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Current Status and Perspectives in the Akinete Study of the Blue-green Algal Genus Anabaena. Kang,
Phil-Goo, Song-Ji Lee', Myeong-Seop Byeon®, Sung-Ae Yoon', Hun-Nyun Kim', Jae-Kwan Lee' and
Soon-Jin Hwang?® (National Institute of Environmental Research, Incheon 404-708, Korea; 'Han River
Environment Research Center, Gyeonggi 476-823, Korea; “Department of Environmental Science,
Konkuk University, Seoul 143-701, Korea)

Abstract Some blue-green algal species such as those in the genus Anabaena causing severe algal blooms
can produce akinetes, resting spores, in aquatic ecosystems. Germinated akinetes staying in the sediment as
“seed banks” grow into vegetative cells under favorable conditions of light intensity, nutrient, and temper-
ature. Therefore, akinete plays an important role in forming the nuisance bloom. However, little information is
available in the ecological study of akinetes compared to that of vegetative cells in Korea. This review reports
ecological and physiological characteristics of akinetes, especially of the blue-green algal genus Anabaena.
We also suggest the feasible area of akinetes in the freshwater ecosystems. We expect that the suggested
studies associated with akinetes will contribute to further understanding the life cycle and ecology of
Anabaena and other algae.
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Aol 71y, g2 shve dx2F E3S], Anabaena
spp.2) A=A A 72 DeA e Avlsidde

Holeh. A= Anabaena spp= FA71EL T
27 ez AL AME Aol F2 A=W Ze
2 od#A g1t} (Adams and Duggan, 1999).
Qe olalg A 2R A7HA
A, A A, AR 5 e, AR
(P B 52 Bo] FRHew A A
(life cycle) 977} A= oo 3t} Anabaena®] &
AR A B4 ok (vegetative)H 29} A4 F
X 2} (akinete) ©HA| 2 1} o} (Suikkanen et al., 2010). 3

RN
L

g
=

HEH(

= by N
R

A7HA el A e dxF A7 A gzl
240 Btolzledl, F2 A LAHSF (bloom

dynamics)Z} 73 e1z}Fe}e] A (Oh et al., 1995; Lee et
al., 2003; Hur et al., 2012), JFA| 22] AAF 2 ojxte}
4" A AT (Kim et al., 1999; Jheong et
al., 2007; Kim et al., 2010; Park et al., 2011; Hur et al.,
2012) ol H3-ololek ool Wl dEF FREA)
AzbHst P A dT7E A9 dE AA ol

UubH o0 2 Anabaena 4% EZJ3 FE2F FHEA
Wlol= 3} % (Rother and Fay, 1977; Pandey and Kashyap,
1987), 42 (Pandey, 1989; Li et al., 1997), A3t °JF
F (Rao et al., 1987; van Dok and Hart, 1996; Hori et al.,
2002) Sof oJ3Fe b=t} Zje] A% Kim et al. (2005)
o s A& HEIpdA] Anabaena flos-aquae)
FHzaE= HAE 1g9 23394 10,000 cells W=
Bojom, Hropi= A4 (5, 10°C)ol| A &9ket. o] <o)
Anabaena FHZAL} FHF U AFE= A9 glor,
F 2ol A 7|22 Moz kA F
Z2F B2 4 EAlo] dFF 3 9)o} (Han River Watersh-
ed Management Committee, 2012).
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4oz WARYSS BT G ¥ ATFNE W
A% 4798 AHgse Aol FRSEel SHoIA o
s, o] d ) Aeke] ALA] (o, Lietal., 2013) 2
AR o] §5H (o], F ZFAHA 34
9] felldE2F 74 AnabaenaZ AH4-R)S 183}
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HXRel FHEX}
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B E A2 20§71 EolH, A ATl 25}
W Aol 359 AR A3k (Schopf, 1994;
1996). A A7 dapgAkF ()2 20~30%F AHA]

g} (Peschek et al., 2011). =Zz]7}+H 2]k (Precambrian)
Al Fx2F S7Hs AT W75 f71EA 5]
A 2 B}te] o} (Adams and Duggan, 1999), AFAS
o] 43l AAYEY] FHS I5A & Aoz By
I ¢Jo}(Graham et al., 2010).

