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The Effects of Ammonium Ion and Salts on the Killing of Red Tides Organism; Cochlodinium polykrikoides
and Gymnodinium sanguieum. Jae Hak Sohn*. Major in Marine Biotechnology, Silla University, Busan 617-
736, Korea, Marine Biotechnology Center for Bio-Functional Material Industries — Cell-free culture broth of
marine halophilic bacterium, Kordia algicids was shown to possess specific algicidal ability against red tide
organism, Cochlodinium polykrikides. Physiochemical characteristics of algicidal material originated in the
bacterial culture broth were analyzed that its molecular weight was estimated to a 3,000 dalton and it was
stable in heat and pH treatment. The algicidal fraction against C. polykrikoides obtained from gel permeable
chromatography contained high concentration of ammonium ion as analyzed by ICP/Mass spectrum. C.
polykrikoides by the fraction was quickly lysed within 1 min. It was shown that the effective concentration for
algicide against C. polykrikoides was over 1 mM of ammonium chloride. On the other hand, other metal ions
presented in the algicidal fraction showed no algicidal effect against C. polykrikoides. In additon, ammonium
ion exhibited species-specific killing spectrum for two species of red tide organisms, C. polykrikoides and
Gymnodinium sanguieum. Therefore, further researches on the killing mechanism against C. polykrikoides
exerted by ammonium ion, and subsequent development of replaceable algicidal materials will perform to

provide useful tools for the control of red tide.
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Table 1. Algicidal spectrum of Kordia algicida by co-cultivation
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Baffle flaskol] ZoBell 2216E4] Auj ] 200 mloll Kordia algi-
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Class Taxon Medium Strain Algicidal Effects Source and History
Thalassiosira sp. F/2 KORDI-1 + This study
Bacillariophyceae  Skeletonema costatum F/2 KORDI4 + This study
Chaetoceros glycilis F/2 KMCC-B23 - J.H. Lee; Nacdong estuary
Raphidophveea Heterosigma akashiwo E/2 NIES-10 + M.M. Watanabe; Marima-
phidophyceae (Hada) Hada Nada, Seto Inland sea, Japan
Hete.rocapsa triestrum F/2 NIES-235 - S. Yoshimatsu; Marima-Nada,
Stein Seto Inland sea, Japan
Prorocentrum micans F/2 KORDI-14 - This study
Dinophyceae Gymnodz:m:um sp. A8 F/2 KORDI-12 - Thi.s study
Gymnodinium sp. A9 E/2 KORDI-13 - This study
Gym. mikimotot E/2 KORDI-10 - This study
Gym. sanguieum : E/2 KORDI-11 - This study
Cochlodinum_ polykrikoides E/2 KORDI-8 + This study
Cyanobacteria Microcystis aeruginosa F/2 KMCC-C13 - Y]. Kim; Chung-Mu Harbor
Chlorophyceae Chlorella vulgaris SK KMCC-FC1 - UTEX 259

UTEX; University of Texas, USA, KMCC; Korea Marine Microalgae Culture Collection, NIES; National Institute for Environmental

Studies, Japan.
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column; 10x1,200 mm, flow rate; 0,1 ml/min, fraction vol;
1 ml/tube)E 53l EEEE& AU EAF £38 93
AH&-# molecular markeri= glucose (MW 180), sucrose (MW
342), raffinose (MW 504), vitamin By, (MW 1,350)0]-&-3} 4
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"7 TZ9 W& Cochlodinium polykrikoides®) A2 & 7}
F a7 98ty 3 o] £ Yo) A A8
dEE d4 29 TAAR 117}4(NH;, Mg, Ca, Na,
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FUE AR S B3 AHHYLS Aok B E)
FAN g o] &3 HERF AlEAAYL Lovejoy F{12]0]
R Gymnodiniume] A1E#HA 3 X8 Qqch AZHAE
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Fig. 1. Lytic effect of Cochlodinium polykrikoides by the treatment

of the cell-free culture broth of Kordia algicida or ammo-
nium ion (>1 mM).
A: Normal cell, B: cell exhibited swelling with disinte-
gration of chain within 30 sec after the treatment in C.
polykrikoides cultures to 10% cell-free culture broth of K.
algicida, C: separation of chloroplasts from the cell wall
region (after 1 min), D: lysed cell debris (after 10 min).
Culture broth of K. algicids was gained by centrifugation
(10,000xg, 10 min) after shaking incubation for 24 hr at
25C. Cell-free culture broth used for these test was
passed through the sterilized syringe filter (0.2 p m
pore-size).
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Table 2. Physio-chemical characteristics of Kordia algicida culture
broth

