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A membrane-bound peroxidase (EC 1.1 1.1.7) from rat stomach has been solubilized by 0.2% cetyl- 
trimethylammonium bromide in the presence of 1.2 M NH4Cl. The enzyme was purified 3355-fold to apparent 
homogeneity as judged by acid polyacrylamide gel electrophoresis and appears to be a cationic protein. In sodium 
dodecyl sulfate gel electrophoresis, the enzyme shows single polypeptide band of M ,  45000. In gel permeation, 
the M ,  has been estimated as 47000. Spectral properties indicate the presence of Soret band at 412 nm which 
shifts to 425 nm on complexation with CN- and to 430 nm on reduction with dithionite. The velocity constant, 
kl  for the reaction of the proxidase with H202 is 1.38 x lo7 M-’ s-’ and K,,, for H,O, is 0.1 mM. The enzyme 
contains active sulphydryl groups and is inhibited by sulphydryl reagents of which p-hydroxymercuribenzoate is 
more reactive than mersalyl or N-ethylmaleimide. The enzyme is very resistant to thermal denaturation up to 
65°C and also to chaotropic reagents at least up to 2 M above which it is inactivated. The enzyme shows similarity 
with the intestinal eosinophil peroxidase as regards the molecular mass, spectral, kinetic and some of the catalytic 
properties. However, they differ significantly in terms of their interaction with fluoride ion, sulphydryl reagents, 
chaotropic reagent and also with the antiserum against the gastric peroxidase. Histochemically, the gastric 
peroxidase is shown to be localised in the gastric gland proper of the fundic stomach, rich in parietal and chief 
cells. 

After the suggestion of Rytomaa and Teir tha’t all animal 
tissue peroxidases (except thyroid and myeloperoxidase) are 
contributed by the eosinophils [l], the properties of the 
peroxidases purified from various tissues have been compared 
[2 - 161 in order to establish whether the enzyme is distinct and 
intrinsic to each tissue or it is derived from the contaminating 
eosinophils. Recently King et al. [17] and Olsen and Little [5] 
have shown that estrogen-induced peroxidase in rat uterus is 
mainly contributed by the eosinophils. The enzyme from pig 
and rat intestine has also been characterized and shown to 
have some similarities with eosinophil peroxidase [2, 31. Very 
recently we have established that rat intestinal peroxidase is 
not an endogenous enzyme and is mainly derived from the 
eosinophils accumulating in the core of the intestinal villi [18]. 

The presence of a highly active peroxidase in mouse gastric 
mucosa and its cellular and subcellular localization was re- 
ported earlier from our labortory [19]. Recently we have 
shown that this enzyme in rat gastric mucosa is modulated by 
adrenal glucocorticoids [20]. However, it is not established yet 
whether gastric peroxidase is an enzyme intrinsic to the tissue 
or is contributed by the eosinophls, as in the case of intestinal 
peroxidase [18]. We have isolated homogeneous gastric 
peroxidase and its molecular, spectral, kinetic, catalytic and 
immunological properties have been studied and compared 
with those of the intestinal eosinophil peroxidase. The data 
indicate that, in spite of some similarities with the intestinal 
enzyme, several dissimilarities do exist, indicating that gastric 
peroxidase is not identical with the intestinal peroxidase and 
is possibly endogenous in origin. 

Correspondence to R. K. Banerjee, Department of Physiology, 
Indian Institute of Chemical Biology, 4 Raja S.C. Mullick Road, 
Calcutta, India 700032 

Abbreviations. SDS, sodium dodecyl sulfate; Cetab, cetyltrimeth- 
ylammonium bromide; RZ value, A412/Atso. 

Enzyme. Peroxidase (EC 1.11.1.7). 

