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A micromethod for determination of l iver  phenylalanine-4-hydroxylase  activity has been de-  
veloped which is suitable for est imating the activity of the enzyme in a few mi l l ig rams  of 
t issue obtained at biopsy. The activity of this enzyme has been determined in l iver  t issue 
f rom various animals,  f rom healthy adult humans, and f rom children with phenylpyruvate 
oligophrenia. 

An important  role in the convers ions  of phenylalanine in mammals  is played by phenyla lanine-4-hy-  
droxylase (1.14.3.1), an enzyme catalyzing hydroxylation of the aromat ic  ring. This enzyme is found in the 
l iver  in the endoplasmic re t iculum fraction. The increased attention paid to determinat ion of this enzyme 
in recent  yea r s  is explained by its pathogenetic role in phenylpyruvate oligophrenia, a very  severe  and r e l -  
atively widespread heredi ta ry  disease.  

The d i rec t  determinat ion of the activity o[ this enzyme in l iver  t i ssue  obtained at  biopsy is in t e res t -  
ing both for the study of the pathogenesis  and for the more  detailed diagnosis of this d isease .  Only m a c r o -  
methods for determinat ion of phenyla lanine-4-hydroxylase  activity a re  descr ibed in the l i te ra ture ,  and they 
are  not suitable for work with the very  small  amount of t i ssue yielded by aspirat ion biopsy. The most  
widely used method of determining the activity of this enzyme is that based on determinat ion of the tyros ine  
formed during the reaction,  with the aid of ni t roso-naphthol  reagent  [3, 4]. Despite its specificity, this 
method is not sufficiently sensit ive and it is very t ime consuming [5]. 

The wr i t e r s  have used a more  sensit ive method for determination of tyrosine,  based on Fol in ' s  r e a c -  
tion, and have developed an u l t ramicromethod for determining the activity of the enzyme which can be used 
to study it in the few mi l l igrams of t issue obtained by needle biopsy. 

EXPERIMETAL METHOD 

Reagents: i) 0.14 M KCI containing 0.0025 M NaOH (pH 7.4); 2) 1 M phosphate buffer (pH 6.7), which 
is diluted i : 2 immediately before the determination; 3) a 0.025 M solution of nicotinamide in 0.5 M phos- 
phate buffer, pH 6.7 (3 mg nieotinamide is dissolved in 1 ml buffer); 4) 0.01 M L-phenylalanine; 5) 0.003 
M solution of NAD �9 H2; 6) 20% solution of TCA; 7) 2% solution of sodium carbonate in a 0.i N solution of 
caustic soda - solution S; 8) Folin's reagent, diluted 1 : 2 before the determination; full details of the 
method of preparation of Folin vs reagent are given in [i]. 

A calibration curve is drawn for a standard solution of tyrosine containing 5 #moles/ml or 0.9 mg 
L-tyrosine per ml. 
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Fig. I. Calibration curve plotted 

for a standard solution of L-tyro- 

sine. Abscissa, tyrosine concen- 

tration (in #moles/ml); ordinate, 

optical density. 

Fig. 2. Chromatography 

of protein-free supernat- 

ant from liver tissue of 

experimental and control 

samples. I) Control sam- 

ple; If) experimental; Ill) 

witnesses: i) tyrosine; 

2) phenylalanine. 

C o u r s e  of d e t e r m i n a t i o n :  25 mg l i v e r  t i s s u e  is  t r i t u r a t e d  for 30 
sec in the cold in a Po t t e r ,  s homogen ize r ,  a f t e r  which  0.125 ml of cold 
0.14 M KC1 so lu t ion  is  added and the homogen iza t ion  con t inued  for  a 
f u r t h e r  30 see .  The homogena te  is  t r a n s f e r r e d  to a s y r i n g e a n d p a s s e d  
th rough  two l a y e r s  of Kapron  into a cooled c e n t r i f u g e  tube.  C e n t r i f u -  
ga t ion  i s  c a r r i e d  out for  45 rain at  16,000 g and  at  b e t w e e n - 2  and+3~ 
The s u p e r n a t a n t  is  used as  the s o u r c e  of e n z y m e .  

Incuba t ion  is  c a r r i e d  out in  po lycen t r i f uge  tubes ,  which a r e  f i t ted 
into holes in a swimming pool reactor. By means of semiautomatic 

pipets 0.02 ml of nicotinamide solution in 0.5 M phosphate buffer and 

0.02 ml of NAD �9 }I s solution are added to the tubes. The reactor is 

placed in a water thermostat at 38 ~ After 15 rain 0.06 m/ supernatant 

is added to the tubes in the reactor and the contents are mixed and 
heated for 1 rain at the same temperature. Next, 0.02 ml of 0.01 M 
phenylalanine solution is added and incubation continued for a further 

15 rain. The reaction is stopped by the addition of 0.06 ml of 20% TCA, 

after which 0.06 ml distilled water is added; I0 rain later the contents 

of the tubes are centrifuged for i0 min at 5000 rpm. 

