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Effects of Environmental Factors on Akinete Germination of Anabaena circinalis (Cyanobacteriaceae)
Isolated from the North Han River, Korea. Park, Chae-Hong, Byung-Jin Lim, Kyoung-A You', Myung-
Hwan Park and Soon-Jin Hwang™ (Department of Environmental Health Science, Konkuk University,
Seoul 143-701, Korea, 'Han River Environment Research Center, National Institute of Environmental
Research, Yangpyung, Gyeonggi 476-823, Korea)

Abstract  Akinete germination may be a starting point of some akinete-producing cyanobacterial blooms in
eutrophic freshwater systems. This study examined germinability of akinete of a cyanobacterium Anabaena
circinalis isolated from the sediment of the North Han River (Cheongpyung Dam), Korea, under several envir-
onmental factors such as temperature (5~ 25°C), light (0~ 100 umol photons m > s™"), nutrients (nitrogen and
phosphorus) and pH (5~ 12). The high germination rate appeared at high temperature: >55% at 25°C, follo-
wed by 15% at 15°C, 10°C and 10% at 5°C. Low light intensity was favorable for akinete germination. Over
45% of germination occurred at low light intensities (5, 15 and 30 umol photons m > s”"), while less than 10%
of germination occurred at both 50 and 100 wumol photons m > s'. No germination occurred in the dark condi-
tion. Akinete germination rate increased with nutrient (phosphorus and nitrogen) enrichment, and nitrogen
addition showed greater effect on the germination compared to phosphorus addition. Akinetes germinated well
at neutral or slightly alkaline pH condition (pH 7 and pH 8: >55%), but no germination was observed at pH
11~12. The present study demonstrates some favorable ambient conditions of Anabaena circinalis germi-
nation, which could provide useful information to study the germination conditions of other Anabaena species
or akinete-forming algae and predict its bloom in eutrophic freshwaters.
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Anabaena circinalis §H=ZX}

ok Blg W3} £ vE, 9 & U4 FH
A E-2] 2} & e (resuspension events), T F 5Bl o3t
A} B w2t (bioturbation) S-o] ¢33FS- u]A 4~ 9Jt}(Baker
and Bellifemine, 2000; Stahl—Delbanco and Hansson,
2002; Faithfull and Burns, 2006).

HEF FHEARS ol 875 = HA 2=
7HA 3 glem, o] thAlE M Ze AA el Jéfi
2 L 9lel X3t} (Huber, 1985; Fay, 1988). ¥
FaF FREA BobE Ak 1Y Fo7 UH7H
H4 & 3otk Nodularia spumigena (Huber, 1985)
¢} Anabaena circinalis Rabenhorst (Van Dok and Hart,
1997)9] FHZA= 15~50 wmol m ™2 s o
Azate, o] gl o 2L Bl doibA] o
o g, FHZ X WolE 93 oJoky] 9 F x| #H
e =t Wl vjs) g oz A7t mlu|sh,
ool AAtel] 3 FF-o é Fsnte]l Fefaixl= k&
ﬂoli 32 W= gekdt Aoz Addd. e &
H, (P A4 IN)2] 7”3 TE A7F 27 sfellA] A

3t MY AFSolA] Anabaena fertilissim, Anabaena

ot o

Bl
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variabilis, Nostoc linckia, Anabaena circinalis 5 * =
o o FHEARE A7) g8 delEE B3tk (Red-
dy, 1983, 1984a; Fay, 1988). 3} 4322 pHE FHZ
A otel 2% 29l F shh H7}53 9Jek (Huber,
1985; Fay, 1988). =3t 5-d%o] FHzAlel dAgt=
NE o e g g4z 2ftes 8
o ote] A} HA wolol] AL Adgpe] e 4
91t} (Baker and Bellifemine, 2000).

2 QFE xf dRdel eldE Ha 4ol
E|A =0 A] B3t Anabaena circinalis FHEALL] A
o s e 9 asslen o]%

ot

Y ZF Anabaena circinalis FHEA = BIkpA
FEF7E b (201249 7~99) AP35 HAZ
oAl H2]stgitt. E]AE-2 Van veen grab sampler (Q.T.
Technology, Korea)E ¢]43le HAHE Z=(1cm)<
AHA3 & 100 mL ZFodall AR o} WAR I
(4~5°C)3te] AgA 2 Hlslglon, BE Alays 4

