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Summary 

A new method is described for the separation of hydrophobic and hydrophilic 
forms of y-glutamyltransferase (GGT) present in human serum using hydrophobic 
chromatography on phenyl-Sepharose CL-4B columns. The analysis of sera of 30 
normal healthy people showed that 71.49 + 8.73% (mean + SD) of the GGT was in 
the hydrophilic form. In sera from 52 patients with various liver diseases the major 
part of the total enzyme was hydrophobic GGT, contributing 67.38 f 13.8% of the 

total GGT activity. Elevated total serum GGT and a hydrophobic to hydrophilic 
ratio of more than one helped in diagnosing hepatobiliary disease in 51 of 52 
patients. Papain digestion of serum converted hydrophobic to hydrophilic GGT, 
which was similar to soluble form of liver GGT. The results are discussed in relation 
to the proposed mechanisms of release of GGT from the liver to the circulation. 

Introduction 

Human serum y-glutamyltransferase (GGT, EC 2.3.2.2) is elevated in most 
hepatobiliary diseases, including malignancy of the liver, and it is used widely as an 
indicator of liver disease [1,2]. The kidney has the highest concentration of GGT 
compared to the liver and other tissues, but serum GGT remains normal in kidney 

* To whom correspondence should be addressed. 

0009-8981/84/$03.00 0 1984 Elsevier Science Publishers B.V. 



142 

diseases and has been shown to be derived from the liver [1,3,4]. GGT is present in 
human serum in hydrophobic and hydrophilic forms [5]. Serum hydrophobic GGT 
resembles detergent-solubilised and hydrophilic GGT resembles papain digested, 
liver GGT. It was therefore proposed that serum GGT originates from the liver by 
mechanisms similar to detergent solubilisation and/or papain digestion [3-51. 
Elevated serum GGT in patients with hepatobiliary disease may be due to the 
release of the enzyme from the liver by either or both mechanisms. If differences in 

the mechanism of release of GGT from the liver are related to pathological changes. 
estimation of hydrophobic and hydrophilic GGTs in serum may be useful in the 

differential diagnosis of liver disease. 
Detergent solubilised hydrophobic liver GGT binds to phenyl-Sepharose CL-4B 

whereas, under the same conditions, papain digested hydrophilic liver GGT does not 

[6]. This paper describes a new method for the separation of hydrophobic and 
hydrophilic forms of serum GGT using this property of the enzyme and compares 
their relative amounts in normal human sera and in sera of patients with liver 
diseases. 

Materials and methods 

Chemicals 

Phenyl-Sepharose CL4B was obtained from Pharmacia Fine Chemicals, Uppsala, 
Sweden. Papain, Tris, glycylglycine and L-y-glutamyl-p-nitroanilide were from Sigma 
Chemical Company, St. Louis, MO, USA. All chemicals for polyacrylamide gel 

electrophoresis were from Eastman Kodak Company, Rochester, NY, USA. Other 
chemicals used were of analytical reagent grade. 

Enzyme assay and units 
The enzyme activity was assayed by a two-point assay as previously described [7]. 

The reaction mixture contained 0.2 mol/l Tris/HCl buffer, pH 8.3, 4 mmol/l 
L-y-glutamyl-p-nitroanilide and 40 mmol/l glycylglycine as acceptor. After the 
addition of serum, the reaction mixture was incubated at 25°C for 2 h. The reaction 

was terminated by the addition of trichloroacetic acid (40 g/l final concentration) to 
the reaction mixture and the absorbance of p-nitroaniline was measured at 405 nm 

using Carl-Zeiss Spectrophotometer model PMQ-II. To measure the activity in 
diluted samples obtained after chromatography, the incubation was carried out for 4 
h. Enzyme activity was expressed in U/l. One unit (U) is the amount of enzyme that 

converts 1 pmol of substrate per min at 25°C. 
Protein was determined by the method of Lowry et al [8] using crystalline bovine 

serum albumin as the standard. 

