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Effect of Ethionine on Histidine Metabolism." (28388) 

PARI D. SPOLTER AND ROBERT C. BALDRIDGE 
Department of Biochemistry, Temple University School of Medicine, Philadelphia, Pa. 

Recent observations( 1-3) of children with 
histidinemia, in whose tissues the enzyme 
histidase is absent due to a genetic defect, 
have led to a consideration of procedures 
which might reproduce the effects of the dis- 
order in animals. As it has not been possible 
specifically to inactivate histidase in v i m ,  
attention was drawn to urocanase, the en- 
zyme which catalyzes the second step in the 
straight deamination pathway of histidine 
catabolism. Silverman, Gardiner and Baker- 
man(4) found that rats fed 0.05% of DL- 
ethionine excreted considerable amounts of 
urocanic acid in the urine and had low levels 
of liver urocanase. Recently it has been 
shown(5,6) that rats adapted to diets which 
contained ethionine; i.e., after an initial loss 
of weight, animals fed sub-lethal amounts of 
the antagonist grew at rates comparable to 
those of control rats. 

To inquire into the specificity of the ethio- 
nine-effect and to determine whether changes 
in the levels of enzymes of the alternative 
transamination pathway for the degradation 
of histidine accompany a block in the straight 
deamination pathway, levels of liver uroca- 
nase, histidase and histidine-pyruvate trans- 
aminase were measured in ethionine-fed rats 
at regular time intervals during the pre- 
adaptive stage and the period of subsequent 
growth. 

Experimental. Male rats of the Sprague- 
Dawley strain (initial weight 82-98 g) were 
divided into 3 groups of 22  rats each. The 
basal diet for the animals in the ad Zibitum- 
fed and pair-fed groups contained casein, 
9%; salts(7), 5 % ;  corn oil plus fat-soluble 
vitamins (8),  5 % ; water-soluble vitamin sup- 
plement (8) ,  0.2 5 % ; choline chloride, 0.1 5 %, 
and sucrose as the carbohydrate to make 
100%. In  the diet for the ethionine-fed 
group, 0.25% of DL-ethionine was added in 
place of an equivalent amount of sucrose. 
One rat from each group was killed daily 
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starting on the first day after initiation of 
the experimental diets (except for the 18th 
and 19th days). The initial body weights of 
the 3 rats killed on a same day differed by 
less than one gram. 

Histidase, urocanase and histidine-pyru- 
vate transaminase were measured as described 
previously( 9) in supernatant fractions ob- 
tained by high-speed (105,OOO X g) centrifu- 
gation of 20% homogenates of the liver from 
each animal. When necessary, 2 levels of 
supernatant were assayed to insure that the 
reaction velocity was proportional to enzyme 
concentration. The protein content of the 
supernatant fractions from the homogenates 
was measured by the method of Lowry et al. 
(10). The DNA contents were determined 
in an aliquot of the whole homogenate by 
the hot TCA extraction procedure of Schnei- 
der( l1) ;  the extracts were analyzed for 
DNA by the diphenylamine( 12) reaction. 

One unit of enzyme activity was defined 
as the amount of enzyme which catalyzed the 
destruction of appropriate substrate or for- 
mation of product a t  the rate of one mpmole 
per minute under the conditions used. The 
data were calculated on the basis of units per 
0.1 pmole of DNA, per mg of supernatant 
protein, per gram of fresh liver and per 100 g 
of rat. Plots of activity vs days of ingestion 
of the antagonist gave the same pattern of 
changes in all cases; for convenience, the en- 
zyme activities are recorded as units per 0.1 
pmole of DNA. 

Results. The ethionine-fed rats lost weight 
for the first 5-7 days, then grew at  the same 
rates as animals fed the control diet ad Zibi- 
turn. Most of the pair-fed rats grew at rates 
similar to those of the corresponding ethio- 
nine-fed animals. The growth curves of the 
rats killed on the last (24th) day of the ex- 
periment are shown in Fig. 1, top. The vari- 
ation in body weight with time of ingestion 
of the antagonist shown for the ethionine-fed 
rat illustrates the growth status of other 
ethionine-fed rats killed daily throughout the 
experiment. 



ETHIONINE AND HISTIDINE METABOLISM 43 7 

0 0  

0 0  

/ x  
0 

J 
6 I2 I8 24 

DOVJ 
FIG. 1. Adaptation to dietary ethionine. Top: 
Growth curves of 3 rats killed on 24th day of ex- 
periment described in text. The curve for  the eth- 
ionine-fed rat shows the typical adaptation to the 
antagonist. Growth curve during days 1-13 for 
pair-f ed control animal shown was exceptional. 
Most of the pair-fed animals gained or lost weight 
at same rate as did corresponding ethionine-fed rat. 
Bottom: Concentration of DNA in liver of rats 
fed the basal diet or 0.25% DL-ethionine diet for 

number of days indicated. 

It has been observed that when rats are 
fed diets which contain sublethal levels of 
ethionine for more than 4-5 weeks, an in- 
crease in DNA content of their liver occurs 
( 13,14) concomitantly with proliferation of 
ductular cells and a relative decrease in num- 
ber of hepatocytes( 15,16). In the present 
experiment, there was a relative increase in 
DNA concentration of the livers of the 
ethionine-fed and pair-fed control animals 
during the first 6 days of the experimental 
period (probably as a result of the reduced 
food intake and subsequent loss of liver gly- 
cogen). After 6 days, however, when the 
appetite of the ethionine-fed rats was re- 
stored to normal, there were no significant 
differences in the DNA content of the livers 

of the animals of the 3 groups (Fig. 1, bot- 
tom). Thus, the present measurements were 
made before the severe pathological damage, 
characteristic of longer-term ethionine admin- 
istration, had occurred. 

Levels of urocanase in the livers of the 
rats fed the experimental diets for periods 
of from one to 2 4  days are shown in Fig. 2, 
top, and may be compared with the levels 
of histidase and histidine-pyruvate transami- 
nase (Fig. 2, center and bottom). Urocanase 
activity decreased during the first 8 days of 
ethionine feeding and remained at very low 
levels thereafter. There was no indication of 
restoration of urocanase activity during the 
period of subsequent growth adaptation of 
the animals. Administration of ethionine did 
not significantly alter the activities of liver 
histidase or histidine-pyruvate transaminase. 
While urocanase activities in livers of the 
control rats and histidase activities in the 
livers of all 3 groups of animals did not show 
significant changes, histidine-pyruvate trans- 
aminase levels in livers of all 3 groups de- 
creased toward the end of the experimental 
period. It appears, therefore, that there may 
be an inverse relationship between the level 
of histidine-pyruvate transaminase in the 
liver and rate of growth. 

Discussion. The specific and rapid de- 
crease in urocanase activity following inges- 
tion of ethionine is remarkable. In the pres- 
ent experiments, if the action of the antago- 
nist were to inhibit protein synthesis in gen- 
eral, either by inhibiting the incorporation 
of the natural amino acid into proteins ( 1 7 )  
or by producing a rapid fall in concentration 
of ATP( 18), one might expect a similar de- 
crease in the levels of other enzymes studied 
unless the half-life of urocanase is phenome- 
nally shorter than those of histidase and his- 
tidine-pyruvate transaminase (and of the 
proteins required for growth). Alternatively, 
if ethionine were incorporated into the en- 
zyme-protein in lieu of methionine, as has 
been shown to occur in other proteins( 17), 
replacement of a methionine residue by ethio- 
nine at the active site of urocanase, or a t  
some critical location which prevents proper 
orientation of the molecule, might result in 
formation of an inactive form of the enzyme. 
It would follow that methionine residues are 








