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Nitrate roductane ham been 8hown (Nichola8 and Na8on, 1954) to be an 

dectron tran8fer 8y8tem in which the initial electron donor i8 ustiy 

reduced triphorrpho-pyridins nucleotide (TPNH) and the finsl acceptor i8 

nitrate. The sequence of tran8fer Of the deCtroXk i8 from TPNH to fkine 

adenine dinucleotide (FAD) to molybdenum to nitrate. 

Cytochroma c reducta8e and nitrate reducta8e of Neuro8por8 cra88a 

have been 8how-n to be intimately a88oci8ted during purificatim (Kin8ky 

and McElroy, 1958), the ratio of the two activities rensinkg con8tant 

beyond the fir8t ammonium ntiphate pred#tzdion up to a seventy-fold 

concentration of nitrate reduct88e by either of fwo different methods. 

Both aCdVitieB are ad&pdVe on nitrate; tbi8 further 8Ugge8t8 that they 

are functio&y a88ociated. 

In the preeent 8tudie8, a very similar picture hae emerged. Both 

8pecifii activitie8 increa8e eimultaneou81y when a rnycm pad iB tr8n8- 

ferred from a medium with no nitrate to one in which nitrate, or nitrite, 

i8 the 8de 80urce of nitrogenJ both Bim~t8neou8ly decrea8e when the 

pad i8 transfarred from a medium containing nitrate a8 the 8de source 

of nitrogen to a medium containing no nitrate. Sucrose density gradient 
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centrifugations of crude extracts Gom nitrate adapted Neurospora show 

nearly identical activity profiles for the two activities. 

The evidence just described doe6 not rule out the porribility that the 

entire catalyds is carried out by an aggregate of units of which each 

carries out part of the reduction, but of which each individual component 

is incapirbla of effecting the entire electron tranmport from TPNH to nitrate. 

It Beems quite reasonable to accept Kin&y and McElroy% interpreta- 

tion that the cytochrome c reduction is a branch function of nitrate redudasa 

That cy&hrome c is not an intermediate 2-n the main path of the redox chain 

ie suggested by th4 fact that if one reduces cyt~chrom4 c with TPNH using 

nitrate reductase, the cytochrome cannot be reoxidiaed anaerobically with 

nitrate in the prerencs of this ensyme (Kineky and McElroy, 1958). 

Forty mutants lacking nitrate reductanr and able to grow on nitrite but 

not t;anitrate, have recently been reported in Aspergillus (Cove and Pateman, 

1963), In that study, at hart six cistronm have been implicated in the control 

of the reductase. Previous investigation6 with Neurospora hrve demon&rated 

the 4xi4t4nc4 of two classes of nitrate reductaseless mutant8 (Silver and 

McElroy, 1954): the first has an inhibitor of nitrate reductase, the eecond 

grows on nitrate at pm.0 but not at pH5.6. Complementation studiea with 

these mutants were complicated by the varied genetic backgrounds of the 

auxotrophs, and the mutants were not mapped by recombination. In other 

studies (Barratt et al., 1954, Houlahan et al., 1949; Perkins, 1959), three 

different genes controlling the utiliaation of nitrate nitrogen have been 

identified, but no enaymological studies were performed. 

It is pertinent at thim point to ask which gene controls which step in 

the reduction sequence. To attempt to answer this queetion a comparative 
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genetic and ensymological study waa carried out with the three genetically 

mapped nitrate non-utilising strains and with 35 new mutsnts of Neurospora 

crassa atrain 74A produced in this laboratory. These mutanta are all 

characterised by a) having no detectable nitrate reductasc; b) their lack of 

growth on nitrate aa a aole source of nitrogsnl c) their growth lihc wild type 

on ammonia or nitrite: d) their inability to accumulate measurable amounta 

of nitrite when grown on a one percent nitrate medium Igorger, 1963). 

Three genes have been shown to be concerned with nitrate reductase by 

forced complementation studies; these genea have been found by recombina- 

tion studies to correspond to the three known loci controlling the utilization 

of nitrate nitrogen. One mutant (nr 15), however, has thus far defied clasd- 

fication into one of these three categories, a nd may represent a fourth locus 

(Sorger, 1963). 

Each mutant locus is associated with a different phenotype. The first 

e) laths the overall reductive function, but retaina the nitrate adaptive 

cytochrome c reductase, The second (nit-2) ha6 neither adaptive activity. 

