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2 ok 1 T3 EAsld ] o] 8F F7] AA(dissolved inorganic nitrogen; DIN)7}F #|3hel 7ol -7 JFZF Chaetoceros debilis<}
Leptocylindrus danicus®] & 7] A 2x(dissolved organic nitrogen; DON)2] o] &A1& AFH oz HIsIch dAhd oz DINS Ay
R, DON2 oA Fa3k v&S AXsh= =84l (glycine) ™ S (urea)oll #3te] 2H7 B 71kl Monod 2 0.2 H-E F &3t
C debilis® HANBFEE (L)t SFEFFHF(Ks)E DG 1.50day’et 1.62pM, GEFNA 113 day’ 9t 6.97uM, S84 1.46 day ' o}
336 uM, 2.2 0.93 day'9} 055 uM 2 YEbth B3 L danicuss AT 1.55day' ¢ 521 uM, GEEFNA 1.57 day ' 9t 4.57 uM, =
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Abstract : The bioavailability of dissolved organic nitrogen (DON) by dominant species Chaetoceros debilis and Leptocylindrus danicus under
dissolved inorganic nitrogen (DIN)-limited condition in the southwestern East Sea was conducted to assess the quantitative evaluation using growth
kinetic experiment. Nitrogen sources were nitrate and ammonium as DIN, glycine and urea, which is portion component of DON in East Sea.
Maximum specific growth rate (Ume) and half-saturation constant (Ky) of C. debilis calculated from Monod equations were estimated to be 1.50 day”
and 1.62 uM in nitrate, 1.13 day’l and 6.97 uM in ammonium, 1.46 day'[ and 3.36 uM in glycine, 0.93 day'] and 0.55 uM in urea, respectively. Also,
L. danics was estimated to be 1.55day” and 5.21 uM in nitrate, 1.57 day” and 4.57 uM in ammonium, 1.47 day”’ and 3.80 uM in glycine, 1.42 day’
and 1.94 uM in urea, respectively. Both C. debilis and L. dancius have higher affinity of urea than DIN. The high affinity of urea was indicated that
the dominant species were able to growth using urea under DIN-limited conditions. Thus, DON utilization of phytoplankton may be one of the

important dominant strategy under DIN-limited environments such as southwestern East Sea.
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1. M E

EEZAEY Fa A A4
Z Aotk (Ryther and Dunstan,
1971). gl Are &5 F7] 2 (dissolved inorganic
nitrogen; DIN)$} 8- 7] 2 Ax(dissolved organic nitrogen; DON)
2 FE5 ™, DINS Z2F (nitrate; NOy-N), o} 2+ (nitrite;
NO;-N)#} ¢+ 5. (ammonium; NH,-N)o] ¥3}+¥ 31, DON®| 7
G- ok A spehEo] EAlSA| N, 3hehA x/do]
galA & Ao JA PTHAntia et al, 1991). ©]2]3F DON
Ae=ZFaE A4, AdE B 'Fas o] fFY9e

¥ tH(Bronk and Steinberg, 2008). ©] & A &4} DON¢!
o] :=Ak(amino acid)¥ L (urea)= A EZHIAEL] A T
Q3 A T AR LA ATHAntia et al., 1991; Worshold
et al., 2008; Hansell and Carlson, 2014). Y2 0 2 2l &Zakg
E2 A%l DINS ©]-&3HA| Wk, DINo| At Ao A=
thdet Fefe] DONS 7hafiate] Aol o] &atH, 2=
2% ] (species succession)E fEdl T3 TFAJAR
@ Th(Leong and Taguchi, 2004; Zhang et al., 2015).

DON % 588 ¥ &(~15%)S A 8HE ofv ke A&
== Aol Ao F3FE 7 X ™ (Sharp, 1983;
Keil and Kirchman, 1991; Dittmar et al, 2001), o}7| =AF 5 &
Al (glycine)> A EZHIEL] A ofu| =2t v & F
AEoz dEA i, A EFAME 2 FER
A 3FTH(Cowey and Comer, 1963). =3+ Q A(urea)= A&
% Ao 23 2210 2 (Dugdale and Goering, 1967), 3l
FollA 1uM o]ste] Foly A=E7aE 78 ¢ =4
olar, MY Aol Fad ZYo] Frh(Antia et al, 1991;
Berman and Bronk, 2003).

