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Summary 

A method has been developed for the localization of y-glutamyltransferase 

( y-GT) on polyacrylamide gels using L-y-glutamyl-p-nitroanilide as substrate. The 

optimum conditions for staining on polyacrylamide gels with this substrate were 
evaluated and compared with the staining method using N-y-L-glutamyl-cu- 

naphthylamide as substrate. Using papain digested, purified y-GT from human fetal 
liver it was shown that the method could be used for quantitation of the enzyme on 

polyacrylamide gels. It was also shown that identical patterns of staining for serum 
y-GT could be obtained with L-y-glutamyl-p-nitroanilide and N-y-L-glutamyl-a- 

naphthylamide as substrate. 

Introduction 

y - Glutamyltransferase ( y - GT; (5 -glutamyl) - peptide:amino acid 5 - 
glutamyltransferase, EC 2.3.2.2) activity in the serum is elevated in most of the 

hepatobiliary diseases and in malignancy of the liver [ 11. Multiple forms of y-GT in 
various hepatobiliary diseases have been analysed by electrophoresis, using cellulose 

acetate membrane [2], agarose [3], and polyacrylamide gels [4] so as to improve its 
usefulness in the differential diagnosis of liver diseases. The isoenzymic studies using 
polyacrylamide gel electrophoresis could become clinically more significant in view 

of the recent reports on the existence of hepatoma-specific isoenzymes [5,6] in sera of 

hepatoma patients, and of a novel y-GT in renal carcinoma [7]. 
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In all studies so far the localization of y-GT was made according to Rutenburg‘s 

histochemical method [8] using N-y-I.-glutamyl-cu-naphth~l;~~~lide (GA- 
naphthylamide) or N-y-L-glutamyl-fi-naphthylamide as a substrate irrespective of 
the medium used. The optimal conditions for this method were evaluated hv 
Wenham et al [9]. 

Recently Kok et al [IO] used L-y-glutamyl-p-nitroanilide (GP-nitroanilide) to 

localize y-GT on cellulose acetate membranes using the Bratton-Marshall reaction 
[ 1 l] as described by Dahlman and Jany [ 121 but the optimal conditions and the 

utility of this method in quantitating y-GT after electrophoresis were not mentioned. 

Here we describe the suitability of this method for localising y-GT on polyacryla- 

mide gels. The optimal conditions for colour production on gels were evaluated and 

the produced colour was fixed. Using the optimised conditions. the linearity in 
colour formation on polyacrylamide gels with respect to time and enzyme concentru- 

tion was tested and compared with Rutenburg’s method of staining. 

Materials and methods 

Chemicals 

N-( I-naphthyl)-ethylenediamine di HCI, L-y-glutamyl-p-nitroanilide, N-~-L- 
glutamyl-cu-naphthylamide, Fast Blue B, glycyl-glycine, Tris (hydroxymethyl) 

aminomethane and glycine were purchased from Sigma Chemical Co., USA. 
Acrylamide, N, N’-methylene-bisacrylamide and Temed were from Eastman Kodak 
Co., USA. All other chemicals used were of analytical reagent grade. 

Enzyme assuy 

y-GT activity was assayed by the modified method of Szaz [ 131 as described in 

1141. 
Enzyme activity is expressed in U/l. One U is the amount of enzyme that 

converts 1 pmol of substrate per min at 30°C. In the reaction cuvette the enzyme 

activity reaches maximum level at 50 mmol/l glycyl-glycine when GP-nitroanilide 
concentration is 4 mmol/l. In all our experiments with substrate-staining solution we 
included 4 mmol/l GP-nitroanilide and 80 mmol/l glycyl-glycine. 

Polyacrylamide gel electrophoresis 
Polyacrylamide gel electrophoresis was carried out in 7% gels according to Davis 

[ 151 with 0.05 mol/l glycine-Tris buffer, pH 8.3, in the electrode chambers. 

