
Vol. 82, No. 1, 1978 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 
May 15,1978 Pages 342-347 

IDENTIFICATION OF TRYPTOPHAN PYRROLASE IN LIVER LYSOSOMES AFTER TREATMENT 

OF RATS WITH HYDROCORTISONE AND CHLOROQUINE 

Donna E. Rudek, Philip Y. Dien and Donald L. Schneider 

Department of Biochemistry, Dartmouth Medical School, 

Hanover, N.H. 03755, USA 

Received April 5,1978 

SUMMARY 

Liver lysosomes isolated from rats treated with hydrocortisone and 
chloroquine were found to contain an increased amount of protein including 3% 
of the tryptophan pyrrolase enzyme activity and 5% of the antigenic activity. 
Immunoprecipitates were obtained by incubating lysosomes with antibody to 
tryptophan pyrrolase. Analysis of these immunoprecipitates by sodium dodecyl 
sulfate polyacrylamide gel electrophoresis revealed tryptophan pyrrolase sub- 
units (MW 45,000) and smaller polypeptides, presumably proteolytic degradation 
products of intact subunits. 

Lysosomes contain an assortment of hydrolytic enzymes and are known to be 

sites of degradation of internalized plasma proteins (1,Z); it has been 

suggested that intracellular proteins are also degraded in lysosomes (3-6). 

In this communication we demonstrate the presence of tryptophan pyrrolase, an 

inducible and rapidly degraded enzyme of the cytosol (7), in liver lysosomes 

of rats which have been treated with hydrocortisone and chloroquine. 

METHODS 

Albino male rats from Charles River, Wilmington, Mass., were kept on a 
daily cycle of 12 h each, light and dark, and were fed food and water ad - 
libitum. 

Lysosomes were prepared after treatment of rats with Triton WR-1339 by 
differential flotation gradient centrifugation (8). 

Glucose 6-phosphatase and 5'-nucleotidase were measured by release of 
inorganic phosphate from glucose 6-phosphate (9) and adenosine 5'- 
monophosphate (lo), respectively; the liberated phosphate was determined 
calorimetrically (11). N-Acetylglucosaminidase activity and protein were 
determined as described previously (12). 

Tryptophan pyrrolase was measured after activation in the presence of 
hematin and excess tryptophan (13). The assay included formylase which 
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TABLE I 

Effect of Hydrocortisone and Chloroquine 

on the Protein Content of Liver Lysosomes 

Rats were treated with Triton WR-1339 4 d prior to isolation of lysosomes 
(8). Hydrocortisone 21-phosphate (5 mg per 200 g body weight) and chloroquine 
(10 mg per 200 g body weight) were injected intraperitoneally 7 h prior to 
killing. Lysosomes were isolated (8), and purity was calculated from the 
specific activities of N-acetylglucosaminidase of the lysosomes relative to 
homogenate (E+N) (9). The amount of lysosomal protein was determined by the 
Lowry assay (17) of trichloroacetic acid precipitable material and was 
corrected for yield. 

Treatment of Rats Properties of Isolated Liver Lysosomes 
Purity Protein 
(fold) (mg per g liver) (X of total) 

None 85 1.6 1.2 

Hydrocortisone 89 1.5 1.2 

Chloroquine 83 1.5 1.2 

Hydrocortisone + Chloroquine 35 4.1 3.1 

converted the intermediate N-formylkynurenine to kynurenine. The latter was 
measured calorimetrically after diazotization (14). 

Cytochrome oxidase was measured spectrophotometrically with reduced 
cytochrome c as substrate (10). 

RESULTS AND DISCUSSION 

Effect of Chloroquine on the Protein Content of Liver Lysosomes. Seven h 

after treatment of rats with chloroquine and hydrocortisone, an increase in 

the amount of lysosomal protein and a corresponding decrease in the apparent 

purity of the lysosomes were observed (Table I). This could be due to the 

mode of action of chloroquine, a lysosomotropic agent (15) and inhibitor of 

protein degradation (16); chloroquine presumably inhibited proteolysis, 

thereby promoting the protein accumulation in the lysosomes. However, the 

increase in protein in the lysosomal fraction could have resulted from an 

increase in contamination. Therefore, the extent of microsomal, mitochondrial 

and plasma membrane contamination was assessed by measuring glucose 

6-phosphatase, cytochrome oxidase and 5'-nucleotidase, respectively. As 
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TABLE III 