3, Fall gA o] EFSelA DING §X== 2uM ©]
ato] vh& Fxolw, DIN:DIP H] 4] 10 o]3t=2 A EZ
AE A&l di3] DINo| Alghe s o= LA Ark(Kim
et al., 2010; Kim and Kim, 2013; Kwon et al, 2014). 3}#| 9 &
3 TPl g &F F A (dissolved total nitrogen; DTN)
% DON®| 4 Hl &2 Al-g7hA o2 Wshs shA, 50%
ode AATH(E -G 49 70 %7HA]; Kim and Kim,
2013; Kwon et al, 2014), &3l HH-3 92 EF ofv| =it
FEE DIN? F%9} §AFSE =0 th(Park et al,, 1995). &=
g HMEEYIES DINO| AghE Ao FjAor =

2 EA5E DONS o] &3l A dFo] 73 h(Gilbert
et al, 1991). £ A= &3 AN GNA st 2
EZHIE Chaetoceors debilisSt Leptocylindrus danicuss g
tel dastetEe] o] 8ol et A<l H7kE a8t
i, 2 AdE vE o ® Fajoll A 25 W3k DONS o] &
A8t HeFs EofsGitt
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T3 FAE e AEEZFIAE TR R SHES &
157] YA, 20141 59 7TAR-E 1097404 A oSt g
AbAd el BHES(R/V Tamyang)S o] &3to] &% #3539 24

=

aF9lthFig. 1). & 1270 A %F dlTE AFsidon,
g SA] 39 1LE Lugol’s solution®. 2 FF %7} 1 %7}
HA aZA AT FAHAHOR QbAoA 5T F, FTAS
AAs HFEA 0w 10mL7t HA] 5F383At o] % 554
A EE dY3IA =F3lo]Sedgewick-Rafter conunting chamber
o A& 0.1mLE FHdted =¥ $=Fd v 7 (TE-2000, Nikon,
Japan)S o] &3t FA3 AT AEZFIAEY £/ 9 5
]2 Chihara and Murano(1997)¢} Tomas(1997)9] Zrilid-S
o] &3kt
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Fig. 1. Map of the study area showing locations of sampling

station in the southwestern part of East Sea of Korea.
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SR E 7] 9 3}-ol A pasteur pipette(@50~100 pm)-2-
2 A &7 ot 2EE AEE o #a40.22 pm
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ul| % H.(TB-2800, Tokyo, Japan)oll ©]2 3}ttt -] ul] &kl
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ey - A
ol AHEET7] A AM9 FAAE o] &
2 5} © ™ (Provasoil et al.,
(DAPI) HAAMES Eo}oil Az
o AHEH 71T 298
Ao

ato] Fdst A4S
1959), 4’,6-diamidino-2-phenylindole
551 9 Uh(Poter and Feig, 1980). 2 &
2rsl7] e aetE (1207, 30

, 5 A3 clean bencholl A =33}

I ml

mm)—,—

At

2.3 & ATt sloM 2F ASEYIES YESHE 4%
AExdEe] 232 dAn4 & o] &3 A3 17 0] ofd 3
F33 = Al(Model-10-AU-005, Turner Designs, USA)2| in vivo
chlorophyll 333 #k& &-8313lth A ZE X2} in vivo chlorophyll
Bk BAE etstr] A8, 20T, 30 psud] &1 kel A
G774 i Fs Tt o] & 348 Fahe] ol @
o AXULE ZAtY, FFFEAZ FFaks SH5HA
o} AlEU = in vivo chlorophyll 833313 AEX U] &
Al A+ THFig. 2).

of [k

o
=]
o
=3
=]

Chaetoceros debilis Leptocylindrus danicus
140 _
Ty 500
£ 120 €
® 2 4004
2 100 3 400
5 5
':x/ 80 < 300
S s
£ i £
g £ 200+
S 404 =2
3 K
(&} 100
20+ y=3.73x-1.90 © y = 8.88x -4.50
r =0.999 r’=0.998
0 T T T T 0 T T T T T
0 10 20 30 40 50 0 10 20 30 40 50 60

in vivo fluorescence in vivo fluorescence

Fig. 2. Relationship between cell density and in vivo fluorescence

of Chaetoceros debilis and Leptocylindrus danicus.

