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Abstract. Symechococcus sp. RF-1 established rhythmic nitrogen-fixing activity under different diur-
nal LD cycles varying from 20 L:4 D to 6 L:18 D. The rhythmic nitrogen-fixing pattern could also be
attained under LD cycles with a period length different from 24 h, such as 18:18 or 6:6. The results of
these experiments indicate that under diurnal LD cycle, a dark period of 4 h is sufficient for Syne-
chococcus sp. RF-1 to establish the rhythmic nitrogenase activity within one LD cycle when this culture
is incubated at 3000 lux, 28°C. Once the nitrogenase activity has started, it will run for a certain
minimum period before it stops. With very short dark periods, it continues fixing nitrogen into the
subsequent light period. On the other hand, with very long light periods, the nitrogenase activity
commences before the onset of darkness. The results suggest that, in addition to darkness, the concen-
tration of photosynthetic products has a strong influences on the initiation of nitrogenase activity.
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1971; Rippka et al., 1979; Huang & Chow, 1988).
Introduction Recently some sheathless unicellular strains, identified
as Symechococcus, were isolated (Huang and Chow,
1986; Ledn ef al., 1986) which exhibit high aerobic
nitrogen-fixing activities.
These aerobic nitrogen-fixing umcellular
cyanobacteria exhibit unique rhythmic nitrogen-fixing
activities when grown in a diurnal LD cycle, The pat-

’ . ) tern of the rhythmic nitrogen-fixing activities estab-
lar cyanobacteria are able to fix N, aerobically under lished under a 12 L:12 D cycle or in LD cycles close to

C(?ntinuous ligk%t or light-dark condition. Wyatt .and 12:12 have been extensively examined (Mullineaux ef
Silvey (1969) first reported that an ensheathed unicel- al.. 1981; Grobbelaar et al ., 1086; Ledn ef al ., 1986)
lular cyanobacterium, assigned to Gloeocapsa, can fix Since 1ight is the energy source for Synechococcus sp.
nitrogen aerobically, This strain was subsequently re RF-1, the pefio d length or the light intensity of light
-identified as a member of the genus Gloeothece and phase may have important effects on the establishment
several additional nitrogen-fixing isolates of the same of the rhythrrﬁ ¢ nitrogenase activity . In this communi-
genus were purified and characterized (Stanier et al ., cation, the nitrogen-fixing patterns of Synechococcus

Because cyanobacteria produce O, during photo-
synthesis and because nitrogenase is O, labile, the
simultaneous occurrence of photesynthesis and nitro-
gen fixation in a single cyanobacterial cell would
appear to be highly unlikely, However, a few unicellu-
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sp. RF-1 established at various LD cycles are
examined

Materials and Methods

Organism and Cultivation

Synechococcus sp. RF-1 was isolated from a rice
paddy field in the Ping-Tong district, southern Ta-
iwan, It was purified as an axenic culture in this Iabo-
ratory. The culture was grown in nitrate-free BG-11
medium (BG-11,) (Stanier ef al., 1971), supplement-
ed with 0.01 M EPPS buffer, pH 8.0. Unless stated
otherwise, cultures in flasks were incubated without
aeration or shaking at 28°C under about 3000 lux (35
umol photon « m~2 « s~} of light from white fluorescent
tubes (Toshiba FL20D/18, Taiwan Fluorescent Lamp
Co.). Cell concentration was estimated from measure-
ments of optical density made with a Klett-Summerson
photoelectric colorimenter fitted with a No, 42 blue
filter, The total protein content in 10® cells was (.21
mg as determined by the Lowry method (Lowry et al .,
1951) after the cells were hydrolysed with 1 M NaOH
in a waterbath at 100°C for 10 min,

Nitrogenase Activity

Nitrogenase activity was assayed by the acetylene
reduction method (Dilworth, 1966). Samples (1 ml)
were removed from the cultures and placed into 14 ml
test tubes. The test tubes were sealed with rubber stop-
pers and 1.4 ml commercial acetylene was added with
a gas-tight syringe., Gas samples (0.5 ml) were
analysed for their ethylene content at the beginning of
the incubation period and again one hour later by a
Shimadzu GC-3BF gas chromatograph equipped with a
flame ionization detector. The samples were incubated
under the same conditions of light and temperature as
the parent cultures.