Source of y-GT used 
Papain digested, purified y-GT from human fetal liver was used for the quantita- 

tion of colour formed on gels under various conditions tested. y-GT was partially 
purified from human fetal liver as described in [ 141. The enzyme was further purified 

by papain digestion and preparative polyacrylamide gel electrophoresis on 8% gels. 
The enzyme obtained in this way gave a single band for protein (not shown) and 
enzyme staining (Fig. 5). The effect of substrate-staining solution on enzyme activity 
of human serum, fetal liver, rat kidney, intestine, liver and pancreas were also tested. 
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Rat kidney, liver, pancreas, intestine and human fetal liver were homogenised in 0.05 

mol/l Tris/HCl buffer, pH 7.5, containing 10 g/l Triton X-100. After incubation at 

4°C for 3 h, the homogenates were centrifuged at 105000 X g for 1 h. The super- 

natant was used for assays. 

Localization of y-GT on polyacrylamide gels 

Reagents 

(1) Substrate-staining solution. The final concentration of each substance in the 
substrate-staining solution was 0.2 mmol/l Tris/HCl, pH 8.3, 4mmol/l GP- 

nitroanilide, 80 mmol/l glycyl-glycine, 1.0 g/l sodium nitrite and 4.0 g/l NED di 

HCl. This substrate-staining solution should be freshly prepared before use. 

(2) 0.38 mol/l trichloro acetic acid (TCA). 

(3)0.2 mol/l Tris solution, pH 9.7. 

(4) 0.05 mol/l Tris/HCl buffer, pH 8.5. 

Procedure 

Unless otherwise stated the staining conditions were as follows: after electro- 
phoresis the gels were completely immersed in the substrate-staining solution. 

Incubation was carried out for 30 min at 37°C. After incubation the gels were 
removed from the substrate-staining solution, immediately washed with 0.05 mol/l 

Tris/HCl buffer, pH 8.5, and put into 0.38 mol/l TCA. This was kept at 4°C for 30 
min and then the gels were transferred to 0.2 mol/l Tris solution, pH 9.5. After 1 h 

the gels were washed with 0.05 mol/l Tris/HCl buffer, pH 8.5, till the background 
became clear and stored in the same solution. 

y-GT was also stained using GA-naphthylamide according to Wenham et al [9] 

and the stain was fixed as described in [16]. 

Scanning and quantitation of colour developed on gels 
Scanning of stained polyacrylamide gels was carried out either in the Joyce-Loebl 

Chromascan or Gelman Instrument Co. scanner equipped with a gel carrier acces- 

sory, using a green filter (540 nm). The area under the peaks was calculated and the 

amount of colour developed on gels was expressed in terms of the integrated area 
under the peak. 

Unless otherwise stated all procedures were carried out at room temperature 
(3OOC). 

Results 

Staining procedure 

The enzyme stain was fixed on gels by changing the pH to alkaline medium with 
0.2 mol/l Tris and, upon fixing, the colour of the stain changed from purple to 
brownish purple. The gels could be stored for several months in 0.05 mol/l 
Tris/HCl, pH 8.5, without any loss of colour. The scanning of fixed stain can be 
carried out after treating the gels with IN HCl (for 5 min) which brings back the 
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Fig. I. Effect of NED di HCL concentration and pH on stain intensity. Substrate-staining solutions 

containing various concentrations of NED di HCI were used for staining y-GT (0 ~ 0) on gels as 
described in text. Gels containing 20 mU of cnzymc were incubated in suhstratc-staining solution 

prepared in Tris/HCl buffers of pH 7-Y and stained for +‘I (O------O) as described in text. 

original purple colour. Although IN HCl could be replaced by TCA for colour 
development, the fixing of the developed colour becomes difficult if HCl is used. In 

circumstances where only the scanning is needed, the colour developed with TCA or 

IN HCl can be scanned without fixing and washing. 