MATERIALS AND METHODS 

Chemicals 

Blue dextran, albumin, lactoperoxidase, chymotrypsino- 
gen, ribonuclease, Sephadex G-150 and G-25 were obtained 
from Pharmacia (Uppsala, Sweden). Guaiacol, cetyltrimethyl- 
ammonium bromide and horseradish peroxidase were pur- 
chased from Sisco Research Laboratory, India. Deoxycholic 
acid, guanidinium chloride, sodium dodecyl sulfate, 
acrylamide, bisacrylamide N,N,N,N-tetramethylethylene- 
diamine, p-hydroxymercuribenzoate, mersalyl, 3-3’-diamino- 
benzidine, N-ethylmaleimide and dithiothreitol were procured 
from Sigma (St Louis, MO, USA). Urea, sodium salts of 
fluoride, cyanide and dithionite were obtained from E. Merck 
(FRG). All other reagents used were of analytical grade. 

Purification and assay of gastric peroxidase 

The fundic and pyloric regions of stomach from 20 male 
albino rats (200-250 g) of the Institute inbred strain were 
dissected out and washed gently before use with ice-cold saline 
to remove food particles, if any. A 5% homogenate was pre- 
pared by homogenising the minced tissue in batches in a 
motor-driven Potter-Elvehjem glass homogeniser for 60 s 
using a solution containing 50 mM sodium phosphate buffer, 
pH 7.2,0.25 M sucrose, 1 mM KI and 0.5 mM dithiothreitol. 
The homogenate was centrifuged at 1000 x g for 10 min. The 
pellet was rehomogenised in the same buffer and centrifuged 
again. The process was repeated once more and the combined 
supernatant was spun at 20000 x g for 20 min in a Sorvall 
RC-2B refrigerated centrifuge. The pellet was suspended in 
the homogenizing buffer, treated with sodium deoxycholate 
to a final concentration of 0.5% and stirred in a magnetic 
stirrer for 15 min to solubilize several unwanted proteins from 
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the membrane. The suspension was centrifuged for 1 h at 
105000 x g in a Beckmann L5-50B ultracentrifuge and the 
pellet was suspended in 100mM Tris/HCl buffer, pH 10 
containing 1 mM KI and 0.5 mM dithiothreitol. It was 
sonicated in batches for 2 min in a bath-type sonicator (model 
GO112 SPIT, Hicksville, New York) and was immediately 
centrifuged at 105000 x g  for 1 h. The pellet was suspended 
in a solution containing 50 mM sodium phosphate buffer, pH 
7.2, 0.25 M sucrose, 1 mM KI, 0.5 mM dithiothreitol and 
0.2% Cetab and kept frozen at -20°C for 40 h. After 
thawing, NH4Cl was added to a final concentration of 1.2 M 
and the mixture stirred gently for 4 h to solubilize the enzyme. 
The suspension was centrifuged for 1 h at 140000 x g and the 
supernatant was saved. The pellet was reextracted as above 
and the combined supernatant containing most of the 
peroxidase activity (80 - 90Y0) was concentrated to a third of 
the original volume by ultrafiltration using a UM-20 
ultrafilter (Amicon). It was further concentrated to a mini- 
mum volume by dialysis against 2.5 M sucrose containing 
1 mM KI and 0.5 mM dithiothreitol. The concentrated mate- 
rial containing 15 - 35 mg protein in 2 - 3 ml was applied 
to a column (2.2 cm x 95 cm) of Sephadex G-150 previously 
equilibrated with a solution containing 50 mM sodium 
phosphate buffer, pH 7.2,0.25 M sucrose, 1 mM KT, 0.5 mM 
dithiothreitol and 1.2 M NH4C1. The elution was carried out 
with the equilibrating solution at  a flow rate of 8 ml/h to 
collect fractions of 4 ml each. Two peroxidase activity peaks 
(Fig. 1) could be resolved, one appearing just after the void 
volume (peak 1) while the other at a later elution volume 
(peak 2). The second half of peak 2, consisting of fractions 
37-42, were pooled to obtain the pure enzyme. All these 
steps were carried out at 0"-4"C. 

