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Table 1. 7ime trends of the cell growth (Aces, mgdw-mi”7), acetylene reduction activity (ARA). specific activity
(SPA) and accumulation of nitrogen compounds in the N-free AA/S culture of A. variabilis ATCC

29413
Cultivation hours

Items —

0 1224 36 48 60 72 84 96 108 120 132 144 156 168
Growth
(Acen) 010 — 010 — 022 — 035 — 049 062 071 084 089 096 1.02
(mgdw-m{") 0043 — 0043 — 0078 — 013 — 020 026 030 036 038 041 044
ARA
(nM-m/-h ") - - — - 32 - 56— 9% 130 18O 216 214 48 33
SPA
(nM-mg '-h ) - - - — 410 — 430  — 475 498 585 600 562 578
NO.  (ppm) 007 ~ 010 — 042 - L14 = 172 220 250 380 450 560 640
NH, (ppm) 009 — 011 — 0.5 017 — 020 023 025 028 030 031 032
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Table 2. Effects of light temperature, pH, oxygen. KHCOs NaCl, KH:PO. NH.Cl and KNO; 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:Hsm! '+12hr Y 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 (M C.Hy, m/ '-12hr ') 1.2 1.9 2.7 4z 4.7 45 29
pH
S 6 7 8 9
Cell growth (%) 90 95 98 100 80
ARA (uM C-Hs, m/ '-12hr 1) 2.1 27 3. 35 23
Oxygen (KPa)
0 1 4 10 20
Cell growth (%) 100 100 100 98 96
ARA (uM C:Hsy-m! " 12hr 1) 4.0 4.1 3N 35 33
KHCO: (mM)
0 N 20 40 50 100
Cell growth (%) 100 122 98 92 66 54
ARA (uM C-Hy-ml '-12hr %) 33 38 26 22 1.7 0.9
NaCl (imM)
0 1 10 20 50 100)
Cell growth (%) 100 100 97 93 86 71
ARA (uM C-H,-m/ '-12hr ) 38 3.6 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 C.Hy mi/ '-12hr ) 36 38 31 2.6 21 1.6
Concentrations (mM)
0 0.05 0.1 0.3 0.5 1.0 5.0
NH.CI
Cell growth (%) 100 106 109 112 110 105 9%
ARA (uM C:Hsy-m/ '“12hr ) 36 34 23 1.8 1.1 0.3 —
KNO:
Cell growth (%) 100 100 106 113 115 112 110
ARA (uM C.Hy m/ '-12hr Y 3.6 36 34 2.3 1.8 1.2 0.5

25 140°Ce} 35°Ce] argAule s 7)o
Arir 84 mlont A7 Ael) wel @
- Holoh Aake] HAzAQ 30°CHAE
A1 go]5}e]
22 A Aol

A kA

{Table
pH  Hdlo] A rzmaade

7o) o

e}, pH 63} Soll 3=

HA ARz
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T A o419 gldlo g gz Table 2).
NaCl: g we] b dawdadge NaCl 10,
2050 3 100 mMe] Fiel 4] 7hzk 93, 65, 43 1)
19% 5 7 4812 S0%2] S A s s 35 mMo]
sk AL 100mM Fwel A 29%9] 7ha 1o
4ol als] olAo] gk Ao Lrebstel Table
2). o129k 22 Ak Apte 2l Thomus(2) “2e]a Apte
(el Anabaena 1orulosaS} Plectonema borvanum

off el ARl 7} el= ]e}.

79 'ru °ﬂ chgh k4o

WedAde- Ao PPH w0 gt gclel os Na
Trede] g uf pvs)e 7;10 2ok R glu)
lak D ol 2K H, P()4) 0.1 ppm o]5}2] ol A
she) Erbe WMela 05 1. 10 AR ppm°] =
Mol 21 89, 74 62 9 SA%s 2bade] Aajit wol)

A2 50 ppmel 2] 300%2] 7hr wly

Hefl whel A e]-§-o) ;‘E‘%}LHT able 2).
23S ?]'«‘H_LIEA(NHA‘) 0.05. 0.1, 0.3, 0.5 wl

