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SUMMARY: Tyrosine aminotransferase acts on tyrosine or monoiodotyrosine 
(MIT) as substrate. The ratio of the initial velocities for the reactions 
with tyrosine and monoiodotyrosine has been measured under various conditions 
in vivo. -- When the enzyme is induced by cortisol, this ratio increases due 
to the reduction of the relative rate of MIT transamination. In contrast, 
purification of the cytosol enzyme decreases the tyrosine:MIT ratio, The 
mitochondrial enzyme, by its utilization of oxaloacetate as amino acceptor and 
its selective inhibition by aspartate , can be distinguished from the cytosol 
enzyme. Since the mitochondrial enzyme is not responsible for the change in ratio 
of activities with the two substrates, induction in vivo may involve the formation 
of physical conformers of the cytosol tyrosine amsotransferase. 

Earlier studies from this laboratory demonstrated that as tyrosine 

aminotransferase (EC 2.6.1.5) is purified from liver cytosol, the initial 

velocity with monoiodotyrosine relative to the initial velocity with tyrosine 

increases proportionately to the degree of purification (1). This indicated 

that monoiodotyrosine was becoming a better substrate as the purification 

progressed. Since it is possible to enrich rather specifically the quantity 

of this enzyme in liver by hormonal induction, this process can be viewed as 

a purification in vivo. -- Therefore, it was of interest to learn if the type 

of change connected with purification of the cytosol enzyme occurred in re- 

lation to enzyme induction. 

Adrenalectomized, male Sprague-Dawley rats were injected with tyrosine, 

monoiodotyrosine, cortisol, or cortisol plus monoiodotyrosine and sacrificed 

4 hours later. Rats were used for experiment between 7 and 12 days after 

adrenalectomy. Treated animals and controls were always decapitated at noon 

to minimize diurnal variations of activity (2,3). Livers were removed 
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quickly, rinsed, weighed and homogenized in ice cold 0.25 M sucrose. Nuclei 

and cellular debris were removed by centrifugation at 700 x g for 10 min. 

and washed once. Mitochondria were obtained by centrifugation at 14,500 

x g for 10 min. and washed once. Liver cytosol was the supernatant obtained 

after centrifugation at 100,000 x g for 60 min. 

Tyrosine aminotransferase activity, expressed as mumoles p-hydroxy- 

phenylpyruvate or 3-iodo-phydroxyphenylpyruvate formed per min. per mg 

protein, was determined by measuring p-hydroxyphenylpyruvate or 3-iod*4- 

hydroxyphenylpyruvic acid formation by a modified Briggs reaction (1,4,5). 

The reaction mixture contained 10 mM a-ketoglutarate, 40 uM pyridoxal-P, 

1.8 mM diethyldithiocarbamate, 170 mM potassium phosphate buffer, pH 7.6, and 

4 mM tyrosine or monoiodotyrosine for cytosol and 9 mM tyrosine or monoiod* 

tyrosine for mitochondria unless otherwise indicated. Protein was measured 

by the Biuret method (6). 

The effects of the various treatments on the relative levels of 

enzymatic activity, and the activity ratios for the two substrates can be 

seen in Table I. As observed previously (7) injection of amino acids into 

adrenalectomized rats does not result in induction. Cortisol greatly 

stimulated enzymatic activity and the combination of hormone plus amino acid 

results in a still higher level of activity. The ratio of the velocity of 

tyrosine transamination to the velocity of monoiodotyrosine transamination 

after purification of the cytosol tyrosine aminotransferase is unity (1). In 

the cytosol of an untreated animal the ratio is 2.0. The ratio changes even 

more after induction, increasing to 2 to 3 times that of the basal state. 

Although the mitochondrial enzyme can be induced slightly with cortisol (8) 

or cortisol plus monoiodotyrosine (Table I), the stimulation is small and 

ratio changes were not observed. Hence the mitochondrial enzyme serves as 

a standard with which the changes in the cytosol enzyme can be compared. 

The utilization of monoiodotyrosine by mitochondrial and cytosol systems 

becomes of interest because monoiodotyrosine inhibits tyrosine hydroxylase 
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in vitro (9,lO) and depletes tissue norepinephrine in vivo. Also, tyrosine -- -- 

is a precursor of norepinephrine and a substrate for tyrosine hydroxylase. 

Norepinephrine levels have been correlated with the diurnal cycle of liver 

cytosol tyrosine aminotransferase (2). Therefore, the utilization of mono- 

iodotyrosine by tyrosine aminotransferase as a regulatory mechanism is being 

explored. 

The possibility that more than one enzyme contributes to the observed 

responses in soluble tyrosine aminotransferase activity needs clarification. 