Phenyl-Sepharose CL-4B column chromatography 
1.5 ml of serum was loaded on a 5-ml phenyl-Sepharose CL4B column previously 

equilibrated with 50 mmol/l Tris/HCl buffer, pH 7.5. The flow rate of the column 

was two bed volumes per hour. Unbound proteins were washed with four bed 
volumes of the equilibration buffer and assayed for GGT activity. The bound 
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enzyme was eluted with six bed volumes of 10 g/l Triton X-100 in the equilibration 
buffer. The first two bed volumes did not contain any proteins or enzyme activity, 
which were recovered only in the last four bed volumes. Dilution of enzyme activity 
was minimised by eluting with three bed volumes of 20 g/l Triton X-100 in the 
equilibration buffer, when the enzyme was found in the 2nd and 3rd bed volumes. 
The recovery of the enzyme was the same by both methods of elution. 

Pupuin digestion 

Serum after adjusting the pH to 8.0 with 100 mmol/l Tris/HCl buffer was 
incubated with 0.04 mg of papain per mg of serum protein at 37°C for 6 h in the 

presence of 0.8 mg/ml of cysteine. 

Electrophoresis 

GGT was electrophoresed in 7% polyacrylamide gels using glycine/Tris buffer 
system [9]. GGT activity was localised on the gels using L-y-glutamyl-p-nitroanilide 

as substrate [lo]. The gels after electrophoresis were immersed in substrate-staining 
solution containing 4 mmol/l L-y-glutamyl-p-nitroanilide, 80 mmol/l glycylglycine, 
1 g/l sodium nitrite and 4 g/l N-(1-naphthyl)-ethylenediamine dihydrochloride in 
0.2 mol/l Tris/HCl buffer, pH 8.3 and incubated at 37°C for 45 min. After 
incubation the colour was developed by immersing the gels in 6.25 g/l trichloro- 
acetic acid solution for 30 min and fixed for 1 h in 0.2 mol/l Tris solution pH 9.7. 

Blood samples 

Blood samples were obtained after overnight fasting from 30 healthy volunteer 
controls (22 males and 8 females) and 52 patients with hepatobiliary diseases. The 

volunteers were healthy hospital staff.between 26-40 years, with no history of liver 
disease, alcohol consumption or taking GGT-inducing drugs [l]. The diagnosis on 
the patients were confirmed by liver biopsy or surgical exploration in addition to 

clinical and laboratory findings. The serum was separated and immediately stored at 
- 20°C until used. 

A pool of five sera with high GGT activity and another pool of three normal sera 

were frozen at -20°C and assayed for total GGT and for the hydrophilic and 
hydrophobic forms after repeated freezing and thawing on three different occasions. 
This test showed that storage of serum at -20°C up to 3 months and repeated 

thawing and freezing did not alter the total GGT or the hydrophilic to hydrophobic 
ratio. The test serum samples were, however, studied immediately after the first 
thawing. 

Results 

Hydrophobic chromatography 
Under the experimental conditions 1 ml of phenyl-Sepharose CL-4B bound 25 mg 

of hydrophobic proteins from liver membrane. The maximum load of serum proteins 
on each column was not more than 20 mg per ml and a total of 20-25 mg bound to 
the 5-ml column. The recovery of total GGT activity from serum samples was always 
more than 90% after completion of chromatography and the percentages of hydro- 
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TABLE I 

Range of activity, number, and percentage of hydrophilic GGT activity in sera of controls and patients 

with various hepatobiliary diseases 

Diagnosis Number in GGT activity Hydrophilic GGT 

group (t-J/l) (percentage) 

mean i SD mean It SD 

Controls 30 14.64i 4.14 11.49 ir 8.73 

Cirrhosis (non-alcoholic) 9 120.16&170.00 40.00 i 10.33 

Hepatocellular carcinoma 6* 253.16+ 112.39 25.40 rt: 6.07 

Me&static liver carcinoma 6’ 365.36 * 411.96 20.87 * 5.52 

Extrahepatic bile duct 

obstruction 8 218.55i_ 161.50 36.52 i 10.55 

Chronic active hepatitis 10 106.72& 146.78 32.97 t 14.64 

Viral hepatitis 6 95.96& 151.08 44.21 + 16.94 

Miscellaneous 7 156.57+178.16 32.23 -(_ 17.50 

* all histologically diagnosed. 

philic and hydrophobic GGT was calculated from the total recovered. Reloading the 
unbound hydrophilic GGT recovered in the buffer wash on a fresh phenyl-sep- 
harose column did not result in further binding. 
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Fig. 1. Activity of GGT in sera from normal and different groups of hepatob~liary diseases. 
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GGT concentration and ratio of hydrophobic to hydrophilic GGT in human serum 
Mean serum total GGT concentration in the controls was 14.64 U/l (range 6.5 to 

21.0, SD 4.14, Table I, Fig. 1). There was considerable overlap of the serum GGT 

concentrations between patients with different hepatobiliary diseases. Two patients 
each with cirrhosis and viral hepatitis and three with chronic active hepatitis had 
serum GGT concentrations in the range of the controls (Fig. 1). 

