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Effects of the Temperature and Light intensity on the Growth and Microcystin Production of
Three Species of Microcystis (M. aeruginosa, M. ichthyoblabe, M. viridis). Lee, Kyung-Lak,
Weon Hwa Jheong’, Jin Hee Kim? and Han Soon Kim®* (Department of Forensic Medicine,
National Institute of Scientific Investigation, Seoul 158-707, Korea; *Water Supply and Sewe-
rage Research Division, National Institute of Environmental Research, Incheon 404-170,
Korea; *Non-vascular Plants Research Division, National Institute of Biological Resources,
Incheon 404-708, Korea; *Department of Biology, Kyungpook National University, Daegu 702-
701, Korea)

The growth and microcystins production characteristics of three species of Micro-
cystis (M. aeruginosa, M. ichthyoblabe, M. viridis) isolated from Yeongchun dam and
Ankei dam in Kyungpook Province, South Korea were investigated at temperatures
of 15~ 35°C and light intensities of 35~ 180 tmol m™? s*%, All of the three species exhi-
bited the highest growth rates (it,,,,) over the 30°C. The maximum growth rates of M.
aeruginosa and M. ichthyoblabe was observed at 70 pmol m™2 s}, while M. viridis show-
ed maximum growth rate at 35 ymol m~% ™1, The maximum production of total micro-
cystins was observed at 20°C, and the production of microcystins decreased according
as temperature increase. The highest microcystins production of M. aeruginosa, M.
ichthyoblabe and M. viridis observed at light intensities of 120 pmol m2 s7%, 70 pmol
m ?s™! and 35 umol m % s7), respectively. The concentration of microcystin production
and microcystin types of three species according to temperatures and light intensities
showed clear difference between the species.
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d&5el o3t 43} (water bloom) A2 A AHo=
VRSP AT ow, B R SoT YA
o SAFEY ohel A7k A= A4 A¥e
F31 g1t} (Bl Saadi and Cameron, 1993; Ressom et al.,
1993; Kuiper-Goodman et al., 1999; Sivonen and Jones,

1999; Falconer, 2001). B¥Z&77} A3 S4EL F2
A7 =4 (neurotoxins)t} 7FAE-4 (hepatotoxins)E &
2]z ¢j.om (Kaebernick and Neilan, 2001), 7F34=4¢]
microcystins7} 4ol Al ZHAF wldEA] wAlsa glv
(Sivonen and Jones, 1999; Kemp and John, 2005). Micro-
cystis, Anabaena, Oscillatoria, Nostoc, Anabaenopsis %
che¥st F2 {7t microcystins & YA s Aoz oy
% ¢)om (Kaebernick and Neilan, 2001), -7 & Micro-
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cystis”} microcystinsS Al dEAlql Y=gz o
2 Z o} (Park et al., 1998; Vezie et al., 1998; Sivonen and
Jones, 1999; Kurmayer et al., 2002; Via-Ordorika et al.,
2004; Ozawa et al., 2005; Znachor et al., 2006).

Microcystis 42 A % A zo] Je|d HA& A
2 M. aeruginosa, M. ichthyoblabe, M. flos-aquae, M.
novacekii, M. viridis W M. wesenbergii & & 15%0] <
22 qlth (Komdrek, 1991; Komarek and Anagnostidis,
1999). Microcystis 42| 7} & merocystins AjAl2) &
E-o]A] (Vezie et al., 1998; Kurmayer et al., 2002; Via-Or-
dorika et al., 2004) ¥7t ofe} FF HolAE 7HAe
Rnew g g} (Oh et al., 2000; Rohrlack et al., 2001;
Yéprémian et al., 2007). £3F o]& & ®= FFE& 3
73273 k2t A8 microcystin FF2 JAA =7}
& AHen BT (Ozawa et al., 2005; Kemp and
John, 2006; Dai et al., 2008).

