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TABLE IV. Esc retion of Phenylalanine and 
I’lienylpyruvic Acid in the S m a t  (mg/100 c c ) .  
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individuals this amount of phenlypyruvic 
acid is usually completely metabolized. 

From these feeding experiments it would 
appear that some quantitative changes in the 
excretion of phenyl compounds should be ex- 
pected when foods with different phenyl- 
alanine content are ingested by the patients. 
However, since the ratio of phenylalanine to 
nitrogen in various proteins and foods does 
not show conspicuous variations( 19) the 
amount of phenyl compounds excreted per g 
of nitrogen, as expressed in Table I, is 
probably little affected by the quality of in- 
gested food. 

In  view of the findings of urinary excre- 
tion of phenyl compounds, it was considered 
of interest to investigate the excretion of 

10. Horn, M. J.. Jones, D. B., and Blum, -4. E., 
J B i d .  Chenz.,  1948. ~ 1 7 6 .  679. 

these metabolites in sweat. Accordingly, 
sweat was collected as directed by Hier et al. 
(20) from 10 patients and determinations 
were performed on suitable dilutions fol- 
lowing the procedure described for urine. 
The patient was bathed before the collection 
of sweat. Phenyllactic acid was not found 
in measurable amounts. The data concern- 
ing phenylalanine and phenylpyruvic acid 
are shown in Table IV.  The values for the 
amino acid were somewhat above those re- 
ported by Hier e t  aZ.(20) in the normal in- 
dividual. Phenylpyruvic acid is not found 
in the sweat of normal subjects. It would 
appear, therefore, that a small amount of 
phenylalanine and its derivative is eliminated 
by way of sweat. 

Summary. Quantitative data are presented 
on the urinary excretion of phenylalanine, 
phenylpyruvic acid and phenyllactic acid in 
twenty patients affected with phenylpyruvic 
oligophrenia. The values, ‘expressed in mg 
per g of total nitrogen, show inconspicuous 
differences from patient to patient kept on 
similar diets. High protein diet or the in- 
gestion of phenylalanine and phenylpyruvic 
acid result in an increased daily output of 
phenyl compounds. Data on sweat excretion 
of phenyl compounds are also presented. 

2 0 .  Hier, S. W., Cornb!eet, T., and Bergeim, O., 
J .  Biol. Chem.,  1946, v166, 3 2 7 .  
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Oligophrenia Phenylpyruvica. 11. Constancy of the Metabolic Error. 
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ERNEST BOREK, .ARTHUR BRECHER, GEORGE A. JERVIS, AND HEINRICH WAELSCH 
From the  X e z t  York  State  Psychiatric Inst i tute  and the Department  of Biochemistry,  College of 

Physicians and Surgeons, Columbia University,  New York.  

In  phenylpyruvic oligophrenia mental de- 

The metabolic error is 

and phenylpyruvic acid, and by an  elevated 
ficiency is accompanied by faulty phenyl- phenylalanine concentration in the blood. 
alanine metabolism. The genetic analysis strongly suggests that 
manifested by the urinary excretion of large this disease is inherited as an autosomal 
amounts of phenylalanine, phenyllactic acid, Mendelian recessive and that; therefore, 

the mental and metabolic disturbance may 
be caused by the same gene. The  question 

tion. arises whether both abnormalities, when 
*Aided by a grant from the Rockefeller Founds- 
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TABLE I. Coiicentration of L-phenylalanine ( P A )  and Plienyllactic Acid ( P L )  i n  Serum and Spinal 
Fluid of Patients with Phenylpyruvic Oligophrenia. 

Sample I Sample I1 Sampel I11 Sample I V  Spinal 
' --------,r------ fluid 

' G A + P L  PA' P A + P L  P A  P A + P L  P A  h A 4 + P L  PL P A  
Patient Age I.&. mg 76 m g  % mg % mg 70 mg % mg % mg% m g %  m g %  

1 28 5 
2 A2 46 
3 41 11 
4 32 7 
5 29 47 
6 26 7 
7 15  35 
8 1 7  12 
9 23 7 
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fully developed, are correlated in their 
quantitative aspects. I t  has recently been 
suggested ( 1 ) that a positive correlation 
exists between the degree of mental deficiency 
and the metabolic disturbance as measured 
by the excretion of phenylpyruvic acid. Since 
the excretion of phenylalanine and its meta- 
bolic derivatives may only be secondary to 
the abnormally high blood concentratioa of 
the amino acid, it was conshdered of interest 
to determine whether a correlation exists be- 
tween this value and the degree of mental 
deficiency. 

In this report quantitative data on the 
phenylalanine conmntrati'on of the blood and 
spinal fluid of phenylketonurics are presented. 