FE2R7F ojE 3 A A = wi Al = o]
Aol gk AALYE 7)oy A “AATA” HHd
9)o} (Adams and Duggan, 1999). AA7AL 7] AA
TFE(N)E 277 o]87Fs3 el sh=yeb(NH,")
2 As3lsl= &4l nitrogenased] 2JsjA] o] Fo] =z}
(Adams and Duggan, 1999). 781} o] &AV} A4 e}t
7EeA Rk 3] W), RSl osiA AAE
7] F A=l S/ doz AAaE 34sE W
279 Aol #AE 9077 Hek(Adams and Dug
gan, 1999).

54 FARE (AFA) Z5E nitrogenase s H.53517] 93
Wz 2 F A} G, shbe BT 2
AL % Fol hold] Saks Zloleh(Adams
and Duggan, 1999). o5 &4, 334dE& el 3t A
2045 Jo)l 3= Aoln ol & &9
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£ A% BPAE Yol n AaTAE Yol Ax
Ro=z oAy gle}(Fay, 1992; Gallon, 1992; Bergman
etal., 1997). ¥ WA A2 o| A £ (heterocyte, I}7]
o]l heterocyst® £3; Graham et al., 2010)3 Al 3}
= Zlo|t}(Adams and Duggan, 1999). o] F=2 A}Ak

A x5 (Nostocales E3} Stigonematales &)ol|A] T
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Table 1. Akinete densities of the cyanobacterial genus Anabaena in the sediment surveyed from other studies.

: Akinete density*
Species dSed;]ment Location Year References
epth(cm)  Maximum Average
A. circinalis 0~2 11x10°g™ - Murray River (Australia) 1999 Baker (1999)
0~2 70 % 10° g'1 — Murray River (Australia) 1999 Baker (1999)
2 6x10° g" Seokchon Reservoir (Korea) 2001 to 2002 Kim et al. (2005)
_ 3 s _ Littoral zone, Bugach
A. flos-aquae 0~2 61X 10%cm Reservoir (Russia)
- 2002 Kravchuk et al. (2011)
0~2 600 % 10° em”> - Pelagic zone, Bt'lgach
Reservoir (Russia)
5 100 x 10°cm™? - Bugach Reservoir (Russia) 2003 Kravchuk et al. (2006)
A. planktonica 1 100x 10°cm ™ - Cauldshiels Loch (UK) 1998 Head et al. (1998)
| o 0~2  72x10°ecm™ 7.2x10°cm™ Daimon-Ike (Japan) 2006 Tsujimura and Okubo (2003)
. ucrainica
0~2 - 1.0x10° g’I Daimon-Ike (Japan) 1998 to 1999 Tsujimura (2004)

*Note that density units are different depending on research results.

ZAE o 718 RS e E) o|PMER
W 3tglo} (Adams and Duggan, 1999).
oJPH EE FALE MEHoz s Az 2o At
A7)A 9] #Aaks Abedsted, nitrogenase A2 913 A
g3t 374 (A7) 2A)S 2A T o3 BApAke e Aa
71H (NS 2A3ke] stmuel el = M3t o, of
FFERD) Jei 2 A 3Hste] Q1A (o] D) °é‘°§‘ﬂ£
NA FF3e(Sze, 1997). =3 AP E2F I A
EEL W = vPEEE (terminal)ol| Al A g 714
o2 F2 ) mx 7Y DY Azydz EAF
t} (Adams and Duggan, 1999). o] o3| 22 2] b4
o Q2o HaE °4°“ﬂ££i—‘?~51 o]F-017]7] o
Q18 (Wolk et al., 1994), o]&|3t o]+ M ZzE=
A3 F25(oll, Microcystis 5)7} 94] o| PN EE A
A Zal= xS 5933} (Adams and Duggan, 1999).
o)A Eol th3F AAEF AL 75 2 T =2 Adams
and Duggan (1999)¢} Graham et al. (2010)2 A 1& 4
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AsHel SRelA oA AL dF 3099 A
o2 FA¥t}(Adams and Duggan, 1999). 712y} 18
o o ool vebdd Azl vhe FHzAbols
(Giovannoni et al., 1988; Wolk et al., 1994; Adams, 1997).
JE]xeifdo® a(fle)e} kinetos (5 T o=
o7} ZAdlEe] “eEA o] ¢l (akinetos=motionless)”
olgbe T Aduh FHEAR= “F7E A2 (thick-