Microcystins 54 AAle] 3t dF= A HPo= 7}
ZF W8 A Microcystis bloom g 3A3}= Aoz o
% Microcystis aeruginosa-& Aoz 2 g o}
(Codd and Poon, 1988; Watanabe, 1996; Orr and Jones,
1998; Oh et al., 2000). 22}, M. ichthyoblabe$} M. viri-
dis =8¢ M. aeruginosa®: ©|8o] Microcystis bloomsE-
P F8 FAFo=z AT 9] (Shirai et ol.,
1991; Park et al., 1998; Sabour et al., 2002), $&j=}} o
oF&F Microcystis & F*jo} 23} bloome] A" 4 9]
o}

e SAde) B8 Uele FAT S84 THE
23l Microcystis Z+ Z2] microcystins ABAJol oi3dl A)
2 - AHA BAE ols)sle Ao B Iy ofF)
microcysting Ao W3 Microcystis Z7+9] wjjokS-
g A vlm AT S vinjak AR el m, £3)
SRAF Microcystis 2] wiek& %3} microcystins A4
Aol #& A+ 39 vt gk

ol dFoA HAEL I F5olA] bloomsS
A3t 3%2] Microcystis (M. aeruginosa, M. ichthyoblabe,
M. viridis)g Eelsta, AP wihe B3l L=l W =
7ol A3 ol& 3% AAEF microcystins A EA]

& obolr w4} 3led)

I ek of

 ERERT

2006 8o 43ph AT AU} Qb o2 R
3%2] Microcystis (M. aeruginosa YC, M. ichthyoblabe

AK Y M. viridis AK)E £-2l8}3ct (Fig. 1. AT A4
ol $1A8kE e dAAT AP R o Mz
A= glon, P A o5 F o F2FY F
FAL o) & SApEREATH ] &, 2008).

2B djepil g2 250 mL 422 Erlenmeyer flasksel]
100 mLe] CBulA] (Watanabe, 1996)& o]-&3}od AlAJ5}
9Jth(Table 1). Stock cultures:= 30umol m2s712] <&
B3} 25£1°ColA fAtG e, SR & FA7

Fig. 1. Micrographs of three species of Microcystis. A: M.
aeruginosa YC, B: M. ichthyoblabe AK, C: M. viri-
dis AK. Scale bars are 20 pm.
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Table 1. Compositions of CB media used for cultivation of Microcystis (Watanabe, 1996).

Ca(NOy), - 4H,0 150 mg PIV metal mixture
KNO, 100 mg FeCl; - 6H,0 196 mg
MgSO0, - TH,0 40mg MnCl, - 4H,0 36mg
B-Sodiumglycerophosphate 50 mg ZnS0, - TH,0O 22 mg
Vitamin B, 10pg CoCl, - 6H,0 4mg
Vitamin By, 0.1ug Na,MoO, - 2H,0 2.5mg
Biotin 0.lug Na,EDTA - 2H,0 1,000 mg
PIV metal mixture 3mL Distilled water 1,000 mL
Bicine 500 mg
Distilled water 997 mL
pH 9.0

stock cultures=HE] ¢F 5,000 cells®] A ZEE5E 3}

x5 9 xxo 9WE z17}be] Erlenmeyer flasksol] A3
shlet. 2 sk el APz A28 v A] ek
782 stock cultures2} EUsHA 489y}

AR EL APAANE A3 2537 APsige
™, A28 A4 haemocytometerE o]g3le] AlAJ3}
et AAEL u=(n Ny~In N/t,—t,) FAel] 7)&3}e]
ARsiR e, o oA Nyob N2 ZH AgdZs ¢
ARNA gAY NESEE 2 Jeplie, t,-t,2 A
Hell 27 A7HE Ve '

