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Anabaena variabilis ATCC 294132| AHZE}D}
LM EMe EHRQI

Bzt Yol ALTAES 2t AL Y FE Anabaena variabilis ATCC 29413& Allen
& Arnon(1/8)8] FAL HLwA] A wjeksld, o|FHEE FEIFT A ArLaH A
Hslel 25 2H 890 93 BAsgc A2 wixle A AT AraAEAe] Frt
&2 v, ARl vt A N0’ -N)2 FA S Bglon, M 6 Feolx g
A&sgio), Axnge AL 2 F FAT F2 g 2o A A& sxet A
Z8 #7899 43 F71- 27, 10,000 lux, pHS 2 30°CelA A ARz B
B, A23ES 0.1 mM o) AFE A dA3] A4S Ao, @ik smMeA
A EFAstgort o 2 Fx94 AdlE Zch. WAL NaCl 20 mM o] 3}e]glw,
FF&o| & Hg*' >Cd*" >Co** >Zn*" >Pb* 2] £22 0.3~10ppme| HeelA #A& A3
stsich. BEHES 0.5~ 1.0%4 AR FAL FAsga, Ae>FHI>Exge] Folgirt
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Anabaena variabilis ATCC 294132| A%

Y Z 55 Anabaena variabilis ATCC 294135 A}
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2 A ®] T =) A S eklei(11). L eHNH, -
N)el ke Nesslerization® el 93 A0 F4%
A4 FAstAow(15). HAHNO, -N)o| ke
UV-spectrophotometery®ell 213 Ay Ays® &
Fee] zo] 2 FAEITH6).
ooy FAnMEMol £3



392  Song and Han

s Rujokgt FFAEE GAEI(10,000 rpm, 10
min, 20°C) 3ko] FAujAe] H=g kg e
Z70| A Aetujekslds o] A7t Aste] w
olFA T H3E Hr|7og HAstz, oA
o ALmAdA e Hils sl 4~5
o] wjoksle] olAlgdd Y &Ade] 100 nM C,H,-mi-
hr! o)At E= #HL 10 m/ vialo) 2 mi¥ &4 Y&
& ZbE s gl e Aeste] 3087 Al st
oM F&(C,H,)E vial 49 10%= F3le ==
8l 9120 rpm)3H A A]7HE R 712 A EE 0.5 miA
FAb71 2 AF 3] Porapak R Column(182X(.32
cm)®] Shimadzu GC 8 APF 7}~ I BvlE 7
(FID)ell Al 19 o a(C,Hye Aedsisic) 2
ATAE A 23 opMHH FAPFA e ArwAH
Aol wis] 3o 19 2w]2 ghakslglth22).