Small amounts of tyrosine aminotransferase have been observed to be associated 

with mitochondria (8,11,12) and other cell fractions (13) but the question 

of cross contamination clearly has not been resolved. The mitochondrial 

enzymes from liver, brain and heart are being purified in our laboratory, and 

these enzymes have keto acid specificities and kinetic properties different 

from the liver cytosol enzyme which persist after several hundred fold 

purification. The keto acid specificity was used to distinguish between tyro- 

sine aminotransferase activity of mitochondria and cytosol from normal rat 

liver with tyrosine or monoiodotyrosine as substrate (Table II). The 

mitochondrial enzyme readily utilized oxaloacetate and pyruvate to a lesser 

extent while the cytosol enzyme showed negligible activity with either keto 

acid as expected (1,14,15). There appears to be no contamination of the 

cytosol enzyme by the mitochondrial form. In addition to the keto acid 

specificity which eliminates the possibility of cross contamination is a potent 

non-competitive inhibition of the mitochondrial enzyme by aspartate (50% 

inhibition at 0.8 mM aspartate) with respect to tyrosine. This mode of 

inhibition results when the data are plotted by the method of Hunter and 

Downs (16) (Figure 1) or of Lineweaver and Burk (17). Aspartate does not 

inhibit the cytosol enzyme in the concentration range where inhibition of 

the mitochondrial enzyme occurs. These two enzymatic activities represent 

different enzyme forms as demonstrated by pH isoelectric focusing of the 

cytosol enzyme (500 fold) and mitochondrial enzyme (35 to 700 fold). The 
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Fig. 1. 

Non-competitive mode of inhibition of mitochondrial tyrosine aminotransferase by 0.8 
L-aspartate. The plot is made according to the method of Hunter and Downs (16). 

cytosol enzyme was anionic (focused at pH 4.1) while the mitochondrial 

enzyme was cationic (focused at pH 9.4). Thus on the basis of keto acid 

specificity, aspartate inhibition, and charge the two enzymes are different. 

In a subsequent paper on the purification and properties of the mitochondrial 

enzyme more details will be given concerning these differences. Since the 

mitochondrial form does not appear to contribute to the activity observed 

in cytosol (Table II) due to loss of enzyme from mitochondria during homo- 

genization and centrifugation, physical changes in the cytosol enzyme must 

be occurring. Studies by Litwack et al. (18) on pyridoxal-P protection 

against urea inhibition and a report by Holten et al. (19) on pyridoxal-P 

protection under various conditions suggest that the cytosol enzyme undergoes 

physical changes. The utilization in these studies of monoiodotyrosine, with 

its iodide atom acting as a bulky substituent on the substrate, should monitor 

the dimensions of the catalytic center with regard to substrate binding. We 

conclude, therefore, that the cytosol enzyme can exist in different confor- 

mations and that induction produces a form with a more constricted active site 

of the cytosol tyrosine aminotransferase. 

40 



Vol. 36, No. 1, 1969 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

ACKNOWLEDGEMENTS: Supported by research grant AM-08350 from the National 
Institute of Arthritis and Metabolic Diseases, U.S.P.H.S. JEM is a post- 
doctoral trainee, CA-05197, from the National Cancer Institute, U.S.P.H.S. 
The authors are indebted to Tsuneko Saika for excellent technical assistance. 
GL is a Research Career Development Awardee, 3-K3-AM-16,568, from the National 
Institute of Arthritis and Metabolic Diseases, U.S.P.H.S. 

1. 
2. 

3. 

4. 
5. 
6. 

7. 
8. 

9. 

10. 
11. 
12. 

13. 

14. 
15. 
16. 
17. 
18. 

19. 

REFERENCES 

Litwack, G. Metabolism 15: 420, 1966. 
Wurhnan, R. J., and Axezod, J. Proc. U. S. Nat. Acad. Sci. 57: 1594, - 

1967. 
Civen, M., Ulrich, B., Tritmner, B. M., and Brown, C. B. Science 157: -- 

1563, 1967. 
Briggs, A. P. J. Biol. Chem. 51: 453, 1922. 
Canellakis, Z. N. and Cohen, P.P. J. Biol. Chem. 222: 53, 1956. 
Layne, E. in S. P. Colowick and N. 0. Kaplan, Methodsin Enzymology, 

Vol. III, pp. 450-454, New York, Academic Press, Inc., 1957. 
Lin, E. C. C. and Knox, W. E. Biochim. Biophys. Acta 26: 85, 1957. 
Fellman, J. H., Vanbellinghen, P. J., Jones, R. T., anTKoler, R. D. 

Biochemistry8: 615, 1969. 
Spectra, S., Mata, R. O., Sjoerdsma, A., and Udenfriend, S. Life Sciences 

4: 1307, 1965. 
Goldstine, M., and Weiss, Z. Life Sciences 4: 261, 1965. 
Miller, J. E. and Litwack, G. Federation Pr&. 28: 667, 1969. 
Rowsell, E. V., Turner, K. V., and Carnie, J. A.-Biochem. J. 89: 65P, 

1963. 
- 

Litwack, G., Sears, M. L., and Diamondstone, T. I. J. Biol. Chem. 238: 
302, 1963. 

- 

Canellakis, Z. N. and Cohen, P. P. J. - 
Kenney, F. T. J. Biol. ( 
Hunter, A., and Downs, C 
Lineweaver, H., and Burk, D. J. Am. Chem. $ 

Biol. Chem. 222: 63, 1956. 
- zhem. 

E. 
234: 2707, 1959. 
TBiol. Chem. 157: 1945. 427, 

;oc56: 1934. 658, 
Litwack, G., Sears-Gessel, M. C., and Winicov, 1: Biochim. Biophys. Acta 

118: 351, 1966. 
HolterD., Wicks, W. D., and Kenney, F. T. J. Biol. Chem. 242: 1053, - 

41 