Effect of N-(1 -nuphthyl)-ethylenediamine di HCI and sodium nitrite 

Fig. 1 shows the effect of various concentrations of NED di HCI in the substrate- 

TABLE I 

EFFECT OF VARIOUS CONCENTRATION OF NED di HCl * ON y-GT ACTIVITY 

Final concentration of NED di HCl in substrate staining solution (g/l) Relative activity (‘r) 

1 9’) 

2 I 00 
3 I03 

4 YO 

5 30 

* Indicated concentration of NED di HCI was present in the substrate-staining solution. Results were 
expressed as % of the activity in the absence of NED di HCI in the substrate-staining solution. Serum 

was used as source for v-GT. 
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staining mixture on the stain intensity. There was an increase in the intensity of 

colour produced on the gels with increasing concentration, and maximum colour was 

obtained with 4 g/l. At 5 g/l the colour production was considerably reduced and 

this may be either due to inhibition of enzyme activity or interference in colour 

development by NED di HCl. To test this, p-nitroaniline release by serum y-GT was 
monitored in cuvettes with a spectrophotometer using substrate-staining solution 

containing various concentrations of NED di HCl. As can be seen from Table I there 
was 70% inhibition of y-GT by NED di HCl at 5 g/l concentration. Although 10% 

inhibition was observed at 4g/l, the colour produced on the gels was maximum at 

that concentration. 
Gels were stained for y-GT by varying the concentration of sodium nitrite (from 

0.25 g/l to 2.0 g/l) in substrate-staining solution. It was observed that the colour 

production maximum on gels was at 1 g/l of sodium nitrite and the activity was not 

affected by sodium nitrite either with or without NED di HCl. The concentration of 

sodium nitrite in substrate-staining mixture could be increased to 1.3 g/l when more 

clear background is needed for photographic purposes at the expense of little 

decrease in sensitivity. 

Influence of pH 
The gels after electrophoresis were incubated in substrate-staining solutions 

prepared in Tris/HCl buffers of various pH ranging from 7 to 9 and the colour 
developed was measured. This is shown in Fig. 1. Although the colour intensity 

lOOOr 
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Fig. 2. Effect of temperature on stain intensity. Gels containing 20 mU of enzyme were incubated in 

substrate-staining mixture at various temperatures and stained for y-GT as described in text. 
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Fig. 3. Effect of incubation time on colour production. Gels containing 20 mU of y-<iT were stained using 

GP-nitroanilide (0 ~ 0) and GA-naphthylamide (0 -0) as substrates as dcxribed in text. 

maximum was at pH 7.5 we have chosen pH 8.3 in all our studies for two reasons. 
Firstly, when pH 7.5 was used the gels were becoming opaque due to formation of 
precipitates on gels with TCA. Secondly, pH 8.3 is the optimum pH for y-GT when 

GP-nitroanilide is used as a substrate in the presence of glycyl-glycine [ 151. 
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Fig. 4. Dependence of colour production on enzyme concentration in gels. Gels containing \ar~oub 
concentration of y-GT were stained using GP-nitroanilide (O- 0) and GA-naphthylamide 

(.- 0) as substrates as described in text. 
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Fig. 5. Polyacrylamide gel electrophoresis of human serum (1, 2 and 3) and fetal liver Y-CT (4 and 5). 1 
stained for protein (150 gg). 3 and 5 stained for ?-CT (20 mu) using GP-nitroanilide as substrate. 2 and 4 

stained for y-CT (20 mu) using GA-naphthylamide as substrate. 

Effect of temperature 

Gels containing equal concentrations of enzyme were incubated in substrate- 

staining mixture at various temperatures ranging from 20-70°C. After 30 min 

incubation the colour was developed as described in Methods. The results are shown 

in Fig. 2. The colour production maximum was when the gels were incubated at 
5o”c. 

In all our experiments we used 37°C instead of 50°C since the background of the 
gels were comparatively clear at 37°C. 

