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A mutant has been isolated from Anabaena sp. strain CA by treatment with
N-methyl-N'-nitro-N-nitrosoguanidine, which has the unusual phenotypic char-
acteristic of growth only under N2-fixing conditions. Growth of the mutant was
completely inhibited by N03 or NH4+ at concentrations routinely used for growth
of the wild type, and sensitivity to NH4' was especially pronounced. The inhibi-
tory effect of NH4' could not be overcome by glutamine, glutamate, or casein
hydrolysate. Ammonia had no immediate inhibitory effect on protein synthesis,
C02 fixation, or 02 evolution, and the gradual inhibition of C2H2 reduction activity
by NH4' resembled a repression phenomenon. The glutamine synthetase activity
of N2-fixing cultures appeared normal, yet the mutant was incapable of utilizing
exogenous NH4' for growth. Preliminary evidence suggests a possible alteration
of glutamine synthetase, which could result in sensitivity to exogenous NH4' by
progressive inactivation of the enzyme or repression of its synthesis.

The regulation of nitrogen fixation is a topic
of considerable interest, especially in view of the
current desire to develop strains of nitrogen-
fixing microorganisms which could be used to
enhance agricultural productivity. A desired fea-
ture of such organisms would be the ability to
maintain the synthesis and activity of nitrogen-
ase in the presence of combined nitrogen; thus,
a thorough understanding of the factors control-
ling the expression of nitrogen fixation is re-
quired. This has been studied in considerable
detail with several types of heterotrophic bac-
teria (2, 9, 12, 26, 28). The nitrogen-fixing cyano-
bacteria (blue-green algae) are possibly of even
greater significance, since nitrogen fixation in
these photoautotrophic organisms is dependent
upon light energy and occurs under aerobic con-
ditions. However, the regulation of nitrogen fix-
ation has not been as well studied in cyanobac-
teria as in heterotrophic bacteria. Ammonia at
a concentration of 2 to 3 mM is sufficient to
completely repress nitrogenase synthesis in all
of the common laboratory strains of heterocys-
tous cyanobacteria, whereas repression by ni-
trate is often only partial (22). The repression
signal for nitrogenase in Anabaena cylindrica
appears not to be NH4+ per se, but some product
ofNH4+ incorporation (24). Recently, Bottomley
et al. (1) reported that in Anabaena sp. strain
CA, considerable nitrogenase activity is ex-
pressed indefinitely in medium containing 10
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mM NH4Cl, whereas KNO3 completely re-
presses nitrogenase synthesis. Thus, this orga-
nism appears to show novel characteristics with
respect to the regulatory effects of combined
nitrogen, with nitrogenase always partially de-
repressed in the presence of high concentrations
of NH4'.
The study of regulation of nitrogen fixation in

bacteria has been greatly facilitated by the iso-
lation and characterization of numerous mutant
strains (8, 15, 25). We have previously reported
the isolation of several types of mutants of An-
abaena sp. strain CA defective in nitrogen fixa-
tion (4). We report here the isolation ofa mutant
with novel phenotypic characteristics, i.e., the
inhibition of growth by combined nitrogen, par-
ticularly NH4', and the ability to grow only
under N2-fixing conditions. Physiological studies
on the inhibitory effect of NH4' suggest an al-
teration of the regulatory properties of this or-
ganism, and preliminary experiments suggest
that this might involve glutamine synthetase.

MATERIALS AND METHODS
Organism and culture conditions. The parent

strain was the filamentous cyanobacterium Anabaena
sp. strain CA (ATCC 33047). The medium and growth
conditions were as previously described (20). Growth
was measured turbidimetrically with a colored glass
filter with peak transmission at 660 nm. Dry weights
were determined after filtration of cell suspensions
through tared Nuclepore filters (0.4 ,um) and drying to
constant weight in a vacuum oven at 42°C over P205.
Protein was determined by the method of Lowry et al.
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(7) after digestion of samples for 90 min in 0.5 N
NaOH at 500C.
Mutagenesis and selection procedures. Cul-

tures of Anabaena sp. strain CA grown in medium
minus combined nitrogen were mutagenized by treat-
ment with N-methyl-N'-nitro-N-nitrosoguanidine and
then broken into single cells by gentle sonication,
plated, and incubated as previously described (4). The
plates were made with medium containing a low level
(34 ,uM) of L-glutamine and no other combined nitro-
gen, solidified with 1.0% agar (Difco 0140).