Microcystinst HPLC (high-performance liquid chroma-
tography, Waters, USA)E Al&-3}o] B4 8lglr}. HPLC
AL S8 5T v EE F2227] (Labeoneo,
USA)E AzAAew, 34 Axd A25L 50mLe] 5%
acetic acid2 sonication (Fisher Scientific, USA)Z} &7
33je] AX FZ3Yeh FEHL 158 Bk 4,000g2
L Eelsigd e, A2 8435l Sep-Pak Cyq cat-
ridge (Waters, USA)oll F2A)Zt)h o] &, catridge S 20%
vtz AHsta velge] g€ 0.1% TFA (Trifluoro-
acetic Acid)® microcystins & £&3}¢d). $28L X
ARx7I= A AxATII g o] B4 AR
slgivt 1mL min 1] -f-4ol| A w|Ek-2- 0.05 M phosphate
buffer (pH 3.0; 52:48)2 FAJ €l mobile phaseE A}2-3}

o, Xterra-Cyz 4.6 X 15 cm, 5 pum. column (Waters,
USA)E o] 23} 210~420nmelA] PDA detector (Wat-
ers 960, USA)Z 7 &3¢ v}. Microcysting EFEZ 2
microcystin-RR, -YR @ -LR (Waco, Japan)& AR4-3}53v},

4 =

L& E

Microcystis 3% (M. aeruginosa, M. ichthyoblabe, M.

viridis)®} A7 2 microcystins A g 2= £3}
& odolrr] 918 15~35°Ce] HH oA Age AAIEH
o} (Fig. 2).

Microcystis aeruginosa YC2] AA-EL 20°Cell A &4
A Frlelela, &t SUMES AgHes F1s
o 35°CellA Ao AAEE epi e 22y, micro-
cystins /442 20°CollA FHdgke Vel ¥ 227t &
7} s FAA PGAasg ). Microcystis ichthyoblabe
AK AQ7E =3 20°Coll N FA4% AE Vel ¥ &%
7t 27185E AR 3715k 30°CelA A AAES
Bylom, 20~35°C HHA AR A4EE vehigl
©}. Microcystins A X4-& M. aeruginosa YC2} v}@71A 5
20004 HARE ehl F L55b BAEAE U
739wt Microcystis viridis AKE # v AAES
TRl 30°C7HA] £ FHEAE AREel Aedes
2718 % 35°Col|lA BE AEEe] APEslgirt. Micro-
cystins®] A4 BHE T F3} fAA 20°CelA Fd)
2 vehiglen, £55 27185 asiir.

Microcystis 3% (M. aeruginosa, M. ichthyoblabe, M. vi-
ridis)e] 4438} microeystin B}3) (microeystin-RR, -YR,
-LR) ¥ o]&e] FAu] E3 2x2] W] ue} 7] of
£ oS el gk (Fig. 2B). Microcystis aeruginosa
YC¥ microcystin-RR, -YR ¥ -LR-& 25 A “&]—5;3_9_4
L= wle} microcystin A B} FEHF HolE )
e}l $ie}. Microcystin-YR E}Y]S 2E AY L=z74
A} A=) 31, microcystin-RR B}Y-2 20~30°C 9o
A A E ] o microcystin-LR E}4-& 20°CoAiat A
AE ) 28 &x HdA #el® microcystin-YR-S
15°Coll A Fuiztg vehglen, 27t 37185 4
2} 7448t} Microcystis ichthyoblabe AK =3t 3&5%
2] microcystins® 25 A5k .o} 15°Cel| A= miero-
cystins”7} AAIFHA] oketc}. Microcystin-RR 4 YR E}g)
52 20~35°Ce] #dx AAF ST, microcystin-LR
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Fig. 2. Effects of temperature on growths (A) and contents of microcystins (B) in three species of Microcystis.

E}2 20°Ce} 25°CeollA QA E g en, AE Al 7R
FJr“—;; B 20°Cell A Hugks Vel ¥ 2mv) 3
52 A} 2FA819 v} Microcystis viridis AR 20~ 30°C
]H microcystin-RR % -YRS AAsle] o), micro-
cystin-LRe] AA-& AE8A e x wjuloz g glo
™, 15°C2} 30°Col| A& microcystine] AAIE =] ekere}.
Microcystin-LR }3]2 A3d 2xui9joxa JAHE=
e m

2.3 =

0 —i-

0, 35, 70, 120 2! 180umol m2 5719 2% wl2jelA
Microcystis 3% (M. aeruginosa, M. ichthyoblabe, M. viri-
dis)2] AAE 9 microcystins A4 HI-2-& Fig. 39 1}
RS

