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SUMMARY: The subcellular distributions of the precursor form and 
mature form of y-glutamyltranspeptidase of rat kidney were studied 
by labeling the enzyme with [3H]fucose in viva. In txann Golgi 
elements and basolateral membranes, y-glutamyltranspeptidase was 
present as a precursor form with a single polypeptide chain. 
However, the brush border membranes contained the heavy and light 
subunits as well as precursor. These results suggest that the 
precursor is converted to the mature form after its transport to 
the brush border membranes. 

v-Glutamyltranspeptidase [EC 2.3.2.21 of rat kidney is a 

glycoprotein bound to the brush border membranes. It is composed 

of two nonidentical subunits and the amino-terminal portion of the 

heavy subunit anchors the enzyme to the membrane (l-5). This 

enzyme is synthesized as a precursor form with a single polypeptide 

chain, and the precursor is split posttranslationally into the two 

subunits of the mature form (6-8). In the previous report, we 

suggested that [3H]fucose is incorporated into the precursor and 

that proteolytic processing takes place in the brush border 

membranes (8). In the present communication, we describe the 

distributions of labeled precursors among organelles, and conclude 

that the precursor is split into subunits after its transfer to the 

brush border membranes. 

MATERIALS AND METHODS 
Chemicals and animals: Adenosine 5'-triphosphate, ouabain and 
UDP-galactose were purchased from Sigma Chemical Co.. Ovomucoid was 
from Boehringer-Mannheim GmbH. L-[5,6-3H]Fucose (45 Ci/mmole) and 
UDP-D-[6-3H]galactose (16.3 Ci/mmole) were from Amersham. Animals 
and other chemicals were as described previously (7). 

0006-291X/83 $1.50 

Copyright 0 1983 by Academic Press, Inc. 
889 All rights of reproduction in any form reserved. 



Vol. 114, No. 2, 1983 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Assay procedures: y-Glutamyltranspeptidase was measured as describ- 
ed previously (2). Protein was determined by the method of Lowry 
et al. (9) with bovine serum albumin as a standard. The activities 
of total and ouabain-sensitive Na+, K+-dependent ATPase were 
measured by the method of Fujita et al.(l.O) except that the ouabain 
concentration in assays was 2.5 mM. UDP-galactose: ovomucoid 
galactosyltransferase activity was determined by the method of 
Bretz and Stgubli (11). 
[3H]Fucose labeling and subcellular fraction: The procedure was 
described in detail in the previous paper (8). Rats weighing 160- 
170 g were starved overnight and then injected intravenously with 
250 UCi of [3H]fucose in 1 ml of saline, and killed 10, 30 and 60 
min later. In each experiment, organelles were isolated from the 
kidneys of two rats. The kidney tissue was passed through a 
stainless-steel strainer, mixed with 20 ml of 0.25 M sucrose solu- 
tion and homogenized in a Dounce homogenizer. The homogenate was 
centrifuged at 400 xg for 10 min and the pellet was suspended in 
10 mM mannitol, 2 mM Tris-HCl (pH 7.4) and rehomogenized in a Poly- 
tron homogenizer. Then 1 M CaC12 solution was added to a final 
concentration of 10 mM and the suspension was layered over a step- 
wise gradient of 35%, 40% and 45% (w/v), sucrose solution contain- 
ing calcium. The supernatant from the initial centrifugation was 
adjusted to 50% sucrose, and layered under a stepwise gradient of 
30%, 40% and 45% sucrose. Tubes containing the gradients were 
placed in a Hitachi SRP28SA rotor and centrifuged at 141,000 xgmax 
for 90 min. Materials at each interface were collected after 
centrifugation. Fraction P4 was the material at the interface 
between the 40% and 45% sucrose layers of the gradient containing 
calcium; fractions Gl and G2 were the materials at the interfaces 
between 30% and 40%, and 40% and 45% sucrose, respectively, from 
the second gradient without calcium. The whole procedure was 
carried out at 0-4OC within 5 hours. 
Immunoprecipitation and gel electrophoresis: The method decribed 
previously (8) was used with slight modification. The precursor 
and mature forms of y-glutamyltranspeptidase were extracted by 
adding 0.2 volumes of a solution of 5% Triton X-100 and 100 mM 
sodium phosphate buffer (pH 6.0) to the subcellular fractions, and 
centrifuging the mixtures at 105,000 xg for 30 min at 4'C. The 
supernatants were mixed with excess mono-specific antibodies raised 
to u-glutamyltranspeptidase, kept at 25°C for 15 min, mixed with 
15-30 units of unlabeled purified y-glutamyltranspeptidase as a 
carrier, and incubated further at 25OC for 45 min. The immuno- 
precipitate was collected by centrifugation at 3,000 rpm for lOmin, 
washed 3 times with 2 ml of washing buffer, and subjected to SDS- 
polyacrylamide gel electrophoresis by the method of Baumann and 
Chrambach (12). After electrophoresis, gels were cut into 1 mm 
wide slices and dissolved in 2% sodium periodate and then their 
radioactivity was counted. 