Nitrogenase activity. The acetylene reduction as-

say (23) was used to measure nitrogenase activity. The
assays were performed as previously described (4),
except that the tubes were incubated in the same bath
as that used for growth of the cultures (39 ± 0.1°C;
four fluorescent lamps [F36T12/D/HO], two on either
side of the bath at about 15 cm from tubes).

Photosynthesis. Photosynthesis was measured as

02 evolution using a YSI Clark-type oxygen electrode
(no. 5331) mounted in a water-jacketed cell at 39 ±

0.050C. Samples (1.9 ml) of growing cultures at a

density equivalent to about 0.10 to 0.12 mg (dry
weight) per ml were placed in the chamber and bub-
bled for 3 min with 1% C02 in air before the chamber
was stoppered and measurements were recorded.
Changes in electrode current were detected and am-

plified with a Keithley model 150B microvolt-amme-
ter. Illumination was provided by a saturating beam
from a Standard 500 Junior projector with a 500-W
DAY Sylvania bulb operated at 90 V, with two screens

inserted between the lamp housing and electrode
chamber.

Photosynthesis was also measured as C02 fixation
by determination of incorporation of NaH'4CO3. Ra-
dioactive NaH4CO3 (20,tCi; New England Nuclear
Corp., Boston, Mass; specific activity, 1 ,tCi/10 Ltg) was
added to 20 ml of cell suspension in a growth tube
which was then returned to growth conditions. Sam-
ples (1.0 ml) were removed at intervals and placed in
scintillation vials with 0.4 ml of 50% acetic acid.
Soluene 350 (1 ml; Packard Instrument Co., Downers
Grove, Ill.) was then added to each vial. Radioactivity
was counted after addition of 10 ml of Insta-Gel scin-
tillation cocktail (Packard) to each vial.

Assimilation of [U-14CJleucine. The assimilation
of radioactive leucine was used as an indicator of
protein synthesis. To 10 ml of cell suspensions in
growth tubes was added 2 ,uCi of L-[U-'4C]leucine
(Amersham/Searle, Arlington Heights, Ill; specific ac-

tivity, 2.3 1LCi4tg), and the tubes were then returned
to growth conditions. At intervals, 0.5-ml samples were
removed and filtered through 0.4-,um Nuclepore filters.
The filters were washed with growth medium and then
placed in 1 ml of Soluene 350 in scintillation vials. The
samples were counted after addition of 10 ml of Insta-
Fluor scintillation cocktail (Packard).
Glutamine synthetase activity. The transferase

activity of glutamine synthetase was measured with
the assay of Shapiro and Stadtman (16), based on the
formation of 'y-glutamylhydroxamate. One unit of ac-

tivity is defined as the amount of enzyme needed to
form one micromole of product per minute. Assays
were performed on cell extracts or on whole cells after
treatment with toluene (19). For extracts, cells (30 mg

[dry weight]) were harvested by centrifugation and
washed in buffer containing 10 mM imidazole-hydro-
chloride and 2 mM MnCl2 (pH 7.0), the same buffer
used to suspend cells for toluene treatment for whole-
cell assays. The wash was repeated, and the pellet was
finally suspended in 5 ml of buffer. This suspension
was chilled in ice and sonicated at output setting no.
7 (Branson Sonifier model S125) for three 20-s bursts.
The resulting material was centrifuged for 5 min at
15,000 rpm to remove cell debris and then the super-
natant was centrifuged at 105,000 x g for 20 min in a
Beckman Airfuge ultracentrifuge. The high-speed su-
pernatants were pooled and dialyzed for about 18 h
against buffer at 50C.

Extraction and chromatography ofamino acid
pools. Cells were grown in medium lacking combined
nitrogen to approximately 0.6 to 0.7 mg (dry weight)
per ml. The suspension was divided into 15-ml portions
in separate growth tubes. Filter-sterilized solutions of
NH4Cl or L-methionine-D,L-sulfoxDmine (MSX) were
added at this time. When MSX and NH4Cl were both
added to a tube, the MSX was added first, and the
suspension was allowed to stand for 5 min before the
addition of NH4C1. The tubes were then returned to
growth conditions, bubbled with 1.0% C02 in air, and
incubated for 20 min. The cells were then centrifuged,
and the supernatants were discarded. The pellets were
heated for 5 min in a boiling water bath. The fluid
resulting from this treatment, containing the amino
acids released from the cells, was subjected to paper
chromatography. Of each sample, 20 pl was applied to
Whatman 3MM paper and developed with n-butanol-
50% acetic acid (2:1,vol/vol). The solvent front was
allowed to move 15 to 18 cm from the origin, and the
chromatogram was then dried overnight. Amino acids
were stained by briefly dipping the chromatogram in
0.2% ninhydrin in acetone and then heating at 850C
for 5 min.