Effect of time and enzyme concentration on stain intensity 
Time dependency of colour production was checked by carrying out the electro- 

phoresis in gels of identical size with 20 mU of purified enzyme from human fetal 
liver and incubating the gels after electrophoresis in substrate-staining solution for 
various time intervals (from 5 to 60 min). The colour was developed as described in 
Methods. As shown in Fig. 3 the linearity in colour production with incubation time 
could be obtained only after 10 min and this is true with both the methods used. 
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Varying the enzyme concentration from 5 to X0 mU showed that the stain 
intensity on the gel is linear with the enzyme concentration applied on the gel 
(Fig. 4). Similar type results were obtained using GA-naphthylamide as substrate. 

Specificit), and sensitivity 

There was no colour production on gels when they were incubated in a substrate- 

staining solution without GP-nitroanilide. No colour formation occurred when the 

gels were without y-GT. Fig. 5 shows the pattern of the y-GT specific stain obtained 
using both the substrates, namely, GP-nitroanilide and GA-naphthylamide. Identical 

patterns of staining were obtained for the same sample of serum with both methods. 
A duplicate gel was also stained for protein using Coomassie brilliant blue R. 

Using both methods, y-GT activity as low as 0.5 mU can be detected on gels 
within 30 min of incubation and could be scanned without any difficulty. Sensitivity 
can be further increased by increasing the incubation period of gels in the substrate- 

staining solution. 
The range of difference between the two methods has been calculated from the 

experiments carried out for Fig. 3 and Fig. 4. The average range of difference 
between the two methods of staining, under the various conditions described for 

Fig. 3 and Fig.4 was only IO%, i.e. the area under the peak using GP-nitroanilide 

was 90% of that given by GA-naphthylamide. 

Activity of various tissues’ y-GT in substrate-staining solution 

y-GT from human fetal liver, rat kidney, liver, pancreas and intestine were 

assayed using substrate-staining solution in a reaction cuvette. As a control the 

activity was assayed in the same substrate concentration without NED di HCl and 

sodium nitrite. It was observed that there was no change in activity of y-GT from 
various tissues, whether NED di HCl (3 g/l) or sodium nitrite (1 g/l) was present or 

not. 

Discussion 

We have shown that the colour produced by coupling diazotized p-nitroaniline 
with NED di HCl, according to the Bratton-Marshall reaction [ 111, can be fixed on 

polyacrylamide gels and used for quantitation of y-CT. 
Wenham et al [9] optimised the conditions for staining y-CT, using GA- 

naphthylamide as substrate, in a spectrophotometric reaction cuvette. In our study 

the optimal conditions for developing maximum colour were tested directly on 
polyacrylamide gels by scanning the amount of colour produced for a given amount 
of. enzyme concentration. This was made possible by using papain digested y-GT 

purified from human fetal liver which enters quantitatively and moves as a single 
band in 7% gels. Thus the amount of enzyme moving in the gels can be controlled, 
and this allowed us to test the optimal conditions. 

As we have indicated in our results, when substrate-staining solution containing 
5 g/l of NED di HCl was used, as did Kok et al [lo], nearly 70% of the y-GT activity 
was inhibited in the spectrophotometric reaction cuvette. This was true when the 
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same concentration of NED di HCl was used to localize the y-GT on polyacrylamide 

(Fig. 1) and agarose gels (data not included). We have observed that NED di HCl at 
4 g/l is the ideal concentration for staining y-GT on polyacrylamide gels. 

The disadvantage of using GA-naphthylamide for staining the enzyme are its 
possible carcinogenicity, poor solubility in the reaction mixture and its high cost. On 
the other hand, GP-nitroanilide, used in this method as substrate, is not carcino- 

genic, is highly soluble and less expensive. The present method shows that GP- 

nitroanilide has equal sensitivity in colour production. We have also observed that 
y-GT can be stained with the other nitroanilide substrate, namely y-glutamyl-3- 

carboxy-4-nitroanilide, when the same conditions described for GP-nitroanilide are 

followed. The optimum conditions described here can also be used for staining and 
quantitating y-GT on other electrophoretic media like agarose gels and cellulose 

acetate membrane. 
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