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It is usually assumed that the reduction of nitrite
by nitrite reductase results in the formation of ammonia.

| The purpose of this investigation was to enquire
whether more than one nitrite reductase activity is
responsible for in vivo nitrite reduction.

An dssay system which measures the production of
ammonia, as a result of nitrite reductase is described. The
reduction of nitrite by nitrite reductase did not result in
the formation of stoichiometric amounts of ammonia. Nitrite
non-utilizing mutants showed that nitrite reduction could occur
in vitro with no subsequent formation of ammonia or could
result in the formation of essentially stoichiometric amounts
of ammonia. Sedimentation velocity gradient centrifugation
resulted in the separation of at least two'peaks of nitrite
reductase activity.

A model is described which accounts for the results in

terms of two nitrite reductase activities, necessary for

in vivo nitrite reduction,
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a very complex and confusing picture. However, from the
results that have been obtained, it would seem that ammonia
may be a key molecule in the regulation of nitrite

reductase.

Genetic Studies of Nitrite Reductase

Silver and McElroy (34) concluded that five genes
control nitrite reduction in N. crassa, because five of
their mutant strains showed positive complementation with
each other. Intracistronic complementation was unknown at
this time and the interpretation of these results is néw
open to question.

Pateman et al. (29) isolated mutants of Aspergillus
at two genetic loci:. nii A and nii B. The mutants could
not grow on nitrite and extracts lacked nitrite reductase
activity, measured as nitrite dependent NADPH oxidation.
Later, it was concluded that nii B was a regulatory locus
(30) . These results suggested that only one structural
protein maae up nitfite reductase.

Dyer (10) obtained mutants of N. crassa which
could not grow on nitrate or nitrite and which accumulated
nitrite.when grown on an ammonium nitrate-medium; On
the basis of studies with these mutants, it was suggested
that three, and possibly four genes control nitrite

reduction.
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Multiplicity of Enzymes Involved in Nitrite Reduction

The presence of more than one nitrite reductase
activity could explain the fact that nitrite non-utilizing
mutants have in vitro nitrite reductase éctivity (3,10,22,34).
There is some evidence that certain organisms may have
more than one nitrite reductase. Czygan (7) has found two
species 6f nitrité reductase activity in extracts of
Ankistrodesmus braunii. One of the species was associated
with large particles. The other species, an assimilatory.
nitrite reductase that requires high energy phosphates for
activity, was associated with smaller particles.

Leinweber et al. (18) and Siegel et al. (35)
investigated hydroxylamine reductase and sulfite reductase
activities from N. erassa. Using gel filtration and sucrose
density gradient centrifugation techniques, they were
able to separate three peaks of hyéroxylamine reductase
activity. Peak A had sulfite reductase activity also,
and was missing from extracts of a sulfite reductase-less
mutant. Peaks B and C had both NADPH and NADH hydroxylamine
reductase activity, but peak B was absent from extracts of
mycelia grown on an ammonia medium. Little attention was
paid to the peak C activity.‘ Thus, there are two peaks
which are involved in hydroxylamine reduction, and possibly
in nitrite reduction.

Hewitt, Hucklesby and Betts (14,15), using molecular
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Fig. 2

Reference Curve for Nitrite

Samples (3.0 ml) of NaNb2 at different concentrations
were prepared. Aliqﬁots of 0.1 ml were then removed
from these samples and added to 7.9 ml éf glass
distilled water. Nitrite was estimated as described in

METHODS, to give-a test solution volume of 10 ml.
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Fig. 3.

Profile of nitrite reductase acti§ity from wild tvne

extracts of nitrate grown myceiia centrifuged through

a sucrose density gradient until equilibrium was

reached,

288 units.of nitrite reductase were put on the
gradient and 214 units were recovered. Percent
recovery was 76%. Units of nitrite reductase
activity are represented by @ —@ and mg

protein per fraction by O—O .









" Table 1

Nitrite Reductase Activity and Ammonia Production of Fractions From a

Differential Centrifugation

The extract was made from mycelia grown on nitrate. The protocol for
the differential centrifugation is as described in METHODS.

