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Phospholipase Activity of Helicobacter 
pylori and Its Inhibition by Bismuth Salts 

Biochemical and Biophysical Studies 

ANNA OTTLECZ, MD, PhD, JIMMY J. ROMERO, BS, STUART L. HAZELL, MD, 
DAVID Y. GRAHAM, MD, and LENARD M. LICHTENBERGER, PhD 

In this study we measured phospholipase A (PLA) and C (PLC) activity o f  media filtrates 
and French Press lysates o f  the gastritis-inducing bacteria Helicobacter pylori. We report 
here that both H. pylori lysates and filtrates contain PLA1, PLA2, and C enzymes, which 
readily hydrolyze a radiolabeled dipalmitoylphosphatidylcholine (DPPC) and phosphoryl- 
choline substrates, respectively. The specific activity o f  both PLA and C enzymes were 
greatest in the 6. 5-7. 0 and 8. 4-8. 8 p H  ranges, respectively. Colloidal bismuth subcitrate 
(CBS) induced a dose-dependent inhibition o f  PLA 2 and C activity o f  both H. pylori 
lysates and filtrates. This inhibitory effect o f  CBS on PLA 2 was antagonized in a 
dose-dependent fashion by the addition o f  CaCl 2 to the incubation mixture, suggesting 
that calcium and bismuth may be competing for the same site on the enzyme. In contrast, 
the ability o f  bismuth salts to inhibit PLC activity o fH.  pylori lysates was not antagonized 
by CaCI 2. Employing a biophysical assay system for  surface wettability, it was determined 
that H. pylori lysates had the capacity to remove a synthetic phospholipid monolayer off 
a glass in a dose-dependent fashion. This ability o f  the bacterial lysates to catalyze the 
transformation o f  a hydrophobic surface to a wettable state was significantly attenuated 
in the presence o f  bismuth salts. Our experimental results are, therefore, consistent with 
the possibility that H. pylori colonization compromises the stomach's barrier to acid by 
eroding a phospholipid lining, possibly a monolayer, on the surface o f  the gastric mucus 
gel and that this process is blocked in response to bismuth therapy. 
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In recent years information has accumulated at a 
rapid rate in support for the concept that the bac- 
terium Helicobacter pylori is an important etiolog- 
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ical factor in the development of antral gastritis and 
is strongly associated with peptic ulcer disease (1- 
8). However, our understanding is at a rudimentary 
level concerning the pathogenic mechanism by 
which H. pylori induces mucosal inflammation and 
injury. Recently attention has focused on investi- 
gating proteolytic and lipolytic enzymes elaborated 
by the bacteria. It has been reported that H. pylori 
releases a protease enzyme that may have the ca- 
pacity of degrading the glycoprotein constituents of 
mucin, thus weakening the barrier properties of  the 
mucus gel layer of the stomach (9, 10). Phospholi- 
pase enzyme activity has also been measured in 
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extracellular products  of 11. pylori (11-13). This 
lipolytic family of  enzymes,  which are present in 
many other pathogenic microorganisms, may  act 
either directly on the cellular membranes of the 
gastric epithelium or On the lipidic consti tuents of 
the extracellular mucus ge! layer, which provides 
the underlying tissue with a protective hydrophobic  
luminal lining. In previous studies we have obtained 
biochemical,  biophysical,  and ultrastructural evi- 
dence that are consistent with the possibility that 
the nonwettable lining of the stomach may be at- 
tributable to the presence of a phospholipid mono- 
layer adsorbed to the luminal surface of the mucus 
gel layer (14-16). In the present  s tudy we confirmed 
and extended earlier reports (11-13) on the pres- 
ence of phospholipase activity in lysates and media 
filtrates of H. pylori. New information is also pre- 
sented on both the ability of these enzymes  to 
remove a preformed phospholipid mono!ayer  from 
a surface and the inhibitory mode of action of bis- 
muth salts on these enzymes  as demonstrated with 
both biochemical and bioPhysical assay systems. 

MATERIALS AND METHODS 

Chemicals. L-o~-Dipa!mitoyl-(2[1-14C]palmitoyl)phos - 
phatidylcholine (50-55 mCi/mmol) and L-a-dipalmitoyl- 
(1,2[1-14C]palmitoyl)phosphatidylcholine (110 mCi/mmol) 
were purchased from New England Nuclear, Boston, 
Massachusetts. The radiochemical purity of the labeled 
lecithin was greater than 98% as determined by thin-layer 
chromatography. 