Tryptophan Pyrrolase Content of Rat Liver Lysosomes as 

Determined by Double Antibody Immunoprecipitation 

Tryptophan pyrrolase was isolated from rat liver as described (18) and 
injected into rabbits to obtain antisera (19). Rats were treated as 
described in Table I except that 2 h prior to sacrifice each received 0.5 mCi 
of 3H-leucine intraperitoneally. Lysosomes were prepared as in Table I. 
Aliquots of the post-mitochondrial supernates and of the lysosomes were 
incubated with either antisera or control sera in phosphate-buffered 
saline, 0.2% Triton X-100. Goat anti-rabbit gamma-globin was added and 
immunoprecipitation was allowed to proceed overnight in the cold. Precipi- 
tates were collected by centrifugation at 2000 x g for 15 min and were 
washed three times with phosphate-buffered saline, Triton X-100. Washed 
precipitates were dissolved in 0.2N NaOH, 2% sodium deoxycholate and counted 
in Triton-toluene scintillant (20). The radioactivity precipitated with 
control sera was about 20% of experimental and was subtracted to give net 
radioactivity. 

Treatment of Tryptophan Pyrrolase Antigen 
Rat Post-mitochondrial Supernate Lysosomes 

(net cpm/g liver) (net cpm/g liver) (X) 

Control 4,600 130 3 

Hydrocortisone + 8,600 430 5 
Chloroquine 

Table II indicates, microsomal and mitochondrial contamination was slight and 

was unaffected by chloroquine. Plasma membrane (5'-nucleotidase) contamina- 

tion increased: however this increase is insufficient to account for the 

increase in lysosomal protein. The increase in 5'-nucleotidase may very well 

reflect increased autophagy because invagination of plasma membrane, which may 

be the mechanism for the formation of autophagic vacuoles, would direct more 

plasma membrane to the lysosomes. 

Identification of Tryptophan Pyrrolase in Lysosomes. While membrane 

contamination was not responsible for the increase in lysosomal protein, the 

activity of tryptophan pyrrolase, a soluble protein, was found to increase 

5-fold in lysosomes after chloroquine treatment (Table II). In order to 

verify the results obtained by the assay of tryptophan pyrrolase activity, 

rats were injected with hydrocortisone and chloroquine and then pulse-labeled 
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SLICE 

Figure 1. Analysis by Sodium Dodecyl Sulfate Polyacrylamide Gel Electro- 
phoresis of Tryptophan Pyrrolase Immunoprecipitated from Rat Liver Lysosomes. 

Immunoprecipitates were prepared from lysosomes isolated from 
hydrocortisone-chloroquine treated rats as in Table III, with the exception 
that goat antibody was omitted in order to avoid overloading the gels. 
Immunoprecipitates were dissolved in sodium dodecyl sulfate, heat denatured 
and electrophoresed as described (21). Gels were cut into 2 mm slices which 
were dissolved in H O2 and counted (22). With bovine serum albumin, ovalbumin 
and hemoglobin as s z andards, the major peak was found to have an apparent 
molecular weight of 45,000. The bands of smaller molecular weight are 
presumably tryptophan pyrrolase fragments. Panel A antiserum; panel B 
control serum. 

with 3H-leucine. Lysosomes were prepared and analyzed by immunoprecipitation 

with antibody to tryptophan pyrrolase. Table III shows that tryptophan 

pyrrolase antigen was found in lysosomes whether or not chloroquine was 

administered. The amount of tryptophan pyrrolase antigen in lysosomes was 

always greater than the amount of enzyme activity. This suggests that the 

antibody may precipitate inactive enzyme, or even fragments of the partially 

degraded enzyme. Sodium dodecyl sulfate polyacrylamide gel electrophoresis of 

the immunoprecipitate showed that the antibody precipitated radiolabeled 

tryptophan pyrrolase subunits (MW 45,000) (Figure l), as well as smaller 

polypeptides. The presence of these polypeptides is very suggestive evidence 

that lysosomes are the site of proteolysis of tryptophan pyrrolase. Exami- 

nation of the peptides by tryptic peptide mapping may lend further support to 

the hypothesis that these are proteolytic digestion products of an 

intracellular enzyme. 
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