Zotofl chet 2tEQe!
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A7 Y oaell BAsATt AF2 FAEA FH
2L 225 $l8] 100 mL A5l =71 EHES &
= F &Y 1gWW)E 3 394 1343 o
(02 pum) B (HHES AFT 2o 0= &
A7 5, 283}7] JAC 4020 type, 60 Hz, 620 w, Ultra-
sonic, Korea) 2 20%7} 23] 243} x2]sle] etdS
Bayslele}. B8k g=tel-2 100 wm Nylon meshe} 60
um Nylon meshe]] oJZ}3t %, 2|54 2= 10 um Nylon
mesh o]-83te] o3}3}glet. oJ7k¥l A]&% Panning
method (Matsuoka and Fukuyo, 2000)ol] w}g}, of 2}4=2}
WA % 10mL w3ae] A felel §74 ol
AR @O, P f2el A2R B
A& % 1mLE Sedgwick-Rafter chamberel] #3}e] =
2]3n) 7 (Axiovert Al, ZEISS, Germany) &}l 4] Micro-
capillary ol 83le] FREAE Lelelch 22T F
WEAE 94 nAE W4 1702 um) BF47H
=71 microtubeel] Fo} BIs}le]h

LU A

1o

HIER} HEH, Wob U MDY Y

2.
)7 (Axiovert Al, ZEISS, Germany) 200x #]-& 3}
M FEE ARZHE] ZAE FE5le A2
2~33] AA stk 96 well plated]] o33} D742 0.2
mL 3T e e A2 430 o
25°C % #Fx 30~40 umol m 2 s™' (14L: 10D) =71¢]
W eF7 el A wl ekslodet. F 2t 3§F41—‘E 400x wi& 3}
S BAsglen] A e AR ZA)
PR F APAne BRI A 99 2

T Z A2 Wolr|A wlek3t Anabaena 3N EES
o]-g-3te] 16S rDNA {7 dS #A8 A3, & A
A o] &3t FHIEAE A. circinalis 202 ETAEY]
t} (Han River Watershed and Environment Management
District, 2013). 2 AT} T3 $HoA FAA R
(FFM E)2 A F 3} BAIT M) dF(Lietal., 2013)

ANME A crassa® A= v} 9lch ey A58
A Bl o] F FE 2 25 Saigion] 44
A apol7t ERsAE A3tk
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ol W4 0.2mLE 96 well plate®] Z+ holem}c} )
$3 holet URAIA AESIAE. 044 ol gate]
EE 3 x7e 34kE-(F 90/hA) o= = 147 wioF
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& FREAe] F4ol BT Yobel FHEA WL (%)
2 Aasieon], 1497 Agobee] WskE %7}
seieh

r._}[_l
)
;

o

4. 23
E2a] UE FUD UHE TAE AA 2
=30 umolm T2 dAeA sAskm #F7] 14L:
10DE 714 HH°<}7]°1]/~'] 2% 5,10, 15, 20, 25°C9] ©
A 7HA A ok AAIETE B2l W F
HEALS holg S 1% WS 2= 25°C, 14L:
10D FZ=71= 7kA wiekr]el A 0, 5, 15, 30, 50, 100
pmol m™? s7'8) 141 WA FExA selA AN
o dFd 7ol whe FHEARS| welE A& 95
CB¥ A (N: 75mg L™, P: 7Tmg L' Z3H = o] &3}ed A
A9} ¢l& 5% A7t =7 (+N, +P in CB medium),
gle] B 73—“—?1 %71 (—N, —P in CB medium),
3t =71 (—N, +P in CB medium),
7}, ijj 7351 ¥ =7 (+N, —P in CB medium)
5 ot b 22341 stk sl
2% 25°C, 33%= 30 umol m? l(14L: 10D)ef| A ALA]
soleh pH 270 wHe FREAS) Yobd BAE 9]
3 CB wj#| & o]&3}te] pH S¥E pH 12744] o5} 7}
2l 2710 A AAsleH pH %7] CBul#] (pH
9)el|A] HCI (pH 5~ 8)3} NaNO, (pH 10~ 12)& o] 85}
o A3k vk &% 25°C, = 30 umol m s~
(14L: 10D)e| A A A|s}ei T

)
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5. X2 EM

7+ Ad e =AMWR A, circinalis 0 2R} Wholg =}
o]2 w)wa}lr] $)s}ed SPSS package (ver. 18.0. SPSS
Inc., USA)E o] &3led, 7t 2719] A|zPE ubx AL
o] it WelgE o]43le] One-Way ANOVA (Dun-
can’s multiple-range test)S AlA|3}Aeh EA41A §-294
2 p<0.05¢]