RESULTS
Selection of the mutant strain. Strain

EM18 was selected as a minute colony on a plate
containing 34 ,uM L-glutamine on which wild-
type cells had grown to large, well-defined colo-
nies after about 1 week of incubation. It was
thought that a colony of this type might repre-
sent a glutamine auxotroph whose growth was
limited by the small amount of glutamine pres-
ent. Although it was soon evident that this strain
did not require exogenous glutamine for growth
and probably could have been selected for in the
absence of glutamine, its growth characteristics
proved to be extremely unusual.
Growth characteristics. The early growth

screening in liquid media revealed that at 39°C,
growth was completely inhibited by N03 or
NH4' at the concentrations routinely used.
Growth occurred only on N2, at a rate of approx-
imately half that of the wild type (Table 1). The
inhibition of growth ofEM18 by N03 was found
to be a temperature-sensitive phenomenon (Ta-
ble 1). This table also shows that the organism
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TABLE 1. Growth ofmutant strain EM18 and
parent strain CA as a function of temperature and

nitrogen source'
Growth with N source:

Strain Temp
(OC) N 12.6 mM 1.0 mM

2 NaNO3 NH4C1

EM18 30 12.0 8.9 NGb
EM18 35 11.1 22.2 NGb
EM18 39 10.4 NGc NGc
CA 39 4.7 4.3 4.0

a Values given are generation times in hours; each
represents the mean of at least three experiments. The
inocula were grown in medium minus combined nitro-
gen.

b Indicates slow growth occurring until a culture
density indicated by an optical density of 0.20 to 0.25
(about 0.11 to 0.15 mg [dry weight] per ml) was
reached, after which growth ceased and cell lysis oc-
curred. Growth did not persist through a second trans-
fer under these conditions.

'Indicates no growth.

remained sensitive to NH4' even at lower tem-
peratures, although these cultures did grow from
inocula grown on N2 to a moderate cell density
before lysis. Growth at 390C was inhibited by
NH4Cl at 0.5 mM but not at 0.1 mM (a concen-
tration at which C2H2 reduction occurred at a
rate comparable to that in an N2-grown culture).
The organism did grow in the presence of up to
5 mM L-glutamine; however, it appeared not to
utilize this compound for growth, since hetero-
cysts and nitrogenase activity remained the
same as in cultures grown on N2 (not shown).
This phenomenon was also observed with the
wild type. The mutant failed to grow in the
presence of L-glutamate (1 mM) or casein hy-
drolysate (100 mg/liter), and no growth occurred
when the medium contained either L-glutamine
(2 mM) or casein hydrolysate (50 mg/liter) in
addition to NH4Cl (1 mM).
Glutamine synthetase activity. The obser-

vation that strain EM18 could not grow by uti-
lizing NH4' or N03 as a nitrogen source (at
3900) suggested the possibility that the incor-
poration of NH4' via glutamine synthetase
might be impaired in this organism. The activity
of this enzyme was accordingly determined in
dialyzed extracts of EM18 and compared with
that of the wild type (Table 2). There appeared
to be virtually no difference in the activity (as
measured by the transferase assay) between
EM18 and the wild type in N2-fixing cultures.

Effects ofNH4' on protein synthesis, pho-
tosynthesis, and nitrogenase activity. The
overall inhibitory effect of NH4+ on the mutant
strain was investigated more closely by attempts
to observe the effect of NH4+ on major physio-
logical processes. In Fig. 1A it is evident that the

addition of NH4' had no immediate effect on
protein synthesis (as indicated by [ U-_4C]leucine
incorporation), and Fig. 1B shows that NH4'
caused no immediate inhibition of C02 fixation.
The absence of an effect of NH4+ on photo-

