|A slellx] Hol 4] ¢tk 7 F
thecal plate®] G212 53t ventral pore(V.P)2] 552} npH]Ad o)
= % gonyautoxin 5+62] /49 ZJo]= o] 71sEh, FH o=
EAAESHE 7| 5953 Qlch(Taylor ef al.[1995]; Kim and
Kim[2002]). Oh et al.[2012} vk @ Asjulol] gk & 5
o thste] 7 S 918 23 GRS Fato] 71l A
2 Hsks WASINE, A. catenella(25 °CY7} A. tamarense(15 °C)
R} 58 oA HAGE Bof, elvel 3-488] A¢ 4
tamarense’} 582 F £ 3 18]31 62 FHE+= A catenella’}
AT 7 s ZoE ARSI

S2luetellA] 1986 40 Fat Z2dntellM] X3 Alexandrium
spp.©ll €13 PSP7} Asto] 15%g0] S5 AL 21 o] AFgeh= At
o] wAygtel whet PSP A7} elE Qlek. Z sl kel = 1989
ol 25 2AYEE 0] %, 19931 71 Q1ER| 9] ekl A] Ehfjlof
HARX R 3| dFaA122]7F A gefgh A4 &4
Z 3 TH(Yoo and Fukuyo[2000]). ©15 &2 Aol &z
ok UEE ks ol 58 U2 UroMT dfE 5
st Al 7 itk BuEglom, AFE oilg flete] 31871%
A& 80 ng/100go = sl wejsial F40] FE F714C

FUEHSkL ItH(Chang et al.[1989]; Park et al.[2000]; Shon
et al.[2009]). 53], QAR vid =3 et Aol A 412
Sh= XFER|e) 2ol 887 FAE 238k PSP AEE 1L
om, 9] gk HAp st i 9le Fdolth(Han er
al [1992]; Lee and Lim[2006]).
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et wehA, &2 el = DIN AlEHeg ol Pspe] FA1E
WA 7= S5RHE ST A tamarenseS} A. catenella®] 233}
F AR 9488 sk Q4R A, ©o]5¢] DON o|4-58%

=
Ao ® 1 FeAs Btk sigict
2. M2 9

2.1 HEES

ulibike] g 7)ok o] AR RS velslr] s 2011
W 395E 129714 vl 18] AR AAISSITHS 2; Fig.
D). AT 55, 5@ TG 12 A% 283 ASERE
FEHE] T 1 m T5) 0% WAl E o] &ato] AlEsiSitt.
AJ3HE 0 7= NO,-N, NO,-N, NH,-N, PO,-P, SiO,-Si 7&]3 §
el & 2~(dissolved total nitrogen; DTN)0| ™, & & #2442 3
SR 7= (MLTM[2010])°] 2718k 2415k T. DINS
NO,-N, NO,-N, NH,-N¢] &° & JehgloH, DIPE PO,-P 1
211 8 F7 )7 (dissolved silicate; DSi)= SiO,-SiE 313} &=
3 DON2 DTN 143+ 3 245 DINS FAsl] E&3151

;
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2.2 A. tamarense2} A. catenella| 22| X HYQF

