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Fig. 34. Profile of mitochondrial respiratory activity 

in sucrose density gradient through which 

extracts of mutant T23 mycelia derepressed at 

37°C (a) and of mutant 'O' derepressed at 

27°C (b) have been centrifuged _until equilibrium. 

One ml of the homogenate prepared as described in 

METHODS was layered on the gradient. 
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Fig. 35; Profile of mitochondrial respiratory activity 

in a sucrose density gradient through which 

an extract of mutant T13 mycelia derepressed 

at 37°C has been centrifuged until equilibrium. 
- ~;;.::·,,'1 

One ml of homogenate prepared as described in 

METHODS was layered on the gradient. 

·" 
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(2) that mitochondria are present in fractions which contain 

nitrite reductase activity (Species I, II, III and part 

of IV) . 

If binding of nitrite reductase to a particle is 

necessary for activity, the species of activity absent in 

sucrose density gradient profiles of the mutants could be 

due either to missing nitrite reductase enzymes or to missing 

or defectiv~ particles to which the nitrite reductase 

molecule normally binds. The following experiment was 

carried out to try and resolve this question. Repressed 

wild type strain should have all the particles necessary 

for growth on Casamino Acids because it can grow normally on 

this medium. If non specific binding of nitrite reductase 

to particles is necessary for activity, the species of 

activity missing in the mutant nitrite reductase activity 

profile should be regenerated when mixtures of extracts of 

wild type mycelia repressed at 27°C and extracts of derepressed 

mutant mycelia are analysed by sucrose density gradient 

centrifugation. Mixtures (1:1) of extracts of wild type 

mycelia repressed and 27°C and of extracts of mutant 'O' 

mycelia derepressed at 27°C or of mutant T13 derepressed at 

37°C were subjected to equilibrium sucrose density gradient 

centrifugation. Similar nitrite reductase activity profiles 

were obtained whether the mutant extracts were centrifuged 

alone or in mixtures with repressed wild type extract (Fig. 36). 

This experiment shows that nitrite reductase does not bind 
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loosely . and non-specifically to particles. The data are 

also compatable with the hypothesis that nitrite reductase 

is tightly bound to different types of particles. 
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Fig. 36·. Profiles of nitrite reductase ~ctivity in sucrose 

density gradients_ through which mixtures of 

extracts of repressed· wild type mycelia and of 

derepressed mutant 'O ' _or of mutant T
13 

mycelia 

_ have been centrifuged until equilibrium. 

· (a) Profiles of nitrite reductase activity of extracts 

· of T13 mycelia derepressed at 37°C (6--·~) , of wild type 

mycelia repressed at 27°C (•--•) and of a mixture (1:1) of 

extracts of wild type mycelia repressed at 27°C and of 

mutant T13 mycelia derepressed at 37°C (c .... a). Units of 

nitrite re~uctase activity layered on the gradients and 

percent recovery of activity from the gradients respectively: 

extract of T13 myceli~ derepressed at 37°C, 42 units and 78%; 

extract of wild type repressed at 27°C, 37 units and 79%; 

mixture of ext~acts of, T13 mycelia derepressed at 37°C and 

of wild type repressed at 27°C, 36 units and 61%. 

(b) Profiles of nitrite reductase activity of extracts of 

mutant 'O' mycelia derepressed at 27°C (b--b) and of wild 
/ 

type repressed at 27°C (•-•). Units of nitrite reductase 

activity layered on the gradients and recovery of activity 

from the gradients respectively: extracts of mutant 'O' 

mycelia derepressed at 27°C, 50 units and 61%; extract of 

wild type mycelia repressed at 27°C, 37 units and 79%. 

(c) Profiles of nitrite reductase activity in sucrose density 

gradients through which a mixture (1:1) of extracts of wild 

type myr.elia repressed at 27°C and of mutant 'O' mycelia 
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Fig. 36 . (continued) 

repressed at 27°C were centrifuged until equilibrium (tl·····D ) • 

Units of activity layered on the gradient and percent 

recovery of activity from the gradient respectively: 

50 units and 75%. 