Types of treatment Algicidal activity (%)
0.2 ym 91.2
Filtrate by molecular | 100 kDa 90.8
sieve 10 kDa . 922
3 kDa s 929
5 min 932
Heat treatment 10 min - 953
30 min 95.1
pH 2 770
pH treatment pH 7 84.0
pH 10 9.0
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Fig. 2. Changes of algicidal activity (%, a solid line) and am-
monium ion (a broken line) during gel permeable chro-
matography using MeOH extract of Kordia algicida cul-
ture broth.

ol 0.01 mM¢] NHCl& %%3}9&%
+ 259 4L FFS ¥R Eyrh(Table 4). 1 9]
Azd "Xe &dE AR 2439 59 F —‘MV“] C
polykrikoides®] 3 AA ]?l' 2 AEETdE L}E}L}X] s 2
HHog JAZYEQ C. polykrikoides?] 23 AlH LS A%
AdA K algwldM ﬁﬂ G TN ATYE ANE 1FE
o] EUo} o]Le] §34§ AL AYd. Stein [17]L
NHClS Z4agoez ¥ AL B F9 HESH3E
A EA4E deiH 25H é’é}% #13) 01 mM o]3}9] =
Z T S ANAG vh 9o ojz E A Axe}
A& Yok Fryo}l o]og AFo] 7}Fd NHC,
(NH):SOs= 59U8 42842 Yehlidey 82 (urea)d)
FH 2 H/SIEE P Az 4L 9XA go}
o] UE A+ FREAS Hehle Zog Aaddh

Cochlodinium polykrikoides o] 9]o]] 2z o] X34 G
snaguinium HA] FLE A d284E YA wd
Skelectonema costatum®] 73-%- 100 mMo| M & A28 L 1}
EhfA o AT ER g8 d2PHE JARZHY
FF #HEE ¢ F UdHTable 5). Y2 & 24
T K. algicidas T o] F3l RS w A2y E C polykri-
koidesE X3}l S. costatum, Thalasissira sp. Heterosigma
akashiwoZ. %A glo] AZANES AMEd) A= A7}
HNE 5L ¢ 4 9tH(Table 1).
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Kordia algzczdai—rl—:i AAE drL]o} o]Ld] o3 thA|7t
ol A3 AtgdEne A 4 5 AT 2y K
algicida7} A2 02 AVH3E S. costatum, Thalasissira sp.
H. akashiwoe GEUotol ot JaF& &2 ¢o} £ 5o]3
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Table 3. Concentration of cations in MeOH extracts of Kordia algicida culture broth and algicidal fractions of gel permeable chroma-

tography determined by ICP/MS

NHs Mg Na Ca K Li
MeOH extracts (mM)’ 125.35 175.6 59 092 1.9 -
Algicidal fraction (mM)? 59.0 155 62 127 12 0.48
"Cell-free culture broth of Kordia algicida extracted by MeOH after eliminated water with evaporation
*Active fraction gained from Gel permeable chromatography using MeOH extracts
Table 4. Relation between the salts and its concentration affecting on the killing of Cochlodinium polykrikoides
Concentrations (mM)
Components
>1000 500 200 100 10 1 01 0.01 0.001
NH; NT NT NT ++4] et ++2 + A .
Mg NT ++ + - - NT NT NT NT
Ca NT i+ Tt ++ - - NT NT NT
Na + - - - NT NT NT NT NT
K NT +++ + - - NT NT NT NT

lAlgal cells were completely lysed within 2 to 6 hr after treatments.

?Algal cells lysed within 6 to 12 hr after treatments.

3Algal cells were swelled or lysed during 4 days after treatments.

*Algal cells were no effects during 4 days after treatments.
NT; not test

Table 5. Effective concentration of salts inducing the complete
killing of algae within 12h after treatment.

Components (mM)

Algal species

NH; Mg Ca Na K
Sea water 001 53 10 540 10
Cochlodinium polykrikoides ~ >1 500 250 >1,000 500
Gymnodinium sanguieum >l 500 50 NT 500
Skeletonema costatum >100 500 100 NT 250
NT ; not test
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