synthesis is also shown in Fig. 2, for which
photosynthesis was measured as 02 evolution. It
should be noted that the control rate of photo-
synthesis in the mutant grown on N2 was 126 11
of 02 per mg (dry weight) per h (average of 4
experiments), whereas that of the wild type was
214 ,il of 02 per mg (dry weight) per h. Also, the
control rate of C2H2 reduction in the mutant
averaged 42.0 nmol of C2H4 per mg of protein
per min, whereas under the same conditions,
that of the wild type averaged 76.9 nmol of C2H2
per mg of protein per min. These consistently
lower rates of photosynthesis and nitrogenase
activity in the mutant correspond to the lower
growth rate observed in this strain in comparison
with the wild type (Table 1). Although photo-
synthesis in the mutant was hardly affected by
NH4+ after 6 h, Fig. 2B clearly shows that NH4+
completely inhibited C2H2 reduction by this
time. This contrasts with the wild type (Fig. 2A),
which retained about 25% of its nitrogenase ac-
tivity in the presence of NH4+. Bottomley et al.
(1) have shown that strain CA will retain up to
30% of its nitrogenase activity in the presence of
10 mM NH4+ even after prolonged subculturing
in the NH4+-containing medium. The inhibition
of C2H2 reduction of the mutant by NH4+ ap-
pears not to be an effect of NH4+ per se, since
the inhibition was not observed in a culture in
which NH4+ incorporation via glutamine synthe-
tase was blocked by MSX (Fig. 2B)

Effect of NHE4 addition on growth, glu-
tamine synthetase, and free amino acid

TABLE 2. Glutamine synthetase activity in dialyzed
extracts of mutant strain EM18 and parent strain

CAa
Glutamine synthetase activity in:

12.6 mM
Growthtemp126m(OC) N2-grown cells NaNO3-

grown cells

CA EM18 EM18

39 1.90 2.11 NGb
35 1.82 1.86 1.85
30 1.56
30 1.89C

a Values given are average specific activities (units
per milligram of protein) of duplicate determinations.
Assays were carried out at the growth temperature,
except where otherwise indicated.

b NG, No growth under these conditions.
c Assayed at 350C.
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FIG. 1. (A) Effect ofammonia on incorporation of L-[U- '4C]leucine in the wild-type strain CA (0) and the
mutant strain EM18 (0). NH4Cl (2 mM) was added to culture under growth conditions at the time indicated
by the arrow. The culture density in each case was about 0.40 mg (dry weight) per ml; temperature was 39°C.
(B) Effect ofammonia on incorporation ofNaH14CO3 in mutant strain EM18. NH4Cl (1 mM) was added at the
time indicated by the arrow. The culture density in each case was 0.084 mg (dry weight) per ml; temperature
was 39°C.
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FIG. 2. Effect of NH4- on C2H2 reduction and 02

evolution in strains CA (A) and EM18 (B). NH4Cl (2
mM) was added at time zero. The culture density in
each experiment was in the range of 0.10 to 0.12 mg
(dry weight) per ml. C2H2 reduction rate (specific
activity) in untreated cells (0); cells with NH4Cl
addition (0); cells with NH4Cl plus 10 tLM MSX
addition (A);photosynthetic 02 evolution in cells with
NH4Cl addition (U). The temperature was 39°C.

pools of strain EM18. Table 1 indicates that
no growth was observed when strain EM18 was

inoculated into medium containing NH4CI. Fig-
ure 3 shows the effect on growth of adding

NH4Cl to a culture of EM18 already growing on
N2. The inhibition of growth was not immediate
but occurred over about one generation time.
This is consistent with the failure to observe
immediate effects of NH4' on major physiologi-
cal processes. The glutamine synthetase activity
was also monitored in whole-cell assays over the
time course (Fig. 3).There was an immediate
decrease in activity after NH4' addition, and a
lowering of the rate of increase in total units of
glutamine synthetase until the activity leveled
off at about the same time that growth ceased.
For more direct observation of the effects of

NH4+ on strain EM18 with respect to nitrogen
metabolism, the free amino acid pools were ex-
tracted and examined by paper chromatogra-
phy. These experiments were perforned at 35
and 390C to determine possible temperature-
sensitive responses. Figure 4, left, shows a com-
parison of EM18 with the wild type at 350C.
The major spot visible for untreated cells of N2-
grown cultures corresponded to L-glutamate.
The predominance of glutamate in the free
amino acid pool of cyanobacteria has also been
observed by other workers (11, 13). After incu-
bation of N2-grown cells with NH4', the gluta-
mate spot was reduced, and a new prominent
spot corresponding to L-glutmine was observed
which probably represents the activity of gluta-
mine synthetase. This interpretation is sup-
ported by the finding that MSX inhibited the
formation of the glutamine spot. At 350C, there
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FIG. 3. Effect of NH4Cl addition on growth and froi
whole-ceU glutamine synthetase activity of strain hig
EM18. NH4Cl (2mM) was added at the time indicated
by the arrow to a culture ofEM18growing at 39°C in
medium minus combined nitrogen. Growth of the
culture with NH4Cl addition (0); growth of the cul- L
ture with no additon (0); glutamine synthetase activ- mu
ity (whole-cell transferase assay) (U). mo

t
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re no indications of any differences between
mutant strain and the wild type; the re-