2 I
1. FHEX Lot A dToi w2 Helx Hat
FrHzALe] o} o} Bl AL Fig. 1elA] A

X

el

Olol

&

Astgleh FREA] oFe el
oz R/ YRS gk A Aes
FREAE 254013 w4 AE 2gsar gl
01% 15~18 um, ¥ 13~ 16 ume|™, FHEA} F=
| 2ol 0.1~02um?e] Z E7]7F v $let (Fig. 1-a
A £54e ggie
19 FREAL obE Asia Az
X e nylen, 2A5 3Rk 9l
T cyst9] & 4 Ssit (Fig. 1-b). 24 Aol
S B A7} s ©dste] whopsiolt.
M 27} wheldt 5 ule] lE A|2E7} IEF A ot
¥ Mxze Z7)= 7;_1 o] 21~23 um, Z 15 ~16 ume|4}
o} (Fig. 1-¢). FHEA} A2EZHE wuE a9
2717} ot A ok Aefe] FHEA Z7)e wls) oF
Zt Z Aoz JE o, FHEAR: Dol oA o]u]
*ﬂi‘é%}ﬂ Azt ez gt gdel wief 3 o) %
BE mAph Gz weksEA 2ol Yge w9l
or, wjof 6dAolE= Zo] 53~55um, Z 10~11 um
2 Zole FkeAEt 22 gasige o A7) B
=4 _L} A ZEo] AA% A ZA} (trichome)E 3 A3}
om, o] F AlZAS] Ao] A2 ALE ot A2
%2 10~ 12um A== §X5 1 (Fig. 1-d~g). wjek
TdRZ AoEHA MEA} FRYAN Bhsgos
AE7L A QAFe] nek G A meg 2
CAlZAL] S A, g FrREelA
#A= e AZAYE (coenobe)?] FeE HelFI Qlot
(Fig. 1-h). wfef 8 A zARe] Ae] A} 3 F2
¢ 743k ch (10 um — 7~8 um). o83 A= F
WEAL ol F AxEel dAR AxAVE AAs
£ SN, 27190 ol BT Ak %9 4
zo o] 77o]x47<1-_‘i x{:;c_ 41:]-&]-\:]. 3} o] /\]7] =
ok Al Fefel] 3le] % s}ﬂl THEE o] 3| & (hete-
rocyst)7} FHZE L, ol wiA] ] Ao 7‘5*_2}
#o] Q= Aoz ADFH oM 2 3L <
ol A 7A-L 6~8umeo|t}h(Fig. 1-i). vk 9~10°_;_1le
o] A £ Asti-e] A EEC] FA 3o o] ut
2k AlZAbe] Aol B8 F7lelsiet (Fig. 14, k). wi g
1gA oMz SI5Ee] AMzEo] dejFglon of
F2 o] 126 um o] AAstdt (Fig. 1-D).
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a) b)

Fig. 1. Serial photos of akinete germination and vegetative cell development of Anabana circinalis. a) Before germination. Akinete size
ranges from 16~ 18 um. b) Day 1 on which akinete began to germinate with breaking the cyst shell and germinated akinete was
elongated (18 wm — 22 um). ¢) Day 2 on which akinete came completely out of the shell. d) Day 3 on which germinated akinete
began to develop to vegetative cell. Cell is considerably elongated (23 um — 30 um). e) Day 4 on which the vegetative cells grew
and formed trichome. f, g) Day 5~6 on which trichome continuously grew by about 10 um a day, but trichome width decreased
since day 5 (14 um — 10 um). h) Day 7 on which elongated trichome bent. i) Day 8 on which trichome continuously grew but its
width further decreased since then (10 um — 7~ 8 um), and a heterocyst appeared, indicating nitrogen source might be depleted in
the medium. j, k) Day 9~ 10 on which vegetative cells grew on both parts above and below the heterocyst. 1) Day 11 on which the
vegetative cells were detached from the heterocyst.
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Fig. 2. Cumulative germination rates of Anabana circinalis akinete
under different temperatures. Light intensity was kept at 30
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Fig. 3. Cumulative germination rates of Anabana circinalis akin-
ete under different light intensities. Temperature was kept
at 25°C.