Dipalmitoylphosphatidylcholine (DPPC), phospholi- 
pase A2 of Naja naja venom, phospholipase C of C1. 
perfringens, p-chloromercuribenzoic acid sodium salt 
(PCMB), p-nitrophenylphosphorylcholine (PNP-PC), 
phenylmethylsulfonylfluoride (PMSF), sodium fluoride, 
and Triton X-100 were purchased from Sigma Chemical 
Co., St. Louis, Missouri. 3-Isobutyl-l-methyl-xanthine 
was purchased from Aldrich, Milwaukee, Wisconsin. 
N-Tosyl-L-phenylalaninechloromethyl ke tone  (TPCK) 
was a product of Boehringer Mannheim Biochemical s, 
Indianapolis, Indiana. All other chemicals and solvents 
were analytical reagent grade. Colloidal bismuth subci- 
trate (CBS) or DeNo! was kindly provided by Dr. Neville 
Yeomans, Department of Medicine, University of Mel- 
bourne, Australia. 

Procedure ofH. pylori Lysate and Filtrate. Strain 8826 of 
H. pylori was kindly donated by Dr. D.G. Evans, VAMC, 
Houston and:Baylor College of Medicine, Houston, 
Texas. The  bacteria were cultured either on 7% (v/v) 
blood-agar plates (17) (Difco) or in suspension (18) at 
37 ~ C in a microaerophilic atmosphere of 10% CO z in air 
and 99% relative humidity for two to three days. The 
bacterial outgrowths appeared as curved-shaped rods 
with a maximal length of 0.5-1.0 mm under high power 
(1000• light microscopy. Further, they were Gram- 

negative and urease-, oxidase-, and catalase-positive, all 
documented characteristics of 1-1. pylori. The plates with 
the bacterial colonies were repeatedly washed with 0.9% 
NaC1 (1 ml/plate) and the obtained solution was centri- 
fuged at 15,000g for 10 min at 4 ~ C. The supernatant was 
filtered through a Nalgene sterilization filter (0.2 ixm), 
dialyzed against distilled water at 4 ~ C, and lyophilized. 
The resulting powder was dissolved in distilled water, 
resulting in a 20 • concentrated sample that was aliquoted 
and stored frozen (-80 ~ C) until enzyme determination. 
This fraction is referred to as the media filtrate of H. 
pylori. The resultant H. pylori pellet was resuspended in 
0.9% NaCI (0:5 ml/plate) and thereafter disrupted at a 
pressure of 1000 lb/cm 2 in a French Press: This cell 
homogenate was centrifuged at 15,000g for 15 min at 4 ~ C 
and the supernatant (referred to as the lysate) after filter- 
ing (Nalgene, 0.2 p.m) was aliquoted and stored frozen 
(-80 ~ C). 

Phospholipase A Assay. The phospholipase A activity of 
H. pylori lysate of media filtrate was determined by fol- 
lowing the release of 1-x4C-labeled palmitic acid from a 
labeled DPPC substrate employing a modification of the 
method of Shakir (19). In these studies isotopic DPPC 
was hibeled either with [1-14C]palmitate at the sn-2 posi- 
tion only (for PLA2 activity) or both the sn-1 and sn-2 
positions (total PLA act ivi ty= PLA1 + PLA2 activity). 
Briefly, 'labeled (0:4 ~Ci) and unlabeled DPPC (7.5 mg) 
were dissolved in 2 ml of chlor0form-methanol (2:1). The 
solvent was then removed under a nitrogen stream and 
the tubes were placed in a vacuum overnight. The sub- 
strate was resuspended in the incubation mixture contain- 
ing 0.5% Triton X-100 (v/v) and subjected to 2-3 min of  
sonication (bath-type sonicator, Laboratory Supplies 
Co., Inc. Hicksville, New York). The standard incuba- 
tion mixture contained 200 i~1 of Tris-maleate (0.2 M, pH 
40_61 or Tris-HCl (0.2 M, pH 7-9) buffer containing 2 x 

M CaC12 and 2 x 1 0  - 3  M sodium deoxycholate, 50 
Ixl of PLA enzyme, 50 Ixl of substrate (0.25 ~mol about 
30,000 cpm) in a final volume of 400 ~1 by additional 0.9% 
NaC1. When / / .  pylori lysate or filtrate was used as 
enzyme source (300-400 ~g protein), it was protected by 
serine protease inhibitors [8 i~1 of PMSF (50 mM) and 
TPCK (25 mM), and 40 ~1 of PCMB (4-40 nmol) was 
added to the assay mixture to inhibit acyltransferase 
activity according to Kr6ner et al (20). 