Intestinal peroxidase was purified as described earlier [ 181, 
the specific activity of the preparation being 3000 units/mg 
protein (I; assay). Preparation of pure eosinophils and 
partially purified eosinophil peroxidase has been reported 
earlier [18]. Peroxidase activity was assayed either by 
following the formation of I; [19, 201 or by the oxidation of 
guaiacol [21]. For I; assay, the assay system contained in a 
final volume of 3 ml: 50 mM sodium acetate buffer pH 5.25, 
1.7 mM KI, suitable amount of the enzyme and 0.3 mM HzOz 
added last to start the reaction. For guaiacol assay, the assay 
system contained 50 mM sodium phosphate buffer pH 7.2, 
17.3mM guaiacol, a suitable amount of the enzyme and 
0.2 mM HzOz. The reaction was followed at room tempera- 
ture in a Pye-Unicam spectrophotometer. One unit of enzyme 
activity was defined as the amount required to produce an 
increase of 1 min-' in the absorbance and specific activity 
was expressed as units/mg protein. Protein was determined 
according to the method of Bradford 1221. 

Estimation of molecular mass by gelJiltration 

The molecular mass was estimated by gel permeation at 
4°C using a Sephadex G-150 column. The equilibration of 
the column and the elution of the proteins was the same as 
described for enzyme purification except that the flow rate 
was 6 ml/h. 

Polyacrylamide gel electrophoresis 

The polyacrylamide gel electrophoresis of the native 
enzyme was carried out at 4°C in acid polyacrylamide gel 
(4%) according to the method of Himmelhoch et al. [21]. For 
detection of enzyme activity, the gel was immersed for a few 

minutes in a freshly prepared solution containing 50 mM 
sodium acetate buffer, pH 5.25 and 1.7 mM KI. HzOz (final 
concentration 0.66 mM) was added, mixed well and kept for 
2 min. To obtain an intense peroxidase activity stain, 0.1 ml 
of o-dianisidine (20 mg/ml methanol) was also added. Enzyme 
activity appeared as a sharp permanent yellowish orange 
band. Protein was stained with Coomassie blue G-250 as 
described by Blakesley and Boezi [23]. 

Electrophoresis in 12% polyacrylamide gel containing 
SDS was performed according to Laemmli [24]. The enzyme 
preparation was desalted in a Sephadex G-25 column 
(1.4 cm x 20 cm), lyophilised and suspended in a suitable 
volume of water before use. Electrophoresis was carried out 
at a constant current of 1 mA/gel during stacking and 2- 
2.5 mA/gel during electrophoresis. After electrophoresis, SDS 
was removed from the gel according to the method of Shick 
[25] and protein was stained overnight with Coomassie blue 
G-250 [23]. 

Kinetic analysis 

The velocity constant, k l  for the reaction of gastric 
peroxidase with H 2 0 z  was determined by the method of 
Chance and Maehly [26]. The reaction mixture contained 
43.3 mM guaiacol, 26 pM HzOz and 22.2 nM gastric peroxi- 
dase in 100 mM sodium phosphate buffer, pH 6.5. Michaelis 
constant, K,, for H20z  was determined according to Line- 
weaver and Burk [27]. 

Preparation of antiserum 

Antiserum was raised in a male rabbit (1.2 kg) by four 
subcutaneous injections of 350 pg gastric peroxidase mixed 
with an equal volume of Freund's complete adjuvant at weekly 
intervals. Antiserum was prepared from the blood drawn from 
the heart on the sixth day after the last injection. Normal 
serum was prepared from the same rabbit before injection. 
Immunological cross-reactivity was studied by Ouchterlony 
double-diffusion technique [28]. 

Histochemical studies 

A small piece of fundic stomach was mounted in a freezing 
microtome, 5-pm sections were cut and collected on gelatin- 
coated slides. Peroxidase activity in the tissue section was 
stained with diaminobenzidine as described earlier for in- 
testinal peroxidase [18]. 

