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the mechanism by which molybdenum becomes toxic in this mold, as well as to 
study in detail the control of molybdenum uptake by methionine. 
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Biosynthesis of valine and isoleucine in plants 

The bulk of evidence available in recent years points to the following sequence of 
reactions leading, to the biosynthesis of valine: pyruvate--+ x-acetolactate 
~fl-dihydroxyisovalerate--> ~-ketoisovalerate---+ valine. In the case of isoleucine 
biosynthesis an analogous sequence in which ~-aceto-a-hydroxybutyrate is an inter- 
mediate has also been shown. WAGNER eta/. 1 demonstrated the conversion of --aceto- 
lactate and ~-aceto-a-l~ydroxybutyrate to ~fl-dihydroxyisovalerate and ~,fi-dihy- 
droxy-fl-methylvalerate, respectively, using cell-free extracts of Neurospora crassa. 
On the basis of the existence in these extracts of a reductase which catalysed the 
conversion of synthetic ~-keto-fl-hydroxyisovalerate and a-keto-~-hydroxy-~-methyl- 
valerate to the corresponding dihydroxy acid precursors of the two amino acids, 
these authors considered that these ketohydroxy compounds were intermediates in 
the conversion of a-hydroxy-fl-ketoacids to the dihydroxy acids. However, RADHA- 
KRISHNAN et al. 2 clearly dem6nstrated that in the case of Escherichia coli and Neuro- 
spora crassa this conversion is catalysed by a "reductoisomerase" which is distinct 
from the reductase. The participation or otherwise of the a-keto-/3-hydroxy compounds 
in this reaction is still unknown. The above sequence of reactions has been amply 
confirmed by other workers in E. coli 3, in yeast 4 and in Salmonella s. 

In this report evidence is provided for the existence of enzyme systems involved 
in the biosynthesis of valine and isoleucine in plants. Seeds of green gram (Phaseolus 
radiatus) germinated for 24 h were ground in a mortar, the slurry centrifuged at 
12000 × g for 15 min and the supernatant (crude extract) was used as the enzyme 
source. The enzyme system catalysing the conversion of pyruvate to a-acetolactate 
has been partially purified and the crude extract used for demonstrating the presence 
of other systems. 

The ~-acetolactate-forming system is extremely labile and the presence of a 
a metal (Mn 2+, 5.1o -4 M) and a thiol compound (cysteine 'or fl-mercaptoethanol, 
5" lO-4 M) is required for stabilisation throughout the procedure of fractionation. 
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By a fractional (NH4)2S04 precipitation and calcium phosphate gel treatment about 
2o-fold enrichment was achieved. Free acetaldehyde is a product of the reaction, 
in contrast to the reactions catalysed by the enzyme systems of E. coli and N.  crassa 
and thus the reaction is mainly diverted towards the formation of acetylmethyl- 
carbinol (acetoin). Acetaldehyde alone (i.  io 4 M to 2.5" IO -3 M) is not a substrate 
in this reaction (cf. SINGER AND PENSKy6). The formation o f  a-acetolactate was in- 
dicated by assaying for acetoin by the procedure of WESTERFELD 7 by decarboxylation 
of a-acetolactate to acetoin by acid treatment. The difference between the amounts 
of acetoin before and after acid treatment though quite consistent was always small 
(approx. lO% of total acetoin). However, the formation of a-acetolactate can be 
unequivocally demonstrated by partial elimination of acetoin by volatilisation. In 
Table I are given the results of an experiment showing the formation of a-acetolactate. 

The purified enzyme required the presence of thiaminepyrophosphate. Mn 2+ and 
Mg 2+ increased enzyme activity (Kin for Mn 2+, 5" i0 5 M) while Ag+ and Hg 2+ are 
inhibitory. As in other systems previously studied 8, the Km for pyruvate (2-lO -2 M) 
was very high. The purified preparation was devoid of a-acetolactate decarboxylase 
activity and so the free acetoin is derived mainly from the condensation of free acet- 
aldehyde with the "e,J zvme-  aldehyde" complex by competing with pyruvate. Removal 
of acetaldehyde by aeration of reaction mixtures simply reduced the total quantity 
of acetoin formed without correspondingly increasing the amount of a-acetolactate. 

