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A new substrate for gamma-glutamyl transpeptidase (GTP; EC 2.3.2.2) — L-Glu-4-(l-anthraquinonyl
hydrazide) is synthesized and applied for the histochemical detection of the enzyme in tissue sections
from rat and human organs. The enzyme hydrolysis liberates the water insoluble deeply fed 1anthraquinonyl hydrazine, which marks the enzyme locations. The newly developed method for GTP
does not use any auxiliary reagents in the incubation medium and permits the incubation to be performed
at the optimal pH of the enzyme. A second reaction step — incubation in an acid medium with 4dimethylamino benzaldehyde is performed to improve the quality of the preparations. The new method is
used with success for the visualization of GTP activity in the organs studied.
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Introduction
Gamma glutamyl transpeptidase (GTP; EC 2.3.2.2) catalyses the transfer of
gamma-glutamyl moieties from different peptides, including glutathione, to other
peptides, amino acids or water. It is a membrane-associated transferase with an al
kaline pH optimum of about 8.2. GTP is widely distributed in mammalian organs
and tissues (for review see [5]) and is found to increase its activity in some tumor
cells [8, 9, 11]. Histochemically, GTP is usually demonstrated using gamma-L-Glu2-naphthylamide or gamma-L-Glu-4-methoxy-2-naphthylamide as substrates with
different diazonium salts as visualization agents according to the azo-dye method
[4, 10]. Previously, we introduced a convenient tetrazolium method for the his
tochemical visualization of GTP [3]. However, no histochemical method without
any auxiliary reagents in the incubation solution is still available for GTP
In the present study we describe the synthesis of a novel substrate for GTP - LGlu-4-(l-anthraquinonyl hydrazide) (Glu-AH) and its use for the histochemical de
tection of the enzyme in a procedure not using auxiliary reagents in the incubation
medium. We give also a possibility of improvement of the histochemical picture by
a second incubation step and present the localization of GTP in several rat and hu
man organs, obtained by the newly developed method.
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Material and Methods
Synthesis of the substrate
The colorful compound 1-anthraquinonyl hydrazine was synthesized by boiling 1chloroanthraquinone (Merck, Darmstadt, Germany) and hydrazine hydrate in py
ridine after Moehlau [7]. The 1 -anthraquinonyl hydrazine was coupled with Z-LGlu-OBzl (Bachem, Heidelberg, Germany) by the dicyclohexylcarbodiimide
method [1]. The two protective groups of the amino acid (Z-group and the benzyl
ester group) were cleaved simultaneously by a catalytic hydrogenation in ethanol/
HC1 with Pd on activated carbon as a catalyst. Thus the substrate - L-Glu-4-(lanthraquinonyl hydrazide) (Glu-AH) was obtained as a HCl-salt.

Tissue treatment and incubation media
Mature Wistar rats of both sexes were killed by decapitation and pieces of different
organs were immediately frozen in liquid nitrogen. Pieces of human kidney cortex
were taken at autopsy from a person, killed in an accident, 12 hours after the death
and were frozen in liquid nitrogen too. Tissue sections, 10 pm thin, were cut on
cryotome 2800M Reichert-Jung, Nussloch, Germany. They were mounted on glass
slides and fixed in acetone for 5 min at —20°C or, otherwise, they were freeze-dried,
mounted on albuminized glass slides and covered by 1 % сelloidin for a minute at
room temperature. All the sections were incubated in a substrate medium, contain
ing 1 mM substrate (Glu-AH) (pre-dissolved in a minimal amount of dimethyl
formamide), 5 mM glycyl-glycine and 0.1 M Tris/HCl buffer, pH 8.2. The incuba
tion was carried out at 37°C for 30 to 90 minutes (longer incubation was necessary
for the celloidin-embedded sections). After that, the sections were transferred into a
second incubation medium, consisting of acetate buffer, pH 4.5, and 1 mg/ml 4dimethylamino benzaldehyde. The second incubation was performed at room tem
perature for 4 to 6 hours. Then, the sections were post-fixed in neutral formaline and
embedded in glycerol-jelly.
Two types of controls were prepared — thermally inactivated control sections
were heated at 80°C for 10 min in water and incubated in the complete substrate
solution, whereas the other controls were incubated only in buffered 4dimethylamino benzaldehyde at pH 4.5.