RESULTS AND DISCUSSION 

Isolation of organelles: From our previous finding of incorporation 

of [3H]fucose into a precursor of y-glutamyltranspeptidase (6), 

precursor seems to be present in than& Golgi elements. To determine 

the distribution of the enzyme after incorporation of [3H]fucose, 

we developed a method for isolation within 5 hours of t&and Golgi 
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elements, basolateral membranes, and brush border membranes from 

the kidneys of two rats. UDP-galactose: ovomucoid galactosyl- 

transferase was measured as a marker of t&and Golgi elements, total 

and ouabain-sensitive Na+, K+-ATPases were measured as markers of 

basolateral membranes, and y-glutamyltranspepticlase was measured as 

a marker of the brush border membranes. The activities of the 

marker enzymes are shown in Table 1. The contaminations of 

fractions Gl, G2 and P4 with endoplasmic reticulum and lysosomes 

were low, as reported previously (8). Fraction Gl was enriched 

108-fold in galactosyltransferase but had little y-glutamyltrans- 

peptidase or total Na+, K+-ATPase activity, showing that the ihand 

Golgi elements in this fraction were highly purified. Fraction G2 

contained total Na+, K+-ATPase activity, enriched 6 fold and 

ouabain-sensitive Na+, K+-ATPase. However, although G2 seemd to 

Table 1. Distributions of marker enzymes in subcellular fractions 
of rat kidney 

Whole Gl G2 P4 
homoge- 
nate 

Protein (mg) 349 0.69 1.55 1.41 

y-Glutamyl S.A." 1.38 1.12 1.68 15.5 
transpeptidase (u/w) 

enrich- 1 0.81 1.22 11.2 
ment 

Total Na+, K+- 3.0 N.D.** 17.8 7.4 
ATPase ("i&2:) 

enrich- 1 - 5.9 2.5 
ment 

Ouabain sensi- 
tive Na+,K+- 
ATPase 

N.D."" N.D.** 3.0 N.D."" 

-- 
Ovomucoid S.A." 0.13 14.0 2.58 N.D."" 
Galactosyl- (mU/mg 1 
transferase enrich- 1 108 20 - 

ment 

Enzyme activities in fractions Gl, G2 and P4 and the whole 
homogenate were assayed as described in MATERIALS AND METHODS. 
"S.A., specific activity; **N.D., not detectable 
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contain the basolateral membranes, it was probably contaminated 

with thand Golgi elements because it had high galactosyltransferase 

activity. This fact and the suggestion that galactosyltransferase 

is present in basolateral membranes (13), indicated that fraction 

G2 was composed of basolateral membranes with small amounts of 

tha~d Golgi elements. Fraction P4 consisted of highly purified 

brush border membranes with little contamination by other organelles, 

because y-glutamyltranspeptidase was highly enriched in this 

fraction with no detectable galactosyltransferase,ouabain-sensitive 

Na+, K+-ATPase. The relative purities of the preparations of thanb 

Golgi elements and brush border membranes compared favorably with 

reports in the literature (14,lS). Methods are available for 

subcellular fractionation of the epithelium of the small intestines 

(161, and the liver (17), but not of the kidney. Our method is 

convenient for isolating organelles from rat kidney with little 

cross-contamination. 