walled)2 7} FX]7] ©A|9] M = (resting cell)’ 2 A
2]=™ (Adams and Duggan, 1999), F74-2 A Z® 3} A
= ol 9l o2l 2] 2] envelope)z. ala] it
ok Z B} =7]7} = (Nichols and Adams, 1982; Herd-
man, 1987, 1988). FHZ A= ol wlz}l T3 (sphere)
oJAY, o] T A (rod) Zefelvtk. Anabaena
FaEAe] 9 7279 el Lieral. (200005 #
& 4 34 o|3PM =5 AJAFs= Nostocales = (order)
7} Stigonematales Z-o] FHEZXS AJAIgt} (Adams
and Duggan, 1999).
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nation)dte] A 28 APFA o opHl = A A3 (Nichols
and Adams, 1982; Herdman, 1987, 1988; Adams, 1992;
Park er al., 2013). A" ¢l AWslE s Rte
o, FHEAE F2F7F ALS 2l AzxAVE
ZAY)7] 23 ko g, o3 AR 93 Ex}(seed)
o], EV—?—‘%—% FA-2-8) (seed bank) H&-& o} Fd
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Nostoc 4 S-o| gJt}(Agrawal, 2009; Graham et al.,
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phase)ol] =3& o *E”El%ﬁ], dubq oz e of
s, 91ek A=z 3 % 7"t (Adams and
Duggan, 1999). Q2] 9l %—tﬂ oA o FAlEe} wlws}
Qe W FHEAE 427 (FS, Ax D A3
>3 o] ©] =t} (Adams and Duggan, 1999).

o|2 L5, Anabaena cylindrica®] FHIZA= AZRA}
B 2 gtzANA 5 Fob AEslgl o, =
Hlsgh 2R 25w EakA] Eahaleh(Yamamoto,
1975). Livingstone and Jaworski (1980)-2 641 %3t ¥
AB) X AN Anabaena spp. FHEA}7} °ﬂ°b‘ﬂ£
2 AAse-E Bugowlfx7: 3= 40 umol m >
s!, 18°C, 20~30%]. 28} Fay (1988)2] < FoA=
Anabaena circinalis 3HEZA7} Jeokz B Azxz7A
o dat HEYE wolA stk

o2 FHzate] 7S, Nostoc PCC (pasteur culture
collection) 75249 FHEA= 4°C ¢tz A 15714
AES o), P EE Tkl AbE g} (Suther-
land et al., 1979). Cyanospira spp.2] FHEZA= 79
gore] AzAHeIHE B Bobis RelTSili er
al., 1994). 2 oF3lH, FH A= ARG of 276
A H °3”7l7}*‘" *35“5}‘34 ol Zha =& Wxakar 9]
o) B4E wolw, Azzlel et

XW«I 7% F& cyanophycin (o}
v Ak F ookAmtEl) 9} otz 7| e] F38HA), Graham er
al., 2010)0] H33}, Nostoc PCC 7524 FH Z2}2] =
AgheFe ook x o] dlekr} 89 =9tt}(Sutherland
etal., 1979). JAZz R} o =& A4S Y=
e FHxZAe] F=7)Z7} (|, Anabaena cylindria 73-%-,
oJobi|Z X}l 10w o|AFe] 123]; Fay, 1969)7} €
4= olu}. =3t Anabaena cylindria F7 A= oJFA 2
Hr}l Fule] DNA, 10u] o]Ake] whilal g z)y] o),
RNAE 7Z-& $£Fo]glt}(Simon, 1977). Nostoc PCC
7524 RNA, DNA, ©h 2 o] ghefo] of FM =z} Fw
ZA7F M2 79k} (Sutherland er al., 1979).