Results
Thermally inactivated controls did not show any colorful reaction product. The
other controls also had no precipitation artifacts.
The substrate — Glu-AH was quickly hydrolyzed by the enzyme to release the
deeply colored reaction product — 1-anthaquinonyl hydrazine, which precipitated
on the sites of the enzyme activity and marked them in a red color. However, those
preparations showed a tendency to distort upon storage, because the colorful pre
cipitation in them used to become crystalline in time. So, we intended a second in
cubation with 4-dimethyldminobenzaldehyde in an acid medium (acetate buffer, pH
4.5), which was aimed to convert the 1-anthaquinonyl hydrazine into the respective
hydrazone (4-dimethylaminobenzylidene- 1-anthraquinonyl hydrazone) — a dark
blue highly amorphous compound. Thus, the preparations became more contrasted
and were stable on storage (permanent preparations). Good results were obtained
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Fig. 1. GTP in the rat liver. Freeze-dried celloidin-mounted section. A small quantity of the final reaction
product is visible in the bile capillaries (x 500)

Fig. 2. GTP in the rat kidney. Fresh-frozen acetone-fixed section. A very strong reaction for GTP in the
brush borders of the convoluted tubules. No reaction product in the glomeruli (x 500)
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Fig. 3. GTP in the human kidney. Fresh-frozen acetone-fixed section. Large quantities of hydrazone in
the brush borders and the basal membranes of the renal convoluted tubules (x 500)

Fig. 4. GTP in the rat pancreas. Freeze-dried celloidin-mounted section. The main reaction for GTP is
visible in the apical poles of the acinar cells (x 500)
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in the freshly frozen acetone fixed sections for all the organs studied except for the
liver and pancreas, where the results were better in the freeze-dried celloidinmounted sections. In the liver (Fig. 1) the small quantity of the final reaction prod
uct was observed in the bile canaliculi and only single sinusoidal cells were GTPpositive. These results are in agreement with the previous findings, that GTP has a
low activity in the rat liver [5]. In the rat kidney (Fig. 2) a very strong reaction for
GTP was seen in the epithelial cells of the renal convoluted tubules, whereas the
glomeruli were perfectly negative. In the human kidney (Fig. 3) the same pattern of
GTP was observed, however, the basal membranes of the tubules were well accentu
ated. In the rat pancreas (Fig. 4) a considerable quantity of hydrazone was visible in
the apical parts of the acinar cells. In the epididymis (Fig. 5) the enzyme activity was
located in the principal cells of the tubules, including stereocilia and the sperms
within the channels were also GTP-positive.

Discussion
Gamma-glutamyl transpeptidase is an enzyme of a vast scientific interest, since it
plays a significant role in degradation of natural polypeptides, the most important
of which are glutathione and its derivatives. Other functions of the enzyme have also
been suggested (for review see [6]). However, in order to understand the multiple
functions of GTP it is important to know its precise localization in mammalian or
gans, the main tool for that purpose still remains the activity histochemistry. Till
now, the mostly used histochemical method for the visualization of GTP is the azo
dye procedure, which suffers a lot of drawbacks (for review see [2]). The most im-

Fig. 5. GTP in the rat epididymis. Fresh-frozen acetone-fixed section. A very strong activity of GTP in the
stereocilia and the whole principle cells of the channels, as well as in the spermatozoa within the chan
nels (x 500)
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portant disadvantage of this method is that the incubation can not be carried out at
the optimal pH of the membrane-bound alkaline peptidases.
In the present work we propose a new method for GTIJ which does not use any
auxiliary reagent in the incubation medium. This point might be regarded as a very
important advantage, because any additional compound in the solution may inhibit
the enzyme at a certain extent (even tetrazolium salts, which are usually considered
to be very weak enzyme inhibitors). Furthermore, the newly developed method per
mits the incubation at the optimal pH of GTP — 8.2. The novel GTP substrate —
Glu-AH was readily hydrolyzed by the enzyme to release the deeply red water-in
soluble 1-anthaquinonyl hydrazine, which marks the enzyme locations. We per
formed also a second incubation, in which 1 -anthraquinonyl hydrazine is converted
into a hydrazone with 4-dimethylaminobenzaldehyde, but this additional step is
only for the sake of improvement of the preparations quality. The finally obtained
preparations are of a very good contrast with the dark blue perfectly amorphous
hydrazone. Moreover, they are permanent, i.e. they do not change upon storage.
With the newly developed method we managed to localize GTP in the same
locations in the rat and human organs as it was described before. So, the new
method, proposed here, is very promising for future application in other membrane
bound peptidases histochemistry as well.
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