)nses of both strains to NH4' and MSX were
,ntical. The effect of MSX on glutamine syn-
-tase activity in dialyzed extracts was also
termined for each strain, and at 35°C the
&yme from both strains showed the same in-
ition by MSX (Fig. 4, right). At 390C, how-
ar, the mutant displayed a pronounced differ-
ce from the wild type in response to MSX.
sure 5, left, shows that with the mutant, the
mation of the glutamine spot upon addition
NH4+ was not affected by the same concen-
ltion ofMSX which completely inhibited this
mation in the wild type. This suggests the
3ibility of an alteration of the glutamine syn-
Xtase ofEM18 at this temperature. In dialyzed
tracts, the enzyme at 390C from EM18 (as
,asured by the transferase assay) may be more
iistant to MSX than is the enzyme from CA,
ecially at lowMSX concenitration (equivalent
the concentration used in the chromatogra-
y experiments) (Fig. 5, right). The enzyme
rm both strains was completely inhibited at
rher MSX concentrations.

DISCUSSION
3train EM18 apparently represents a type of
tant not reported in the literature. The am-
mia-sensitive mutant of Klebsiella aerogenes
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FIG. 4. (Left) Tracing oforiginalpaper chromatogram ofamino acids in a water extract ofstrains CA and
EM18grown at 35°C. Procedures for treatment ofcells and for chromatography are described in the text. The
line indicated by the arrow represents the solvent front. Cells weregrown in medium minus combined nitrogen
to a density of 0.6 to 0.7 mg (dry weight) per ml and incubated for 20 min under growth conditions after
additions as indicated: I and 4, no additions; 2 and 5, 1.0 mM NH4CI; 3 and 6, 10 WM MSX plus 1.0 mM
NH4CI. 1, 2 and 3, Strain CA; 4,5 and 6, strain EM18; 7, L-glutamine standard, 5ug; 8, L-glutamate standard,
5 pg. (Right) Inhibition ofglutamine synthetase activity by MSX in strains CA (0) and EM18 (0) grown and
assayed at 35°C. Assays oftransferase activity wereperformed on dialyzed extractsprepared as described in
the text. Assays were initiated by addition of L-glutamine after the extract had incubated in the presence of
MSX for 10 min. For CA, 100% activity was 1.82 U/mg ofprotein; for EM18, it was 1.86 U/mg ofprotein.
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FIG. 5. (Left) Tracing oforiginalpaper chromatogram ofamino acids in a water extract ofstrains CA and
EM18 grown at 390C. Conditions and lanes were as given in the legend to Fig. 4. (Right) Inhibition of
glutamine synthetase activity by MSX in strains CA (0) and EM18 (0) grown and assayed at 39°C. Assays
of transferase activity were performed on dialyzed extracts prepared as described in the text. Assays were
initiated by additon of L-glutamine after the extract had incubated in the presence ofMSX for 10 min. For
CA, 100% activity was 1.90 U/mg ofprotein; for EM18 it was 2.11 U/mg ofprotein.

reported by Struhl and Magasanik (27) was in-
hibited by 30mM NH4' but could grow normally
on 1 mM NH4+, glutamate or histidine. Thus
far, the mutant strain EM18 described here has
been shown to grow only under N2-fixing condi-
tions. The overriding phenotypic trait of this
strain is its sensitivity to NH4+. Presumably,
growth occurs on N2 because the intracellular
NH4' concentration under these conditions re-
mains very low. A similar reason for the growth
observed on NO3 at lower temperatures could
be postulated, with the rate-limiting reduction
of NO3 to NH4+ keeping the NH4+ concentra-
tion low. The inhibiting effect of NH4' does not
appear to be a direct effect of NH4+ per se on
protein synthesis or photosynthesis (Fig. 1 and
2), and thus it is not likely that NH4+ is inhibiting
growth by acting as an uncoupling agent affect-
ing the supply ofATP for biosynthetic processes
(3, 11). There was a complete inhibition of C2H2
reduction by NH4+ (Fig. 2); however, this inhi-
bition was not a rapid phenomenon like the
NH4' inhibition of N03- reduction (6). There-
fore, NH4' is probably not acting as an inhibitor
of nitrogenase by affecting the redox status of
the cell (6) or by causing the formation of a
cyanide-enzyme complex (17, 18), as has been
postulated for the NH4' effect on N03 reduc-
tion. It is also unlikely, according to the kinetics
of inhibition, that the inhibition is a feedback
response of nitrogenase activity to the presence
of combined nitrogen, as seems to be functional
in some photosynthetic bacteria (5, 10). Never-
theless, the total inhibition of nitrogenase activ-
ity in strain EM18 was the most striking physi-
ological response to NH4' observed. The data