Hbdel], i zAte] COo, ¥ AavA 32 vig 2
A A8l gl Aew QeA 2l Rai e al. 1985
53

o) 4wl W} Bk v FRERE 2 F
%2 o] AAE Y (Chauvat et al., 1982; Herdman, 1987).
Nostoc spongiaeforme®] FHIZAS He|slo] A3t
A}, whldsh Ad s, Gedeld £F 9D

] o]

- ofRf 2 - BT

294 A 5 AR S oln Ax

7o 2 B 1E 2o (Thiel and Wolk, 1983).

A=

3) Ol MIZ2te| 2A|

FHEAE oM EE RtEE
QA A ] ofl e zz A (o, A
7} 283t 317) straine 2 RE QA= 4 9Jr}(Adams
and Duggan, 1999). ¢|& =4 _?_";H/‘] Heek At ¥
=% vk (Sodium nitrate A7l X Anabaena sp. strain
CAY nE M%7} FHzA=z A3t (Adams and
Duggan, 1999).

RPN AATCK A
AgE = YAl vi$ Fo3 g
Anabaena sp. strain CA2] 7% 0154*1]&_7]- 331—4
FazZARe] $1A7F o)A o] AR, ol A ER) el
Ar oA EE F7roA Aseleh (Adams and
Duggan, 1999). Anabaena cylindrica®] 7%= o]3A]
22] oA FHEA} WA 0w, Anabaena circi-
naliss oA 2 =F dolx A eA A st
(Fay et al., 1984; Li et al., 1997). o|3A|z2}e] $J*]=
AR A A& M obH glont, oM
7} cyanophycin He) 2. A2Y - B 2453 9ot
€ Bo% woh GYEE FARAN TFIE AT
3t 9lS-S FA 4 9t} (Adams and Duggan, 1999).
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£ 09l W} gledl, dPAFI R
ZA A }_%_94 PR PR 4 self-shad1ng°ﬂ 2]
FREAZL AAD Aol ofel2bel W= 2ek (Fay, 1969
Nichols and Adams, 1982; Fay et al., 1984; Wyman and
Fay, 1986; Herdman, 1987, 1988). Nichols et al. (1980)
o] AFolA Anabaena cylindrica AL B =9}
ko] A= Bt} =3+ Nostoc PCC 75240 3-8 A
Foge . Basdl (sucrose)F Abstelw FHlEA)
A o] 2] A= i} (Sutherland et al., 1979).
ojoFad 2 (2 9lAled) HZE w3} _l‘q‘_nzl_sgx} xgmg A

] ¥} Anabaena circinalis®] 73 12ksd A

?101 w A o) 79 2slolgon, 4 T
&2 vlda 5 e AR B 93 99l

I:]-(van Dok and Hart, 1996). Anabaena spp.2 A& st
o £=00] #|3Le 9l AL ® ¢ om (Lietal., 1997),
Anabaena doliolum (Rao et al., 1987)Z} Anabaena toru-
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Table 2. Germination rates (%) in various conditions (temperature, light intensity, and culture time) of the cyanobacterial genus Anabaena
surveyed from other studies.

. Conditions
. Germination
Species rate (%) Temlzerature Ligl{tzin}?nsity Cultqre References
®) (umol m s or klux*) duration
0 14
10 16
9 17
Anabaena circinalis 17 18 Fay (1988)
42 20
48 22
11 30
22 15
17 30 1 day
18 50
25 15
A. circinalis 28 30 2 days van Dok and Hart (1997)
23 50
23 15
25 30 3 days
25 50
0 10
8 15
12 20
15 25 1 day
13 30
9 35
0 38
A. circinalis : 0 Baker and Bellifemine (2000)
12 15
19 20
2 25 2 days
0 30
2 35
1 38
3 10
12 15
0 20
A. circinalis 1 25 3 days Baker and Bellifemine, 2000
0 30
0 35
0 38
15.4 25
8.5 35 1 day
1 38
A. circinalis 1.4 10 Baker and Bellifemine (2000)
11.9 15 2 days
19.4 20
12 15 3 days
49 5
51 10
A. flos-aquae 24 15 14 days Kim et al. (2005)
2 20