Simultaneous control tests are carried out to determine the 

amount of tyrosine preformed in the samples. For this purpose, 0.02 

ml of nicotinamide solution in 0.5 M phosphate buffer, 0.02 ml NAD �9 }I s 

solution, 0.06 ml supernatant, 0.02 ml of 0.01 M solution of L-phenyl- 

alanine, and 0~ ml of 20% TCA solution are introduced into the re- 

ceivers of a comparator. The control samples are incubated for 15 

rain, after which 0.06 ml distilled water is added, and i0 rain later the 

contents are centrifuged at 5000 rpm for i0 rain. 

The protein-free supernatant is transferred in a volume of 0.04 

ml into microtubes, 0.2 ml of solution S is added, and the contents are 
thoroughly stirred. Ten minutes later, 0.02 ml of twice diluted Folin, s 

solution is added to each tube. The contents of the tubes are mixed, 

and 30 rain later the samples were examined colorimetrically with the 

FEK-N-57 instrument at 750 m~ (No. 8 filter) against distilled water 

with the aid of microcuvettes. 

Before the enzyme activity is calculated, the extinction of the 

control sample is subtracted from the extinction of the experimen- 

tal sample: 

Eexp - Econ = Eenz, 

where Een z represents the extinction corresponding to the enzymic ac- 

tivity of the tested solution, Eex p the extinction of the experimental 

sample, and Eco n the extinction of the control sample. 

The extinction value reflecting phenylalanine hydroxylase activ- 

ity thus obtained is compared with the calibration curve, to give the 

amount of tyrosine (in micromoles) formed in the sample in 15 rain (a). 

Activity of the enzyme is calculated by the formula: 

Aenz = 4ab, 

where Aen z represents the activity of phenylalanine-4-hydro~ylase ex- 
pressed as the number of micromoles tyrosine formed from phenylal- 

anine during incubation of 1 g tissue for 1 h; a is the amount of tyrosine found from the calibration curve; 

and b is the total dilution of the homogenate. 

It will be clear from an examination of the graph of optical density as a function of tyrosine contents 

(Fig. i} that this method can be used to determine very small amounts of tyrosine: less than 0.06 #mole 

tyrosine per ml or 0.0024 #mole tyrosine per sample. 
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TABLE 1. Pheny la l an ine -4 -hydroxy lase  Act ivi ty  in 
L iver  of Var ious  Animals  and Man 

Tes t  object  

Ra ts  
Mice 
Guinea pigs 
Rabbi ts  
Healthy adults 
Children with ol igophrenia  

Phenylalanine hydroxy-  
l a se  act ivi ty  (in #moles  
ty ros ine /g  l ive r  t i s sue /h)  

24.9"1.8 
4.91=~0.57 
2.26• 
1.83• 

1.4~0.32 
0.0 

In the c o u r s e  of development  of the mic rome thod  for de te rmina t ion  of phenylalanine hydroxylase  ac -  
t ivity,  c o m p a r a t i v e  es t imat ions  were  made of the act ivi ty of the enzyme in r a t  l i ve r  using the suggested 
mic rome thod  and paper  ch romatography .  Fo r  this purpose ,  40 #1 of the p r o t e i n - f r e e  superna tan t  f rom the 
exper imenta l  and control  s am p l e s  used for  the de te rmina t ion  of ty ros ine  with Folin '  s r eagen t  was applied 
to ch romatography  paper ,  and ch roma tog raphy  was  c a r r i e d  out in a butanol - acet ic  acid - wa te r  sys t em.  
Tyros ine  was es t imated  quanti tat ively by a mic romethod  developed e a r l i e r  [2]. The r e su l t s  of the d e t e r -  
minat ion of ty ros ine  by the two methods were  ve ry  c lose  (Fig. 2). It mus t  be pointed out that  the values  for  
the content of p r e f o r m e d  ty ros ine  obtained by the use of Folin, s r eagen t  were  cons iderab ly  higher  than the 
values  obtained by chromatography ,  conf i rming  r e p o r t s  in the l i t e r a tu re  of the inadequate specif ic i ty  of 
Folin, s method [5]. 

The sensi t iv i ty  of Folin '  s method and of the method of es t imat ion  of ty ros ine  by means  of ninhydrin 
di f fers  only slightly, according  to the writers~ findings. The sma l l e s t  quantity of ty ros ine  which can be 
de te rmined  in a sample  by the use of mic romethod  with Folin~s reagent  is 0.0024 #mole (Fig. 1). The 
s m a l l e s t  quantity of ty ros ine  which can be de te rmined  in the f o r m  of the copper  de r iva t ive  with ninhydrin 
is  also 0.002 #mole pe r  sample ,  i .e. ,  0.36 #g [2]. 

The w r i t e r s  have used this mic romethod  f o r  de te rmina t ion  of l i ve r  pheny la lan ine -4 -hydroxy lase  a c -  
t ivity in o rde r  to inves t iga te  the act ivi ty of this enzyme in the l ive r  t i s sue s  of var ious  animals ,  of healthy 
adult pe r sons ,  and of chi ldren  with phenylpyruvate  o l igophrenia  (Table 1). 
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