./ 
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DISCUSSION AND CONCLUSIONS 

The following conclusions can be made from the 

studies reported here: 

1. It appears that · at least three and probably four genes 

and at least three and probably four cistrons are 

involved in the control of nitrite ~eduction. The 

genes are located on two linkage groups and are not 

allelic to the genes controlling nitrate reductase. 

2. Nitrite reductase activity is present in ~ore than one 

differential centrifugal fraction of extracts of 

derepressed wild type mycelia. Nitrite reductase 

activity is present in fractions from differential 

centrifugation and.from equili~rium sucrose density 

gradient centrifugation which also contain mitochondria. 

3. The sucrose density gradient studies suggest that 

species IV of nitrite reductase activity which is 

present in extracts of mycelia of strains able to 

grow on nitrite but absent from extracts of mycelia 

of mutants unable to grow on nitrite, may be the 

activity necessary for the in vivo reduction of nitrite. 

The conclusions from the genetic studies are 

made with the reservation that the very low germination 

obtained in crosses could represent differential germination 

- 126 -
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of p~enotypes. The recombination data from the crosses 

was, however, in agreement with the complementation 

studies. 

The nitrite-non-utilizing mutants obtained in 

this study had nitrite reductase activity (4). This 

finding could be explained in the following three ways: 

(a) The assay system used (4,5) does not measure an in 

vivo activity, 
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(b) The assay system used measures more than one activity, 

(c) Nitrite reductase is localized within a particle. 

A permease barrier in the mutants could prevent nitrite, ~ 

which has resulted from nitrate reduction in the cytoplasm, 

from entering the particle and being further reduced. Such 

particles could have been disrupted during the extraction 

procedure (4,5) and th~ enzyme thus exposed to its substrate. 

Evidence is presented that suggests hypotheses (b) and 

(c) may be involved. 

The nitrite-non-utilizing mutants of Silver and 

McElroy (58) also had nitrite reductase activity. However, 

the nitrite reductase assay used by these workers is now 

known to be doubtful. No attempts were made to determine 

how the -nitrite reductase activity of the mutants differed 

from that of the wild type strain. In this study extracts 

of mutants were found to differ from extracts of the wild 

type strain in the presence of certain species of nitrite 

reductase when analysed by sucrose density gradient 
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centrifugation. 

Nitrite reductase in higher plants is reported to 

be localized within an organelle (2,28,36,46,51,52,72). 

The studies with differential centrifugation and equilibrium 

sucrose density gradients reported here also suggest an 

association of nitrite reductase activity with subcellular 

particles. These studies also suggest that there is more 

than one kind of nitrite reductase in Neurospora crassa. 

The nitrite reductase activities represented by 

species I at 27°C and by species I*and species II* at 37°C 

may be constitutive. It is possible that some of the species 

I activity is associated with whole cells which were not 

disrupted during the extraction procedure. The activity 

in tnese species was approximately one fifth of the total 

nitrite reductase acti~ity recovered from a gradient through 

which extracts of derepressed wild type mycelia had been 

centrifuged until equilibrium. The finding of a possible 

constitutive nitrite reductase species is in agreement with 

the report of Cook (4,5) that casamino acids (repressing 

medium) only partially repressed nitrite reductase. The 

level of specific activity of nitrite reductase in extracts 

of repressed mycelia was one third to one quarter of the 

specific activity obtained in extracts of derepressed 

mycelia. 

* cf. RESULTS, page 94 
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The analysis of nitrite-non~utilizing mutants by 

equilibrium sucrose density gradient centrifugation, 

suggests that of the five nitrite reduqtase species observed, 

species IV* may be necessary for the reduction of nitrite 

in vivo. This species (IV) is present in strains which can 

grow on nitrite but ·absent in the two mutants which are 

unable to grow on nitrite. Much variation was observed 

in the position in the gradients of the various species 

of nitrite reductase activity. These "studies should 

therefore be continued and should be further substantiated 

with the analysis of other mutants that are unable to 

grow on nitrite. 