Experimental. Microbiological determina- 
tions of phenylalanine and phenyllactic acid 
in serum ultrafiltrates and in urine were car- 
ried out on 18 phenylketonuric fasting pa- 
tients as described previously( 2 ) .  Micro- 
biological determinations of phenylalanine in 
the spinal fluid were carried out on 9 pa- 
tients according to the directions of Solomon 
et a L ( 3 ) .  

_ _  
1. Folling, A., Mohr, 0. L., and Kund, L., Publ. 

of the Norwegian Academy of Science, Oslo, 1945. 
2. Prescott, B. A., Borek, E., Brecher, A., and 

Waelsch, H., J .  Biol. Chem., 1949, v181, 273. 

Suitable dilutions were made in each sample 
in order to bring the concentration of the 
amino acid within the range of the micro- 
biological method. Urinary phenylpyruvic 
acid was determined according to the method 
of Friedeman and Haugen (4). 

Results and discussion. The concentration 
of L-phenylalanine alone and of the sum of 
phenyllactic acid and phenylalanine in blood 
serum was determined in some of these sub- 
jects with phenylpyruvic oligophrenia at in- 
tervals lof several months. I t  may be seen 
(Table I )  that the difference between the 
sum of phenyllactic acid and phenylalanine 
and the amino acid alone was not significant. 
I t  may, therefore, be concluded that only 
traces, if any, of the hydroxy-acid circulate 
in blood. Although there was considerable 
variation of the values taken at  different 
times in the same individuals, it would ap- 
pear that the intraindividual variations were 
significantly smaller than those found among 
individsuals (P< 0.05). This result would 
indicate that there was a characteristic blood 
level (of phenylalanine for each individual. 

3. Solomon, J. D., Hier, S. W., and Bergeim, O., 

4. Friedeman, T. E., and Haugen, C. E., J .  B i d .  
J .  Biol. Chem., 194'1, ~ 1 7 1 ,  695. 

Chem., 1943, v147, 415. 
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TABLE I I. Blood Serum and L-rine Concentra- 
t i on  of I'lic~nylalanine (I?-\ i , Phenyllactic Scid 
( P L ) ,  and Pheiiplpyruvic Acid (PP), After In- 
travenous iZdiiiinistratioi1 of 1.6 g of L-Phenyl- 

alanine. - 
Serum Vriiir 

PA4 + PL PA + PL PP 
Pntieiit Min. mg % 1111 iiig % mg "rc 

- E 0 33 
10 36 - 
30 3.1- - 

120 3 1  - 

It is clear that there is no correlation be- 
tween the phenylalanine level in serum and 
the mental performance expressed as I.Q. 
score. 

The relative constancy of the phenylalanine 
level in serum offers an explanation for the 
findings of a relative constancy of the ratios 
of urinary phenyl compounds to urinary total 
nitrogen ( 5 ) .  Since the amount of phenyl- 
alanine circulating through the kidney will 
determine the amount of the amino acid and 
its metabolic derivatives excreted in the urine, 
it  is not surprising that the ratio of phpnyl 
compounds to total nitrogen excreted should 
be a relatively constant value. 

The phenylalanine content of spinal fluid 
as of the serum of phenylketonurics did not 
differ greatly among patients (Table I) .  
The increase of phenylalanine over the nor- 
mal values of spinal fluid was of an order of 
magnitude similar to that observed in the 
blood. 

To two fasting phenylketonurics and to 
one control {also a mental d,efective) 1.6 g 
of 1,-phenykdanine was administered intra- 
venously. As seen in Table 11, the phenyl- 

5 .  Jervis, G. A, in press. 

alanine disappeared very rapidly from the 
blood into the tissues of the phenylketonuric 
and the non-phenylketonuric defectives. It 
was apparently released slowly from the tis- 
sues since the urine samples obtained simul- 
taneously with the blood samples did not 
shsow a significant change in the content of 
phenyl derivatives during the first 2 hours 
after the administration of phenylalanine. 
However, preliminary analyses of the urine 
indicate that the total amount was excreted 
within 48 hours. 

Since the phenylalanine level in the blood 
of phenylketonurics is a relatively constant 
value which shows no correlation with the 
mental state, it is of interest to inquire into 
the mechanism which determines the blood 
level of the amino acid in this disease. It 
is probable that the major portion, if not all, 
of the phenylalanine ingested with the food, 
is excreted as such or as one of the deriva- 
tives in the urine, Small amounts of an  
amino acid excreted by glomerular filtration 
would be reabsorbed within the kidney tubuli. 
In  the case of phenylpyruvic oligophrenia the 
nonutilization of phenylalanine leads even- 
tually to a #blood level beyond the ability of 
the tubuli to reabsorb it. The  critical blood 
level a t  which phenylalanine is excreted in 
the urine is not known but the maximal rate 
of tubular reabsorption in dogs is not ex- 
ceeded by an  increase of the phenylalanine 
content of plasma by  a factor of lO(6). It 
has to be assumed that in phenylketonurics 
the inability to metabolize phenylalanine 
causes a level of the amino acid in blood and 
consequently in the glomerular filtrate to be 
established which overwhelms the tubular re- 
absorption. Although the cause of the in- 
creased phenylalanine level as such is the 
metabolic error, i t  appears that its quanti- 
tative expression is determined by the re- 
absorptive power of the kidney tubuli. 
n'hether this function of the tubuli is nor- 
mal in phenylpyruvic olliigophrenia or is modi- 
fied by the disease cannot be decided at 
present. 