I mMell digh 44am4) 3hAde 7H2 95 6. 51, 33

A] <l 4

B8%E R Mal welon) e gl o
el els SobshelvTable 2). S0% 214le) e
FEE 03 mMel o] 4] be] Aty l—o{] aje} F 718t
hde] APait B I mM o)4be] mefa] 347}
*49] A 10% olshit kw9l L} Apte %3)&
Hy o] Aol 2] Nao 315 ofdlafo] vhyte
olio Iz 718 28] o o]g} vhe A vhit Ly
A F A A A g A el A5 wo oled«) 1l gla-

aetvity (ARA) of A. variabilis

( onummlmn {ppm)

ems — —— - e -
0 () 1 I)J (),5 1.0
Cd
Cell growth (%) 100 102 101 100 98
ARA (uM C-H;-m/ "“12h ) 35 36 27 I.2 0.3
Co’
Cell growth (%) 100 04 103 100 96
ARA (uM C:Hy-m/ 12 h ") 33 40 33 3.1 0.7
Hg'
Cell growth (%) 100 104 100 94 64
ARA (uM C:Hym/ '-12h ) 3s 32 3.7 1.2 0.1
Conge ml.m()n (ppm)
0 3 5 to 30
. ——
Cell growth (") 100 102 10) 96 93
AR\ (uM ( ‘H,- ml “12h 3.3 29 23 1.3 ()_R
Concenttration (ppm)
0 0.3 0.5 1.0 3.0
Zn
Cell growth (%) 100 104 98 96 94
“12h 33 28 23 1l 0.2

ARA (UM (‘ij m/
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Table 4. Effects of carbone sources on the cell growth (%) and acetylene recuction activity (ARA) of A. variabilis

ATCC 29413

Item e e

Concentration (%)

0.1 05 10 s s

0 0.05

Fructose

Cell grwoth (%) 100 109 1] TR 116 112 93

ARA (uM C:llym/f "“12h ) RN 39 4.4 5.0 4.5 4.0 0.7
Glucose

Cell growth (%) 100 109 114 112 1o 108 104

ARA (yM C.Hy'm/ 12h Y 35 R 36 34 30 29 0.2
Sucrose

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

ARA (uM C-Hym/ '-12h Y 3.5 52 4.6 4.3 4.0 3.1 235
Zlejrh22). WL0%S] Mol 4] ool el zbrk 185, 128y

AAHNO, 1= 0.1 03,05 % | mMe
}6—_7 /(1 l] /‘\JVZ—)ss}/H 94 7 . ]

3 5}%% Lejub o] AR A4igl gt
o8l Ex¥ g Table 2).

SBH 012 1 HE f el 27) el eal ik
Cd'', Co’'. Hg' . PbY ' Zn?' 129 lgﬂ“” ﬂ
el wpit ko] Hskel A4
Table 3ol Hi= 5}9} 7”—‘} (‘d?’% 0.
ppm F | Alel] 2z} 14
3% xod o, \()“n-] 9} 4 &16}} e ()4/ ppmolo‘
ok AR LOppm7bA] £ AHeh vk gledv Cotiis
0.5 ppm2F 1O ppmell 41 49%29} 80%29] kA 1]6}]—;,,;
Hojonvh A7ke] Hugte] ule} shde] Mg w
Sl A 1.0 ppm o] sfel 3= of gFo) glgic) Hy'
203 ppmi'P 0.5 ppmell 4] zbet 229%¢} 65%2] $)
A A Bg o], S0% #a) s 0.41 ppmo]glaL
A Ao | pmeIV 36% 7lAskedc) Phe o) tla) &)1z
BlazE ghEAle) whoke ) 305 ) 10 ppmel 4 7hz)
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had Belvh Znt & 030 05 % 10 ppme] T2
ofl 4 21 32 1 68%9 G A el i Rl o Ippm
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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, 4 photoautotrophic and nitrogen fixing cyanobacteria,
was investigated on the environmental factors regulating the growth and nitrogen (ixation
activity. A good growth of cyanobacterial cells was observed due 1o nitrogen fixation by
the heterocyst differentiation in nitrogen frec Allen and Arnon (1/8) medium. The
nitrogenase activity was appeared o be in proportion to the cell growth for 6 days then
drastically decreased in the later growth period when the nitrate was accumulated 1o high
level in the culture to cause the inhibition. The optimal conditions for the cell growth
and nitrogenase activity of A. variabilis were anaerobic. 10000 lux. 30°C and pH 8 with
the nitrogen {rec 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 heivy metals showed strong
inhibition of the cell growth and nitrogenase aclivity by 0.3~ 10 ppm in the order of Hg*

>Cd*>Co’ ' >Zn"" >Ph*",

and the concentrations for 50% irhibition of the maximum

activity were 041, 047, 0.51. 0.66 and 8.1 ppm, respectively. The addition of carbohydrates
{(05~10%) in the dark condition stimulated the growth and activity in the order of

sucrose> fructose>glucose.