Fraction £ Volume Total Nitrite Ammonia NO._ " % Recovery
(ml) ng Reductase Produced ~ T2 (Nitrite
Protein Activity (Total NH + Reductase)
(Total Units) 4
" Units)

§2000 50 355 102,000 50,000 . 2.04 100
S16000 45 268 99,500 85,000 1.17 98
P16000 5 72 0 0

[42
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Table 2

Effect of Adding Different Concentrations of P16000 Protein

to S16000 Protein on Nitrite Reductase Activity

The extract was made from mycelia grown on nitrate. P16000
and S16000 were prepared by the differential centrifugation
described in METHODS.

mg P16000 mg S16000 Units of

Protein Protein Nitrite

in Assay in Assay Reductase¥*
0 0.6 32.4
0.075 0.6 - 32.4
0.15 0.6 32.4
0.22 0.6 ’ 34.8
0.3 ‘ 0.6 31l.2
0.3 : 0 2.4

* The experimental error in measurement of nitrite reductase
is 4.8 units of activity.
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P16000 fraction (Table 3). However, addition of Lubrol-
treated P16000 to untreated S16000 resulted in an
enhancement of nitrite reductase activitf.

The results from these experiments suggest then,
that nitrite reductase, measured by the method of Cook, is .
not localized in the mitochondria. The results do ﬁot'
discount the possibility that nitrite reductase may be
associated with mitochondria in vivo and that the extraction
procedure results in a dissociation. The results indicate
that there is a factor(s) present in the mitochondria,

which is released on being ruptured, and stimulates nitrite

reductase activity.

Section IXI. Is there a multiplicity of nitrite reductases?

(a) Is ammonia the product of nitrite reduction?

Cook was’unable to show that ammonia was the product
of nitrite reduction in his assay (3). However, benzyl
viologen was not included in the reaction mixtures used to
determine ammonia production (3). It seemed possible then,
that ammonia production was dependent on the presence of
benzyl viologen, in reaction mixtures. Table 4 shows that
this is indeed the case. The ratio of nitrite reduced to
ammonia produced (subsequently referred to as N/A) in the
presence of benzyl viologen was higher with S5000 extracts

than with S16000 extracts, indicating that the S5000
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Table 3

Effect of Adding Lubrol wx Treated P16000 Protein to S16000

Protein, on Nitrite Reductase Activity

P16000 or S16000 was mixed with Lubrol (final concentration,
1 mg/mg protein) and reacted for 30 minutes. Fractions were
obtained as for differential centrifugation (see METHODS)
from mycelia grown on nitrate. .

mg P16000 mg S16000 mg S16000 Units*

Lubrol Untreated Lubrol - Nitrite
Treated Protein Treated Reductase
Protein In Assay Protein '
In Assay In Assay
0 0.61 - 28.8
0.87 0.61 - 38.4
1.74 0.61 - 40.8
0 1.0 .- 46.8
0.87 1.0 - 67.2
1.74 1.0 - . 66.0
0.87 A 0 - 2.4
1.74 0 - 4.8
0 0.5 - 21.6
0 - 0.5 19.2

* The limit of accuracy in measuring nitrite reductase is
4.8 units.
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Table 4

The Effect of the Presence of Benzyl Viologen (BV.) in Reaction

Mixtures, on Ammonia Production

Nitrate grown mycelia were extracted by two methods; S5000 and
S16000. Nitrite reductase activity and ammonia production were
determined on the same samples.

BV. Extract mg Protein Units Units NO_~
In Assay Nitrite Ammonia 2
' Reductase Produced +
NH,
+ - 85000 3.4 55.2 19.5 : 2.8
- 55000 3.4 32.4 0 -
+ S160090 1.0 52.8 31.5 1.7

- 516000 1.0 21.6 7.5 2.9
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Fig. 4

Effect of S16000 protein concentration on nitrite

reductase activity and ammonia production.

S$16000 extracts were made from nitrate grown mycelia.

Nitrite reductase activity is represented by @—@

and ammonia production by O——0 . Ammonia

production and nitrite reductase activity were determined

on the same samples.
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Fig. 4A.

Effect of the square of S16000 protein concentration

on nitrite reductase activity and ammonia production.

S16000 extracts were made from nitrate grown mycelia.
Ammonia production was determined from the same

samples as nitrite reductase activity. Nitrite

reductase activity is represented by &—@ and
ammonia production by O——0
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Fig. 5.

Effect of S5000 protein concentration on nitrite reductase

activity and ammonia prbduction.

S5000 extracts were made from nitrate grown mycelia.