RESULTS 

Solubilization and purification of gastric peroxidase 

Peroxidase activity could be enriched in the membrane 
fraction by treatment of the 20000 x g  pellet with 0.5% 
sodium deoxycholate followed by controlled sonication at pH 
10. This leads to almost threefold purification of the enzyme 
with 90% recovery of the activity. The enzyme could be 
effectively (80 - 90%) solubilized from the sonicated pre- 
cipitate by treatment with 0.2% Cetab containing 1.2 M 
NH4CI. The solubilized preparation could be resolved into 
two activity peaks in Sephadex gel filtration, one appearing 
just after the void volume (peak 1) while the other (peak 2) 
appeared at a later elution volume as shown in Fig. 1. Peak 1 
enzyme had a specific activity of81 units/mgprotein and peak 
2 enzyme (fractions 34-42) 2270 units/mg protein. Peak 2 
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enzyme was about 3038-fold purer than the homogenate with 
a recovery of 44%. This preparation was not homogeneous 
and contained one more protein band in addltion to the 
enzyme. However, homogeneous enzyme could be routinely 
obtained when fractions from the second half of peak 2 
(fractions 37 - 42) were pooled. This enzyme preparation (RZ 
value 0.33), having a specific activity of 2506 units/mg protein 
and being 3355-fold purified over the homogenate with the 
recovery of about 32% (Table l), has been used for 
characterization. 

I I I I I I I  

Stabili ty 

Gastric peroxidase is stable for months when stored at 
- 20°C and requires NH4C1 for preservation of the activity. 
The enzyme is very resistant to thermal denaturation and 
starts losing its activity above 65 "C. However, complete loss 
of enzyme activity occurs when kept at 80 "C for 5 min. 

Molecular mass 

Purified gastric peroxidase showed only one protein band 
(Fig. 2) in acid gel electrophoresis (a) and the activity stain 
(not shown) also corresponded to this protein band. The 
enzyme did not move in alkaline gel and no other protein 
bands were detected. In SDS-gel electrophoresis under re- 
ducing condition, the enzyme showed only one polypeptide 
band (b). The enzyme both in acid and SDS-gel did not show 
glycoprotein stain with periodic acid/Schiff reagents. The rela- 
tive molecular mass, M,, of this polypeptide was estimated in 
SDS gel electrophoresis to be 45 000 when compared to the 
standard proteins as shown in Fig. 3a. In gel permeation 
studies (Fig. 3 b), the M ,  of the enzyme was found to be 47000. 
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Fig. 1. Elution profile of the gastric peroxidase on Sephadex G-150. 
Fractions were tested for protein at 280 nm (0) and peroxidase 
activity was assayed at 353 nm using iodide as electron donor (0 )  

Table 1. Purification of gastric peroxiduse from rat stomach 
The activity was assayed using iodide as electron donor. 

Fig. 2. Polyacrylamide gel electrophoretic pattern of the gastric 
peroxidase. Tube (a) indicates the acid gel electrophoresis of the native 
enzyme (40 pg); tube (b) is the SDS-gel electrophoresis of the same 
enzyme (1 5 pg) 
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Fig. 3. Determination of the molecular mass of the gastric peroxidase. 
(a) The enzyme and marker proteins were subjected to SDS-gel 
electrophoresis. RF values of each protein determined from three 
different experiments were plotted. Abbreviations: ALB, albumin 
(10 pg); HRP, horseradish peroxidase (20 pg); CHY, chymotrop- 
sinogen (10 pg); RIB, ribonuclease (10 pg); GPO, gastric peroxidase 
(20 pg); IPO, intestinal peroxidase (20 pg). (b) Gel filtration studies 
on Sephadex G-150. Void volume (V,,) of the column was estimated 
by blue dextran. Each standard protein (3 mg) was dissolved in eluting 
buffer and applied to the Sephadex column. The protein for measure- 
ment of elution volume (V.) was monitored by AZa0 or by enzyme 
activity. Abbreviations are the same as in (a) except LPO, 
lactoperoxidase 

