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Studies on folic acid reduction 

Previous investigations carried out in this labora tory  have been concerned with the 
reduct ion of dihydrofolic acid b y  a sheep-liver enzymeZ, ~. The subject of the present 
communicat ion is the reduct ion of folic acid, pteroylaspart ic  acid, and teropterin 
(diglutamyl relic acid) by  a sheep-fiver enzyme and the non-competi t ive inhibition of 
this enzyme b y  aminopterin.  

The enzyme was prepared from an acetone powder of sheep liver by  extraction 
with water  and was purified about  3-fold by  (NH,)~SO 4 fractionation and isoelectric 
precipitation of protein at p H  4.5. Most of the enzyme act ivi ty  was in the fraction 
which precipitated between 30 and 50 % saturat ion with (NH4),SO 4. The enzyme 
was stable at low pH values and remained in solution at pH  4.5. The reduction of 
folic acid was measured by  following the non-enzymic decomposition of dihydrofolic 
acid as described previously*. The specific requirement for T P N H  a and the low p H  
op t imum (about p H  5) of relic acid reductase made it appear  unlikely tha t  relic acid 
was being reduced to  the t e t r ahydro  level by  the relatively crude enzyme preparation.  
The enzyme preparat ion contained dihydrofolic acid reductase but  this enzyme requires 
D P N H  as an electron donor at p H  5z, 3, T P N H  being only slightly effective. Folic acid 
reductase showed only slight act ivi ty  when D P N H  was used as the electron donor. 
Table I shows the  substrate  specificity of the enzyme. 

TABLE I 

SUBSTRATE SPECIFICITY OF FOLIC ACID REDUCTASE 

Incubations were carried out at 37 ° for 3 ° min in the presence of 0.25 mg TPNH, 1.o ml of enzyme 
preparation, and I.O ml o.I M sodium acetate buffer, pH 5.0, in a total vol. of 2. 4 ml. The reactions 
were terminated and the mixtures deproteinized by the addition of i.o ml 15 % trichloroacetic acid. 
Aliquots of the deproteinized mixtures were assayed by diazotization as described elsewhere ~. The 
concentration of substrate in each case (except aminopterin) was determined in a preliminary 

experiment to be sufficient to yield a zero-order reaction under the given conditions. 

Substrate Substrate reduced 

Folic acid 1.34 
Teropterin 1.34 
Pteroylaspartic acid 0.23 
Aminopterin o.oo 

Aminopter in  (4-aminofolic acid) at extremely low levels completely inhibited 
folic acid reductase. Folic acid was ineffective in reversing the inhibition bu t  the 
degree of inhibition was found to  be a funct ion of the enzyme concentration, as has 
been reported in the case of irreversible or pseudo-irreversible inhibitions 4-e. Thus it 
was found possible to  t i t ra te  folic acid reductase with aminopterin (Fig. i), the 
equivalence being 5.4.1o -4 /zg ( +  o.3.1o -4 /zg) aminopterin/uni t  of folic acid 
reductase. A unit  o f  enzyme is defined here as tha t  amount  which will bring about  
the reduct ion of x m/~mole relic acid in 30 min under  the conditions given in Table I. 

Abbreviations: TPNH, reduced triphosphopyridine nucleotide; DPNH, reduced diphospho- 
pyridine nucleotide. 
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Fig. I. T i t r a t i on  of folio acid r educ t a se  wi th  aminop te r in .  The  condi t ions  were t he  s ame  as those  
g iven  in Tab le  I excep t  t h a t  t he  e n z y m e  p repa ra t i on  was  an  a q u e o u s  ex t r ac t  of sheep- l iver  ace tone  
powder  a n d  T P N H  was  gene ra ted  in situ f rom 0. 5 m g  T P N  and  I o f f m o l e s s o d i u m c i t r a t e .  E x t r a p -  
o la t ion  of t he  cu rves  to  zero A O.D. yield the  n u m b e r  of e n z y m e  un i t s  which  would  be comple te ly  

inh ib i ted  b y  t he  g iven  a m o u n t  of aminop te r in .  
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Nitrogen fixation by nodules formed on isolated bean roots* 

I t  has been shown z that nodules will form on isolated bean roots inoculated with the 
appropriate rhizobia if a modified technique of aseptic root culture z is used. Further- 
more, such nodules are histologically similar to those formed on the roots of intact 
plants. The present paper reports work undertaken to find whether such nodules also 
will function in nitrogen fixation. 

Isolated roots of Phaseolus vulgaris L., var. "Pencil Pod" black wax bean, were 
grown and inoculated as described earlier z, except that three roots, instead of one, 
were grown per Petri dish. Each dish contained 50 g of washed silica sand moistened 
with IO ml of the inorganic salts of medium "0"  ~. The vials contained IO % sucrose, 
and glycine, thiamin, niacin and pyridoxine at the ]eve]s indicated for medium "0"  or 

* Pub l i shed  wi th  t he  app rova l  of t he  Di rec tor  of t h e  Wiscons in  Agr icu l tu ra l  E x p e r i m e n t  S ta t ion .  
Suppo r t ed  in pa r t  b y  a g r a n t  f rom the  Rockefel ler  F o u n d a t i o n .  