Table 2. Continued.
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H>
2]

o Conditions
. Germination
Species rate (%) Temperature Light intensity Culture References
°O) (umol mZs'or klux*) duration
2 30
53 5 .
A. flos-aquae 53 15 14 days Kim et al. (2005)
48 30
0 29 0*
0 29 0.1*
38 29 0.3*
26 31 0.5% 13 days
20 35 2%
) B 41 3%
A. iyengarii o o Agrawal and Singh (2000)
0 29 0.1*
48 29 0.3*
50 31 0.5% 23 days
41 35 2%
41 3%
5
3 8
30 11
70 14
. 42 17 .
A. ucrainica 70 20 20 days Tsujimura and Okubo (2003)
70 23
30 26
44 29
44 32
.. 20 5 .
A. ucrainica 0 25 3 days Tsujimura (2004)
A. vaginicola 9: §§ Rai and Pandey (1981)

losa (Sarma and Khattar, 1993)2] 7% C:Nu|7} F4
A} whAo)] 838 e 3lot) o] Moz =
Me FHIAE AU 29l chepsht, Fu G,
FUYAF, T2 o= AT & 3ok =3 AHA 3
AN A% AN AZE, JUAF Doz
& AZUE Fa)ol FHEA A JFE T2 4
o2 A5 180 978 AR

F23 JTe Dok o2 Wb A4 ARk e
recruitment (£A}2] AbHE] wholrlz] d@leo] 3}A])e)
vlola] o33k (triggering factor) & 3p, 24t F
EA9] NARRE 277 triggering HE] el7iA) 2]
HF-S-A)7kell 338FS =t} (Roelofs and Oglesby, 1970). =
vie] Rkohgel A3t A7-H2HE Table 29 Ajs}sie.
FEE b oz dlolel ¢k FAE HAH. o=
AGA FREA A o] QAR o F71e)
of FHEAL o] 4 bsT s FTHIAE o, Fd
279 ok Z7hHE Az 47 R (Herd-
man, 1987, 1988). o= 334 34 3 37 (photo-
system) 12} TI7} 03] 4=a)d o] 2 dofdr} (Herd-
man, 1987, 1988). 34 II& A|sl= 3-(3,4-dichloto-

phenyl)-1,1-dimethylureaZ 7} 3}91& ul, Wolr} |
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e ol £3HH ElAkskel 3 o] Wets
siA 23} (Herdman, 1987, 1988).

Hz7e M et A9 APHA] o=t} (Adams
and Duggan, 1999). 3 xof| 9|3t 21 wWlopul-ex o)
&t} |2 5 Nodularia spumigena FHIA= U2
F=(<9umol m™s™") = M AP 4] telr} 73}
w (Huber, 1985), Anabaena doliolum FHZA} 73-9- 3
FAAETE §7] el (Rai et al., 1985) Hols 913
NAAFF-> FHEARZ F2]57] A A Zel A °
Lo} o8 A1) A eblA T 24A17E
o} ALAAA e o] AsYE o] Bl 4 AAEAY 57
A ALsHE " e 2 3o} (Rai et al., 1985). Anabaena cir-
cinalis (van Dok and Hart, 1997)¢} Nodularia spumigena
(Huber, 1985)% 5} elkglo] wto}e] BozrlolHck

Gex wolel P FAT 2L 42 Yl NE T
A} Wrols= th= v} (Karlsson-Elfgren, 2003). o]= EA
E YellA ZA=2] Al ¢l 2 9, A<= (maturation)
o} Vol age) o] M 2] solc. ekl
ohe] o 3 Wobgol e Fr 291E o2l
QdBe] BHow 448 st Aow wAdh v
A el E=FEty sz, o A, AFAIT
FHEA MAPA, A7 5= 9 12
2 odex glomz AgA 27ng
So| e

whol o] Fef| = o] H|e{Qlar &F Fo| I3l EAA
A (o], “0” Fe o] ZEAP7} obF “C” Bofo] H)e]
A, 25 A AA z3A-e] L EHHA A7} e}
¥} (Adams and Duggan, 1999). A 47} HZ3F Ale)o
A ketsl A= B FAle o|PMZE THET ol F
£, Nostoc PCC 7524 (Sutherland et al., 1985), Ana-
baena PCC 7937, Nostoc PCC 6720 (Skill and Smith,
1987), Cyanospira capsulate (Sili et al., 1994)= °J kA
X 37) Zele] whopr} A= lE ) M £t (terminal)
oAl Wl A o] M 27t A7 = et