ArstetEo] gg AGEEE 7otstr] 9ste] DIN 2%
z} 0“3*;*) DON 2F (=413 845 o] &35kt
o A, F "G ofnmAt FEolA
L}EMO u%(Park et al, 1995), 3| el A
FOEe FQ JUAEH=R °L€=]X4 9 tH(Antia et al.,
1991; Berman and Bronk, 2003). W] & A A| - T A
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No, Ne =284 710 A 27194 A1 3
(cells mL™)
At 8771 9] 7] 7k(day)

o] Alxdx

gl &R WAL Monod Aol sl %
g o7 utolslgl th(Dugdale, 1967).
F(Ksy Al glatel waeH

@

Ks: Rk 313 (uM)
S: 9EH FEMM)

1 ol SMAHH0AM Chaetoceros debilis?t Letoocylindrus
danicus® 93

ZAF 717 Bt T8 FA s el EHS AEEHAE
o FEHS A AHAAM 9.0x10°~68x 10" cells L'(F
19£18 x 10° cells Lo & YEL R on, DIRHNA 714 &

AEFL wgh HEEIAEY TYTEE AvuH, 7
Z57F A Aol AA oF 959 o4 F47 WAL BTk
1% C debilis(6~78 %)} L. danicus(8~80 %)l <13k -1 &
’Fol FElo] UERTH(Table 1).
Aol AeEFaE
£ BEYAN HdyH o=z tha
(Table 1). Shim et al.(2015)> &3l <
H BEs 8 A3 FA iAo

3 FToR] TR JUE TFHY FAl A= TR
A& AEEFIAES EFo] F7ke A= duhE ot
3 B Aol AeEdaE AT He o,
Shim et al.(1994) 4 &4 3 FFA S AEEFaE A
THE TEZF(F BUE BRI, FHESES L danicusSt

Pseudo-nitzschia pungens®] 3t} Kim et al.20149)%= =7 53|
GE-AMNA L danicus7t #H74S FHT(F 86 %) 22 Bl
3121 t). Shim et al.(2015)= &3l FH-AStl A Chaetoceros 4
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o] 7]'78' Be 2d TE BeloH, C afiniset C didymus

Fdsigitta Bash ok $HE
debilis= %ﬂw Aoz feuetilr e dF =4
Aow A glon, L ﬂ% Atz ow
o] 54 Ho|n, T2 4690l ATl dLAE=
2 44 A tH(Shim et al., 1994; Werner, 1997). Z23}% o
FA s FA AN A B AFAI} DAFH C debilis2}
daniucs®} -2 E2F o] AEZFAE AN T8
g Aoz AZET
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Table 1. The dominant species in the southwestern part of East

Sea

. . . Dominance  Abundance

Station Dominant species %) (cells L’l)
Al Chaetoceros debilis 54 42x10°
Leptocylindrus danicus 11 9x10°
A2 Chaetoceros debilis 56 59x10°
Leptocylindrus danicus 14 16x10°
B 1 Leptocylindrus danicus 37 12x10°
Chaetoceros debilis 22 7%10°
B2 Chaetoceros debilis 51 73x10°
Leptocylindrus danicus 11 43%10°
c1 Chaetoceros debilis 53 92x10°
Leptocylindrus danicus 37 59x10°
ca Chaetoceros debilis 68 84x10°
Leptocylindrus danicus 8 10x10°
C3 Chaetoceros debilis 78 43x10°
Rhizosolenia alata 8 31x10°
Ca Leptocylindrus danicus 56 41x10°
Chaetoceros debilis 33 29x10°
D1 Leptocylindrus danicus 80 54x10"
Chaetoceros debilis 6 48x10°
D2 Chaetoceros debilis 54 85x10°
Leptocylindrus danicus 29 36x10°
D 3 Leptocylindrus danicus 80 28x10"
Chaetoceros debilis 6 20x10°
D 4 Leptocylindrus danicus 63 71x10°
Chaetoceros debilis 29 33%10°