Units of nitrite reductase are represented by &—0

and ammonia production by O—O . Ammonia production

was determined on the same samples as nitrite reductase
activity.
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Table 5 shows the results of such an experiment.
Dialysis or desalting of 516000 extracts did not appreciably
affect the N/A ratio, indicating that non-stoichiometric
nitrite reduction and ammonia production is probably not
a result of in vitro ammonia incorporation into a molécule,
such as glutamate. Dialysis of S5000 extracts results in
a great loss of nitrite reductase activity. The N/A ratio
is not appreciably affected. Desalting of S5000 extracts
resulted in an approach to stoichiometric nitrite reduction
and ammonia production. This result suggests the possibility'
that the S5000 extraction procedure results in a change in‘
the conformation.of the enzyme which affects the ammonia
producing activity. In the presence of the sucrose-EDTA
solution (see METHODS), the conformation of the enzyme would
be restored and the enzyme would then be able to produce
ammonia. It is also possible that this result is indicative
that in vitro ammonia disappearance takes place when S5000
protein is assayed.

To test this possibility directly, ammonium chloride
was added to nitrite reductase reaction mixtures lacking
nitrite. The assay§ Qere carried out otherwise as given in
the METHODS, and the ammonia remaining in the reaction
mixture was measured. -It was found that ammonia, added at
two different concentrations, did not disappear under the

described asséy conditions. Thus, the possibility that
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Table 5

Effect of Dialysis and Desalting of S5000 and S16000 Extracts

on Nitrite Reductase Activity and Ammonia Production

Extracts were made from nitrate grown mycelia. Dialysis and
desalting were carried out as given in METHODS., Specific
activities are expressed as units per mg protein squared for
S16000 and units per mg protein for S5000. Nitrite reductase
activity and ammonia production were determined on the same
samples. :

ng Extract Treatment S.A. S.A. -

Protein Nitrite Ammonia NOZ
Reductase Production NH4+

0.9 S16000 - 60.0 38.0 1.6
1.0 ‘516000 Desalted 45.6 27.0 1.7
0.96 $16000 Dialyzed 52.0 . 28.0 1.8
3.0 S5000 - 24.8 10.0 2.5
4.5 55000 Desalted 16.2 12.4 1.3
2.0 S5000 . Dialyzed 8.4 4f0 2.1
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Table 6

Recovery of Added Ammonia in Nitrite Reductase Assays

Ammonium chloride was added, at two different concentrations,
to nitrite reductase reaction mixtures, which lacked added
nitrite. Assays were then carried out as given in METHODS
and the ammonia present in reaction mixtures determined as
outlined in METHODS. S5000 and S16000 extracts were made
from nitrate grown mycelia.

Extract mg Protein mumoles _ mumoles
in Assay Ammonia Ammonia
Added Recovered*

- 0 835 855
s5006 2.25 835 ' 880
516000 1.56 835 ' 820
516000 0.62 835 855
- : 0o . 305 305
S5000 2.25 305 335
S16000 1.56 305 - 340
516000 : 0.62 305 305

* The limit of accuracy in measuring ammonia production is
4.0 units, or 40 mpmoles of ammonia.
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Fig. 6.’ )

Effect of benzyl viologen concentration in reaction

mixtures on nitrite reductase activity and ammonila

production.

Nitrate grown mycelia were extracted as for the

$16000 and S5000 procedures. 2 mg cf S5000 protein and

0.8 mg of S16000. protein were assayed. Units of

nitrite reductase are represented by @Q———@ and

ammonia production by O——Q . Nitrite reductase activity

and ammonia production were determined on the same
samples.
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Table 7

Controls for Ammonia Production

Nitrite reductase assays were set up so that they were
complete; lacked enzyme; contained heat denatured enzyme;
lacked benzyl viologen or lacked added sodium dithionite.
The assays were carried out and ammonia measured as
described in METHODS, using reaction mixtures lacking
added nitrite as blank. 0.7 mg of S16000 protein,
extracted from nitrate grown mycelia, was the enzyme
source. Nitrite reductase activity and ammonia production
were determined from the same samples.

Assay Units Unit§
Nitrite Ammonia
Reductase _ Produced

Complete 33.6 ) 24.0

- Enzyme g 0

+ Heat denatured ) 7.2 : 0

enzyme
- Benzyl viologen 14.4 6.5

- Dithionite 4.8 0







(SelNuUIUL) 3!}

-1 Nitrite disappeared or
mumoles x10 . ‘ammonia Sroduced

[ |

! l o L !

