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Effect of Molybdenum Deficiency on 
Nitrate Reductase in Cell-free Extracts 

of Neurospora and Aspergillus 
ALTHOUGH munerous investigators have shown 

that molybdenum is important for the utilization of 
nitrate nitrogen by fungi and higher plants1 •2, the 
role of ~he micronutrient element in the enzyme 
systems mvolved has not been determined. We have 
recently been able to show that the concentrations 
of nitrate r~ductase in cell-free extracts of molyb
denum-defiment Neurospora and Aspergillus are 
markedly decreased to the extent of one-fifth to one
thirtieth of that of normal tissue. However the 
nitrite activity, designated as nitrite reductas;•, of 
these extracts was significantly increased in Neuro
spora (5297a) and Aspergillus compared to that of 
the controls. 

Neurospora crassa wild typos 146 (microconidial 
type) and 5297a (macroconidial typo) were grown on 
a modified Fries medium containing nitrate as the 
sole source of nitrogen, and on another in which 
ammonium nitrate and ammonium tartrate were 
supplied•. Aspergillus niger (M strain) was grown 
on a nit~ate medium•. The removal of molybdenum 
was achieved by the copper and lead coprecipitation 
methods as previously described•••; molybdenum 
was then added back to some of the media which 
ser:ved as the controls. Cell-free extracts and dry
w01ght measurements were obtained by a method 
described elsewhere5• Protein content of the enzyme 
e,xtracts. ~8:s determine? by the biuret procedure5

• 

'I he activities of the mtrate and nitrite reductases 
were m?asured b~ t~ie appearance and disappearance, 
respectively, of mtnte and are expressed in the same 
units as defined earlier•. At least 80 per cent of these 
enzymes were present in the coll-free extracts as com
pared to tho whole homogenates. 

1:'h? accompanying table shows that the specific 
activity of mtrate reductase in cell-free extracts of 
molybdenum-deficient Neurospora is reduced to 10-50 
per cent of that of the controls whether grown on a 
medium containing only nitrate or both nitrate and 
ammonia as the source of nitrogen. Aspergillus 
showed the same general response (see table) as 
N eurospora ; the molybdenum deficiency obtained 
with Aspergillus w~s more severe as indicated by 
growth, and accordmgly the decrease in nitrate ro
ductaso was greater, resulting in values 4-6 per cent 
of t_h~t of the ?or_itrols. On the other hand, the specific 
activity of mtnte reductase in Neurospora (5297a) 
and Aspergillus was considerably increased in cell-free 
extracts of molybdenum-deficient tissues · in some 
insta~ces a 15-fold_inc_rease was recorded. Preliminary 
expenments have md1cated that the nitrate reductase 
in Aspergillus has the same requirements in terms 
of its . specificity for reduced t,riphosphopyridine 
nucleotide and its activation by flavin adenine 
dinucleotide or flavin mononucleotido as in N euro
spora. The nitrite reductase appears to be similar 
to that found in N eurospora. 

The addition of molybdenum (I0-3 microgram per 
0 ·5 _ml. reaction mixture) to the molybdenum
defic10nt extracts failed to increase nitrate reductase 
activ_ity. The mixing of extracts of molybdenum
deficient and normal mycelia of Neurospora demon
strated the absence of an inhibitor or activator in 
the tissues in regard to both nitrate and nitrite 
reductase activities. 

It has already been shown that individual deficien
cies of iron, zinc and manganese in N eurospora crassa 

EFFECT OF MOLYllDENUM DEFlCIENCY ON NITRATE REDUCTASE OF 
_ . . N eurospora AND AspergiUus EXTRACTS 

Umts of nitrate reducta.se expressed as µM x 10• of nitrate formed 
per mgm. protein 

Nitrogen Treat- Per cent Nitrate• 
Fungus source ment growth reductase 

N eu,.rospora crassa 
No. 146 Nitrate only +Mo 100 20·5 

-Mo 29 4·8 
5297a Nitrate only +Mo 100 10·7 

-Mo 32 I ·2 
146 Nitrate and +Mo 100 48 

annnonia -Mo 50 20 
5297a li'itrate and +Mo 100 14·2 

arrnnonia -Mo 55 2·2 
Asperyillus niger 

M strain Nitrate only +Mo 100 45·3 
-Mo 5 1 ·O 

M straint Nitrate only +Mo 100 38·8 
-Mo 31 2·4 

~ React.ion mixture contained the following : o · 1 ml. o · I M pot
assmm mtra.te, 0·02 ml. 10-• M potassium cyanide, 0·04 ml. flavln 
monon'!cleotide (500 µgm./ml.), 0 ·04 ml. reduced triphospbopyriuine 
n1;1cleot1cte (2 µM/ml.). The reaction mixtures were made up to 0 ·5 rrJ 
with 0 ·1 M pyrophosphate buffer, pH 7 ·0. · 

'+ Mo' cultures contain 2 µgm. Mo per 125 ml. (Neurospora) and 
2 µgm. Mo per 50 ml. (Aspergillus). 
flaJk~~ this experiment, 10-• µgm. Mo only was supplied to the"_ Mo" 

(5297a) resulted in a marked increase in nitrate 
reductase, while a nitrogen deficiency caused a 
striking decrease•. We have recently produced a 
copper deficiency in Neurospora (5297a and 146) by a 
do~ble sulphide ~rocipitation technique at pH 3 ·7 2,•, 

wh~c~ resul!ed m a four-fold increase in specific 
a?t1v1ty of mtrate reductase as compared with normal 
tissues. Thus only a nitrogen deficiency (which 
presumably affects protein metabolism) and molyb
denum deficiency lower the nitrate reductase. 
Whether molybdenum is a component of the nitrate 
reductase system or whether it exerts its effect in
directly by influencing protein metabolism is not 
known. Experiments now in progress may elucidate 
this point. 

This investigation was supported in part by 
research grants from the National Institutes of 
Health, United States Public Health Service and 
the Office of Naval Research. ' 

Note added in proof. Since this communication was 
submitted we have demonstrated that both the 
molybdenum content and specific activity of nitrate 
reductase i1;1crea~o ~ith purification of the enzyme. 
MOI:eover, mact1vat10n of the enzyme by dialysis 
agamst cyanide is accompanied by a decrease in 
molybdenum content of nitrate reductase. The 
inac_t~vated enzyme is almost fully restored by the 
add1t10n of molybdenum trioxide or sodirnn molybdate 
as compared to the other micronutrients. 
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