Ak Ao o 2Hegle2 A AlEE pH S,
6,7, 8 2 99 bufferg o= xzslydr, Adrsrs

Mg e vigl-& WE3s}i manifold A4 2
AR WHE F ol2F EAR X|3hse] §r)Ho R
Helgh & Ahx2ke 0, 1, 4, 10, 20 KpaZ 2]2]8le
zxsqict, 2% oA A5 28 1,000,
5,000, 7.000, 10,000 = 12,000 lux2 #a}3ly, L5
15, 20, 25, 30, 35, 40 ¥ 45°CE A]stgict &hab
)o@ KHCO,9 %2 0, 5, 20, 40, 50 2 100
mM=E #gdbed 2, JAHKH,PO,)-E 0, 0.1, 0.5, 1.0,
10 % 50 ppm= AHzlstdch AAsgE-S NH.Clet
KNO;E 72} 0, 005, 0.1, 03, 05, 1.0 2 50 mM=
elste] YAy} g4 FAstedch WA NaCl
0, 1, 10, 20, 50 % 100 mMoell A A2}ste] A8}l
& E3E o)L Cd¥. Co'', Hg'. Pb¥* #
Zn2t E2o] A& o z+zh 0, 0.1, 0.3. 0.5, 1.0,
3.0, 50. 10 % 30 ppmeog Azjsle] A FAS
ZzAslodch BpstEe] o ke g xrg g A
els 747k 0, 0.05, 0.1, 0.5, 1.0, 2.5 % 5.0%2 Az
o, obz Ao A 3087 Aulokg & A shed
FAle] H3lE vl A3kt
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A. variabilis ATCC 29413-& 2402 34w
ol A 24417k ol F oYM EE FIFEEHL, AL
A7)l sl AaHsh A o) AR FARRE A
}-&- A&3kgdciTable 1). M%9] dE4-a 3HEKY)
AEHZ)S e A Aw®] FEEX)S =2
AAAE ol on Y=4269X—-0.207(mg Chl a-
Lor=097), 2=045X-0.021(mg dm-/"", r=
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C ASA G R e A] A o] QAR A G
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A AgrE gl ot BIEA(SPA) 6Ud Ao FHjA|
600 nM C;Hy-mg '*hr'of] o]& & F43] i}
e, =g mxule] AAHNO, -N)®] FA4.5
ppm °])E &4 Aalgx Bt Fohvh AaA
e Aol A 2AH Az HE o] At} el 2]
oj9} 7k-2- AAte] FA o] dojul=rle W& l= HA)
TR g2 ok iAW) fRYeNH, -N)2|
42 15617 wioF Fo oF 032 ppme] W& F
=ik Aaagade 1Ak 03 mM(4 ppm)ol el
A FA% Mg B, dEyele AsEes 0.1
mM(1.4 ppm) °]Ate]delTable 2).
AADHEM| st =ERel

= oBubeyt 7 B Al H83
Bl A= AaTAHEAE ZAB AL, R el 4
= H3e] 84¢ Bl o] Millineaux 5(14)0
93l - qhegtel] glojA] Al el wistel st
olow, Ernst 5(8)-2 o] 3 Al Eof] g} ol 4] 35fo]
stz 7oA Havt gk sk

HA e 22 10,000 lux2A 40 uM C,He-ml '
2hr'e) Hd2A4E Bdor, 12000 lux o]
M A|7kel kel whel AsiE ®sial 1,000
lux®] & FmoAe 58%2] AslE Bedch HA4
ApAre orz 7ol 4] 48%2 FaE HitHTable 2).
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Table 1. Time trends of the cell growth (Asso, mgaw-ml~"), acetylene reduction activity (ARA), specific activity
(SPA) and accumulation of nitrogen compounds in the N-free AA/8 culture of A. variabilis ATCC

29413
Cultivation hours

Items

0 12 24 3 48 60 72 8 96 108 120 132 144 156 168
Growth
(Acen) 0.10 — 0.10 022 — 035 — 049 062 071 084 089 096 1.02
(mgdw-m/™") 0.043 0043 — 0078 — 013 — 020 026 030 036 038 041 44
ARA
(nM-m/-h"") - - - — 32 - 56— 98 130 180 216 214 48 35
SPA
(nM'mg '-h™ ") - — — 410 — 430 — 475 498 3585 600 562 115 78
NO,” (ppm) 007 — 010 — 042 — 114 — 172 220 250 380 4.50 560 640
NH," (ppm) 0.09 0.11 — 015 — 017 — 020 023 025 028 030 031 032
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Table 2. Effects of light, temperature, pH, oxygen, KHCOs NaCl, KH.PO, NH,C! and KNOs gradients on the
relative cell growth (%) and acetylene reduction activity (ARA) of A. variabilis ATCC 29413

Light intensity (lux)