a1 2719 25°Cell A FElgh Whobg-2] AfolE B9l
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Fig. 4. Cumulative germination rates of Anabana circinalis akinete
under different concentrations of nitrogen and phosphorus
and their combination. Light intensity and temperature were
kept at 30 umol m 2 s™* and 25°C, respectively.
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Fig. 5. Cumulative germination rate of Anabana circinalis akinete
under different pH. Light intensity and temperature were
kept at 30 umol m ™2 s and 25°C, respectively.
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M2 & pHRZAd wE FHEA - dol&
3}+= Fig. 59} #t}. pH 7, pH 8 7|4 Ho}-g-2 _‘?_-‘7:—
55% o] e2 7b ESkeh pH 99} pH 109] 716l A
= 27 45%, 40% o) 49) ok ek glewd, ol
pH 7~8 ZAol ula] 10% o|4 Yokor} EAMel 4

g0
=2 v
[

ob& 77t 10%, 25%5 Jeple &, Aark A7k oA 1ok (p>0.05, Fig. 6). Wb, pH 5~62] =71
EE Z27eIME 55% o] 2 wobgS vepd v o= AY 1YA o] F djREe FHEar} w3 FH Q)
w, Aar} gl AN 20% olahe] G wobge  onf, oju] WobE-S 10% g WSk pH 11~12 %
Jep ek sk Qo] 2R AR 2AA AR B AelAE AR 194 ol F wE FREA Azl 3
o obgg hehdel mek ¥ Ahol QL5 A Hun A 294 ol Fele BE AxS BAHH F
AX A. circinalis R Z A} Holel] F231 <A}z e} Hzz}e] wholr} A3 dojubx] okt
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Fig. 6. Statistical comparisons of cumulative germination rates of Anabana circinalis akinete under different environmental factors after
14-day incubation. The different alphabets on the error bar indicate the statistical difference (p<0.05).
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A, Anabaena spiroides, Cylin-
drospermopsis raciborskii (Padisak, 2003; Hong et al.,
2006), Nodularia spumigena, Aphanizomenon flos-aquae
(Kanoshina et al., 2003)x F2 o234 =2 5244
A B dAM] FHEA 9] dFATE
AR F=o] FolAlE Folt = of gl Welsh= A
< Bt} (Baker, 1999; Karlsson-Elfgren, 2003). -3}
4% 5% #A B HA29 LEIN FREA

[JRES
o}

sl g (Paerl, 1988), ol 29| v Ak
< =
HE

P
ty o

1

S8k A frEshl E=m, aebr] 2
bo} f-=7]7F (lag phase)& ZA3he 2cloz #hg
t}(Probert, 2000). ¥ A7 A& 2 MY 22
EZ270|A 2 elg-E Vel & (Fig. 2) o] ¢} 3
< A v AdAT Aot A8 A. circi-
nalis (Baker and Bellifemine, 2000), A. flos-aquae (Krav-
chuk et al., 2002), N. spumigena Mert. (Huber, 1985), C.
raciborski (Saker et al., 1999)2] FH x| wtol-g-2 20
~25°Co|A] 7}AF =9)o ™ (>40%), 10°C ©]3}le] A4~
< Aol M e wolrh A E AT (< 15%). =3 A
solitaria FHEZAE= 17°CollA] Fo] ==F S o)
Al Hbolslyl o v (Rengefors er al., 2004), A. ucrainica
FHEAE] A, AP (5~8°0)lME 10% o3tz
Wolgo] A& Wb, A o2 142 (14~23°C)0ll
A =L wolg (60% ©|AHE YERA T} (Tsujimura and
Okubo, 2003). w2tr] B37 oA o84 25°C
Ao g £o0] 2= A circinalis XA} ol
A f=sto] FPlE 2200 AP FaHe 012
& Ao=w Atz =} (Li et al., 2013). A9 dx
ZF, oS 59 Anabaena cylindrica®} Aphanizomenon
flos-aquae’= AL = AR 4 glom (Liet al,
1997; Tsujimura et al., 2001), Anabaena flos-aquae -
HEAE 10°C o] a9] Aeold] 2 Wobg viehy
= A3te B ¥ (Kim et al., 2005). 2 o oA
= A. circinalis A ZAR= 10°C W &]9] A4 2710

o % rlo off %

=

=

LT VA N2

Olor

A
127l

()
[
-

=

2oz mledzEiglr}. oksid, Anabaena EA}L)
Aol M FE HolzbA] &€ recruitment o) §le]
Hhola] (trigger) H &S 8, 2452 xR A
2| &AE VA triggingFE] Hol7bA] o] WA 7o)
F& FT Zo=Z HEo} (Roelofs and Oglesby,

o= T 14T

1970; Kang et al., 2014).