Purification steps Total activity Total protein Specific activity RZ value Yield Purification 

units mg units/mg A412/A280 YO -fold 

Homogenate 8295 11 095 0.741 - 100 1 
20 000 x g pellet 7965 270.3 29.47 - 96.02 39.45 
Deoxycholate precipitate 7900 144.0 54.86 - 95.24 73.44 
Sonicated precipitate 7480 86.6 86.37 - 90.17 116.52 
Soluble extract 7135 31.7 224.95 0.19 86.01 301.14 
Peak 1 eluate (fractions 25 - 33) 2432 29.8 81.6 0.10 29.31 109.23 
Peak 2 eluate (fractions 37 - 42) 2632 1.05 2506.6 0.33 31.72 3355.5 
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Table 2. Comparison of the spectral properties of the peroxidases and 
their derivatives 

Enzyme Soret absorbance maxima of Ref- 
erence 

native cyanide reduced 
enzyme complex cyanide 
Fe3 + Fe3+-CN complex 

Fe2+-CN 

Rat gastric peroxidase 
Rat intestinal 

peroxidase (a) 
(b) 

Rat eosinophil 
peroxidase 

Rat uterine peroxidase 
Lactoperoxidase 
Myeloperoxidase 
Thyroid peroxidase 

nm 

41 2 

41 5 
41 2 

41 5 
41 2 
412 
428 
406 

425 

429 
430 

- 
43 1 
432 
454 
423 

430 this work 

432 [I 81 
435 131 

[41 
435 ~301 

473 ~39,401 
428 [381 

- 

43 5 [31, 321 

The figure also shows that the MI of the intestinal peroxidase 
was 49000 under identical condition. However, peak 1 gastric 
enzyme (Fig. l), when rechromatographed in the Sephadex 
G-150 column, was resolved into two activity peaks of MI 
90000 and 47000 respectively (data not shown), indicating 
that peak-1 enzyme is possibly a molecular aggregate of 
peak-2 enzyme. Both the enzymes have identical pH optima, 
similar K ,  value for H 2 0 2  and showed similar inactivation 
with sulphydryl reagents and also with higher concentrations 
of H 2 0 2  (above 0.2 mM) and guaiacol (above 26 mM). 

Spectral properties 

The native enzyme showed Soret absorbance at 412 nm 
which shifted to 425 nm when treated with cyanide (Table 2). 
On reduction with dithionite, a further change of spectrum 
from 425 nm to 430 nm was observed. Table 2 also shows 
that the spectral properties of the gastric peroxidase have 
similarities, although they are not identical, with those of the 
intestinal, eosinophil, uterine and lactoperoxidase but not 
with the myeloperoxidase and thyroid peroxidase. 

Kinetic and catalytic properties 

The velocity constant, kl, of the reaction of gastric 
peroxidase with HzOz was estimated to be 1.38 x lo7 M-' 
sp l ,  calculated on the basis of an MI of 45000. The value for 
k4 could not be determined as the enzyme was inactivated at 
higher concentrations of H202. The kl  value for intestinal 
peroxidase was found to be 2.1 x lo7 M-' s-' under identical 
condition. The K, of the gastric peroxidase for H z 0 2  as 
calculated from a Lineweaver-Burk plot (not shown) was 
0.1 mM which is comparable to the value for intestinal 
peroxidase (0.077 mM). Both enzyme activities were lost at 
an H 2 0 2  concentration above 0.2mM in the presence of 
17.3 mM guaiacol. 

