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A filamentous, non nitrogen-fixing blue-green alga (cyanobacterium), Spirulina platensis assimi-
lated ammonium mainly viathe glutamine synthetase-glutamate synthase (GS-GOGAT) pathway
as reported in other blue-green algae. Though glutamine synthetase activity of this alga was very
high, glutamine was not accumulated in the cells when 1 mM ammonium was added to the cells.
The activity of glutamate dehydrogenase was not detected significantly. Ammonium was also as-

similated via alanine dehydrogenase.
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Ammonium assimilation and amino acid
synthesis are the essential steps in protein
and nucleic acid production in plants. Two
major enzyme systems have been known in
ammonium assimilation: one is glutamate
dehydrogenase and the other is glutamine
synthetase (GS)—glutamate synthase (GO-
GAT) pathway. MirLIN and Lea (1976)
have reported the importance of the GS-
GOGAT pathway in ammonium assimila-
tion in plants instead of the glutamate de-
hydrogenase which had been considered as
a major ammonium assimilating enzyme.
Because of the high Km of glutamate de-
hydrogenase to ammonium, this enzyme
has been thought to contribute mainly to
ammonium production from glutamate
under low ammonium conditions.

Other metabolic pathways to form amino
acids from ammonium have long been as-
sumed to be less important. However, it
has been reported that alanine dehydro-
genase is active in Anabaena cylindrica, a

This research was supported in part by a grant from
the Ministry of Agriculture, Forestry and Fisheries
(GEP 1I-2-2-1-b).

Off prints request to: M. Ohmori

assimilation—Anabaena cylindrica—blue-

synthetase—Spirulina platensis.

nitrogen-fixing blue-green algae (ROwELL
& STEwaRT 1976). This enzyme assimi-
lates NHj directly into pyruvate to form
alanine. There should be varieties in the
way of ammonium assimilation in blue-
green algae.

Spirulina, a halophilic blue-green algae,
is utilized as food in Lake Chad area and
as a healthy aliment in U.S.A. and Japan.
This algae seems to have high adaptability
to extreme environmental conditions such
as very.high alkalinity (CirerrI and TiBoNI
1985), and might utilize particular pathways
of ammonium assimilation and amino acid
synthesis according to its environmental con-
ditions.

We describe here, using Spirulina platensis
cells, the importance of alanine dehydro-
genase in ammonium assimilation in addi-
tion to the well known GS-GOGAT path-
way when high amounts of ammonium was
added.

Materials and Methods

Culture
The cells of Spirulina platensis were ob-
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tained from the Culture Collection of the
Institute of Applied Microbiology, the
University of Tokyo. They were grown
for one week in the culture medium of
Ocawa and Terur (1970) containing per
liter of deionized water, 1.68 g NaHCO,,
0.25g NaNO;, 0.1 g K,SO,, 0.1 g NaCl,
0.05g K,HPO,, 0.02g MgSO, - 7H,0,
0.004 g CaCl,-2H,0, 0.001 g FeSO,- 7H,0,
0.008 g Na,EDTA-2H,0O and 0.1 ml of A;
microelement solution of KraTz and MYERS
(1955). Light was supplied continuously
by fluorescent lamps specially designed for
plant growth (National FL-10PG) at an
intensity of 2,000 lux, and the culture was
continuously bubbled with air at 25°C.
Cells were harvested by centrifugation at
3,000 rpm for 10 min, washed twice with
the fresh culture medium by centrifugation
and resuspended in the same medium.

Amino acid analysis

The cells were incubated for 20 min in
the light (2,000 lux) or dark and then
centrifuged at 3,000 rpm for 10 min. The
amino acids in the sedimented cells were
extracted with 59, trichloroacetic acid and
then the extract was washed with diethyle-
ther four times to remove the trichloroacetic
acid. The water phase was evaporated and
the amino acids in the dried sample were
analyzed using a Hitach automatic amino

acid analyzer.

Enzyme assay

The cells were disrupted by sonication
at 9KHz and 200 W for 10 min at 2°C
and then centrifuged at 30,000 xg for 30
min. The supernatant was subjected to
ammoniumsulfate precipitation and the
protein fraction obtained between 35 and
70% ammoniumsulfate was used for the
enzyme assay after dialyzing overnight.
The activities of glutamine synthetase, glu-
tamate dehydrogenase and alanine dehy-
drogenase were determined acccrding to
the methods of SmapiRo & StADTMAN
(1970), Donerty (1970) and YosuHma &
Freese (1970), respectively.

Results and Discussion

The free amino acid compositions in the
blue-green alga Spirulina platensis incubated
in the dark or light without ammonium
were basically the same (Table 1). Glu-
tamate occupied about 829, and 859%, of
the total amino acids in the light and dark,
respectively. The next major amino acid
was alanine but the content was less than
49, of the total amino acid. When NH,CIl
was added to the cell suspension at a con-
centration of 1 mM, total amino acid con-
centration increased in both light and dark.

Table 1. Effect of ammonium on amino acid composition of Spirulina platensis in the

light and dark.

Light? Dark?

Amino acids  Start!