Ol

0¢
I

)€






52

in cell-free extracts. Mycelia, pre-grown on casamino acids,
were transferred to various nitrogen sources. At different
time intervals, flasks were removed from a rotary shaker
and S500 extracts were made of the myce]:ia. Figure 8 shows
the variation with time of the specific activity of nitrite
reductase in such extracts. The speéific activity of nitrite
reductasé from mycelia exposed to a nitrogen-deficient medium
increases steadily with time. Although the appearance of
nitrite reductase activity from mycelia 'induced on a nitrate
medium is similar, there is initially a greater rate of
increase of activity. This observation suggests that
nitrate does play a role in the 'induction' of nitrite
reductase and therefore that the enzyme (s) may not be
entirely derepressible. The specific activity of nitrite
reductase from ammonia-grown mycelia remains essentially
constant with time. Addition of 3 mM ammonium chloride to
reaction mixtures containing gxtracts of mycelia exposed to
a nitrogen-deficient medium resulted in a marked inhibition
of nitrite reductase activity. The resultant spécific activity
was comparable to the specific activity of extracts from
ammonia-grown mycelia (Figurt.a 8).

If ammonia is acting as an inhibitor of nitrite
reductase, it is possible that ammonium grown mycelia contain
'an inactive nitrite reductase. If this were so, removal of

ammonia from such extracts might result in an increase in
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nitrite reductase activity. S16000 extracts of ammonia-
grown mycelia were passed through a Sephadex G-10 column,
as described in METHODS, and subsequently assayed for
nitrite reductase activity in the presence or absence of

3 mM ammonium chloriae. For comparison, S16000 extracts
of nitrate-grown mycelia were treated similarily. The
results of this experiment are shown in Table 8. Desalting
of the ammonia-grown extracts resulted in an increase in the
specific activity of nitrite reductase. Activity in the
desalted extract was very sensitive to the presence of -
armmonia in the assay. This result confirms the expectation
that an inactive nitrite reductase may be present in
ammonia-grown mycelial extracts. Nitrite reductase from
untreated nitrate grown extracts is slightly sensitive

to the presence‘of ammonium ions in reaction mixtures;
desalted extracts from the same source are insensitive

to ammonium ions.

Maximum inhibition of nitrite reductase from
desalted extracts of mycelia grown on ammonia occurred
when 3 mM ammonium chloride was present in reaction
mixtures (Fig. 9a). An ammonium ion concentration of

9M had no effect on nitrite reductase activity.

3.x 10
Desalted extracts were incubated at 27°C for
various times with ammonia concentrations known to cause

less than .50% inhibition, Although increasing the time
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Table 8

In Vitro Effect of Ammonia on Nitrite Reductase Activity

from Extracts of Mycelia grown on Nitrate or Ammonia

S16000 extracts were prepared and then assayed before or
after desalting on a.Sephadex G-10 column, in the presence
or absence of 3 mM NH4Cl. The assays contained the
following amounts of protein: NO3~ untreated, 1.08 mg;
NO3  desalted, 0.8 mg; NH4+ untreated, 1.02 mg; NH4+
desalted, 0.74 mg. S

Nitrogen Source . Units Nitrite Reductase
in Untreated Desalted
Growth Medium +3 mM +3 mM
—NH4C1 NH4C1 —NH4Cl NH4C1
No3' 55.2 48.0 21.6 21.6
i P 14.4 12.0 26.4 4,8
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of incubation results in an increase in inhibition
(Figure 9b), it proceeds at too slow a rate to influence
previous results.

To summarize these resulté: Mycelia grown in
the absence of a nitrogen source possess a nitrite
reductase activity which would appea;: to be derepressible,
and whicﬁ is inhibited by ammonium ions <n vitro. Extracts
of mycelia grown on ammonia contain a nitrite reductase
activity which, after desalting on Sephadex G-10, is more
active and is ammonia-sensitive. Extracts of mycelia
grown on nitrate have a nitrite reductase activity which
is only slightly sensitive to ammonia in vitro.

The evidence presented so far suggests that the
enzyme (s) present in extracts of ammonia grown mycelia may
be similar to that (those) present in extracts of mycelia
exposed to a nitrogen-deficient medium, and different from
that (those) present in cell-free preparations of nitrate
grown mycelia. If this is so, similar substrate saturation
curves should be expected with the enzyme extracted from
ammonia grown mycelia or mycelia exposed to a nitrogen-
deficient medium. Also, the substrate saturation curve of
the enzyme prepared from nitrate grown mycelia might be
different. The substrate saturation curve for nitrite
reductase and ammonia producticn from nitrate grown mycelia

is biphasic (Figure 10). The substrate saturation curves
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Fig. 10.

Substrate saturation curves of S16000 extracts obtained

from mycelia exposed to different nitrogen sources.