A. tamarense= 20113 4% SNTH(St. 2), A. catenelld= & 6
of] ulaREe] 3E5:357(St. 1)elA] pasteur pipette(@ 50~100 pm)
ol g5l F2sIIth(Fig. 1; Guillard[1995]). £-&] 3k A3+
a5 o] 830] 3~43] B MFste] FElTE EHIISIT AL
B iR Fal (N 36°24"938', E 130°42"055)5 HFEFO.
2 & 7128 72914 (Guillard and Ryther[1962])3.01, H2)5=
HEACZ 10 ml 172 viA] o]l o]23I3lt}. A est TS gelsh|
HlA t5d77] S71M3E] tisled Caleofluor white M2RE 3}
Fhlgs FRlsiict. 2l st 3t vl e] Al Oh et al.[2012]
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Fig. 1. Map showing the stations for sampling and isolation of Alex-
andrium spp. in Jinhae and Masan Bay, Korea.
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of] A vl glom, ek Fo] Rl T ujerd s AAEISiTh
B3t sk el tisto] AM9 BAIES o]-83te] s As
T3Y3}5] .0 ™ (Provasoli e al.[1959]), 4’,6-diamidino-2-phenylindole
(DAP]) HAE Fato] Alaze) g Fat3E 5331 th(Porter
and Feig[1980]). Althueke] 2=} -2 242} 20 °C2} 30 psu
Som 3 2712 300 pmol/m?/s(12L:12D, cool-white fluorescent
lamp)3{tt. B%0] 22} &S] 09l v] SlaiA e A
T 294202 kpa, 20 min) B AFZE(120 °C, 3 hr) T A3
o, BE A Farrielx] skt

2.3 A. tamarense2} A. catenella?| 222! (nitrogen source) O|

_.c_?_Ao-I Al%—l

Aol W2 Adlexandrium 52 AXHWEL] S 3An| 42
o] 83k 275 7] ohd in vivo chlorophyll 337k 83190 S
], XU %= in vivo chlorophyll 337kt AXUE2] =2 4F
HHAERY =% ]ﬁiq ol g WhHE- FEFTANA AR =
o] 7¥sst vIFFEE o] &3l ]ol AEEES FRIE 913wk
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Fig. 2. Relationships between cell density and in vivo chlorophyll
fluorescence of Alexandrium tamarense and Alexandrium catenella.

Sl FEAHEZT Alexandrium tamarense®} Alexandium catenella®] =3} 9743} 2k 27

FEO JHH7} Qlo] 7] viRHE A% A & 5 e, o
ol TES A43] 27 & 4= UtH(Brand er al[1981]). SHH
in vivo chlorophyll &8¢k} A3 ALo] o] TAIE Thetatr] Q)
Zjzke] Al a3t el -8k £%1(20°C, 30 psujetoll A
A2 ©F 300 pmol/m?/sellx] tid78717} & w7k wj ka3l
5 A Bl o] WAle] MEEEE ZAlskL, FEEdEA
(Model 10-AU-005, Turner Designs, USA)X in vivo chlorophyll
Bk ST S S FFaks 471 flelA oF 5%
FQF oM WAIEte], Al 19} 19] At SRAGEHE oFshAl
7)1 531 TH(Brand et al.[1981]). 7L A3} AEA 9} 45k

Alelelli= Fig. 29F o] A 0% vl 352 folido] 1w Sict.

A. tamarense$} A. catenella®] DGl i3t o] 258 Lo}
17] S13l Table 17} 2] 18 F2] HAagls ol gsolth. F714 4
4L 2 7 AAgS , 71 919 YR 1552 dissolved
free amino acids(DFAA)SITE. A AR-E wlx]= AK 153l
= njgko 2 & LIv|A| (30 psu, pH 8.16)011:%(Ke11er et al.[1987];
Guillard and Hargraves[1993]), Z+Z+2] 18 & A4 315E 55

O}\]

571 250 uMo] HE=F A8kt ‘J:ﬂ_ Al vkl o]-§-9 72
HiA| 2} 3 Agde]l o] -8 L1vi#| €] - Adell ek 242 2lo]
off whet A7gEree] F3 9l Aafe} 312 o] Fegk o] g

gt 7bsAdo] k. SEAITE Oh er al[2012]9] f2EA|oA 5 2]
FHFE12(0.31~0.36 /day)o} ¥ 1 AjolM o] Hud &
(0.30~0.38 /day)7} A2 fAet] HPFQI A tamarenseS} A.
catenella= 122} L19iA] )] 12 55T ZJol= Qe 02 U
R, ARES fleh Agket v ® AaE ik, Ay A 1S
Q8 AaAst AK 1F8lTE v R & Lol AEE HE
atglom, o] HAE= AZ17HEE 9~129 48, #F DIN &