Hydrophilic GGT was the major form (71.49%, SD 8.73, Table I) and the ratio of 
hydrophobic to hydrophilic GGT was always less than 1 in the controls (Fig. 2). 
Hydrophobic GGT was increased in all except five patients with hepatobiliary 
disease (Fig. 3). The ratio of hydrophobic to hydrophilic GGT was more than 1 in 47 
of the 52 patients (Fig. 2). In four of the five patients with a hydrophobic/hydrophilic 

ratio less than 1, total serum GGT was elevated more than the mean plus 2 SD of 
the controls. Of the seven patients with total serum GGT in the normal range, six 

had a hydrophobic/hydrophilic ratio more than 1. The one patient with total GGT 
concentration in the normal range and a ratio less than 1 had chronic active hepatitis 

treated with immuran and steroids for 1 year at the time blood was drawn. 

In vitro incubation and papain digestion 
The high GGT pool serum contained 27.3% hydrophilic GGT and incubation of 
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Fig. 2. The ratio of hydrophobic IO hydrophilic GGT in sera from normals and patients with hepato- 

biliary disease. 
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Fig. 3. The percentage of hydrophobic GGT in sera from normals and patients with hepatobiliary disease. 

the serum at 37’C for 48 h increased hydrophilic GGT only by 5% (Table II). 
However, papain digestion of the pool increased the hydrophilic GGT to 76.0% 
(Table II). 

Polyacrylamide gel electrophoresis 

Polyacrylamide gel electrophoresis of serum GGT gave a slow moving broad 
diffuse band and a fast-moving sharp band (Fig. 4). With hydrophilic and hydro- 
phobic serum GGTs obtained after phenyl-Sepharose chromatography the fast 
moving band was found to be hydrophilic GGT and the slow moving band 

TABLE II 

Effect of papain digestion and incubation at 37°C on the percentage of hydrophilic GGT in pooled 

human sera 

Treatment Hydrophilic GGT 

(percentage) 

Control 27.3 

12 h at 37°C 27.8 

24 h at 37’C 28.5 

48 h at 37°C 32.0 

Papain digestion 76.0 

Total y_GT activity in the pooled serum was 224 U/I. Values are average of two separate experiments. No 

significant loss of GGT activity was observed during incubation, and papain digestion. Incubation of 

pooled serum was carried out at 37OC and aliquots were drawn at indicated time intervals, cooled to 4°C 

and chromatographed on phenyl-Sepharose CL-4B column as described in ‘Materiais and methods’. In 

control experiments one pool was incubated at 4°C and another was kept at - 20°C for the same time 
period as test pool. No difference was observed between these two controls. 
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Fig. 4. Polyacrylamide gel electrophoresis of serum stained for GGT activity. Gel 1. serum GGT from a 

hepatoma patient. Gel 2, phenyl-Sepharose unbound enzyme (hydrophilic GGT). Gel 3. phenyl-Sepharose 

bound enzyme (hydrophobic GGT). Gel 4, hydrophobic GGT after papain treatment. Gel 5, soluble form 

of GGT from human adult liver. The amount of sample loaded in all the gels was 100 ~1. Gel 1 was 

loaded with 40 mU whereas the rest of the gels were loaded 20 mU of GGT. The phenyl-Sepharose bound 

enzyme was eluted with Triton X-100 from the column as described in the text, and precipitated with 4 

vols. of acetone to remove Triton X-100 [6]. The precipitate was dissolved in 50 mmol/l Tris/HCl buffer, 

pH 7.5, and used for electrophoresis. 

hydrophobic. Treatment with papain of the hydrophobic fraction of serum GGT 
altered its electrophoretic mobility to that of the hydrophilic form (Fig. 4). The 
soluble form of GGT from human adult liver [7] had electrophoretic mobility 
identical to that of serum hydrophilic GGT (Fig. 4). 