6. Russo, H. F., Wright, L. D., Skepgs, H. R., 
Tillson, E. K., and Beyer, K. H., PROC. SOC. E n .  
BIOL. AND MED., 1947, v65, 215.  
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Summary. The serum level of free phenyl- 
alanine and phenyllactic acid was determined 
in 18 patients suffering from phenylpyruvic 
oligophrenia. No significant 'amounts of the 
hydroxy acid were found. The concentra- 
tion range of the aminso acid was between 19 
and 38 mg per 100 ml of serum with larger 
inter- than intra-individual variations. No 
correlation exists between the degree of rnen- 
tal deficiency and ithe concentration of pheayl- 

alanine in serum. Phenylalanine concentra- 
tion in the spinal fluid varied from 6.1 to 
8.2 mg/100 cc. 

I t  is suggested that although the increased 
amount of phenylalanine is caused by the 
metabolic error, its bloo'd plasma level is de- 
termined by the ability of the kidney tubuli 
to reabsorb the amino acid. 

Received July 27, 1950. P.S.E.B.M., 1950, v75. 

Comparison of Influenza B Virus Strains from the 1950 Epidemic with 
Strains from Earlier Epidemics. (18110) 

IGOR TAMM, EDWIN 13. KILBOURNE, AND FRANK L. HORSFALL, JR. 
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Shortly after the discovery of influenza B 
virus ( 1,2), antigenic differences between 
strains of the agent were noted(3,4). Nu- 
merous reports have appeared in which sero- 
logical studies revealed antigenic differences 
between strains which had been passed in 
series in the mouse lung or between such 
strains and strains which had been main- 
tained by passage only in the chick embryo 
(3-9). I n  general, new strains have been 
compared with the Lee strain or with other 
strains obtained from the same epidemic. It 
should be emphasized that the Lee strain 
which was recovered in 1940( 1) had been 
through many mouse lung passages. In the 
past, when egg strains have been compared 

1. Francis, T., Jr., Science, 1940, v92, 405. 
2.  Magill, T. P., PROC. SOC. EXP. BIOL. AND MED., 

3. Eaton, M. D., and Beck, M. D., PROC. SOC. 

4. Gordon, I., J .  Immunol., 1942, v44, 231. 
5. Burnet, F. M., Beveridge, W. I. B., and BuI!, 

D. R., Austr. J .  Exp.  Biol.  and Med.  Sci., 1944, v22, 
9. 
6. Francis, T., Jr., Salk, J. E., and Brace, W. M., 

J Am. Med. Assn., 1946, v131, 27.5. 
7. Hirst, G. K., Vilches, A., Rogers, O., and 

Robbins, C. L., Am. J .  Hyg. ,  1947, v45, 96. 
8. Hirst, G. K., J .  Exp. Med., 1947, v86, 367. 
9. Lazurus, A. S., PROC. SOC. EXP. BIOL. AND 

1940, v45, 162. 

EXP. BIOL. AND MED., 1941, ~48. 177. 

NED., 1949. v71, 317. 

with each other(8), they have tended to show 
closely similar antigenic patterns. If the so- 
called adaptation of strains of influenza B 
virus to the mouse lung is associatedl with 
unpredictable alterations in antigenic pat- 
tern, as occurs with strains of influenza A 
virus ( 10,ll) , then antigenic differences be- 
tween mouse lung strains of the former virus 
might be more apparent than real. 

During February and March, 1950, there 
occurred in the New York area, as elsewhere 
in various parts of the United States, an 
epidemic of influenza. From m e  patients 
studied in the Hospital of the Rockefeller 
Institute, influenza B virus was recovered; 
from others, influenza A virus was obtained. 
Investigations with acute and convalescent 
sera from the various patients confirmed these 
findings; certain patients clearly had influ- 
enza B, others had influenza A. Because all 
strains obtained from the 1950 epidemic in 
this laboratory were recovered after inocula- 
tion of chiick embryos and because a number 
of earlier egg strains of influenza B virus were 
available, an opportunity was provided to 
compare various strains recovered since 1945, 
none of which had ever been passed in the 
mouse lung. The results of serological studies 
with these strains indicate that egg strains 

10. Hirst, G. K., J .  Exp.  Med., 1947, v86, 357. 
11. Suggs, J. Y., J .  Bact. ,  1949, v58, 399. 