5 1 uM oJsh) Al Fav azdE givkar sl ol& Al
EE 7P7te] AasigtEe] A7 L1vi=] 5 miell €F 100 cells/ml
7 HEE HFRE o BACE e AZHEA 104 in
vivo chlorophyll 3378 33t} M2 A4 S (specific
growth rate; w1 UI578°4S Hol= 717 g2t F3ks o) &
sto] Ty 2] (el &l ARt

1, N,
= L n= 1
VAL M

Ny, Nz A7 10llA 2718} er]7F $-2] Al
At: t=478719] 717k(/day)

(cells/ml)

e /\12‘5 S ¢
T = T
UrERIT. &,
o:h;]_‘

1phcatei Tl on, LT HA o R
W3] @ whE ﬁg 77T A Al9)st

2.4 A. tamarense?} A. catenella?| BX[U|US S5t ME
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Table 1. Nitrogen compounds used in the this study
Nitrogen source Chemical formula Abbreviation
L Nitrate NaNO; NO;-N
Inorganic nitrogen .
Ammonium NH,CI NH,-N
Urea (NH,),CO Urea
Alanine CH;CH(NH,)COOH Ala
Arginine C¢H,N,O, Arg
Aspartic acid HOOCCH,CH(NH,)COOH Asp
Glutamic acid HOOC(CH,),CH(NH,)COOH Glu
Glycine NH,CH,COOH Gly
Cystine C¢H,N,0,S, Cys
Histidine C.HON,0, His
Organic nitrogen Isoleucine CH,CH,CH(CH;)CH(NH,)COOH Iso
Leucine (CH;),CHCH,CH(NH,)CO,H Leu
Lysine NH,(CH,),CH(NH,)COOH Ly
Methionine CH,S(CH,),CH(NH,)COOH Met
Phenylalaine C¢H;5CH,CH(NH,)COOH Pal
Proline NHCH(COOH)CH,CH,CH, Pro
Serine HOCH,CH(NH,)COOH Ser
Threonine CH,;CH(OH)CH(NH,)COOH Thr
Valine (CH;),CHCH(NH,)COOH Val
* —— Surface *
Ne| #HEE571 05, 1, 2, 5, 10, 20, 50, 100 pM2] & 85+ =% » Koaom | 2
7} = zARgon, Aa 17 AEE 100 cellymlZt HES 57 £”
AESNIC AE ATE T WY 22 AH@A 1001 F § 5
HFEAE 0183107 in vivo chlorophyll 33%kE 373311, /3 . .
A5 2 (Dol ofsl ARtsisint. ofm o] wijeke e, A 9 F e I i S - o S
Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
232 F Y HAGASEEE BAE A Fsel =, © Time (month) N Time (month)
A. tamarense’= 15 °C, 30 psu, 300 umol/m%s 121 A. catenella’= 2 »
25°C, 30 psu, 300 umol/m?*/s3THunpublished data). o =
T go) 929} ] THAIE Monod 2ol tiglale] 2w S
9] oA E Y 0% AelSITHDugdale[1967)). 12l W i

T Ks)yE % AAZES obefl ] Aol thsiste] v @ FH At
FHoz ALFIITH(Abe[1985]).