Discussion 

A number of methods have been used to fractionate the isoenzymes of serum 
GGT according to charge and size of the enzyme molecule. Hydrophobic GGT 

binds to other serum proteins and lipids giving multimolecular forms [ll-131, with 
different eiectrophoretic mobilities and molecular masses making analysis based on 
charge and size difficult. The chromatographic method described fractionates GGT 
based on its hydrophobic nature and is simple, not time-consuming and was used to 
study the nature of GGT in hepatobiliary diseases. 

In patients with hepatobiliary disease in addition to elevation of total GGT 
concentration, the normal predominance of hydrophilic GGT is lost and larger 
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amounts of hydrophobic GGT appear. This confirms a recent report [14] where 
hydrophilic and hydrophobic serum GGTs were separated by filtration on Ultragel 
AcA 34 and in hepatobiliary disease hydrophilic GGT was found to be always less 
than 15-20%. The slightly higher amounts of hydrophilic GGT in the present study 
may be the result of methodological differences. There is another report [3] that all 

serum GGT in hepatobiliary disease is hydrophilic, This study was done by 
solubilising acetone precipitates of human sera and it may have failed to detect 
hydrophobic proteins. 

The increased total serum GGT activity in hepatobiliary disease is not solely due 
to hydrophobic GGT since the concentration of hydrophilic GGT is also increased 
although its proportion is reduced (Table I). Is this due to abnormal release of both 
forms of GGT or due to a conversion of hydrophobic to hydrophiIic GGT in serum 
in vivo? The failure to convert hydrophobic to hydrophilic GGT by in vitro 
incubation (Table II) would suggest that such a mechanism may not be operative. 
However, increased hydrophobic GGT with near normal total GGT in some of the 
patients, especially with hepatitis, could suggest that the increase in hydrophilic 

GGT in established liver disease may be due to conversion of hydrophobic to 
hydrophilic in the circulation. Experiments with fresh serum and follow up of 
patients is necessary to finally answer this question. Using the criteria of elevated 
total GGT or a hydrophobic to hydrophilic ratio greater than 1 it was possible to 

diagnose hepatobiliary disease in 51 of the 52 patients. The one patient in whom it 
was not possible had been on therapy for nearly a year. The ratio did not help in the 

differential diagnosis of hepatobiliary diseases, but data from a larger group may 

show whether marked elevation of hydrophobic GGT (Fig. 2) is strongiy suggestive 
of primary or secondary malignancy of the liver. 

The possibility of different mechanisms of release of GGT from the liver is 
suggested by the presence of hydrophilic and hydrophobic GGT in normal serum. 
Incubation of liver homogenates at 37°C in vitro produced GGT which was similar 
to serum hydrophilic GGT and this was shown to be catalysed by a protease 1141. In 
normal individuals a mechanism similar to protease digestion of liver membranes 
could produce hydrophilic GGT. SoIuble GGT from liver and serum hydrophilic 
GGT has similar electrophoretic mobility (Fig. 4). Further comparison of these two 
enzymes are necessary to know whether they are the same. Another mechanism, 
predominantly operative in hepatobiliary disease, may be similar to detergent 
solubilisation and produces hydrophobic GGT. In the guinea pig serum hydro- 

phobic GGT was elevated after bile duct ligation and correlated well with the 
increase in serum bile salt concentration. It was suggested that increased intrahepatic 
bile salt concentration solubilised liver membrane GGT which eventually reached 
the circulation [15]. The rise may also be due to regurgitation especially in extrahe- 

patic biiiary obstruction [l&17], or the release of membrane bound proteins into the 
blood secondary to membrane damage 118,191. Complexes of membrane-bound 
enzymes like GGT and alkaline phosphatase [l&19] and liver plasma membrane 
fragments have been demonstrated in the circulation in cholestasis [20]. The conver- 
sion of hydrophobic to hydrophilic GGT in the circulation has not yet been 
demonstrated. The simple method of separating hydrophobic and hydrophilic GGT 
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described in this paper allows further studies on the mechanism of release of GGT 
from the liver, in addition to being useful in the diagnosis of hepatobiliary diseases. 
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