Control +NH; Control +NH;

(nmoles mg~! dry weight)

Aspartate 0.28 0.22 0.32 0.09 0.21
Glutamate 13.90 16.24 26.57 16.71 20.45
Glycine 0.28 0.27 0.60 0.22 0.42
Alanine 0.88 0.88 2.39 0.77 2.05
Arginine 0.16 0.22 0.11 0.10 0.40
Otbhers 2.06 1.99 3.16 1.75 2.29
Total 17.56 19.82 33.15 19.64 25.82

1 Amino acids were extracted at the start of incubation.
2 Amino acids were extracted after 20 min incubation.
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Table 2. Effect of azaserine on amino acid composition in Spirulina platensis in the light.

Control? + Azaserine?

Amino acids  Start!

—NH} +NH} —NH} +NH}

(nmoles mg~! dry weight)

Aspartate 0.56 1.42 3.70 0.23 0.23
Glutamate 25.83 27.43 28.80 15.13 n.d.
Glutamine n.d. n.d. n.d. n.d. 22.24
Glycine 0.17 0.17 0.55 0.43 0.66
Alanine 0.60 0.73 1.77 0.79 1.69

1 Amino acids were extracted at the start of incubation.
2 Amino acids were extracted after 20 min incubation.

n.d.: not detected.

However, the substantial change in the
concentration was found only in glutamate
and alanine. The alanine level in the cells
incubated with ammonium was double in
comparison with that without ammonium.

It has been reported that the addition of
ammonium to the cells of Anabaena cylindrica,
which contains GS-GOGAT pathway (M-
FLIN & LEa 1977), resulted in the dramatic
increase in cellular glutamine concentration
(Onmorrt and Hatror: 1974, Oumorr: 1981,
1983). 1In Spirulina cells, glutamine was not
detected in the presence of 1 mM ammoni-
um (Table 2). This result seems to show
that the activity of glutamine synthesis in
Spirulina platensis is low and that this alga
has an ammonium assimilating mechanism
different from Anabaena cylindrica. To de-
termine this possibility, the cells were in-
cubated with azaserine which blocks GS-
GOGAT pathway by inhibiting glutamine-
amide transfer. Table 2 shows that gluta-
mine accumulated in high amounts when
both ammonium and 1 mM azaserine were
present in the incubation medium. It was
also noted that the addition of azaserine to
ammonium-incubating cells, resulted in the
disappearance of the glutamate pool. These
results clearly show that glutamine and
glutamate synthesis by their respective en-
zymes are operating in Spirulina cells. Once
formed gultamine would rapidly be trans-
formed to glutamate by the very active
glutamate synthase and thus no glutamine
pool could be formed in the cells. The

Table 3. Activities of the ammonium assimi-
lating enzymes in Spirulina and Anabaena cells.

Activity
Enzyme Spirulina Anabaena
platensis cylindrica
(umoles hr~! mg~! protein)
Glutamine synthetase 10.6 13.4
Glutamate dehydrogenase n.d. 1.2
Alanine dehydrogenase 2.0 2.3

n.d.: not detected.

glutamate pool would be maintained by
the steady operation of GS-GOGAT sys-
tem.

Table 3 shows the enzyme activities in
the cells of Spirulina and Anabaena. Gluta-
mine synthetase was found highly active in
both algal species suggesting GS-GOGAT
pathway is the major ammonium-assimilat-
ing mechanism. Alanine dehydrogenase
activity was also found in both species but
at about one fifth lower than glutamine
synthetase activity. The activity of gluta-
mate dehydrogenase was detected only in
Anabaena cells and the level of the activity
was ten times lower than that cof glutamine
synthetase. The low activity of glutamate
dehydrogenase in Anabaena cells has been
reported by HAysTEAD et al. (1973) and
BarT & Brown (1974).

Alanine is formed from pyruvate and glu-
tamate by the aminotransfer reaction or by
direct ammonium incorporation into pyru-
vate. The former reaction is mediated by
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Alanine (nmoles- mg'dw.)

1 2 3
Start A
Control
+ MSX
Start B
Control
+ AOA

Fig. 1. Effects of methionine sulfoximine
(MSX) (A) and aminooxyacetate (AOA) (B) on
the increase in alanine concentration in Spirulina
platensis. Amino acids were extracted from an
aliquot of the cell suspension at the start of incuba-
tion (=start). Rest of the cells were incubated for
20 min in the presence of 1 mM NH,CI with in-
hibitors or without (=control) in the light.

glutamate-pyruvate aminotransferase and
latter by alanine dehydrogenase. As shown
in Table 2, the addition of ammonium in-
creased cellular concentration of alanine in-
dependent of the presence or absence of
azaserine. Fig. 1A shows that the increase
in the cellular alanine pool by the addition
of ammonijum was not affected by 1 mM
methionine sulfoximine (MSX), an inhibitor
of glutamine synthesis. Fig. 1B shows that
the addition of ammonium increased cellular
alanine concentration in the presence of
1 mM aminooxyacetate (AOA), an inhibitor
of aminotransferase, though the increase was
less intense in comparison with that in the
absence of AOA. These results reveal that
alanine dehydrogenase is operating together
with glutamate-pyruvate aminotransferase.

Though alanine dehydrogenase has not
been appreciated in its role in amino acid
synthesis, the data obtained in this experi-
ment shows the importance of this enzyme
in ammonium assimilation in Spirulina.
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