S

3.1 ORRte| SZE] AYHe| & Ex |Y

NO,-N9| 553 0.88~15.80 uM(4.97+3.33 pM)2] 9= B3
o, FAlA SR A5 AAF St silvbt o] % Fhashs
AEFE HATHFig. 3). NO,-N9| F5E+E 0.08~1.86 uM(0.68+0.47
uM)2] HLE Bolom NO,-Ng} fAFSE W5 23S Bl th(Fig.
3). NH,-N9J 3555 0.13~12.36 uM(3.8143.02 uM)Q] H S 1w
Qo FAN FAE A A SV o] % s

> ¢ o ¢
o 3

Mar. Apr. May Jin. Ju. Alg. Sep. Oct Nov. Dec.
Time (month)

Mer. Apr. May Jun. Ju. Alg. Sép. Oct. Nov. Dec.
Time (month)

DON (uM)
o 3 3 8

DTN (uM)
3 B 08
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Time (month)
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Time (month)

DIP (uM)
DSi (M)
2 8 8 8 8 8
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Time (month)

O Vo Ar Way din Ji Al St OXL Nov. D
Time (month)

Fig. 3. Monthly variations of NO,-N, NO;-N, NH,-N, DIN, DON,

DTN, DIP and DSi concentration in Masan Bay, Korea.



2= 7 1AA AlsE sl 8= RN Alexandrium tamarenseS}; Alexandium catenella®) *3E3} 943} A=k 29
A3 HSItH(Fig. 3). NO,-N, NO;-N 72|37 NH,-N9] §?1 DIN o= QI3 xF 0w Fgo] AgtEHA o T xlo]E H A
FEE 1.38~21.82 uM(9.45+4.65 pM)2] 92, 88 552 Al olgt AT AA| Lim et al[2007]0] Qs E, vk ne
etthd, sl 4S50t Jak Sk, AR A5 7 Al ASelA w2 DIPEETF UEh ks A E] 15 7|de®

6‘% S JERJQITHFig. 3). DINS 9 =04 NH,-N7}
80%%E AHAsk= A& Al9lahd - NO,-NoJ oF 70%0]%4
sk Isict. & Aol dlexandrium $50) 28 s= 49
Bl 797}4](Oh et al[2012]) DINEEE 2.23~9.60 uM2] H
H| WA e A7) R} B w5 Bt 18] DONY &
_‘E% 2.79~22.89 uM(10.44+5.74 uM)2] M2 F7lo) Hoigks 1
Ax} HAashs S BT DINS 55 12483048 pM
(19.89+5.23 pM)<] HHE 78l Bl A & FEE B AL
AQsh 3YHE] HA} Tashe AES HTHFig. 3). =3 DON
2 DTN9| ¢F 60%= 2} 8k 913t Sharp[1983]9} Antia e
al[1991701 2J&hA ¢gtaeloll ] DONS] F5E= 3~10 uM2] HH=
Holn], DTN 5 ¢F 15%% A ek A o® Huslglet. Hgt v
=9] Chesapeake Bay$} Casco BayollXli= DTN & °F 50%% 2t
AsH= A0 2 B 1% tHBronk and Glibert[1993]; Rebecca et
al.[2005]). PRIEES] DON “§ 5t 7] By s|odn) vl w3
=7 Exskar ik

DIP?] ‘&% 0.25~3.59 pM(1.13£0.83 uM)2] HE=
(Fig. 3). A5 &= o5H S x3leto] 6957 E] 9@/%]
ST AT Alolell FHgh 5 xlolE Helow, 432 DIP &
S 339 oF 450 AER YeRtT. ofelst Ayl A3 HA
EENES] §Fof| ofgt o]AFHQ1 FellA] 7IQIsE Zl o, S

HU o o JO B
i

00]