The next step in the sequence, the conversion of a-acetolactate and  a-aceto-~- 
hydroxybutyrate  to the corresponding dihydroxy acids was shown by incubating 
the dialysed crude extract, substrate (IOO/*moles), glucose-6-phosphate (50/*moles), 
TPN (0.5/*moles), sodium phosphate buffer (pH 7-5, 125/,moles) in a total volume of 
2.5 ml for 7 h at 37 °. The crude extract contained glucose 6-phosphate dehydrogenase 
activity. By using the procedures given by WAGNER et al. 1 the formation of 
a,fl-dihydroxyisovalerate and a,fl-dihydroxy-fl-methylvalerate from the corresponding 
fl-ketoa.cids was clearly demonstrated. 

The presence of the dihydroxy acid dehydratase was established by using as 
substrates, a,fl-dihydroxyisovalerate and a,fl-dihydroxy-fl-methylvalerate (kindly 
supplied by Dr. E. A. ADELBERG). The ketoacids were estimated colorimetrically 9 

T A B L E  I 

FORMATION OF ~-ACETOLACT&TF- IN P h a s e o l u s  r a d i a t u s  

The reaction mixture  consisted of purified enzyme (2 mg  protein), sodium pyruva te  (500/,moles),  
D P T  (20 #g), Mn ~+ (5.0 /,moles), sodium phospha te  buffer (pH 7.o, IOO pmoles) in a total  
volume of i.o ml. After incubat ion for 2 h at  37 °, the reaction was s topped by  the addit ion of 
o.I  ml  of I N ZnSO 4 and o.I  ml of I N NaOH,  made up  to 2.0 ml and centrifuged. In  Exp t .  I, 
o.I  ml of the  supe rna t an t  was  used as such for assay;  in Expt .  2 and Expt .  3, o.5 ml and 0.25 ml 
were subjected to high vacuum  ( <  I mm) for i h for part ial  removal  of acetoin and made up  

to  2.0 ml and i.o ml, l-espectively, o.2-ml al iquots  were used for assay. 

Acetoin + o~-Acetolactate 
Expt. Acetoin* ~t-acetolactage (by diOereme) 

I 2.39 3-55 1.16 
2 1.39 2.55 1.16 
3 0.39 1-57 1.18 

* Values expressed as / ,moles formed in the reaction mixture .  
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TABLE 11 

DIHYDROXY ACID DEHYDRAT&SE IN Ph~$8ol~$ ~ttgd~at~s 

The reaction mixture consisted of crude extract, 0-80 ~ (NH4)sSO 4 precipitate fraction, diaJysed 
(13 mg protein), ~z,/~-dihydroxyisovalerate (unresolved, IO/~moles) or ~,/~-dihydroxy-~-methyl- 
valerate (natural form, IO/,moles), Mg 2+ or Fe ~+ (5.IO -3 M), sodium phosphate buffer (pH 7.5, 
Ioo/~moles) in a total volume of I.O ml. Incubation time was 3 h at 37 °. The reaction was stopped 
by adding 0. 5 ml of trichloroacetic acid, centrifuged and supernatant used for the assay of 

ketoacids. 

Reaction 
Kaoac~ls formed ~ 

- -  Mgt+ Fel+ 

x,/~-Dihydroxyisovalerate --~ 
~-ketoisovalerate 0.34 1.27 o.66 

~,~Dihydroxy-/~-methylvalerate ---> 
c¢-keto-~-methylvalerate 0.37 .1.46 0.45 

* Values expressed as/*moles formed in the reaction mixture. 

/Table II) and  further characterised by  conversion to d in i t rophenylhydrazones  and  
catalyt ic  reduct ion with Adam's  catalyst  to the respective amino acids 1° which were 
identif ied by  paper chromatography n.  The presence of the dehydratase ac t iv i ty  in 
p lan t s  has been recent ly reportedl*, ~3. 

The last step, conversion of ketoacids to amino acids by  t ransamina t ion ,  was 
demons t ra ted  in a reaction mixture  containing the dialysed crude extract,  a-keto- 
isovalerate or a-keto fl-methylvalerate (20/~moles), L-glutamic acid (20 ~moles), 
pyridoxal  phosphate (I0/ ,g) ,  sodium phosphate buffer (pH 8.0, I00 t~moles) in a to ta l  
volume of 1.0 ml  and paper-chromatographic identification of the corresponding 
amino acids formed. 

Fur the r  work on the purification of all the enzyme systems is current ly  in progress. 
The authors  are grateful to Professor P. S. SARMA for his keen interest .  This work 
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