The concentration of NaNO2 in the assays was varied as

indicated. 516000 extracts were prepared as given in

METHODS. 1.0 mg of 'N03-extract' , 0.4 mg of '-N extract'
and 1.76 mg of 'NH4+ extract' were assayed. Nitrite

reductase activity is represented by &—€ and

ammonia production by O——0 . Specific activity is

defined as units of activity per mg protein. Nitrite

reductase activity and ammonia production were determined

on the same -samples.
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nitrate grown mycelial extracts.

If either of the above is true, mutants should be
found which are defective in one or both of the enzymes, or
one or both of the aggregation forms of the enzyme,

. Five mutants which were defective in growth on'
nitrate and nitrite were chosen for study. Mutant O does
not grow on nitrate or nitrite and accumulates significant
amounts of nitrite when grown on an ammonium nitrate
medium (10). Mutant Z grows poorly on nitrate and nitrite
and accumulates nitrite during later stages of growth on
an ammonium nitrate medium (10). Mutant t-13 grows on
nitrate and nitrite at 27°C, but not at 37°C and accumulates
nitrite when grown on an ammonium nitrate medium at 37°C (10).
Mutant t-23 grows on nitrate and nitrite at 27°C and 37°C,
but accumulates nitrite when grown on an ammonium nitrate
medium at 37°C (10). Mutant 25 grows poorly on nitrate and
nitrite (see APPENDIX). |

Mutant Z has an active nitrite reductase vhich
produces ammonia as product. Nitrite reduction and ammonia
production are essentially stoichiometric (Figs. 11, 11A).
The shape of the curvés in Figure 11 are very similar to
that of the curve depicting ammonia production by extracts
of the wild type strain. If there are more than one nitrite
reductase, it would seem reasonable that mutant Z lacks

the activity which does not yield ammonia as product of
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FiS [ 11- :

Effect of S1600 extract protein concentration from 2

grown at 27°C on nitrite reductase activity and

ammonia production.

Mycelia were grown on nitrate. Units of nitrite
reductase are represented by @—@ and units of

ammonia produced by O——0 . Nitrite reductase

activity and ammonia production were determined

on the same samples.
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Fig. 11A.

Effect of the square of 516000 extract protein

concentration from mutant Z on nitrite reductase

activity and ammonia production.

Mycelia were grown on nitrate. Units of nitrite
reductase are represented by &——€ and units of
ammonia produced by O——0 . Nitrite reductase

activity and ammonia production were determined

on the same samples.
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reduction. It is also possible, by the same reasoning,
that nitrite reductase from mutant Z exists only in that
aggregation form which allows ammonia to be formed as
product of nitrite reduction. Since 2% grows poorly on
nitrate. and nitrite, it follows that the loss of the
enzyme or conformation of enzyme responsible for thé
reduction of nitrite to a product other than ammonia,
is detrimental to growth on nitrate or nitrite.

Extracts of mutant O contain a low level of nitrite
reductase activity. No ammonia is produced as a result-
of nitrite reduction (Figs. 12, 12A). A dilution effect,
similar t_o that of one of the postulated wild type
activities, .is found. At concentrations of wild type
protein greater than 0.8 mg, increased nitrite reduction
does not appear to result in ammonia production (see Fig. 4).
Similarly, with mutant. O, nitrite reductase activity is not
expressed until 0.8 mg of protein are present in the assay
and no ammonia is produced as a result of reduction. It’
is possible that this activity represents either that nitrite
reductase which does not yield ammonia as product, or that
form of aggregation. of nitrite reductase which is incapable
of catalyzing the production of ammonia. The presence of
cysteine in the growth medium which is known to repress
sulfite reductase, did not appear to affect nitrite reductase

activity, indicating that the residual activity in mutant O
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is not concerned with sulfur metabolism (Figs. 12, 12a).

No significant differences were found between the
nitrite reductase activity énd ammonia producing activity
from extracts of t-13 grown at 27°C and at 37°C (Figs. .
13, 13A). This résuit was not expected since the growth
rate of t-13 on hitrate or nit;;:ite at 2:7°C is normal,
but at 37°C is negligible. The shape of the curves showing
the relationship.between nitrite reductase and amonia
producing activities and protein concentration in assays
of extracts of t-13 mycelia grown at 27°C and 37°C were
different from those of the comparable rc-;olationship with
extracts of the wild type strain. It is possible thét the
nitrite reductase(s) of t-13 is (are) different from the
wild type enzyme(s) at 27°C, but that the mutation is
only lethal when the organism is grown at 37°C; however,
this difference cannot be ascert.;—_lined in vitro.