AABITE
DSi¢l FEE 1.15~56.30 pM(22.80+14.42 pM)2] W9 Z, 8¢

Az Ao 555 Wella, 48 F35olA HAags Bt
(Fig. 3). 4%°] A== A& x33sto] 48~9871A A% DSi
9] sk T oF 109 o)) sk AfolE BTt ols 4
= FHEZRE 82 o3t 07 DIP 5% FX 8} FASH
YERATE Gle ef al.[20081> Bl A&7 dj5=2] AAAAN A&7
9 Tf4(biogenic silica)®] E-3llell &gt A4 H(regeneration)©] 3l
Foll FYEE= oA FHdoR, 53] B 23 w2 v
o} g Hol= o4 7P ZA vepdtial Busigitt. &
Sk Lim et al[2007]9] PRIRE A0S oMt B2 025 E
9] DSig AlFw @dol] FHsHl Ty et
AMs Aol PR 7373 vl Wsh= xRk 4
7 F3 S FEE F HolE sk QQlo] Bri(Goldman
et al[1979]). ¥+ © 2 Redfield H]+= DSi:DIN:DIP=16:16:1%
A2 lth(Redfield er al.[1963]). MR Justic et al[1995} A
TEFH © F ARY]= sFFEZ] A S (stoichiometric limitation)S
A A1 2| DIP A 3F2 DSi:DIP>22 %-+= DIN:DIP>220] ™,
DIN A$ DIN:DIP<10 ¥ DSi:DIN>1, DSi A$2 DSi:DIP<10
= DSi:DIN<12.% #7155t} o] & viilibel] HEAARA A
= DSi9 AHE Q= Ao Holu | 12¢92] DIP Aghe #|<9]st

DIN: DIP

:DIN

DSi
i

O e A Moy Jun Ju Alg S&p. 0% Nev. Dao.

Time (month)

:DIP

0 T T T T T T T T T T
Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Time (month)

c T T T T T T T T T T
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Time (month)

Fig. 4. Monthly variations of DIN:DIP, DSi:DIN and DSi:DIP in Masan Bay, Korea.
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J S5 HltHFig. 4). SR,
DINe| AgIAlZ 2Rg-3h= njabito| N 4L ~7L7HA] Alexandrium
T2 UER FHE A0 R HEe] 310J(0h et
& SHollA] yestchA, DIN Algt shollA] g
290 ASIAL sl BE Aaee) Baol BLTE 3
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3.2 A. tamarense®} A. catenella?| SZE| |7 124 0|3M AN

&l % DON9] 5}8H4] 2732 obd] Wgls] LA Qx| FA|wh
ulA o 7 1EA} DON(M.W>1 kDa)¥} A%} DONS.Z -5
gk 4 QI TH(Antia et al.[1991]). LA DON<> protein, nucleic
acids(DNA, RNA), humic substance 5] 3|17, 4132} DON2| 7
-+ urea, peptides, DFAA, amino sugars, purines, pyrimidines,
pteridines, amides, methyl amides 5©] %% ThHAntia et al.
[1991]). 53], A4 DON< U8R F a8k FAdHdo
2 4HA Ith(Bronk[2002]). A. tamarenseS} A. catenella= B2~
e 224 DIN(NO;-N, NH,-N) ©]¢]e]] t}eFet DON sh3&-s
o] g3t S FAISISItH(Fig. 5). 4. tamarense®] 73-F- Q20114

0.26 /day, DFAASIA 0.16~0.24 /days X, DIN(0.29 /day)} H]

XA
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Fig. 5. Specific growth rates of Alexandrium tamarense and Alex-
andrium catenella incubated with various nitrogen compounds.

ok - oA

W3ke] Q2= ©F 90%, DFAAY °F 67%2] 3784 5el| sdslal
t}. A catenella’= 222414 030 /day, DFAASIA] 0.11~0.29 /dayZ
5.0, DIN(0.31 /day)¥} H]aLa}o] Q4+ °F 99%, DFAA+ °F
67%2] "3l sdstict.