An interesting observation was made while studying the 
effect of halides on the peroxidase activity. Fig. 4 indicates 
that sodium fluoride showed a concentration-dependent bi- 
phasic effect on the activity of the gastric peroxidase. About 
80% of the activity was lost with 2mM fluoride while the 
inhibition was withdrawn at 16 mM. However, fluoride ion 

0 8 16 24 32 
Sodium Fluoride (m M) 

Fig. 4. Effect of fluoride on the peroxidase activity. ( 0 )  Gastric 
peroxidase (0.45 pg) or ( A )  intestinal peroxidase (0.40 pg) were 
assayed in the standard assay system using guaiacol as electron donor 
in the presence or absence of varying concentrations of sodium 
fluoride as indicated 

Table 3. Effect of sulphydryl reagents on peroxidase activity 
Gastric peroxidase (0.8 pg) or intestinal peroxidase (0.7 pg) was in- 
cubated with 2 mM sulphydryl reagent at 37°C for 10 min in a final 
volume of 120 pl; 60 p1 of the mixture was assayed for peroxidase 
activity by guaiacol oxidation 

Reagent Peroxidase activity 

stomach intestine 

AA min-' 

None (control) 0.18 0.295 

Mersalyl 0.045 0.204 
N-Ethylmaleimide 0.127 0.278 

p-Hydroxymercuribenzoate 0 0.22 

at a concentration of 32 mM caused about 50% stimulation 
of the enzyme activity. An almost similar effect of fluoride 
was also observed (data not shown) when the enzyme was 
assayed in the presence of 1.2 M NH4C1. This indicates that 
this biphasic effect of fluoride is not due to aggregation and 
deaggregation phenomena of the enzyme commonly associ- 
ated with the dilution and salt effect respectively. The in- 
testinal peroxidase, on the other hand, was not at all affected 
by fluoride ion under identical condition. Table 3 shows the 
effect of various sulphydryl reagents on the activity of the 
enzyme. p-Hydroxymercuribenzoate (2 mM) caused complete 
loss of the activity of the gastric peroxidase. The other 
mercurial, mersalyl, also caused 75% loss of activity while 
N-ethylmaleimide inhibited only by 33%. Intestinal 
peroxidase, however, was not as sensitive as the gastric 
peroxidase. Around 30% inhibition was obtained with the 
mercurials while N-ethylmaleimide had no significant effect. 
Fig. 5 demonstrates the effect of urea, a chaotropic agent, on 
the activity of the enzyme. Gastric peroxidase activity was not 
significantly altered up to a concentration of 2 M urea beyond 
which the enzyme was inactivated. Intestinal peroxidase, how- 
ever, showed about 80% loss of activity at l M beyond which 
the inhibition was partly withdrawn, at least up to 6 M urea. 
Above 6 M, the intestinal peroxidase was inactivated like 
gastric peroxidase. Guanidinium chloride up to a concentra- 
tion of 2 M activated both peroxidases by 50%. The activity 
then declined sharply with increasing concentration above 
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Fig. 5. Effect of urea on the peroxidase activity. Solutions of different 
molarity of urea were prepared in 0.1 M sodium phosphate buffer pH 
7.2. (0 )  Gastric peroxidase (50 pg/ml) or (A) intestinal peroxidase 
(80 pg/ml) was mixed with each concentration and the activity was 
measured by guaiacol oxidation after a 2.5-h equilibration at  room 
temperature 

Fig. 7. Effect of antiserum of gastric peroxidase on the gastric and 
intestinal peroxidase activity. (0,  0) Gastric peroxidase (4.5 pg) or 
(A, A )  intestinal peroxidase (4 pg) were incubated at  37°C for vary- 
ing periods of time in the presence of 500 p1 of normal serum (0 ,  A) or 
antiserum (0, A )  in a final volume of 0.6 ml. 60 pl of the incubation 
mixture was assayed for peroxidase activity by the guaiacol assay at 
the times indicated 