Items
0 1,000 5,000 7.000 10,000 12,000
Cell growh (%) 52 95 97 98 100 99
ARA (uM C;Hy m/ '-12 hr™') 04 1.6 2.7 32 4.0 35
Temperature (°C)
15 20 25 30 35 40 45
Cell growth (%) 94 97 98 99 100 96 86
ARA (uM C,Hy m/™'-12hr") 1.2 1.9 27 42 4.7 45 29
pH
5 6 7 8 9
Cell growth (%) 90 95 98 100 80
ARA (M CHs m/*-12hr™") 2.1 27 32 35 23
Oxygen (KPa)
0 1 4 10 20
Cell growth (%) 100 100 100 98 96
ARA (uM C.Hs-m/™'-12 hr™') 40 4.1 38 35 33
KHCO: (mM)
0 5 20 40 50 100
Cell growth (%) 100 122 98 92 66 54
ARA (uM C,Hs m/™'-12hr7') 35 38 2.6 22 1.7 09
NaCl (mM)
0 1 10 20 50 100
Cell growth (%) 100 100 97 93 86 71
ARA (uM C;Hy*m/™ '+ 12 hr™") 38 36 32 22 1.5 0.6
KH,PO; (ppm)
0 0.1 0.5 1.0 10 50
Cell growth (%) 100 104 100 99 97 70
ARA (uM GCHy m/™"-12hr) 3.6 38 31 26 2.1 1.6
Concentrations (mM)
0 0.05 0.1 0.3 0.5 1.0 5.0
NH,C1
Cell growth (%) 100 106 109 112 110 105 98
ARA (uM CHsy-m/™'-12hr ) 3.6 34 23 1.8 1.1 0.3 -
KNO;
Cell growth (%) 100 100 106 113 115 112 110
ARA (uM C,Hs m/™'-12 hr™Y) 36 3.6 34 2.5 1.8 1.2 0.5

25 140°Ce} 35°Ce A4 27 FHu)
2 s By, Az Ale oigt 3
ZaE Bk A HHzAe 30°CH A=

)
A

Aoz R YHE

B o >

fAsg e}, Aleolste)
Aol B Gt FAY wE LE Ao
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stk pH 63} 504 Aol

£
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7 Y ARz ofde gl A U3}
g A me} w1zt
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4o xalE HoltHTable 2). o9} e A=
Apte 5(3)°] FFo dRFol & pHe <ldks
ZARgE vhe} AR shar, 7FabAd el A Ago] A,
Na™ f8jo] #Aat=le] Aol 74 s Hes

A7kl
A T ARREFEE 0~20 Kpal] W ol elojA FH
AaaAEAYS 74 271 3 v E7)1H 27409
7)ol A= BAdo] 7hAaslel 20Kpa O.oll A=
17%2] As& HArKTable 2). Nitrogenase] Al
< AYrd 2718 askRut FxE o) A x
Woll &xpAial Abawlel 7|5 Zhar gle) Abae) A
A2 e 5713 gl Hy| Aol u)sle] =%
WAUTH24). =3k Ca’ of] o8t Alie] wHEshAds.
A8k 712 M 9l EAdel] dekS vlA=
Re g Aol glrk21,22).
B CO, g4 2 3g4e H2A7)=
#7h Qli= KHCO: SmM xol 4 478 of
%o F7he HYoh AAhTAHIME oF §%9
7HE Hodrh ZEvl 20mM o) AFe] sl
A Bl s Bglow. 100 mMol A+
7boolak Ao AR 46% Fasiol i g4
Aol AA=gick o] ZHil= Scherer $(20)°]
variabilisol sl A ZA3 713} e #3fo)gl
PEEY COE F+E o Azl x4 ATPaseo]
°lgt proton®] §E&ES Festel Aol A7} vie}
gkl wiR]oll 4 pH 10.72] 4