UHEA 0% DON DINKT} aApslihEol7] wfiell A&
FAES o5 AR sk Eakal 54 aie) 93 7R
S rb2?] NH,-NO| SejZ S<=%It}. Urease= 24,
© ob]icAke] ThEREA] o] & aARE dEA] QUTHBerns et
al.[1966]; Syrett and Leftley[1976]; Mulholland et al. [1998]). &
AT AT A tamarense} A. catenella= 2.2=2] 73-%- DIN2| A3+
9} HwsIE W Blad & o8- HE Bt & A5} AL
Pl A. fundyense(Maine Tt +-215~; Dyhrman and Anderson[2003]),
A. tamarense(Kure ¥t #-2]5; Leong and Taguchi[2004]), A.
tamarenseS} A. catenella(Hong Kong 19+ F-2]; Xu ef al.
[2012]), A. tamarense(s2=3l ¥-2I5; Li et al[2011]) 5 Alexandrium
%0 A2 o Tl 4o tish 52 o]8-s=o] Bag vt
QITh. w3t AR ZF Gymnodinium breve(Steidinger et al.[1998]),
TrZF Pseudo-nitzschia sp.(Auro and Cochlan[2012])1X% A}
st A9-E Wasigith. AN oH ARE3) AREEA| R
Chattornella antiqua, C. marina, C. ovata®] 735 DIN tjH] wk& o]g
S8 (d0% L 2])S 1.0] % (Noh [2009]), Gyrodinium instriatum(Nagasoe
et al.[2010))3} Gambierdiscus toxicus(Lartigue et al.[2009])73-%- &
A5 ¥ o] 831K et HuE vl Qi) AEEHAES DIN
AgHstellr 34 A A8l 82F ol8sh= T3 18 ¢
= Lol It} 53], Q4F o] gdte T FoXE L ol8FY
< 2olE BTt AR, o]k Zje)7} F 5o (species-specific)
Q1A T o AT o] QA AHsly] PEAINE 84
o] 71mall ARl urease EYJo] L] DINE R ©]9]of| % 1]
FHEA YA (nickel)] -sEollE WsHAl Hhe-shokar LA Q)
7]°ll(Oliveira and Antia [1984]; Milligan and Harrison[2000]),
urease &/ 4! urea ©]-2°] DINFE %21 Q2lof o3 Wsle:
7Fs7do] & A ow AztEr

35+ & DFAAT GAPEAIALe] Aatint ope} ©4 3590
24 T8k ATS- St Williams ef al.[1976]; Wheeler and Kirchman
[1986]). & A A} A tamarense} A. catenella= 718 2}0]
© BAEE, tFE DFAAE ol83te] A4S 7418 o it
A. tamarenseS} A. catenella= DFAA = 85207 o] &F = A
B2 AMJ ol Ab(aspartic acid, glutamic acid)2} 3] B 3
Sk olv] :=Ak(serine, threonine, methlonine) Al&o] o™, A=+
of o] &5 ¢ki= A2 9714 ofn]:Akarginine, histidine) 7l
A3} 23} ofu| =715 7HK]5= o]u] Ak (proline) Al E A& of A}

B AasRME T 7P 2 A0, dRbE o= Ealeo|
afoll B Wi S8l o g7} A 7]e], o]
T2 f71% el anlEe oUAE Eel7] 21314 DFAA
7 S Asshs ZoR Azt V)&
of Ry AEZHIES] DFAAC] Uit o] 84S And & A
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SH F1AA ASE
Tt AR FAEEZEF C. antiqua, C. marina, C. ovata(Noh
[2009)), T &5 Skeletonema costatum(Fisher and Cowdell [1982]),
Chaetoceros debile(Poulet and Martin-Jezequel[1983]), 2} & %
F G breve(Baden and Mende[1979]), A. fiundyense(John and
Flynn[1999])°IX] DFAAE ©]&-3lo] Aol 7Fset Z10= Warst
Ak w3k QA4S o] &3HA] UUW G roxicus(Lartigue er
al.[2009])= DFAAE Aol o]gsh= Ao 2 B Elct vhdo
G instriatum(Nagasoe et al [2010]x= 848} VEIZHA|Z DFAA®
37l ol §¥ A ekskth o] el Aol A A. tamarenseS) A.
catenellax]® Q4 W T}kl A9 DFAA ©]€ 522 DIN A
g BN BES Fast Lo R g