~ · 
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TABLE 8 

Phenotypic Characteristics of Presumptive Mutants 

Strain Growth of Mycelium on .Accumulation of Nitrite 
Various Nitrogen Sources mµ moles/ml of media/mg 

% of dry weight on dry weight at 70 hrs 

casamino acids 

Amino NH 3 N03 N0 2 Acids 

A 230 39 11 28 0.14 
B 260 40 8 14 0.14 
c 193 56 27 10 0.14 
D 170 53 23 27 2.2 
F 80 85 25 38 0.16 
I 260 .38 16 5 0.13 
J 100 60 6 25 1.03 
M 100 42 . 8 10 1.07 
N 150 43 8 11 1.11 

'"- 0 230 44 2 2 9.52 
Q 150 30 5 15 0.64 
R 115 5 4 4 12.36 
T 20 
u 175 57 28 3 0.53 
v 8 
w 212 56 92 6 3. 9 8 
x 210 48 12 6 0.95 
y 215 47 30 2 3.76 
z 140 54 4 2 3.54 
A-1 260 15 2 4 3.00 
A-2 160 48 1 9 0.06 
A-5 180 
A-6 185 51 46 13 0.05 
A-7 40 60 13 23 0.16 
wild type 220 43 55 48 0.11 
nit-1 265 43 1 12 0.01 

Each strain was tested semiquantitatively for growth on 

various nitrogen sources and for accumulation of nitrite 

at 27°C as described in METHODS. 
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TABLE 9 

PhenotyEic Characteristics of PresumEtive Mutants 

.strain Growth of Mycelium on Various Accumulation of Nitrite 
Nitrogen Sources mµ moles/ml of media/mg 

% of dry weight on dry weight at 70 hrs 

casamino acids 

Amino Acids Nitrate Nitrite 
27° 37° 27° 37° 27° 37° 27° .37° 

T-1 233 1 3 0 0.09 
T-2 47 352 34 28 18 12.9 17.18 
T-·3 41 3 10· 0.01 
T-4 257 20 9 17 10 0.06 0.31 
T-5 140 160 7 2 23 0 0.56 
T-6 145 118 3 3 8 0.02 0.95 
T-7 220 195 3 3 16 0 0 .16 
T-8 243 200 15 34 10 0.04 0.81 
T-9 197 200 18 35 20 0 4.90 
T-10 200 185 5 6 12 0.25 1. 24 
T-11 264 15 10 0.06 0.40 
T-12 0.34 13.04 
T-13 153 187 11 1 21 4 0.88 9.39 
T-14 160 190 56 46 6 0.05 2.09 
T-15 173 , 5 
T-16 175 320 20 25 13 0.17 0.77 
T-17 172 175 28 24 24 1. 21 0.82 
T-18 223 195 29 26 14 3.22 0.51 
T-19 175 195 47 17 11 0.31 0.59 
T-20 100 133 72 35 69 3.44 7.47 
T-21 225 49 0.26 0.27 
T-22 221 67 0.15 0.20 
T-23 222 309 74 27 . 44 39 0.11 0.94 
T-24 255 48 0.15 0.19 
T-25 337 36 0.15 0.61 
T-26 230 28 0.33 0.24 ' 

T-27 236 29 0.21 0.21 
T-28 288 63 0.15 0.83 
T-29 305 39 0.18 
T-30 221 15 0.33 0.32 
T-31 232 76 0.45 0.09 
T-32 210 49 0.16 0.66 
T-33 225 31 0.14 0.33 
T-34 100 70 2.15 4.41 
T-35 277 27 0.30 0.26 
T-36 61 59 0.39 1.01 
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TABLE 9 (continued) 

Strain Growth of Mycelium on Various 
Nitrogen Sources 

% of dry weight on 
casamino acids 

Amino Acids Nitrate Nitrite 
27° 37° 27° 37° 27° 37° 

T-37 151 46 
T-38 213 75 44 37 
T-39 202 49 

wild type 226 192 24 55 48 18 
nit 265 213 1 1 12 i2· 

143 

Accumulation of Nitrite 
mµ moles/ml of media/mg 

dry weight at 70 hrs 

27° 37° 

0.19 0.24 
3.74 0.41 
0.40 2.01 . 
0.16 0.88 
0.04 0.14 
0 0 

Each strain was tested for nitrite accumulation and for 

growth on various nitrogen sources at 27°C and at 37°C as 

described in METHODS. 
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