Results and Discussion

Synechococcus sp. RF-1 fixed nitrogen continuous-
ly but fluctuated irregularly when grown in continuous
light (LL) (Fig. 1) . When the continuous illuminating
cultures were transfered to a diurnal light-dark (LD)
cycle of 22:2, 20:4, 16:8 or 12:12 respectively, the rhyth-
mic nitrogenase activity was phased up within one LD
cycle for those cultures exposed to 20:4, 16:8 or 12:12
LD cycle (Fig. 1). However, exposure to a 22:2 LD
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regimen did not establish a nitrogenase activity rhythm
as was the case with the other LD regimens, although a
nitrogen-fixing peak was induced during the dark
phase . As shown in Fig. 1, when Synechococcus sp .
RF-1 was grown in a diurnal 12L:12D regimen, the
period of nitrogenase activity lasted for about 12 h,
with the activity exclusively within the dark phase.
When the dark period was very short or the light
period was very long, such as in 20L:4D, the period of
nitrogenase activity also lasted for about 12 h, with the
nitrogenase activity commenced before the onset of the
dark phase and continuing into the subsequent light
period, Fig. 1 also showed that the rhythmic
nitrogenase activity of cultures growing at 20:4 and 16:
8 both started at about 14 h after the onset of illumina-
tion, despiting that there were 4 h difference between
the two LD cycles.

The results of Fig, 1 suggest that darkness is
required for the establishment of rhythmic nitrogenase
activity, but it is not the only factor to rhythmically
initiate the nitrogenase activity, because the
nitrogenase activity may appear before the onset of
darkness. The nitrogenase activities all initiated about
14 h after the onset of light phase when the cultures
were exposed to 16L:8D or 20L:4D. The results suggest
that the accumulation of photosynthetic products
might have a strong influence on the initiation of
nitrogenase activity, With very long light periods, the
accumulation of photosynthates may induce the synthe-
sis of nitrogenase which acts as a sink and will con-
sume photosynthetic products for both the actural fixa-
tion and assimilation of nitrogen,

When Synechococcus sp. RF-1 was grown in diur-
nal LD cycles with the light phase shorter than the dark
phase, the rhythmic nitrogenase activity could also be
fully established, As shown in Fig. 2, although the LD
cycles varied from 61L:18D to 10L:14D, the rhythmic
nitrogenase activity all started within dark period with
a timing about 12 h after the onset of light period. The
results suggest that when the light phase was not very
long, the initiation of nitrogenase activity might be
mainly affected by darkness.

The nitrogen-fixing patterns of Synechococcus sp.
RF-1 exposed to LD cycles different from 24 h were
also studied. As shown in Fig. 3, the rhythmic nitro-
gen-fixing pattern of Synechococcus sp. RF-1 could be
induced by LD cycles ranging from 6L:6D to 18L:18D.
When the culture was exposed to 10:10, 8:8 or 6:6 LD
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Nitrogen-fixing pattern of Synechococcus sp. RF-1 established at LL and different diurnal

LD regimens. Cultures adapted to LL condition were transferred to 22:2, 20:4, 16:8 and 12:12
LD regimens respectively. The nitrogenase activity of the culture maintained under LL and
those newly transferred to different LD conditions were assayed at two hours intervals for a

period of 5 days.

cycles, the nitrogenase activity commenced after the
onset of darkness and continued into the subsequent
light period. When the culture was exposed to 14:14,
16:16 or 18:18 LD cycles, the nitrogenase activity com-
menced at about 13 h after the onset of illumination,
although the culture was still in the light phase. The

results support our deductions based on Fig. 1 that, in
addition to darkness, the accumulation of photosynth-
etic products probably has a strong influence on the
initiation of nitrogenase activity, especially when the
culture is grown in the LD regimen with very long light
phase.
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Fig. 2.

The nitrogen-fixing pattern of Synechococcus sp. RF-1 established at different diurnal LD

regimens with the light phases shorter than the dark phases. The nitrogenase activity was
assayed at two hours intervals for a period of three days after the cultures had been adapted

to the stated LD cycles for one week .
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Comparison of the nitrogen-fixing patterns of Synechococcus sp. RF-1 established in 18:18,
16:16, 14:14, 12:12, 10:10, 8:8, and 6:6 LD regimens. The nitrogenase activity was assayed at
two hours intervals for a period of three days after the cultures had been adapted to the
stated LD cycles for one week.
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