3.3 A. tamarense?} A. catenella®| HX|HUS S5t HE
1%|- |o-|

OHI

A. tamarenseS} A. catenellar= NO,-N 557} 212} 50, 20 uM
7R SN RS oA 71 elglon, 1 ool 4
5T LISl thFig. 6). e A 0 Y 4

0.30, 0.38 /day, Ks= 2.37, 5.04 pM= LFERST} NH4-N«1 A=

T2 BT 20 pM 7HE ko) uel AT} Zr)skeon
1 o) oA AR EA UeRthFig. 6). 8 A%

2o By F Fo =026, 0.30 /day, Ks= 0.94, 0.65 uM

Sl FEAHEZT Alexandrium tamarense®} Alexandium catenella®] =3} 9743} 2k
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2 UERST 155 9] NH,-Nej| st A S C. antiqua,
C. marina(>250 uM), C. ovata(>30 uM), Heterosigma akashiwo
(>50 uM), Karenia mikimotoi(>21 pM) 5ol A &= X g u} glth
(Nakamura and Watanabe[1983]; Iwasaki et a/.[1990]; Noh[2009]).
7} ABZetg =] NH,-Nojl t3t AaAs 2 YA o n=
AelA Aol g ol 55 FEshe &l wet 2442 ohE e

2 S49€ vepika @ 4 vk,
A0 R Ks AR FFAN he 2513 (afinity) & ek

715525 (Dugdale[1967]), ©] @kl 3555 el dist 1skg
o] grom Mx=7]7} & Fol thEF =2 Ks 7k HRIth(Eppley
et al.[1969]). A. tamarense®} A. catenella®] NO,-N¥} NH,-Noj|
3k Ks gh2 A9Rw F 3 2% NH,-NE Ks o] NO,-NET}

o] NH,-Nef| tigt 2lgdo] 2 & & 5 Sitk(Table 2). o1&
AR AEEFAE] AaAEe] 4 FolA NH-NE A8
207 MAzsttt= go] & vk A 3}o] th(Strickland er

al.[1969]; McCarthy[1980]).

A. tamarense®} A. catenella®] NO,-NZ} NH,-NeJ| tht Ks #b=
H]s}o] B, NHANC| Ks 3k & 2lol7} Qs 210 = vpepstor,
NO;-N&| Ks 8k 4. catenella?} 29 ©)7¢ =2 A 02 YRt
(Fig. 6). ©1:= A. catenella’} A. tamarense BT} NO,-NeJ| tfgt X1
sPdo] vk 714G oJmgitt. Oh et al[201210 SI31H A. tamarense
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Fig. 6. Specific growth rates of Alexandrium tamarense and Alexandrium catenella as a function of ammonium (NH,-N) and nitrate (NO;-

N) concentration.
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Table 2. Specific growth rate (p,,,,) and half-saturation constant (Ks) for ammonium (NH,-N) and nitrate (NO;-N) of Alexandrium spp. and

other phytoplankton species.

. Hma(/day) / Ks(uM)
Species References
NH,-N NO;-N
Flagellate
Alexandrium tamarense 0.26/0.94 0.30/2.37 This study
Alexandrium catenella 0.30/0.65 0.38/5.04 This study
Cochlodinium polykrikoides 0.44/2.69 0.43/2.06 Gobler et al.[2012]
Chattonella marina 0.68/2.51 0.68/5.36 Noh et al.[2009]
Gymnodinium catenatum -/33.6 -/17.59 Yamamoto et a/.[2004]
Diatom
Skeletonema costatum - 1.81/0.67 Kang[2009]
Chaetoceros gracilis 1.58/1.58 1.53/0.98 Sunlu et a/.[2010]
Ditylum brightwellii - 0.98/0.60 Eppley et al.[1969]
Pseudo-nitzschia sp. 0.88/1.38 0.89/1.26 Auro and Cochlan[2012]

