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Short Communications 

Spectrographic determination of molybdenum in the 
nitrate reductase from Escherichia coil 

EGAMI et al. 1 have separated a nitrate reductase from E.  coli cells and studied its 
properties. Some of the results on the solubilization and purification of this enzyme 
are presented by TANIGUCHI AND ITAGAKI elsewhere. The present authors have 
collaborated with them in the spectrographic analysis of the metals present in the 
nitrate reductase and the results obtained are briefly described in this communication. 

Qualitative spectrographic analysis of the nitrate reductase samples showed 
the presence of molybdenum and iron. Molybdenum was determined spectrographi- 
cally and iron colorimetrically. 

For the spectrographic determination of molybdenum in silicate materials, 
several authors have found that  calcium phosphate, alumina and sodium carbonate 
enhanced the line intensity of molybdenum 2, 3, and vanadium and palladium were 
suitable as internal standards 4, 5. After examination of various substances as base 
material for the analysis of molybdenum in biological materials, we have found 
NaC1 to be the best, with palladium and vanadium as suitable internal standards e. 

Standard samples of molybdenum containing 5, IO, 26, 52, lO4 and 205 p.p.m. 
MoO3 which corresponded to 3, 7, 18, 35, 69 and 137 p.p.m. Mo were prepared by  
thoroughly mixing pure MoO 3 and graphite powder in an agate mortar. These mixtures 
were then mixed with NaC1 and graphite powder containing 50 p.p.m. V and 50 p.p.m. 
Pd in the ratio of I : i : I. 8 mg of the standard sample was placed in the hole of the 
cathode (Fig. I). A medium quartz spectrograph was used under the following 
experimental conditions: excitation, D.C. 18o V; cathode layer method; exposure, 
the current was held at 3, 5 and 7 A. for 30 sec respectively and finally at 9 A until 
the sample was burnt off; Fuji spectroscopic process plate. 

The line pairs selected were Mo 317o.35-V 3185.4 ° ft, and Mo 317o.35-Pd 3442.7 ° 
2~. Linearity holds for the former pair in the range 7-14o p.p.m. Mo and for the latter 
in the range of 35-14o p.p.m. Mo. Therefore vanadium was used as the internal 
standard and the molybdenum content was calculated by using the working curve 
shown in Fig. 2. 
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Fig. I. Electrodes used for the spectroscopic "9 
analysis,  with cathode below. The dimensions ~ o.5 
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Fig. 2. Standard curve for the spectrographic 
analysis  of molybdenum in the ni trate  re- 

ductase. 
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The n i t r a t e  reductase  sepa ra t ed  from E. coli was decomposed b y  fuming H N O  8 
and  30 % H 2 0 ,  and  the  residue was mixed  wi th  equal  amoun t  of g raph i t e  powder  
as descr ibed b y  TANIGUCHI AND ITAGAKI ~. NaC1 and  the  graphi te  powder  con ta in ing  
50 p .p .m.  V and  50 p.p.m.  P d  were then  a d d e d  in the  ra t io  of I : I : I.  

The inac t ive  pro te in  which was sepa ra t ed  a t  an in te rmedia te  s tep of the  purif ica-  
t ion of the  n i t r a t e  reductase  was used as the  control  mater ia l .  I t  was mixed  wi th  
NaC1 and graph i te  in the  same w a y  as the  n i t ra te  reductase  sample,  and  o ther  ex- 
pe r imenta l  condi t ions  were also the  same. The inac t ive  pro te in  con ta ined  11 p.p.m.  
Mo and  this  value  was used as a correct ion to the  m o l y b d e n u m  con ten t  of the  n i t r a t e  
reductase.  A d ia lysa te  of the  n i t ra te  reductase  and  the inac t ive  pro te in  also conta ined  
i i  p .p .m,  molybdenum.  

Two samples  of the  n i t r a t e  reductase  were found to conta in  87 p.p.m,  and  lO8 
p .p .m.  Mo (corrected values).  The reproduc ib i l i ty  of the  spec t rographic  analysis ,  
measured  b y  ana lys ing  r epea ted ly  the  inact ive  protein,  was ± I I  % for a m o l y b d e n u m  
conten t  of abou t  I I  p .p .m.  

A s tep-sector  me thod  was also used to de te rmine  m o l y b d e n u m  in the  n i t r a t e  
reductase.  In  this  case bo th  the  s t a n d a r d  and  the n i t r a t e  reductase  samples  were 
mixed  with  NaC1 in the  ra t io  of I : I and  exci ted  b y  the ca thode- layer  method .  A sector  
wi th  seven steps was p laced  in front  of the  slit  of the  spec t rograph  and  the lengths  
of the  m o l y b d e n u m  lines 317o.35 A and  3193.97 • were p lo t t ed  agains t  the  mo lyb -  
denum contents .  A sample  of the  n i t r a t e  reductase  was found to conta in  96 + 20 
p .p .m.  Mo (corrected value) b y  this method.  

Thus  the  m o l y b d e n u m  contents  of three  samples  of the  n i t ra te  reduc tase  were 
87, 96 and  lO8 p .p .m,  which corresponds to a lmost  one a tom Mo for one molecule 
of the  n i t r a t e  reductase.  
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