i

A==
JZ)]—J‘L_

we AEElA 957 A4 3 ALH 7
o We FREA Yobg 93 Al 4

2 2 od#x ¢l.om (Baker and Bellifemine, 2000), -
HEA} dole]] Hlelad] H&E = F 29le]th(Roe-
lofs and Oglesby, 1970). =3}, B2 Fm a2} dol= ¢
g UAE FF @FEse Aoz AVEHNASG
(Kezhi er al., 1985). FHEA} ol o] Frjzo
2 Ao, v FEets FHEATL Lolalr)e] F
238 4~ 9]t} (Van Dok and Hart, 1997). dX 3 2}
Bl ol 2ANAM=E el & 4 gtk odeiA 3l
©1} (Neely-Fisher et al., 1989), tj 2o Jdx7 Fd
FA Wolel] F& F o2 gt} (Agrawal, 2009). &
FolA] BT ol W3 FAA Y Fe Fwal S
umol m™* s ' A = Topr} g ol g o
F9= vj3t A= Jebih Nodularia spumigena
FAZAE HA 0.5umol m s FrAG = wolr}
=)o (Huber, 1985), Anabaena iyengarii, Westiellopsis
prolifica, 18] 31 Nostochopsis lobatus®] FHIA = |
2 6 umol m * s'oJ| A} (Agrawal and Singh, 2000), Ana-
baena circinalis FHEA= HA 15umol m2s™'9]
Z7 o= wolr} =%t} (Van Dok and Hart, 1997).

=9 44 7 B9 F7He FUEAY Bopi7rE
571 ebgg F7H2 4 QUEH(Yamamoto,

1976). ¥ Q7oA % 5umol m s '2E] 30 umol m >
s 7HA) obge] Frbehs A Ryl (Fig. 3). ol
o2 Ao Adelxe AXs}=d|, Anabaena cylindrica
FHZA7} 2~60 umol m s7'e] WA B} =
7Vate)| whel wlol-g-o] Z7}8}93 0 (Yamamoto, 1976),
Stigeoclonium pascheri FH A= 5 umol m 2 s ol A
70 umol m™? s”'2, Pithophora oedogonia F8EA=
10 umol m™? s~ '] A] 30 umol m ™ s™' 2 Z7}3}e]| wiet
Hhob-g-o] 71819l vt (Agrawal, 1986). o]2]3t Atz
S o paRel FHIAs o) 28 felude
3m ojshe] e felol A opbsAel ek o] A3
wigte) AHgoz ) FRLAS Teeh BBl §



Anabaena circinalis ™
oz weg 4 glov], mak HHze) Rol Ay =
o zn FHEA Holol] TR FE AFTH 5 9
t} (Karlsson-Elfgren, 2003). ¥ A A3}, o] §l= =

4
ANA] FREA obr} o] oAl A
nalis FHZA= o= 93 F& Poz 3L 3ols}
Ak A, Aol 42 A Felet dxet= Wo
& 5 Sl oddre FHEA) Heldt 7 o] ol
< 7Zlo|o}k(Baker, 1999). =3 Wo] g+ EAES Fd
T FFE QA We| e FheE o]F 3l wet
el 7hgA e ZrtEle] els fE # = 7
o]t} (Baker, 1999).

dub oz ofofdel Ahst <l FEFe FdEA
uholol] oJ8ke Frhw ote)x] ¢)v}(Agrawal and Misra,
2002). & AFIAE Qo o] AP 2N
o woba g ngov, Aast o 2 3EE 2
= 71 =2 o8-S Jehid) (Fig. 4). Westiellopsis
prolifica FHEZA= A4 Qlo] A%l =743} vlw
& o At qlo] 5% F7ol| A Sulf o] AFe] ol&
< ¥9glon (Agrawal and Sharma, 1994), Nodularia
spumigena FHIAE= QJEx2] Z7}(>0.9 uM)e] o
2 wolgx =713t (> 68%) (Huber, 1985). Ana-
baena vaginicola FHAEA= A4 % 02mg L' o]A}
oA 96% o]’4e] ¥ WolgE B3l o, gl AP A
= wWolgo] 50% o]tz 7}43l4t} (Rai and Pandey,
1981). Nodularia spumigena FHIEAE A4 ZAF A
vhe wbolg-g Bl o} (<5%), A4%= 3mg L' o
Aol A elge] Zralodnt (>20%) (Myers et al.,

