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The work described here is preliminary. The mosses need 

to be ~lassified according to species and age. In addition, the 
samplmg programme should be expanded to include downwind 
sampling from densely populated and industrial areas. Con
tour maps of mercury levels can be developed from these types 

of data. It would be desirable to know more about moss 

growth in highly industrialized areas. Methods of encouraging 

the growth of the more hardy varieties need to be developed. 
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Possible Biochemical Model 
for Phenylketonuria 
SINCE the demonstration of the primary enzymatic defect in 
phenylketonuria (PKU) several models have been suggested 
for: this metabolic disorder. No hypothesis, however, has 
umfied the biochemical and clinical characteristics2

• 

Weber et al. 3 demonstrated an effect of phenylalanine and 

phenylpyruvic acid (PPA), the two major metabolites found in 

PKU, on the metabolism of glucose. They observed inhibition 
by either phenylalanine or PPA of three specific enzymes of 
glycolysis: hexokinase, pyruvate kinase and 6-phospho

gluconate dehydrogenase. On the basis of these data, Weber 
suggests that phenylalanine and PPA interfere with the bio

syn~hesis of strategic macromolecules in the differentiating 
bram. He supports this hypothesis by showing that the extent 
of decreases in the incorporation of radioactively labelled 
glucose into lipid, RNA and DNA depends on the dose of 

phenylalanine or PPA. A major shortcoming of the various 
models is the lack of an adequate explanation of the aetiology 
of the deficiency in myelin deposition seen in patients. In an 
attempt to define the causes of the clinical symptoms of PKU, 
and this deficiency in particular, we have sought preliminary 
evidence that PPA is the key metabolic factor in PKU. 

Homogenates of whole fresh rat brain and liver were 
prepared in cold 0.25 M sucrose (1 g/10 ml.) and incubated as 

described previously4 to measure the production of 14CO 2 

from 14C-l-pyruvate. In the first study, both rat brain and rat 
liver homogenates were used to determine the levels of 
inhibition by the various metabolites of phenylalanine present 

in patients with untreated PKU (Table 1). 
Of the five metabolites tested, none were significantly 

inhibitory in the liver, but phenylpyruvic acid (PPA) inhibited 

Table 1 Relative Inhibition of Pyruvate Decarboxylation in Rat 

Liver and Brain Homogenates by Various Metabolites of Phenylalanine 

Metabolite added * 
Nonet 
6-Phenylpyruvic acid 
DL-6-Phenyllactic acid 
DL-3-Indolelactic acid 
Indole-3-Acetic acid 
3-Indolepyruvic acid 

* All metabolites at I x 10- 2 M. 

Relative activity 
Brain Liver 
100% JOO % 
53 92 
98 94 
80 84 
84 82 

106 169 

t Homogenates were incubated with I x 10- 3 M pyruvate for 
15 min at 37° C. 
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Fig. 1 Effects of PPA on pyruvate decarboxylation. a, Pyru-
vate 5 x Io--< M; b, pyruvate 1 x 10- 3 M. 

pyruvate metabolism in the brain by 50% . We therefore 
thought it important to determine the type of inhibition 
exerted by PPA. We measured the effect of various amounts 

of PPA at two concentrations of pyruvate and plotted the data 
by the method described by Dixon5 (Fig. 1). Clearly PPA is a 
competitive inhibitor of pyruvate decarboxylation, with a K 1 

of approximately 6 x 10- 3 M in brain homogenate. 
These results indicate that, of the metabolites of phenyl

alanine which accumulate in significant amounts in PKU, 
only PPA specifically inhibits pyruvate decarboxylation and 
then only in the brain. 

As pyruvate metabolism is central to the energy cycle in 

adult and developing brain, it is significant that PPA inhibits 
this important system. We suggest that in PKU an "induced" 
metabolic block (inhibition) at the site of pyruvate decarboxy
lation depresses the amount of acetyl-CoA derived from carbo
hydrate metabolism for energy production through the tri

carboxylic acid cycle. Furthermore, a depression in pyruvate 
metabolism would decrease the amount of acetyl-CoA avail
able for the synthesis of fatty acid and cholesterol which are 
primary precursors of myelin. This specific site of inhibition 
coupled with the effects on glycolysis noted by Weber et al. 3 

would starve the brain tissue of energy. Such a condition could 
be responsible for the depression in synthesis of myelin and 
myelin precursors, explaining the reduced myelin deposition 

found concomitant with the mental retardation in PKU. The 
observation that these phenylalanine metabolites do not 

inhibit pyruvate decarboxylation in the liver to the same 
degree as in the brain suggests that other body functions are 

relatively normal while the brain is starved of energy. Our 
observations support the hypothesis that PPA inhibition of 
pyruvate metabolism plays an important role in the aetiology 

of the mental retardation found in PKU. 
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