T h e  assay was started by the addition of substrate 
followed by 10 min of sonication. The incubation was 
performed in a shaking waterbath at 37 ~ C for a desig- 
nated period of time (40 min for Naja naja venom and 24 
hr for H. pylori PLA activity). The procedure of fatty acid 
extraction was carried out as previously described (19). 
Tubes with the incubation mixture plus 40 Ixl of EDTA 
(100 mM) were included in each experiment in order to 
calculate the PLA enzyme activity, which was expressed 
as nanomoles of labeled free fatty acid released per hour 
per milligram of protein. 

phospholipase C Assay. The assay is based on the hy- 
drolysis of thewater-soluble substrate, p-nitrophe- 
nylphosphorylcholine (PNP-PC), with the release of the 
chromogen,p-nitrophenol (PNP) as described by Kurioka 
and Matsuda (21). The incubation mixture (700 ~1) con- 
tained 20 mM PNP-PC as substrate, 1 mM ZnC12 as 
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A. Generation of DPPC Monolayer on a Glass Slide 
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Fig 1. Schematic representation of the methods employed to: (A) transfer DPPC monolayer 
from the air-liquid interface of water contained in a Langmuir trough to a glass slide carrying 
a negative surface charge as confirmed by contact angle analysis; and (B) to assess the ability 
Of H. pylori lysates to remove the hydrophobic DPPC monolayer by in vitro incubation 
followed by contact angle analysis. 

cofactor, 10 mM NaF as phosphatase inhibitor, 60% 
glycerol in Tris-HCl buffer (0.25 M, pH 7.2) and 1 unit of 
PLC enzyme (20 i~1) of CI. perfringens. When H. pylori  
lysates of the washed samples were tested as enzyme 
source (50 ILl, 300-400 Ixg protein) ZnC12 was generally 
omitted from the incubation mixture, but 14 Ixl of PMSF 
(50 mM) and TPCK (25 mM) were applied as protease 
inhibitors. The tubes were incubated at 37 ~ C for 60-120 
min. The reaction was stopped b y  addition of 70 p.1 of 
EDTA (1 • 10 -1 M), and the yellow color reaction, 
indicative of the presence of PNP, was read in a spectre- 
photometer at 405 nm. Tubes with incubation mixture 
plus 70 p.1 of EDTA (1 mM) were also included in each 
experiment to calculate the PLC enzyme activity as na- 
nomoles per hour per milligram of protein. 

Protein Determination. Protein was determined using 
the Bradford method (Bio-Rad) employing bovine serum 
albumin (A grade, Calbiochem) as standard. 

Biophysical Assay System for Phospholipase Activity. An 

assay system was developed to investigate the ability of 
phospholipase enzymes to remove a phospholipid mono- 
layer from an iner t surface, as determined by contact 
angle analysis with the use of a goniometer (see Figure 1 
for schematic representation.) A monolayer of DPPC was 
initially transferred from an air-liquid interface of water 
contained in a Langmuir trough to a negatively charged 
surface of an acid-cleaned glass slide in accordance to a 
technique described elsewhere (22), which was  modified 
from the original monolayer transfer method of Blodgett 
(23) and Gaines (24). The successful transfer of the DPPC 
monolayer to the acid-cleaned glass slide carrying a neg- 
ative surface charge was confirmed by contact  angle 
analysis, as the contact angle increased from < 15 ~ before 
transfer to >50 ~ after monolayer transfer. The slides 
containing an adsorbed monolayer of DPPC were then 
incubated for varying periods of  time (0-4 hr) in 0.1M 
Tris buffer (pH 7.4) containing 2-5 mM CaCI 2 either alone 
or in the presence of H. pylori  lysates or filtrates. In 
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Fig 2. Phosphol ipase  A activity of  H. pylori lysate after 24-hr 
incubation with 2[1-14C]DPPC (filled bars  = PLA2) or with 1,211- 
14C]DPPC (shaded bars  = PLAI+2) at var ious  pH  values .  P L A  1 
was  computed  as the difference be tween PLA1,2 and PLA2 and is 
represented by  the  ha tched  bars.  Vertical lines represent  sE of  
the mean  for seven  separate  determinat ions .  *P < 0.001 ve r sus  
the P L A  2 activity at the same pH.  