Nitrite reductase and ammonia production activities
in extracts of t-23 grown at 27°C are somewhat lower than
that at comparable protein concentrations of wild type
extract. Preparations of t-23 grown at 37°C exhibit an
increased dilution effect for nitrite redl_Jctase and -ammonia
production activities over that obtained for wild type
(Figs. 14, 14a). The N/A ratio of extracts of mycelia
grown at 27°C appears to be similar to the comparable ratio

obtained from extracts of wild type mycelia. .However, the
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Fig. 14.

Effect of S16000 extract protein concentration

from t-23 grown at 27°C and 37°C on nitrite

reductase activity and ammonia production.
Mycelia were grown on nitrate. Units of

nitrite reductase are represented by ©&—@
and units of ammonia produced by O——O .

Nitrite reductase activity and ammonia production

were measured on the same samples.
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Fig. 14A.

Effect of the square of S16000 extract pi:otein

concentration from t-23 grown at 27°C and 37°C

on nitrite reductase activity and ammonia

production.

Mycelia were grown on nitrate. Units of nitrite
reductase are represented by §—€ and units of
ammonia produced by O——O . Nitrite reductase

activity and ammonia produced were measured on

the same sample.
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same ratio in extracts of t-23 mycelia grown at 37°C is much
different than that of wild type extracts. If nitrite
reductase in t-23 is temperature sensitive at 37°C,
incubation of extracts of t-23 mycelia, previously grown
at 27°C, in a 37°C water bath, should result in a redﬁction
of nitrite reductase activity. The specific activify should
approach that found in extracts of mycelia grown at 37°C.
The results in Figure 15 indicate that after sixty minutes
incubation at 37°C, the log of the specific activity of
nitrite reductase in extracts of t-23 grown at 27°C is ‘
reduced so that it is similar to the specific activity of
nitrite rfaductase in t-23 grown at 37°C.

The .nitrite reductase activity from mutant 25
appears to be similar to that from mutant 2z, although in
the case of 25, the N/A ratio is slightly greater (Fig. 16,16A).
This mutant may be of the same class as 2%; that is, either
the enzyme or form of aggregation of enzyme which catalyzes .
the formation of a product other than ammonia, is affected.

From these results it would appear that there are
at least two distinct enzymes, or two distinct forms of
enzyme aggregation,' cc.)ncerned with nitrite reduction. One
enzyme, or form of aggregation, as typified by the activity
present in extracts of mutant %, yields ammonia as product
of reduction. The other enzyme or form of enzyme aggregation,

which is the -activity present in mutant O, does not yield
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Fig. 15.°

Effect of exposure of nitrite reductase from extracts

of t-23 grown at 27°C or 37°C and of wild type grown

at 27°C, to, 37°C.

Sl6060 extracts of mycelia, grown on nifrate, were prepared
and aliquots of similar protein concentration were
incubated at 37°C in a water bath. At the times

indicated, samples were removed and assayed for

nitrite reductase activity. 1.1 mg of pan-2B-364

6—0 ; 1.0 mg of t-23 grown at 27°C M; and

1.2 mg of t-23 grown at 37°C &4, were assayed.

Specific activity is expressed as units per mg

protein,
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Fig. 16.

Effect of 516000 extract protein concentration from

mutant 25 on nitrite reductase activity and ammonia

production.
Mycelia were grown on nitrate. Units of nitrite

reductase are represented by §—€@ and units of

ammonia produced by O——0O . Nitrite reductase

activity and ammonia production were determined on

the same sample.
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Fig. 17.

Effect of S16000 extract protein concentration on

nitrite reductase activity in mutant eys-4.

516000 extracts of cys-4 were made from mycelia grown .
on nitrate plus 3 mM cysteine &— M4 or nitrate blus'
2.4 x 107%M methionine O—@ . Wild type extracts,
from similarily grown mycelia were used as control;
A—A grown on nitrate plus 3 mM cysteine; O—O

grown on nitrate plus methionine; &--—8 grown on

nitrate alone.
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Fig. 18.°

Summary table of the effect of protein concentration

squared on the reciprocal of the ratio of N/A

obtained from extracts of mutants Z, C, 25, t-12 and

t-23.
Wild type results are included for comparison. @——@&
represents results with t-13 and t-23 grown at 27°C,

and O—O represents results with t-13 and t-23

grown at 37°C.
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(d) If there are more than one nitrite reductase, can they

be separated physically?

If there are more than one nitrite reductase, or
more than one form of aggregation of nitrite reductase,
these might be separable physically. Sedimentation ve.locit;y
experiments were conducted to look for a multiplicity of
nitrite reductase activities. This method was not very-
satisfactory, due to the limitation of the amount of
extract which could be layered onto the gradient. Attempts
to concentrate extracts by suction dialysis resulted in-

a considerable loss of activity after centrifugation through-.
the gradifant. Thé results that were obtained indicated

that at least two, and possibly three peaks of nitrite
reductase activity could be separated (Figure 19). This
result will be further considered in the DISCUSSION.