04_40\_>L
2 rlo > rfr oly B3 o
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S T4 Ao flqle g Azx¥lciTable 2).
NaCl . f5ke] g AiruvxdAe NaCl 10,
20, 50 2 100 mM 2] FXoll 4]l 7z 93, 65, 43 2
19%= 7F28k3dar, 50%2] A A 8% 35 mMo)
Aok AL 100 mM FEolA] 29%9] 7HAE B
el vls) Weidel ek Ao 2 yelydtHTable
2). o]} 72 A3k= Apte2} Thomas(2) 2] 7 Apte
5(3)°] Anabaena rorulosa$} Plectonema boryanum
of thal] ZAbg A dx st FEiel Wi &4
a2 Aaglelvt pH 5-2f g7 2.qlel] 23 Na*
Aash uf ks ez e gl

gAo] 7% Helx, 05 1010 2 S0ppme] ¥
Foll A= 89, 74, 62 H 54%2 A o] AslE B}
AL 50 ppmell A 30%2] A4S Helw A7 A
Tof] ufe} s g-o] =9triTable 2).

AEBHE ¢ 9FU3(NH, ") 0.05, 0.1. 0.3, 0.5
I mMeol| st Aawa) gade zhzh 95 62, 51, 33
2 8% R FAR Aalg Belovh AAe Aa9 F
ol olsf Z7ketelciTable 2). 50% Aol 3|
FEE 03 mMal o A 7ke] Zatglell upe} F73)
Aol AaE Hol ImM o|ie] Froa 32]7F
Hel #A4-2 10% o8tz ZHiEdrh Apte E(3)S
NH, o] AlZ2tel 4 Na' #4912 oA sle] st
Hodl= 7 wtgon, o9} 1he A= ol Ay
T A ALl Bl e gl e 9l
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Table 3. Effects of heavy metal ions on the cell growth (%) and acetylene reduction activity (ARA) of A. variabilis

ATCC 29413

Concentration (ppm)

Items . e
0 0.1 0.3 0.5 1.0
Cd*
Cell growth (%) 100 102 101 100 98
ARA (uM C-Hy-m/ '-12h ) 35 3.6 27 1.2 0.3
(‘031
Cell growth (%) 100 104 103 100 96
ARA (uM C-Hyom/ '-12h 1) 35 4.0 33 3] 0.7
Hg''
Cell growth (%) 100 104 100 94 64
ARA (uM C-Hy-m/ '-12h ) 35 32 2.7 1.2 0.1
Concentration (ppm)
0 3 5 10 30
Pb*"
Cell growth (%) 100 102 100 96 93
ARA (uM C:H,-m/ '-12h " 35 29 23 1.5 0.8
Concentration (ppm)
0 0.3 0.5 1.0 3.0
Zn’
Cell growth (%) 100 104 98 96 94
ARA (uM C-Hy-m/ '-12h Y 35 2.8 2.3 1.1 02
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Table 4. Effects of carbone sources on the cell growth (%) and acetylene reduction activity (ARA) of A. variabilis

ATCC 29413
Concentration (%)
Item
0 0.05 0.1 0.5 1.0 2.5 5.0

Fructose

Cell grwoth (%) 100 109 111 118 116 112 93

ARA (uM CHy m/™'-12h7hH 35 39 44 5.0 4.5 4.0 0.7
Glucose

Cell growth (%) 100 109 114 112 110 108 104

ARA (uM C:Hs, m/™'-12h7") 35 38 3.6 34 3.0 29 0.2
Sucrose

Cell growth (%) 100 136 129 127 125 121 109

ARA (uM C:Hy mi™'-12hY) 35 52 4.6 43 4.0 3.1 2.5

Aolch22). AAFA(NO, )= 0.1, 0.3, 0.5 % | mM2)
FeolA AaugB8dE A7 80, 56, 53 H 48%E
Agstdet. 2y AEe] AR An] FEl
s EF1=cHTable 2).