certain experiments bismuth subsalicylate (BSS) at a con- 
centration of 1 mM (kindly provided by Dr. Donna Mor- 
gan Murray of Procter and Gamble Co.) was added to 
acidified water (pH 1.5) contained in a Langmuir Trough 
prior to monolayer transfer. Use of BSS in those studies 
was necessitated by our limited supply of CBS. At the 
completion of the incubation period, the slides were re- 
turned to the stage of the goniometer for a postincubation 
contact angle reading. 

RESULTS 

PLA Activity of 1t. pylori. Figure 2 demonstrates 
that the maximal PLA 2 activity of H. pylori lysates 
was found at a slightly acidic pH range (6.5-7.0 
pH), showing a sharp decrease at pH values of 7.5 
or higher. We then measured total PLA activity 
using the double-labeled Substrate 1,2[1-14C]DPPC, 
which had a pH-dependent activity curve similar to 
that of PLA 2, reaching an optimum at a pH of 7.0. 
From these data, one can then assess PLA 1 activity 
indirectly by computing the difference between the 
PLA1, 2 and PLA 2 curves (see shaded bars). In this 
case PLA 1 displayed a wider pH range, where the 
optimal activity recorded encompassed pH values 
between 6 and 7.5 (Figure 2). 

When paralle ! studies were performed on PLA 
activity released into media filtrates of H. pylori, it 
was determined that PLA2, PLA1,2, and PLA activ- 
ity all displayed pH optima at or near neutral pH 
(data not shown). 

PLC Activity of/ / .  pylori. When ZnCI 2 was added 
to the incubation mixture at 1 mM as a necessary 
cofactor, as recommended in the original paper of 
Kurioka and Matsuda, a marginal PLC activity 

TABLE 1. PHOSPHOLIPASE C ACTIVITY* OF H. pylori LYSATES: 
EFFECT OF ZnC12 

Conc of  ZnCI 2 (M) P N P  released (nmol • 
in incubation buffer hr-1/mg protein) Inhibition (%) 

0.0 51.82 + 2.90 0.0 
1.0 x 10 -4 41.61 + 0.25t  19.7 
2.0 x 10 -4 26.19 + 0.24t  49.4 
1.0 x 10 -3 0.58 + 0.30t  98.8 

"1-1. pylori lysates  (50 Id, 374 I~g protein) were  pre incubated with 
10 -4 and 10 -3 M ZnCI 2 in buffer solution as described in Ma- 
terials and Methods  for 10 min at room temperature ,  prior to the 
addition of PNP-PC subs t ra te  (30 i~mol) and then incubated for 
60 min at 37 ~ c .  Data  represent  mean  --- sE for six different 
determinat ion.  

tSignificant difference at P < 0.001 in compar i son  to PLC activ- 
ity of  lysates  incubated in the absence  of Zn.  

(0.58 nmol PNP releasedhar/mg protein) was de- 
tected in H. pylori lysates (Table 1). However, as 
shown in Table 1 reduction of the ZnC12 induced a 
clear dose-dependent enhancement in enzyme ac- 
tivity, which was increased 100-fold in the absence 
of the metal. In contrast, removal of ZnC12 had little 
effect on the activity of commercially available PLC 
from CI. perfringens. The PLC enzyme present in 
media filtrates of 11. pylori also was inhibited by 
Zn 2+, and in the absence of metal, released 21.2 
nmol PNP/hr/mg protein into the incubation buffer. 

A number of experiments were designed to study 
the pH dependency of the PLC enzyme of H. pylon 
lysates. The incubations were performed for 1 hr 
without the presence of ZnC12 in the assay mixture. 
By increasing the pH of the assay buffer, a parallel 
increase of optical density was measured, with 
maximum activity recorded at a pH range of 8.6- 
8.8, where the specific activities were found to be 
107.4-111.0 nmol PNP released/hr/mg protein. It 
also should be noted that in contrast to our findings 
on PLA activity, only trace amounts of PLC were 
detected in the media filtrates. 