Fig. 6. Antigenic property of the peroxidases. Antiserum (200 pl) 
against the purified gastric peroxidase was placed in the central well. 
Wells I ,  2,3,4 and 6 contained gastric peroxidase (2.5 pg), eosinophil 
peroxidase (10 pg), lactoperoxidase (10 pg), gastric peroxidase (1 pg) 
and intestinal peroxidase (2.5 pg), respectively. Well 5 does not 
contain peroxidase 

2 M, while complete loss of activity occurred at 5 M (data not 
shown). 

Immunological properties 

In Ouchterlony immunodiffusion analysis (Fig. 6) ,  gastric 
peroxidase showed a single precipitin line when charged 
against its antiserum. Neither intestinal peroxidase nor 
lactoperoxidase cross-reacted with the antiserum. However, 
eosinophil peroxidase showed cross-reaction with the anti- 
serum and the nature of precipitin lines indicates that the 
antigenic sites of both gastric and eosinophil peroxidases are 
identical. Fig. 7 shows that antiserum of the gastric peroxidase 
caused 75% loss of gastric peroxidase activity in 5 min and 
almost 100% in 20 min while intestinal peroxidase activity 
was not affected at  all under identical condition. 

Histochemical studies 
Very high peroxidase activity could be localised by the 

reaction with 3,3'-diaminobenzidine in the gastric gland 
proper of the fundic mucosa which is rich in parietal and chief 
cells as shown in Fig. 8. A small positive reaction was also 
evident in the submucosa, possibly due to presence of a few 
eosinophils (not shown). 

Fig. 8. Histochemical localization of peroxidase in the,fundic stomach. 
Magnified view ( x 450) of the gastric glands proper, the region rich 
in parietal and chief cells containing peroxidase-positive stain as in- 
dicated by arrows 

DISCUSSION 
The purified gastric peroxidase shows relatively lower RZ 

value (0.33) compared to other peroxidases (RZ 0.6 - 1.1 5). 
T h s  is not due to the presence of any contaminating protein 
as evidenced by single protein band in acid gel and SDS gel 
electrophoresis as well as single precipitin line in Ouchterlony 
immunodiffusion. The lower RZ value may be a charac- 
teristic of the gastric peroxidase either due to lower absorption 
of the heme part at 412 nm or higher absorption of the apo- 
protein at 280 nm. However, the possibility of a structural 
change of the enzyme in the presence of high concentration 
of NH4Cl resulting in partial loss of absorption at 412 nm 
cannot be excluded. A similar change is evident in 
myeloperoxidase resulting from oxidation with HzOz and 
chloride ion [29]. 

Gastric peroxidase has several properties similar to the 
intestinal [3], eosinophil [4] and uterine [30] peroxidase. It is 
now almost established that intestinal and uterine peroxidases 
are derived from the invading eosinophils [3, 17, 181. The M ,  
of the rat gastric peroxidase (45 000 2000) is close to that of 
the rat intestinal, eosinophil and uterine peroxidase [3, 4, 301. 
However, this is significantly different from the value reported 
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for human eosinophil enzyme where a native M ,  of 77000 or 
71000 with two subunits of M ,  58000 and 14000 or 52000 
and 15000, respectively, has been reported [15, 161. The 
electrophoretic migration of the gastric peroxidase at  acid pH 
indicates that it is a basic protein similar to the intestine, 
uterine and eosinophil enzymes [3,4,30]. The spectral proper- 
ties of the native enzyme as well as its derivatives also bear 
close similarity with the above enzymes including lacto- 
peroxidase [3, 4, 30-321. The kl  value of the gastric 
peroxidase (1.38 x lo7 M-' s-'  ) is of the same order of 
magnitude as kl values reported for intestinal, uterine, 
eosinophil and lactoperoxidase [3, 4, 11, 18, 331. Inhibition 
with higher concentrations of H z 0 2  is a property also shown 
by eosinophil and uterine enzymes [4, 341. However, gastric 
peroxidase is stimulated 50% by 2 M guanidinium-HC1, a 
property shown by human myeloperoxidase which is activated 
30-35% by 1.8-3.0 M guanidinium-HC1 [35]. Human 
eosinophil enzyme is not activated under identical condition 
[351. 