The third {nity3) lacks both adaptive reductases and behaves differently from 

the othera in crude extract mixtures (Table 1). When a volume of cell-free 

extract from a nitrate-adapted or unadapted nit-l or nit- 2, or from unadapted -- 

wild type is mixed with sn equal volume of nitrate-adapted wild type, nitrate 

reductase activity is greater than if one dilutea with the same volume of 

buffer. I f  one doea the same experiment with a crude extract from nit-3, 

nitrate reductase activity is equal to or less than for a sirniI.ar dilution 

with buffer. Cytochrome c reductase activity ig halved in all such crude 

extract mixturea, The one genetically mapped Aspergillus nidulans 

mutanbni-3, (mfer, 1958) ha6 been studied as a comp&aon, and it has 

been found to resemble I& i. It has no nitrate reductase, but possesses 
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VT I NO; 87f: l2 7.2f 0.7 
II -N 232 1 0 

IIit-1 ii A n NO? 86 0 
lR A -N 36 0 

nit-2 XL B NO; 20 f 5 0 
11 IL B -N 2lf5 0 

nit-3 IYR c NO; 29 f 5 0 
It c -N 18 f 3 0 

* 

# 

An~~spcnmtoamycallclpodfna8turdineculftrreinvbich 
NH3wasthe~ahwu~ceofnitroge1~ Thepdwarfhencutintonearly 
flurl sectors, and UC& l ctor heated (LI follows: NO; meazm the rector 
vrs~for~horrrripthadrrtonrrotrr)rrhrl*rinrmedirun 
re@lingFrie~but c4lntahg 6odhnpotudutnta~ted sdium 
nitrate iustead of ammonium brtrate ad ammonium uitrate~ -N m- 
the uctor wm shaken in a mdinm resembling h rbuve# bmt without a 
nitrogen 8ource. 

Cytochrame c rdaw2Ws ewa~mamrudbythanuthodofKimkyaml 
McElroy(Kixuky&ndBlkElroy,1958). oneuuitspecificrctivityi8 
de&aedu 8 change in8brorbauce ofO,.Ol/minute rt550m)uinrlcm 
Ugbt posh per mg. of proteh at roam temper8ture. 
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a nitrak-adaptive cytecbrome c reducbm (Table 2). 

Nitrate (NR) and cytochr-a c (CR) reductrsle in wild type and 
mutant Aepergillur l 

u chromosomal Yean Spedfk .Activity f6 
strain hcp. LocatiQn NSourca Q MC- 

WT 1 NO; l20 lL7 
” 1 -N 40 0.7 
84 2 ” NQ3 66 7.5 
II 2 -N 30 0.4 
II 3 No? 77% 16 25. oil,9 
19 3 -N 43*15 o.s*lA 

ni-3 1 mx NQ3 70 o..s Yi-- 
1 

I, 
44 35 0.0 

* 2 1, NW 120 0.3 
n 2 n -N 25 0.0 
19 3 I NO- 63% 6 0.0 
II 3 n -N3 5123 0.0 

* Previded by EL Kifu as a coanphx steck rad outcremaad by Jean Foley. 
It.n gelxqpeir yni-3. 

** Exparimento 1, 2 8nd 3 differ in tie conditions uued f&r adaptation on 
aitJ3h. 

*** Nitrate reductaae wan m eamued as beform, except for the incubation 
tin38 whicb im 30 rningtas and the quautity of extract added which i8 
0.4 mL Specific activity is thusfore d&ned am differanu in abrorb- 
anc~at54Omuin30minutarprmg. ofprotainin~3,2ml,of 
clear l upern8tant. 

The above evidencr pravidas a wohing model far nitrate reductua 

in Neuronpora and Amper&llust two structures, at learnt, muh co-operate 

to carry out the entire reductbn from TPNH to nitrate. The firat carriaa 

the electron from TPNH to FAD, and if supplied with cytochroma c under 

the right comditions, will tranmfer tie electron to it, This dructure i8 

probably under the control of nit-2, because whsn this lacua ia alterad, no 

nitrate adaptive cytochrome c reductrue is produced. The ~ecamd structure 
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carries the electron from FAD to molybdenum and then to nitrate and is 

probpbly under the control of nit-l, since in this mutant class the entire 

reductasa cannot functions however, thr nitrak adaptive cytochroma c 

raductase still can. (In E coli it has already hen shcram tbat an enqxm 

which carriss the electron from cytochrorna b to molybdenum and thence to 

nitrate can be separated from tbs remainder of the electron transport chain) 

(Taniguchi et. al., 1959). When both structures are associated under the 

right conditions, they ate capable of co-operating to carry out the entire 

electrontransfer. The fa.ctthatnit-3 reprssantsa mutantckssnot included 

in the hypothesis and that nr 15 represents perhaps another one suggests the 

model is an wersimflcadon. At this point* however, it is not very use- 

ful to include these mutants in tha hypothesis. 

The hypothesis i6 uummariaed schematically below in Ngure 1. 

Fig.L Functional Model of Nitrate Reductase in Neurospora and Aspergillus 
Cytochrome c 1 

Reduced 

Function of etructure under 
control of nit-2 (Neurospora) 

Function of structure under control of 
nit-l (Neurospora) I - 
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