Column cliromai-;ography , using Sephadex Gel was
employed, because relatively large quantities of extract
could be fractionated.

Column chromatography of S5000 extracts of nitrate-
grown mycelia, on Sephadex G-100, resulted in a complete
loss of nitrite reduc£ase activity. Addition of bovine
serum albumen to fractions collected from the column did
not affect this loss in activity. However, the addition of
crude S5000 extract to fractions coming off the column

following the void volume (post void volume protein)
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Fig. 19.-

Nitrite reductase activity profile from a sedimentation

velocity gradient experiment.

0.5 ml of an S16000 preparation from mycelia grown on
a nitrate medium were layered on a gra&ient as
described in METHODS. Centrifugation was allowed

to proceed for 18 hours at 3900¢ RPM and fractions
were then collected and assayed. 210 units of nitrite
reductase were layered on the gradient and 163 units

recovered. The percent reccvery was 78%.,






81

resulted in an enhancement of the nitrite reductase
activity present in S5000 (Figure 20).

Two questions were asked as a result of this
finding: (1) What is the nature of the protein(s) present
in the post void volume protein fraction (PV) which enhance_s
the nitrite reductase activity in crude S5000 extracts,
and (2) What is the nature of the molecule(s) in crude
S5000 extracts which is enhanced (SE)?

Enhancement of nitrite reductase is dependent on the
concentration of PV, up to 0.8 mg of PV protein (Figure-Zl) .
The enhancement is also dependent on the concentration of
protein in the 55000 extract, and thus, by inference, on
the concentration of SE (Figure 21). The enhancement is
less pronounced when relatively high concentfations of SE
are used (e.g., 3.43 mg) than when 1.74 mg of SE are
employed. This result reflects the fact that at 3.48 mg,
activity is being' measured at an 55000 extract protein
concentration, beyond linear range (see Figure 5). PV
appears to overcome a dilution effect exhibited by the
activity in the S5000 extract.

It was of iAntérest to know if SE and PV were
Present in extracts of mycelia grown on a nitrate, ammonia,
or nitrogen-deficient medium. This was found to be the
case (Figures 22, 23, and 24). The results suggest that

there may not be similar concentrations of PV from the
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Nitrite reductase activity of fractions obtained from

a Sephadex G-100' column.

3 ml of a 55000 extract from nitrate grown mycelia
was placed on a column and eluted as given in
METHODS. 34 ml of eluate was collected in bulk as
voil of volume, then fractions of 1.5 ml were
collected. Aliquots of the fractions were

assayed for nitrite reductase activity O—OQ ;

in the presence of 1.7 mg of S5000 extract protein
6—@® ; in the .presence of 0.5 mg bovine serum
albumin EL—fiE . Values obtained for fractions
assayed in the presence of crude S§000 extract are

corrected for activity present in the crude S5000

extract alone. Cytochrome ¢, added as marker, was

eluted at 83.5 ml.

nitrite reductase activity is 4.8 units.

The error in measurement of. -

the



units of ‘activity

- — N
an ) @) O

O

52 58

mls eluted
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Fig. 21.

Effect of adding different concentrations of PV

protein to different concentrations of crude S5000

extract protein (SE) on the enhancement of nitrite

reductase activity.

S5000 extracts of nitrate grown mycelia were used.
The concentrations of S5000 protein added were:
®—9 , 1.74 mg; O—O , 0.87 mg; AH—4&

3.48 mg; &H—A , 0 mg. All values were corrected

r

for the nitrite reductase activity present in the

S5000 alone.



units of activity enhanced

30

10

mg post void volume protein
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Fig. 22.

Effect of the concentration of S5000 extract protein

(SE), and VP from extracts of nitrate grown mycelia,

on the enhancement of nitrite reductase activity.

SE was obtained from S5000 extracts of ﬁycelia exposed
to a nitrate, ammonia or nitrogen-deficient medium.

PV was obtained as given in METHODS. 0.9 mg of PV

was used in the assays. @—@ represents nitrite
reductase activity of PV plus SE and O—O

represents nitrite reductase activity in the crude

55000 extract alone.
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Fig. 23.

Effect of the concentration of S5000 extract protein

(SE), and VP from extracts Of mycelia exposed to a

nitrogen-deficient medium, on the enhancement of

nitrite reductase activity.