Microcystis aeruginosa YC+ 70 pumol m™? s 1ol A] 3
AR EE Jehl ¥ 22} BA4S 48] o0
ashgenh, S5 pumol m? s 038 EEAAE SAR

AAHES Vel gdrt vbH Microcystis aeruginosa YC2
microcystins A 432 HWAAAE-E Bl 3 27 (T0umol
m? s helA 7bg dren], Agge] as] g
sl H3Es Jeledcl. Microeystis
ichthyoblabe AK2] AAg-& M. aeruginosa YC2} $A}
3 T0umol m 2 s tell A Ho] AAES vepl F 2w
7t E71ESE AAAEo] 1 48t 12y micro-
cystins A A& M. aeruginosa YC2} vl 2 FHUAAE
£ vepd 3 221(70pmol m™ 7)ol A LL%JU& vl
Wdch. Microcystis viridis AKX 35 umol m 2 s 164}
WY EE Jeh F 20} 2043 48] 34
&) 7}4819d 2, microcystins A& M. ichthyoblabe AK
o whilaz e AREE Ukl B 2765umol
m? sl A Faghe vepliglon, tE 7 o vls)
microcystins A %7t o) A eldol

2% Wil w}2 3F2] Microcystis (M. aeruginosa,
M. ichthyoblabe, M. viridis)7} 4}’3%}= microcystin €}

120 pmol m 2
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Fig. 3. Effects of light intensity on growths (A) and contents of microcystins (B) in three species of Microcystis.

3] (microcystin-RR, -YR, -LR) 2 ©]&¢] F-Au]% Zoj
upg} 27] o2 e Jellsick(Fig. 3B). Microcystis
aeruginosa YC¢} M. viridis AK¥ microeystin-RR, -YR
2 LRE EF AAstevt M. ichthyoblabe AKE
microcystin-RR¢} -YR2] % e}gl=t AAIslel 1, 250
o2} microcystins A=} EIES] FI Aol
R

Microcystis aeruginosa YC2] microcystin-RRS 35~
180 umol m2 57! W ¢l A A E¢ o} 120~ 180 pmol
m 25N ¢ ¥ xE Jepg.em microcystin-
LR#} microcystin-YRE 5o o} Eeigl xjo]& 1}
el ] ek}, Microcystis ichthyoblabe AKQ]/\-]T"'_: micro-
cystin-LR-&- ZA&g A% wuloz Jelg o, micro-
cystin-RR3} microcystin-YR7te] 35~120pumol m™2 s7*
9 zx YA AAHAT) Microcystis viridis AK:=
HYAAES veld 35umol m™? sl 4] microcystin-

RRE}4) 9 -LR el mil-$ & AAE Jepliglen,
70~120 pmol m™2 s7* W4 oA microcystin-YR )£
< AAE VERIGS

I &

AAE-& Microcystisdl] 28t 43} A A 3449
microcystins ¥ = 2}o]9] F3 Yoz deA gl o
k3 BAz7 W Microcystis®] F-FelH uhgel
g S FFEY S Fotur) 8 I 34
A} bloom-& 3AEF Microcystis 388 Bu|dle] wjofal
e 28 25 9 Yo 9 EAE 2RI

22 F27F $27} microcystins®] YAE ZA
e M o8 #ecqlez d#x g)ow (Park and
Watanabe, 1996), microcystins®] AJAIL 18~25°Col|A]
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7V w2 Aoz ByHe] ¢4 (Codd and Poon, 1988;
Sivonen, 1990; Rapala et al., 1997).

o AFelM, 3F2) Microcystis (M. aeruginosa YC,
M. ichthyoblabe AK, M. viridis AK)2] X2 microcys-
ting Hd FrE 2F 20°CoA elEgen, g A
782 30~35°C AtelojA) #AE Q) o] A3 micro-
cysting AL Microeystis A5 4R34 g3, 34
H%LQ. 5}]23’} £5 Aeaﬂy]. % 2, c)r)\s;—. 35]24 MX}&.E