One of the key issues in the current trends of peroxidase 
research is to identify the origin of the enzyme in each tissue. 
Although rat gastric peroxidase shows similarity with rat in- 
testinal, eosinophil and uterine peroxidases as reagards the 
molecular mass, spectral, kinetic and some of the catalytic 
properties, structural dissimilarities are evident when its in- 
teraction with fluoride ion, sulphydryl reagents, urea and with 
the antiserum was compared with the intestinal (eosinophil) 
peroxidase. The biphasic interaction of the gastric peroxidase 
with fluoride ion is a characteristic of the gastric peroxidase, 
not observed with intestinal enzyme. It appears that gastric 
peroxidase has both high-affinity and low-afinity binding 
sites for fluoride ion. Interaction with the former, presumably 
at the heme part, causes inhibition while binding at the latter 
causes a conformational change such that the inhibition is 
not only withdrawn but the activity is stimulated. However, 
binding studies with fluoride as well as the circular dichroic 
spectra may, in future, furnish some valuable information on 
this aspect. Gastric peroxidase is more sensitive to sulphydryl 
reagents than intestinal peroxidase. This indicates that the 
number of active sulphydryl groups in the gastric peroxidase 
is higher than that of the intestinal peroxidase. However, 
higher sensitivity of the gastric peroxidase to mercurials 
compared to N-ethylmaleimide may be due to relatively lower 
inaccessibility of the latter to some of the sulphydryl groups 
deeply buried in the protein structure of the enzyme. The 
enzyme also differs from the intestinal peroxidase in the 
tertiary structure as revealed by the interaction with urea. 
Loss of activity of the intestinal enzyme at 1 M urea is a 
peculiar property not observed with the gastric enzyme. How- 
ever, almost complete inactivation of both the enzymes at 
10 M urea may be due to denaturation caused by unfolding 
of the protein molecule. Antigenic dissimilarity of the gastric 
peroxidase with the intestinal enzyme but similarity with the 
eosinophil peroxidase is interesting, especially in the light of 
a report by Kimura et al. [14] that rat eosinophil, intestine 
and uterine peroxidases cross-react with the antibody against 
pig intestinal peroxidase. It appears that eosinophil per- 
oxidase has more than one antigenic determinant of which 
one is similar to the gastric peroxidase and another is similar 
to the intestinal enzyme. Intestinal peroxidase has been 
suggested to contain carbohydrate [3] and human eosinophil 
peroxidase has been shown to include carbohydrate [36]. 
However, negative periodic acid/Schiff staining in both native 
and denatured gastric peroxidase indicates that it does not 
contain carbohydrate. Finally, histochemical studies locating 

the peroxidase activity in the gastric gland proper of the fundic 
stomach clearly indicates its endogenous origin. This is in 
contrast to the intestine where peroxidase activity has been 
localised in the core of the intestinal villi [18] which is the site 
for the accumulation of eosinophils [37]. The endogenous 
origin of the gastric peroxidase is further supported by our 
observation that, although both stomach and intestinal 
peroxidase activity is stimulated by adrenalectomy [18, 201, 
only the former is sensitive to the translational inhibitors [20] 
while the latter is not [18]. This also indicates that gastric 
peroxidase is a protein intrinsic to the stomach while intestinal 
peroxidase is an exogenous enzyme preformed in the 
eosinophils. We suggest, therefore, that in spite of several 
similarities with the intestinal or eosinophil peroxidase, gastric 
peroxidase is mainly an endogenous enzyme of the stomach 
and is not significantly contributed by the eosinophils. 

The authors gratefully acknowledge the enlightening discussion 
and continuous encouragement of Dr A. G. Datta during this work. 
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