SE was bbtained from S5000 extracts of mycelia exposed

to a nitrate, ammonia or nitrogen-deficient medium.

PV was obtained as given in METHODS. 1.2 mg

of PV was used in the assays. @—@ represents nitrite
reductase activity of PV plus SE and O——0O represents

nitrite reductase activity in the crude S$5000 extract

alone.
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Fig. 24.

Effect of the concentration of S5000 extract protein

(SE), and VP from extracts of ammonia -~ grown mycelia,

on the enhancement of nitrite reductase activity.

SE was obtained' from S5000 extracts of mycelia
exposed. to a nitrate, ammonia or nitrogen-deficient
medium. PV was.obtained as given in the METHODS.

2.5 mg of PV was used in the assays. @&—@ represents
nitrite reductase activity of PV plus SE and O——O

represents nitrite reductase activity in the crude

S5000 extract alone.
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different nitrogen sources.

The question was whether the molecule(s) present
in SE, which is (are) enhanced, is (are) protein. SE
was stable after two hours of dialysis (Table 9) and
sensitive to heat-treatment (Table 10). These results
suggest that SE is a heat-sensitive macromolecule which
may be protein in nature.

It is difficult to conclude anything concrete
from these results. However, they do suggest that nitrite
reductase contains at least one protein, which dissocia.tesn
during fractionation and is necessary for nitrite reductase .
activity.‘ The p:.;esence of PV as well as SE in extracts of
mycelia exposed to a nitrate, ammonia or nitrogen-deficient
medium suggests that there is at least one component.
in common to the nitrite reductase(s) from all three

sources.
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Table 9

Effect of Dialysis of Crude S5000 Extracts, from which SE

is Obtained, on the Enhancement of Nitrite Reductase

Activity

PV was obtained from S5000 extracts of nitrate-grown
mycelia subjected to column-chromatography. SE was from
S5000 crude extracts of nitrate-grown mycelia. Dialysis
was carried out as given in METHODS. '

Treatment mg Crude mg Post Units Units
S5000 Void Volume Nitrite Nitrite
Extract Protein ‘Reductase Reductase
Protein In Assay (Total) Enhanced
In Assay (PV)
(SE)
Untreated 2.8 1.2 62.4 9.6
1.4 1.2 36.0 26.4
0 1.2 0
2.8 0 52.8
1.4 0 9.6
Dialyzed 2.4 1.2 36.0 4.8
1.2 1.2 26.4 26.4
0] 1.2 0
2.4 0 31.2
1.2 0 0
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Table 10

Effect of Heat-Treatment of Crude S5000 Extracts from Which

SE is Obtained on the enhancement of Nitrite Reductase Activity

PV was obtained from S5000 extracts of nitrate-grown mycelia
subjected to column chromatography. SE was from S5000 crude
extracts of nitrate-grown mycelia. The S5000 crude extract
(SE) was heated at 100°C for five minutes.

Treatment mg S5000 mg Post Units Units
of SE Crude Void Volume Nitrite Nitrite
Extract Protein Reductase Reductase
Protein In Assay (Total) Enhanced
In Assay (PV)
(SE)
Um‘:reated‘ 2.4 1.8 42.0 13.2
0 1.8 0
2.4 0 28.8
Heated 2.4 1.8 4.8 0
0 1.8 0
2.4 0 4.8































work, with separation and purification techniques, must

clarify the presence of two enzyme activities.
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APPENDIX

Isolation and Testing of Mutant 25

. Mutant 25 was the only strain selected for
testing. Mutant 25 grew on a casamino acids and amhonié
medium lige the wild type strain. Although the mutant
did grow to some extent on nitrate and nitrite, the
rate of growth was much slower than that of the wild
type, indicating that 25 has a defect-in the utilizatioh
of nitrite. Figures 25 and 26 give the growth patterns

of wild type and mutant 25 on different nitrogen sources.
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E_ig. 25.

Growth curves of pan-2B-364 on different nitrogen

sources at 27°C.

Casamino acids

—@
Ammonium tartrate O—0O
Potassium nitrate B—@

o—4a

Sodium nitrite

Filter-sterilized sodium nitrite (0.5 g/l) was added

to neutralized medium.
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Fig. 26.-

Growth curves of mutant 25 on different nitrogen

sources at 27°C.

Casamino acids o—6
Ammonium tartrate O—O
Potassium nitrate §g——8
Sodium nitrite O—(O
Filter-sterilized sodium nitrite (0.5 g/l1l) was

added to neutralized medium.
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