suggest that this response is probably a repres-
sive effect of NH4' on nitrogenase synthesis.
Nitrogenase synthesis in the wild type is only
partially repressed by NH4+, with up to 30% of
the full activity remaining through many gen-
erations of growth in the presence of high con-
centrations of NH4+ (1). Thus, the response of
the mutant to NH4+ shows a fundamental dif-
ference from the wild type in this respect, which
could represent a mutation in a regulatory func-
tion involving nitrogenase synthesis. This appar-
ently depends upon the incorporation of NH4+,
since the blocking of glutamine synthetase-me-
diated NH4+ incorporation withMSX prevented
the NH4+ inhibition of nitrogenase activity (Fig.
2B). The apparent inability of strain EM18 to
grow by utilizing exogenous NH4+ immediately
raised questions concerning the enzymes of ni-
trogen assimilation in this organism. Certainly,
assays of glutamine synthetase indicated no loss
in activity of this enzyme as compared with the
wild type in N2-fixing cultures (Table 2). Data~
on amino acid pools also suggested the presence
of an active glutamine synthetase (Fig. 4, left,
and 5, left). The question remained as to why
the mutant seemed incapable of utilizing exoge-
nous NH4' for growth when N2 fixation was
repressed. We have presented data which give
some preliminary indication that the glutamine
synthetase of strain EM18 is different from that
of the wild type. Although this putative altera-
tion does not seem to result in a loss ofglutamine
synthetase activity in N2-fixing cells (as seen in
transferase assays), it could reflect a change in
regulatory or structural properties ultimately
resulting in sensitivity to NH4+. We have found
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that the response to MSX of cultures in the
presence of NH4' can serve as an indicator of
possible differences in the glutamine synthetase
of the mutant and the wild type. Figure 5, left,
strongly suggests that the glutamine synthetase
of the mutant is less sensitive to MSX than is
that of the wild type, although, as shown in Fig.
5, right, MSX at higher concentrations does still
inhibit the enzyme. (The concentration of MSX
used in the experiment shown in Fig. 2B was
enough to inhibit NH4' incorporation since this
amount was much higher in relation to the num-
ber of cells present than in the experiments on
amino acid pools.) The fact that the data on
amino acid pools indicate a temperature-sensi-
tive alteration in the mutant agrees with the
observation that the effect of NO3 on growth
was also temperature sensitive (Table 1). Ap-
parently, the NH4' resulting from NO3 reduc-
tion was enough to be inhibitory at 39°C but not
at 35°C. The difference in effect of MSX on
glutamine synthetase in dialyzed extracts of the
mutant versus the wild type was less apparent
(Fig. 5, right), although some difference was
detected. The transferase assay does not mea-
sure the physiological reaction of glutamine syn-
thetase (29), and at this time it is not known
whether biosynthetic assays would reveal a more
pronounced difference. The available data, nev-
ertheless, may be indicative ofa subtle alteration
in glutamine synthetase of strain EM18 which
could result in drastic physiological conse-
quences. The effects on glutamine synthetase
activity of adding NH4' to a culture of EM18
growing on N2 (Fig. 3) appear to be a slowing of
the increase in total activity and a leveling off
concomitant with the cessation of growth. Row-
ell et al. (14) observed a partial and slow inacti-
vation of A. cylindrica glutamine synthetase by
NH4' which could be reversed by addition of a
thiol reagent. The glutamine synthetase of strain
EM18 might be altered in such a way as to
accentuate the sensitivity to NH4W, such that
inactivation (or repression) by NH4' gradually
becomes complete. Although the available data
agree with this interpretation, it would be pre-
mature at this time to rule out some other
possibilities. The glutamine synthetase of the
parent strain CA has been purified and studied
in some detail (19, 21). We hope to further
investigate the properties of glutamine synthe-
tase from strain EM18. This mutant could offer
a unique opportunity to study the regulation of
nitrogen incorporation in nitrogen-fixing cyano-
bacteria.
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