o] =

2} A. catenella= HAATS 93t
15271 A. catenella?} =3 7V = B skt o9}
HEo] 2 A7) dFA SUE FAlol aEfstol s Rt
ot} aHAlol NO,-N2| s57F A Ukt ] ol (Fig. 3) FA0l14
AR A= Alexandrium 52 3 0] A. tamarense° A A.
catenella®. 71017} Lold 7FsAdo] Q= Ao R Rlt),
Alexandrium %52] Ks #t2 B2 v]mste] B, NH,-Nej| of
3F Ks ahe SPHEER FolxE vlma 2 3hs 2310, NO;-N
o] A= Cochlodinium polykrikoides®i= AT HHH TR o
Hlal| A& Soba o5 AR ER 4 U] F3t AAAME F
23k 1Al Q& A0 % AZFEItK(Table 2). FA W PRS- H]
Esto] f-Ejuet Atalelln A5 skl 28k TxF=
3} B wEPd NH,-Nejl et Ksghke H]528t ibd NO;-Nejl tigt Ks
& E> A0 E YEFHTH(Table 2). o= AAAILD] F4 &
oA NO,-No| thit-& AFA|ekar gli= miibetellx] 53t 732 elA]
= =83 Aol e As guigith. mEbA AAkdel] gk B
A Eelet YAl & Alexandrium %5°) LU EZ EH 510
PSPE EA1717] S DONE o] 8-532 AL 313
E _LE:]Q 2= 01.9_ 740]E]—
P= :rLFS ] "7“1Ei =T 5 QA=

01

3

and Okai[2000]) "JXVQ 7V SRS Alexandrium 59| "”JLE =
sl7] flaiM= slirudae] AL em) stolof itk A4 up
Zhike] 5ol A Al Altto] 1009 o gz ml-g- =1 sl
W3S Ko|31 QlTh(Park ef al[2011]). T12©] A. tamarense= °F 3.9
m/hr®] Pt FAE5 =2 (Lewis ef al.[2006]), C. polykrikoidesS]
3.6 m/hr(Kim et al.[2004]), G catenatum®] 1.2 m/hr(Baba et al.[2001]),
Gymmnodinium mikimotoi®] 2.2 m/hr(Koizumi et al.[1996]) 712]1L
C. antique®] 0.8 m/hr(Watanabe et al.[1995]) RUhw W 9%
o)}, olsh 2L fUEHE AFHBE BrekT SAEE 5
Foll WEA & Qs 5L AT, Fokt FHo 5L B
1-5) 3L

aA) Fetolis mEoN B B 0w §7128 Akl o

UAIE FA8tL, oRlells 4502 Wel7F 93-S &3t of
Atel ot JSits TS 5 ATh(Eppley et al.[1968];
Watanabe ef al.[1988)). FEo] ¢l NOs-Nej| ot %1
3ol % o A
gt AAellA =2l XS S5 5 ol ko s g
& Zlofr}. A AgASelM: Ao st F5ET AT
of o} o] Fo| fFrdeHell whet F8] ATelA B 2F NO-NS
Herote] A4S ¢ 3l tiso] dlexandrium <52 19557} w
27] wifte] @2 olix]glo] d e 740]‘3% DON2] 0]-8-> A%
S 93 BE5T A B3k olye} fdol B adh g oy

o725 o]g= Floch,

& FER) 37 3

.4 E

& 752 DIN AgHEHdell Pspe] 415 A7) fiset
525 A. tamarenseS} A. catenella®) =3 7 AR A=k

DON o} %51 Mo S sisiet. sRiuelAle] 39
= A3} Alexandrium 352 42~TE7H] 1EEZ
, 0] 713 Bt AAPAYAEREL] g7l DIN0] A zke3 ol
G315t AU oA dlexandrium 42 DINO] Z,‘ ?} 3?_1—740 o
A @29} DFAA 59] theFsk DON 31HE-2 o] &
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A DINO] AEA Q107 223 3 oA DONS o] &
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