B} e ez gelelN Hugke deET s o
A AFAHe} {11l o (Watanabe and Oishi, 1985;
Sivonen, 1990; Rapala et al., 1997), o]#] 8 opAke oz
cyanotoxins®] A= &2" v} Qrk(Saker and
Griffiths, 2000; Briand et al., 2004).

clofgl %2 microcystin A =3F L5 W3]
kg WS- 4 gl Rapala et ol (1997)2 25 Z714)
g} A E = microcystin 2H7}F 2oy ® 7s)gon
25°C u]wlell A}+= microcystin-LR ¥l o]8 o] Zr}gF ulw,
microcystin-RR # ]3] 25°CollA] o] AAL el
bt shgdet, o] o FollA] M. aeruginosa YCX= 20°Co]]
et g-A8HA microcystin-LR2] AAL ehygl o,
M. ichthyoblabe AKX 20°C¢} 25°Coll 4] microcystin-LR
2] AgAlo] ElE g}, ol ¥ F-F9) microcystin-LR-S
microcystin-RR ¥ -YR3} @] & AA2xnrt e
2 YoMt Ao} Rapala et ¢l.(1997)8] A2
Shoh §AHE SPE Ve sieh. WRel, M. viridis AK:
20~30°C¢} W $jellA] microcystine] &% <3, micro-
cystin-RR#} -YR o] AA1 % microcystin®} 328 3%
skt

2= £ 2ol 54 A g A 4 9
(Watanabe, 1996). Microcystis aeruginosa2) E}-‘%ﬂ e
FE-2 A YA 40pmol m™? s7'74R] =T}t 7}
4% microcystins A2 Z7p3l= Aoz BRyEYe
v (Watanabe and Oishi, 1985; Utkilen and Gjglme, 1992),
U FFE 145umol m2 s oA Ho] SA& Veh=
e B35} (Van der Westhuizen and Eloff, 1985).
v Codd and Poon (1988)-2 5~50uE m™2s719] ¥ 2]«
Al M. aeruginosa 78132 H4%F 2%2| oJgke wkxz] ¢
oy B ysigich o dAFoA M. aeruginose YC=
120 umol m™ sl 4] microcystins =7} Hef ke o}
elfjo] tf g2 o|H d3Ase} ol B ‘/}E]r‘*ﬂ‘ﬁq M.
ichthyoblabe AK$} M. viridis AK¥ Zt2t 70pmol m 257!
2} 35umol m? 579 AR ez P zxejr FHr)e
o, B3 M. viridis AR M.
viridis2] microcystins AJ4d o] 15pyE m2s1e Y& =

¢
£ o2

«

microcystinsg AA 5}

2 «d =59 A 405

=ollA e vepidkn 228 Song et al.(1998)2]
Azel FAEIA o AFASE F 27 dg
Microcystis®] 7t &£ microcystins A1) & Eo)A&
Yepdd s k= o3 A7 AAEE T AXER Aoz
byt

Microcystins Aol didt 229 g3k 222 3
& PoAlel ¢ivh Rapala et al.(1997)2 Anabaena
spp.2] microcysting A& 15°CollA] microcystin A4
2 259 Zrld vlgEAT, 25°ColME 238 2%
7} 271842 microcystins A A o] 2HAgke 31 W 1sle]
o™ Song et al.(1998)-2 Microcystis viridis2] micro-
cystins A o] 15°Coll M Zxel I3k 9bx] k& vl
o, 25°Co A= 7FF e 2 SoflX] microcystins AJA]-2-
gk Vel 222 Zrtel olEe] gt 8
9t ol Microcystis®] microcystins AJA] o] 2= =7