-

¢

nZ

7

rlr

3

it

rr
o X

2 fo

ot
4, o gy
o

rir

o
o
=

6) 'LOtA| M3lstx tH3|
EHHE 3 Ryt An wa 2t

o} (Rai et al., 1988; Sili et al., 1994). 13| = g—,—iﬂ—

Nostoc PCC 7524 (Sutherland et al., 1985a, b) & Z 2}
o B3 Wl T $& ATAE Ak Bolar] A
) FREAE vz 24 WA $AE o, 7

Ri ‘I'I"\_
28] B P 11ARHERE 4451 50m), RNA

b 7

Wol7|2k vl 4= ek T2l DNAE Wopalzt
2 ol Felalob 4ol Al2kesiet (Herdman, 1987).
QoFshH, DNA 34 SwollA FazEakel o] A=)
A5 wee o 4 Aok ol DNA 348
A &= C4H,,O (phenethyl alcohol)E A 7}3}51-S v,
Wol= A& zleE g o), AALT ZR|A] o] A E
AL JAIE 7] el
wol) shild e AbsEE Aa
Z+4¢] cyanophycinZ} W 2 4 3
A k=T, cyanophycind "ol F 64|74t
=) A 9kekom, rdt phycocyanin Aol &= 487} =
A okoit) w3l AATA S E3) 7)2tx wlole] I Q3
a7t FFEA 4eko) (Adams and Duggan, 1999).
Sutherland et al. (1985a, b)ol] o]3}d, WholA] ALE= F
A% TARL I 222 2N TFA. olsh v
238} A}e7} Sili er al. (1994)2] AFo M= Bg wp
¢l+=H), cyanophycing 3331 9= Cyanospira spp.

o s A w %Rt ATt HE gl

7) XA

FHEA AF FoF F 7P HloksE AFEEe] viE
A7k (gene)t}. 71&2] FAA AT olFME A
7} B8 3= gl (Adams and Duggan, 1999). 7128]
ool Aze] HdxAe] uiz FHEAle| 3 tfjRRo
AFE Fdsle] B o) Az} FHzAlele] ATy
Az A9 22 Aoz Bt ¢& EH Nostoc
ellipsosporum2] hetR X} (Wolk et al., 1994)2} Ana-
baena variabilis ATCC 294132] hepA A x}2] oo
NE Wz 72+ sz} Fezale} o &Mz 7
ol Fejstalet. oA E fAAe A el
2]+ Adams and Duggan (1999)2 #3118 4= o)
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Fig. 1. A conceptual scheme of the life cycle in the cyanobacterial genus Anabaena. Modified from Yamamoto and Nakahara (2009) and

Suikkanen et al. (2010).
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Table 3. Suggested research of cyanobacteria akinetes.

1. Research of the distribution of akinetes in lakes and rivers

- Long-term monitoring of akinete density in sediments in large
lakes and rivers

- Relationship between sediment characteristics and akinete
distribution

- Variation of akinetes with depth and the effect of storm run-
off on the variation

- Improvement of akinete counting methods such as fluoresc-
ence in situ hybridization and quantitative real-time poly-
merase chain reaction (PCR)

2. Research of the germination of akinetes
- Variation of germination rates on various conditions such as
temperature, light intensity, nutrient and bioturbation
- Effect of the change of photoperiod (i.e., L:D=1:1o0r2:1,
etc.) on the germination
- Effect of the maturation time of akinete on the germination

3. Research of the relationship between akinete and vegetative cell
— Time and duration of the growth from akinete into vegetative
cell
- Effect of water depth on akinete recruitment and algal growth
- Contribution of recruitment to the pelagic production of veg-
etative cells
- Effect of turbid water on the recruitment of akinetes

4. Research of the life-cycle of cyanobacterial genus Anabaena
- Study of the rate of migration up and deposition of akinetes
- Comparison of the life-cycle in lotic versus lentic aquatic
ecosystems
- Establishment of ecological model to predict cyanobacterial
growth
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