2010). o] ¥t = Anabaena circinalis, Anabaena vari-

[ =N
A2

abilis, Nostoc linckia, Anabaena fertilissima 52| ¥4
AL Assh A FAAARE W Bobgel A 2
7}stsd ok (Reddy, 1983, 1984a; Fay, 1988). d}A|4F o1
2R FHEAE A4 Qo g8 M2 o o}
vFe-S Yehle Aoz Bt Anabaena cylindrica®}
Nostoc sp. 3 Z A} o3t AAe] Hrlel A2 o}
o] & oJ3Fo] 419} o™ (Yamamoto, 1976; Sutherland et
al., 1985), Anabaena doliolum, Fischerella muscicola &
WEA wolel e sl g ez mAE
(Kaushik et al., 1971). Huber (1985)= Nodularia spum-
igena®] FHIEA= <A AH7FA] welrl wlu]Eig] o
v A #H7HA] 70~80% HrolgE yelytta ¥ s}
9™, Van Dok and Hart (1997)= Anabaena circina-
lis®] FHEA} 2 QA FxodE ¥ Wolg
< Bl uie} qlAabgde] wolel] FQ3F Ay} o}
3 By £ Ao e dm R b g

p
R

At

ghotoll st SHARQl1ol Hst 299
Anabaena circinalis FHIZA} Wolo] o] 2 o33k 1}
eRl i} (Fig. 6). o]8dt A3 9] FpAe4d =
FaEel ool UAIZH(P-limitation)®] YW =] s}
Holl wfsted Aae] et dtof 3t FAE 3]

A7t

wx2fel A7 9 FHxat welel pHE F23F 34
229l & s}z odelx ¢lt}(Agrawal and Misra, 2002;
Lopez-Archilla et al., 2004). £ 723}, A (pH 5~ 6)
I ok A (pH 11~ 12) 270 & v 3AY (10%
o)h) Al o] Wobse nel W, pH 7~ 10714
o 34 9 okl AL 40~60%] T
Wolg-g neich elsh 2 AT Y Q7Ee A3
9= UX3}93 v} Anabaena vaginicola, Anabaena cylin-
darica, Westiellopsis prolific, Anabaenopsis arnoldii,
Nostochopsis lobatus 5-2] FHIA= FA] = bzt
2]A pH(7~8)ollA F11¢] Wel&-S vehlt (Reddy,
1984b; Agrawal and Sharma, 1994; Agrawal and Misra,
2002). oligt Astz B W, K ow FaFsk
Z AAse pHeE 2 271004 A9 wholr| Uit
o3 2 4 9lt}(Agrawal and Misara, 2002; Agrawal,
2009). AFA 27 ol 4] phaeophytine] 23] =™ (Brock,
1973), A E o] AN AG FHzA Az 23]
£ £ 4 Slvh(Agrawal, 2009). §H4, ¥ pHE Al =22
9] E3A-& W3}A7]9 (Holm-Hansen, 1963), pH 11
ool M Lol FHAAR Qg FHEA M9
A8 A3 Z olalstelae] BrlgA o= gt F
A A2 2A)1Z 4 9loh(Rai and Pandey, 1981).

AEH oz, geokat o|3shy a9l B AESA 2
Eo| Anabaena FHIEALL] ool o8k n|X|w] JiH
23] YoM = ol 2719 Wzl wet d=A
epdel Bl So] Aol Mo FHER Wole] HiFiA =
o] ZIA|RE 2HgEhe Zlo] ohBE B ATl E
Mg B 2QE 0|99 g 2AE 7HAE 23
BalA el of kS WkS 7 o]t} (Tsujimura, 2004; Kang et
al.,2014). & A+ A4S FALE H37) FAM 9
FHEA B P E EE g 2o 7S HA
gt F =S B olF AEE A w2 4
2(20°C o] )3 A 520 w2 F= (Lolol] Hod FHA
3] =), HAF W] 2 Qo] o] 84 7}, A
9 ofokzeE] Al pH 59 el 3 aqle] & %%
e w A circinalis FHZA} Do}l trigger2 2H4-
3l Anabaena®] Aoz o|ojA 7pgAde] vt

53], FH 2R} WetE 53 Anabaena WS e
3 Sl A e o R ofgecl (53] 42, W, pH

ofi

rlo

o

]

B rlo
b

=2
H
=

2
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