3.2 Z4a HE ool B ASEYIES MES
AGARE Ede A wig 29 A
W 7 EZF C debilisSt L. danicusE ©)-&3le] AFEH s
AHE AAET

C debilis®] AFETE 459 3FgE F=7F 50 uM7HA]
S 17}0}0*00% a2 o] sEelAe= YAkl
CHFig. 3). fr=d g oziy pmdx“ A2k o] 1.50 day”,
R F o] 113 day’, FE4l0] 146 day’, 2471 0.93 day' 2 1}
Ehkon, Kl 4%, ZH7F 1.62, 6.97, 3.36, 0.55 uME LJERSLT

 Chaetoceros debilisﬂ- Leptocylindrus danicus®] <& =F
A S o4&

& #7) dxol olg7154

&=} 50 uM7HA] %—7?%?% SR A ?7}6}%@4,
I o]/\]—g] %:};_oﬂ/\ﬂ‘_:_ A@X}icﬂ_ o]x 3]_741 L]'E}"’]‘E]'(Flg
4). FRF(1.57day)l A 7HF = AL Yo,

thg- o2 AA(1.55day ), 8] 41(1.47 day"), 8.4(1.42 day")
To2 oAt dEA Adde HsE FRF

}lmaxgq— H] 'é_
Kso] 245, A4k
H(@4.57 uM), =

stol i, & Apol= HolX| Y TH(Table 2).
G21pMell A 7HE =2 FEglon, ohn
221(3.80 uM), R.4x(1.94pM) =25 vHERRTH
(Fig. 3). 7+ < Z5F 7718 diolAd tha =& JFHES
A1k, DONOH/H}E DINA o] A&7} UrE} Xt C. debilis
St L danicus®] AA8etECl e Ksi= Q40 7HE S
HERtT. %‘HJ@ O 2 Ksi= Al FFAel that 318 (affinity)
e = A2 AFE-5 o] 4] ¥ (Dugdale, 1967), ©] gko] %
TE S el i Aspge] Eoh
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Fig. 3. Specific growth rate of Chaetoceros debilis as a function
of (a) nitrate(NOs -N), (b) ammonium(NH, -N), glycine
(C;HsNO») and (d) urea(CO(NH:),) concentration.

N
~

Nitrate Ammonium

1 S — A
./,, -
f . o
1 104 | .
)
P
/

HE(1558)(52148) |

A

Specific growth rate (day”)
& 5
°
b

1=(1.57+8)/(4.57+S)

N o

Glycine Urea

i
|

o
by

Specific growth rate (day")
:
44&‘\
\
‘
.
*
*

1=(1.47-5)/(3.80+S) 1=(1.42:)/(1.94+S)
0 50 100 150 200 250 300 4 50 100 150 200 250 300
Nitrogen Concentration (uM) Nitrogen Concentration (uM)

o
o

Fig. 4. Specific growth rate of Leptocylindrus danicus as a
function of (a) nitrate(NOs -N), (b) ammonium(NHy4 -N),
glycine(C,HsNO») and (d) urea(CO(NH>),) concentration.
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Table 2. Comparison of specific growth rate (umx) for nitrate,
ammonium, glycine and urea of Chaetoceros debilis,

Leptocylindrus danicus and other marine diatoms

Himax

Species References
nitrate ammonium glycine urea
Asterionella 1.9-2.0 Eppley &
Japonica e ) ) ) Thomas, 1969
Chateoceros .
debilis 1.50 1.13 146 093 This study
e Sunlu et al.,
C. gracilis 1.53 1.58 2010
se’”.o‘yl’”d”” 1.55 157 147 142 This study
lanicus
Skeletonema 0.67 ) ) ) Kang, 2009
costatum

Table 3. Comparison of growth kinetic parameter (Ks) for nitrate,
ammonium, glycine and urea of Chaetoceros debilis,

