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Studies on Conversion of Phenylalanine to Tyrosine in Phenylpyruvic 
Oligophrenia.” (23033) 
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Department of Biochemistry and Xzdritiotz, Ti4 j t s  University School of Medicine, Boston, Mass. 

Recent studies( 1.2 ) indicate that patients (0.5 pill), ethanol ( 2  pM), L-phenylalanine- 
with phenylpyruvic oligophrenia have mark- 3-CI4 (0.4 JAM; 56,000 cpm), and 0.1 ml of 
edly reduced ability to convert phenylalanine homogenate (or 0.05 ml of rat fraction); f ind 
to tyrosine. The enzyme system that cata- volume was 0.20 ml. The mixtures were in- 
lyzes this conversion was demonstrated in cubated 30 minutes with shaking at 37’. 
mammalian liver preparations by Vdenf riend After incubation, one-third of the reaction 
and Cooper ( 3  ) , and subsequently Jervis (4 )  mixture was transferred to a paper chromato- 
reported that this enzyme activity was lack- graphic strip (30 x 2 cm; Whatman NO. 3) ,  
ing in livers of 2 patients with phenylpyruvic developed in a solvent consisting of n-butanol, 
oligophrenia. whose tissues became available acetic acid, and water (4: 1 : 1). After ascend- 
for study at  autopsy. S o  studies on freshly ing chromatography for 12 hours, the strips 
obtained liver have apparently been reported: were cut into one cm sections and counted in 
the lability of this enzyme system suggests a flow-gas tube. Under these conditions, the 
the desirability of such study. RF values for tyrosine and phenylalanine 
recently made the interesting observation that were. respectively, 0.38 and 0.66. The % 
rat phenylalanine oxidizing system can be conversion was calculated from the cpm in 

Mitoma ( j 

separated into two protein fractions: one of 
these (Fraction I) mas relatively labile and 
was found solely in liver, while the other 
(Fraction 11) was more stable and found also 
in certain other tissues. K e  have been for- 
tunate in obtaining a biopsy specimen of liver 
from a patients with phenylpyruvic oligo- 
phrenia, and have carried out studies on the 
ability of this preparation to catalyze conver- 

the tyrosine area and the total cpm on each 
strip. No significant radioactive material was 
found in other than the phenylalanine and 
tyrosine areas. The values given in -Table I 
represent the averages of 2 closely agreeing 
duplicate experiments. Homogenates used in 
these experiments were frozen immediately 
after use: repetition of experiments 3 weeks 
later with freshly-prepared purified rat frac- 

sion of phenylalanine to tyrosine in the pres- 
ence and absence of the 2 purified rat liver 
fractions. 

Liver samples were Placed in 
cracked ice within a few minutes of excision. 
and homogenized within 10 minutes with 2 
Parts of ice-cold 0.15 31 Kcl.  Rat Fractions 
I and I1 were obtained as described( 5 ) .  The 
reaction mixtures consisted of diphosphopy- 
ridine nucleotide (0.06 p31). nicotinamide 

from S.I.H.,  Public Health Service, Bethe&. Md. ~’1it.il~lketonurieiri~ liver ho11logellate 

tions gave very similar results. 
Results, As indicated in Table I, the 

homogenate prepared from the liver of the 
phenylketonuric patient did not catalyze de- 
tectable conversion of phenylalanine to tyro- 
sine. Under experimental conditions em- 
ployed, a conversion of 0.5% could have been 

TABLE I. 
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conversion 
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ing characteristic biochemical and clinical signs oi ’’ ” I + rat Fraction I1 24.0 
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Tissue preparation 

 id^^))^ + rat Fraction I 

E n  t Fraction I 
t The patient was a 4-year-old white male exhibit- 1) ” I1 3.3 

R:lt liver homogenate 
Sorinal human liver homogenate 
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detected. This result contrasts with those ob- 
tained with homogenates prepared from sev- 
*era1 normal human livers$ and livers of rats. 
Rat liver Fractions I and 11, in confirmation 
of Mitoma, catalyzed much lower conversion 
when studied alone than when assayed to- 
gether; values for rat Fractions I and I1 to- 
gether were about twice the sum of the indi- 
vidual values for the 2 fractions. When rat 
Fraction I and the phenylketonuric liver pre- 
paration were incubated together, a striking 
increase in conversion of phenylalanine to 
tyrosine was observed; much less activity was 
noted when the phenylketonuric preparation 
and rat Fraction I1 were incubated together. 
These observations are consistent with the 
conclusion that the liver of the phenylke- 
tonuric patient did not catalyze conversion of 
phenylalanine to tyrosine. They also suggest 
that the more labile protein fraction, appar- 
ently present only in liver is lacking in phe- 
nylketonuric liver. The smaller activation 
observed with rat Fraction I1 may probably 
be ascribed to incomplete separation of the 
fractions; it is evident that neither of the rat 
fractions is completely free of the other. 

The striking activation observed with 
phenylketonuric liver homogenate and rat 
Fraction I together suggests not only that a 
component corresponding to rat Fraction I is 
lacking, but that considerable quantities of 
the component corresponding to rat Fraction 
I1 are present in the phenylketonuric liver. 
Similar studies carried out with normal hu- 
man liver homogenates and homogenates of 

$ T h e  authcrs wish to thank Drs. A. Callow, H. 
Miller, H. Meinlander, H. Sugarman, and R. P. 
Johnson of the New England Center Hospital, and 
Professor C. G .  Child of Boston City Hospital for 
providing limr specimens used in these studies. The 
"normal" specimens were obtained from 3 patients 
-with gall bladder disease. 

rat liver indicated that rat Fraction I pro- 
duced activation, although less than that ob- 
served with the phenylketonuric liver prepa- 
ration. The latter experiments are consistent 
with the belief that in crude homogenates the 
component corresponding to Fraction I1 is 
present in large amounts, and also with the 
observed lability ( 5,6) of Fraction I. How- 
ever, other explanations are not excluded, and 
it is evident that final conclusions cannot be 
made until the detailed mechanism of this en- 
zymatic reaction is elucidated. The present 
findings and those reported in the accompany- 
ing paper(6) suggest that the defect in phe- 
nylpyruvic oligophrenia is related to the ab- 
sence of a specific hepatic factor rather than 
one which is present in a number of tissues in- 
cluding brain. 

Summary. A homogenate of a biopsy speci- 
men of liver obtained from a patient with 
phenylpyruvic oligophrenia did not catalyze 
detectable conversion of phenylalanine to ty- 
rosine, under conditions whereby liver homo- 
genates obtained from normal individuals 
were active in catalyzing such conversion. 
Addition of a fraction prepared from rat liver 
(which exhibited relatively low activity 
alone) to the inactive phenylketonuric liver 
homogenate resulted in striking activation of 
the conversion of phenylalanine to tyrosine. 

1. Jervis, G. A., J .  Biol. Chem., 1947, v169, 651. 
2. Udenfriend, S., and Bessman, S. P., ibid., 1953, 

3. Udenfnend, S., and Cooper, J. R., ibid., 1952, 

4. Jervis, G. A., PROC. SOC. Em. BIOL. AND Mm., 

5. Mitoma, C., Arch. Biochem. and Biophys., 

6. Mitoma, C., Auld, R. M., and Udenfriend, S., 

v203, 961. 

v194, 503. 

1953, v82, 514. 

1956, v60, 476. 

accompanying paper. 

Received January 28, 1956. P.S.E.B.M., 1957, v94. 