25 0|2 4F 542 271 Soledl TESH
Cd**, Co*", Hg'", Pb*" B Zn*" 59| ¥ x
2o wE Aol wistel AxmAHGAYY A=
Table 3ell4] ¥ wvie} 2t} Cd>" & 0.3 ppm3} 0.5
ppm A Aol 2zt 21%8} 53%] AsA] T
ds ®olom, 50%2) &4 FEE 047 ppmol3d
th AL 1.0 ppm7ha] 2 A7t sisdch Co’t &
0.5 ppm¥} 1.0 ppmol A 49%2} 80%] A8
wolok A7ke] Hzgtel whel #HAe] &S B
AL, A2 1.0 ppm o] 3tel A= od gke] gigich He?
2 03 ppm#} 0.5 ppmell A ZH7F 22%9}F 65%2] &
A S Bolom, 50% AalFEE 041 ppmelel T,
A 1 ppmoll Al 36% 7F28kedc). Pbi o)) o &) A=
vl zhaAdo] whgront 305 8l 10 ppmell A Z+zt
20, 30 % 65%2] FAd A& Kgdow 30 ppmel A=
9217k wiF Foll b AalE Mda PAL 7%9
Z4s Belch Znt e 03, 05 2 10ppme] %
oA 21 32 % 68%2 FAAMsE Bl 3ppm
o] ol A= &HAde] 2hAls] AAlE|ddeh. AAE Zn?t
3ppmelHE 90% o4 RAHc) ol2idt A=
Song(23)°] Scenedesmus sp.2] Aol wx&= Zn*”
o] LMt dAshdek m1o]o] FE o] &(Cut,
Fe’*, Mn", Mo*")ell sl A% 25 | ppm °]4+e]
A B AHE Btk AtEe AAEA] o
*=).

B3lE | 2ol Hd 2Hge] 9lg d) =
248 Avbetw AxnAdgdes §AAE = gl
(17). 342 005~2.5%] T=wo|a] A4 7Rat
4R AR ke Bolond IEE(S%)eAE
AN 7L dolskom, AbFslel] o3& of o] gl
Aox YRk Tk 0.5~1.0%2) HelodA &
Aol Zr7hE Bl 25% olAe TEx o A
AE Hylout A F71E ¥ooh duke 0.1, 05

R

2 1.0%2] Aol A el Bl ZHzt 155, 128%
116%2] 84 2718 By, 25%9 TESdAE
e =2 A& FAE e, AR 7 Fe
W 36, 29, 27, 21 H 9%2] Z7}2 M.grKTable
4). e} ERANAM FRE HE F ¥ =
Ao g wiekslA, WE FANE o Ao vx&=
dgfo] ZAEEoJof & Fo|rh

Al A}
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ABSTRACT: Factors Regulating the Nitrogen Fixation Activity and Growth of Anabaena

variabilis ATCC 29413

Song, Seung-Dal and Dong-Hoon Han (Department of Biology. Kyungpook

National University, Taegu)

Anabaena variabilis ATCC 29413, a photoautotrophic and nitrogen fixing cyanobacteria,
was investigated on the environmental factors regulating the growth and nitrogen fixation
activity. A good growth of cyanobacterial cells was observed due to nitrogen fixation by
the heterocyst differentiation in nitrogen free Allen and Arnon (1/8) medium. The
nitrogenase activity was appeared to be in proportion to the cell growth for 6 days then
drastically decreased in the later growth period when the nitrate was accumulated to high
level in the culture to cause the inhibition. The optimal conditions for the cell growth
and nitrogenase activity of 4. variabilis were anaerobic, 10,000 lux, 30°C and pH 8 with
the nitrogen free minimal medium. The activity was significantly inhibited by the low
concentrations of ammonium and nitrate, but was stimulated by the low level of phosphate
and carbonate sources. The treatments of several toxic heavy metals showed strong
inhibition of the cell growth and nitrogenase activity by 0.3~10 ppm in the order of Hg**
>Cd**>Co’ " >Zn" " >Pb*", and the concentrations for 50% inhibition of the maximum
activity were 0.41, 047, 0.51. 0.66 and 8.1 ppm, respectively. The addition of carbohydrates
(0.5~1.0%) in the dark condition stimulated the growth and activity in the order of
sucrose> fructose>glucose.