Leptocylindrus danicus and other marine phytoplankton

Ks
Species References
nitrate ammonium glycine urea
Chateoceros .
debilis 1.62 6.97 336 055 This study
. Sunlu et al.,

C. gracilis 0.98 1.58 2010
Leplocylindrus 51 457 380 194  This study
danicus
Pseudo-nitzschia Auro and
sp. 1.26 1.38 ) " Cochlan, 2012
Sheletonema 0.67 - - - Kang, 2009
costatum
Cochlodinium Gobler et al.,
polykrikoides 2.06 2.69 . 290 2012
Pr.m.focentrum 110 073 ) < 0.50 Taylor et al.,
minimum 2006

Fisher and Cowdell(1982)2] X 1o 2]}, 8 F9o] 3] %df
25 Udez Qa9 ofu it 7Fd st FAu|gS
AAIgH A3 DIN B olujgl DONOA = 2 Aatglar,
5 Bass 3@l 4 DON©] DINZ 97 % #}#]3le] DON2| %
QA& A3 Chesapeake WH} Baltic s2] 4% 1+ 57
o] ttAo] DINo| #2433 1ZE 1, DONS % 2 H&
o] Z7hd wl FHo] o] LHHE T H i L TH(Gilbert
et al,, 1991). Zhang et al.(2015)2 53l A s <] a5 ol
B2 QS F5 557804 DON 5 oFH =K At o} H]

A 9 AT obvledhel FAREFES ol FFE F

7] - &A%
Athar 31910, Kwon et al(2013)2 3l A Z Alexandrium
tamarense®t A. catenella®] 73} -7 A eFo 4] DONo| F Q.3
IS W) o} Prorocentrum minimum-s- R.4>Y A
=2 X3pdo] B1E ] o H(Table 3), Cochlodinium polykrikoides
(Gobler et al., 2012)¥} P. donghaiense(Hu et al., 2014) L3+ 2.4
oA F7d A v mE S 2Rlva BaE vl gl
webA] DONS JF 28Nk ofuel oA R 27 A7 o
Ao = 3k A= Ao HlTh
ojd e A = AEZSHAEY

== 3 2
del Aask AR FPAoR et oz A

I

o
o
2

At
(Kim et al., 2010; Kim and Kim, 2013; Kwon et al., 2014). &4t
2 dl gl A DA G UdF-L 7-9-(precipitation), 2] 4k

(upward diffusion), 2 4~ 317 (nitrogen fixation)Z} -2 2148 2 H(new
production)ﬂ]r 335U v A= AF-7] 38} Z}%(remineralization)
S ¥ AE8HA A A 2h(regenerated production) &2 T
%] o] X th(Dugdale and Georing, 1967; Eppley and Peterson, 1979;
Carpenter and Romans, 1991; Duce et al., 1991). &3l FA13]<
AN ANEEFFIAE A O 77 AL AT s T
53171 fate], 2 GAke] ok ALY FEsY AE
ghx A AYato] Fa9 AL T AEZE LA A THChung
et al., 1989; Moon et al., 1998; Kwak et al., 2013). & 1--o]| A]
25 C debilisSt L. daniucs®] 3E71E] DON ©]-&2 o}
2714 Fl o] DONe| AZFd A4S F8HA] Kol
FAEe] ¢4 2 AEATE 1o} A E5] Fostrld e o
glfol ok shAE, E3l " a9l A DIN & DON®| &
T 9 AR A vUEdE Ao 2 el 9lo](Kwon et
al, 2014), thFst A2 Fado] FFHUER of T A&
=12 DON9| 2 o] 842 & 3

o]

98 g8 Fa@ aglo] @ Ho

o
o
Ho

PE
e
U

= 53 @A} 2ol DIN Al gks
" debilis$} L. danicus®] AE 2 7 HE=F
o] gate] F7] A 2F(HEASA
221, 840l ek Monod 21 HIE O Z
dAE s 49, Fr1da 8wk
AgE7E etk =3 C debilis<t
7MY =& JsdE By, B3 EA
d e A, &= 771 A
AE 9 943 A &
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