1 W‘rE} 52| ofgfo] vtz vepd ¢ gL BT

o, microcysting Al w3k 37 999 I3k

4‘%‘6}7] sl B 2739 A¥e] doFgE v

25°Ce] &% oA AA" 22 AgNM M. ichthy-
oblabe AK2} M. viridis AKE: 22 2 %A microcystins
AL HA g el o, 229 2719} vl B F
A3 7448 Rapala ef ol.(1997)3} Song et al.(1998)
o] Ao} gAFl ol M. aeruginosa YC£] microcys-
tins AL o)A AFEHT 98 =9 2Tt EF
2 27A Zr)Eledc} o]#gl B3+ microcysting
/\gz\éﬁl}%o] 2T % 2xx e o3 Z .‘io]ﬂ:‘,‘; o]
gt 2 4F SeldE viehite Aoz IR, 2=
z273e] wWE 220 JIFL M) AT FopHd A
o] o 7oz Hgld.

ofg] As Aol zz=e FPRA F2Fo AT
microcystins A3 o2 AR L}E}"ﬂt 7
5] $ter, Anabaena sp.(Rapala et al., 1997), Oscil-
latoria agardhii (Sivonen, 1990) ¥ M. aeruginosa (Wa-
tanabe and Qishi, 1985) 5-& 2o AAE& vlehd =
ERT Fo %A microcystins A o] FHINE e}
Wit 2} o) QoA M. aeruginosa YC= v
B¢ Bl T0umol m™2 s8] FH &7%1}}\1 microcys-
tins AL 718 ke, 120 umol m 2 s~ A] gk
< Jehig} wld, M. ichthyoblabe AKS} M. viridis
AKE FHd AAES vlebd 70umol m™ s7'5} 35 pmol
m™? g7l A HH ] microcystins A& el A
Aol B2 ke BedFgich

ol dpollAl F ZA e u}E microcystin-RR-2 A4
2 Ao o] 43 3%2] Microcystis 3kl F13 Ao
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£ ebi ek M. aeruginosa YC= HARWAAES Bl
ZEHT} F-2 120~180umol m2 s7'o|A] microcystin-
RRE 2 A& 1<l Wb, M. ichthyoblabe AKS} M.
viridis AKe}A] microcystin-RRe] A2 AR5 o
DR z=ellX 71 Uk o9 2 §2AF Micro-
cystis 3%-2] Fxo T3 microcystin-RR A4 ul-e-2
Planktothrix agardhii®} M. aeruginosa®] microcystin-
RRe} A o] 2%7t 7145 7ta3ivty w19 Bot-
tcher et al. (2001)9] Z 3ol o}2 ofAke- W)

ol AFZAZ NN Microcystist 2% L 250 o3k
microcystins 4] F Fo|AH® ol FF EBolAe
7R el FlE AT $elviel gl wlwaEA
WSk Q) Microcystis bloomol] )3t =4 wl&) &
WAE7] $siM e bloome FAJH= Yge] Hgst
4 9 24 &9 gekat 2740 g microcystin A
A B e A% a3 244 d3
of & Hlow FHutsn

5
o

H 2

37 AT JART A FelA B2 g Microcys-
tis (M. aeruginosa, M. ichthyoblabe, M. viridis) 3%2] &
= 9 2% N AAEZ} microcystins A4 EAL
Yohuz) el wlFATE ANSAT HPEE 35
T 30°C o)Al 2 1gkg bl o} microcystins
<= 20°ColA Hdlz AAEG e, 22} Zoldses
microcystins A2 7+A8}5v}. Microcystis aeruginosa
o} M. ichthyoblabe-2- 70 umol m2 s712] 3 ZAA 3
WAAAES el v, M. viridis-S 35 umol m2 s719)
3 27004 HAAAE-E JehN Qo). Microcystis aeru-
ginosa, M. ichthyoblabe 3 M. viridisx= 77} 120 pmol
m?s?, 70umol m2s!, 287 35umol m2s719) 3 =
Z1ellA 2] microcystinsE A e}dch L£x9 2%
o W38 o]% 3%<] microcystins A4 A =9} microcys-
tins RS BRell FAT AolE el £ Hol4 S

2ok

A A

ol =8 20093 ARTsti d7ms Q7)o
Jste] ATHS-

|7 A}, AFR, A, A, A3 2008. A 5
A F2F SA(microcystins)®] AAZ W% AT5Hs

2:3t3|%] 41(2): 264-274.
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