Flow kinetics of y-glutamyltranspepticlase: The radioactivities of 

proteins in fractions Gl, G2 and P4 precipitated with antibody 

raised against r-glutamyltranspeptidase are shown in Figure 1. 

z-in each fraction. 
Incorporation of [ 3H]fucose into the precursor and 

30 or 60 min, 
Rats were labeled by [sH]fucose for 10, 

and then subcellular fractions were obtained. The 
radioactivity incorporated into proteins precipitated with anti 
v-glutamyltranspeptidase divided by the amount of protein in each 
fraction was determined. Closed circles, fraction Gl; open circles, 
fraction G2; closed triangles, fraction P4. 
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After injection of [3H]fucose, incorporation of radioactivity into 

fraction Gl was significant after 10 min and increased gradually 

until 30 min. On the other hand, only a small amount of radio- 

activity was found in fraction G2 after 10 min but the radioactivity 

increased rapidly during the next 20 min. The radioactivity 

incorporated into the enzyme in fraction P4 remained low for the 

first 30 min but significant radioactivity was observed 60 min 

after the injection. Thus y-glutamyltranspeptidase labeled with 

[3H]fucose seems to migrate in viva from fraction Gl via fraction 

G2 to fraction P4. Taking the data of marker enzymes (Table 1) 

into consideration, the radioactivity in fraction G2 is thought to 

be derived from the basolateral membranes. Thus some of the enzyme 

is probably transferred from tltann Golgi elements to basolateral 

membranes and then to brush border membranes. 

Determination of the site of proteolytic processing of y-glutamyl- 

transpeptidase: To identify the site of proteolytic processing of 

the precursor, we measured the relative amounts of radioactivity 

incorporated into the precursor and two subunits in fraction Gl, 

G2 and P4. As shown in Figure 2, all the samples obtained were 

separated into three fractions with moleculer weight of 78,000, 

50,000 and 23,000 daltons which were identified as those of the 

precursor, heavy subunit and light subunit of the enzyme, 

respectively. Of the total radioactivity incorporated into the 

enzyme, about 70% was found in precursors in fractions Gl and G2 

at 10 min after the injection of [3H]fucose (data not shown). 

After 30 min, about 80% of the total radioactivity in fractions Gl 

and G2 was also found as the precursor with 20% in the subunits 

(Figs 2a and 2b). After 60 min, 74% of the total radioactivity 

incorporated into the enzyme in fraction Gl and 70% of that in 

fraction G2 was found in precursors (data not shown). In 

fractions Gl and G2, the ratio of radioactivity in subunits to that 
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Figure 2. SDS-polyacrylamide gel electrophoresis of the immuno- 
precipitate of each fraction. Subcellular fractionation and immuno- 
precipitation were carried out as described in MATERIALS AND METHODS. 

a: fraction Gl, 30 min after the injection; b: fraction G2, 30 min 
after the injection; c: fraction P4, 
fraction P4, 

30 min after the injection; d: 
60 min after the injection. P: the 

precursor; H: the position of the heavy subunit; 
osition of the 

the light subunit. 
I?: the position of 

in whole enzyme labeled with [3H]fucose was always ZO-30%, irres- 

pective of the labeling time, suggesting that these subunits are 

formed during the isolation of the organelles. On the other hand, 

fraction P4 contained little radioactivity until 30 min after the 

injection of [3H]fucose but significant activity after 60 min as 

noted above (Fig. 1 and 2~). After 60 min this fraction contained 

53% of the total radioactivity in the enzyme as the precursor form 

and 47% as subunits (Fig. Zd), whereas after 4 hours, all the 

radioactivity was found in the subunits (data not shown). These 
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results indicate that newly synthesized y-glutamyltranspeptidase 

was transported to the brush border membrane as a precursor form 

and then converted into two subunits by protease. 

Sucrase-isomaltase of the small intestine is reported to be 

synthesized as a precursor form with a single polypeptide chain and 

then converted to sucrase and isomaltase domains by exogenous 

protease on the membrane of microvilli (18). It would be interest- 

ing to know whether the mode of biosynthesis of y-glutamyltrans- 

peptidase is the same as that of other enzymes associated with the 

brush border membrane in the kidney and small intestine. 
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