Effect of  CBS on P L A  2 Act iv i ty .  The effect of CBS 
(DeNol), an effective antiulcer drug, on PLA a ac- 
tivity was determined by preincubating the enzyme 
preparation with various doses of the drug (2-8 x 
10 -4 M) in the incubation buffer (adjusted to pH 7) 
prior to the addition of Substrate. Figure 3A and B 
demonstrate that CBS induced a clear dose- 
dependent inhibition in the PLA 2 activity of both 
the H. pylori lysate (A) and filtrate (B) with a 
significant 60-80% reduction in enzyme activity 
being recorded at a bismuth concentration of 0.8 
mM. 

Figure 4 demonstrates that a very similar and 
somewhat more pronounced inhibitory effect of 
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Fig 3. Effect of  colloidal b i smuth  subcitrate  (CBS) on the  phos-  
pholipase A 2 activity of  H. pylori lysate (A) or filtrate (B) after 
24-hr incubat ion with 211-14]DPPC at p H  7.0. Open  bar  = control,  
shaded  bars  = CBS.  (A) Vertical lines represents  SE of  the  mean  
for eight separate  determinat ions .  Significant differences ve r su s  
control:  *P < 0.04; **P < 0.002; ***P < 0.0001. (B) Vertical lines 
represent  SE of  the  mean  for six separate  determinat ions .  Signifi- 
cant  differences v e r s u s  control: *P < 0.002; **P < 0.0001. 

CBS was recorded when the commercially available 
enzyme, purified from Naja naja venom was added 
to the incubation mixture (adjusted to its pH opti- 
mum of 9.0). It should be noted that due to the 
higher specific activity of the enzyme, the PEA 2 
was diluted to an activity of 500-250 ng/test tube. 

Addition of CaCI 2 to the normal incubation mix- 
ture containing either H. pylori lysate or the purified 
Naja naja PLA 2 in the presence of 0.8 mM CBS 
induced a dose-dependent recovery of PLA activ- 
ity, so that enzyme activity was almost completely 
restored (>90% of control) at a CaC12 concentration 
of 4 mM (Figure 5A and B). 

Effect of CBS o n  PLC Activity. Preincubation of 
H. pylori lysates with different doses of CBS (2-12 
mM) for 10 min prior to the addition of PNP-PC 
substrate for 10 min similarly induced a dose- 
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Fig 4. Effect of  CBS on the phosphol ipase  A 2 activity of  Naja 
naja v e n o m  (250 ng) after 40-min incubat ion with 2[1J4C]DPPC 
at p H  9.0. Open bar-control ,  shaded  bars  = CBS. Vertical  lines 
represent  SE of  the mean  for eight separate  determinat ions .  *P < 
02.01; **P < 0.0001. 
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dependent  inhibition of PLC activity (Figure 6). In 
contrast  to the former situation with PLAa, further 
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Fig 7. Dose- and time-dependent ability of purified phospholipase 
enzymes to remove surface DPPC monolayer from glass slides as 
determined by contact angle analysis. In the experiments de- 
scribed in panel A, the DPPC-coated slides were incubated in 0.1 
M Tris buffer containing 2-5 mM CaCl 2 in the presence and 
absence of equivalent units of purified phospholipase A 2 (Naja 
naja)-C (Clostridium perfn'ngens) activity at 1 unit:l  unit ratio 
for a 2-hr incubation period at 37 ~ C. In panel B, DPPC-coated 
slides were incubated in calcium-containing Tris buffer contain- 
ing 10 units/ml of total phospholipase enzymes (5 units of phos- 
pholipase A2 and 5 units of phospholipase C) for 0.5-2 hr. 
Control slides were incubated in buffer in the absence of the 
purified enzymes. In this and the subsequent figure, numbers at 
the base of the bars represent the numbers of slides tested. 
�9 Statistically significant reduction of the hydrophobicity of the 
glass slide in comparison to the preincubation values. 

supplementation of the incubation mixture with 
CaCI 2 failed to antagonize the inhibitory action of 
the bismuth salt. This inhibitory effect of CBS on 
P LC activity was only observed when the H. pylori 
enzyme was assayed in the absence of  ZnC1 a. 

Ability of  Purified Phospholipase Enzymes and H. 
pylori Lysates to Remove DPPC Monolayers from 
Inert Surfaces. Figure 7A and B demonstrate that a 
synthetic mixture of purified phospholipase A 2 and 
C had the capacity to remove a DPPC monolayer  
from a glass surface in both a time- and dose- 
dependent  manner,  as the contact  angles decreased 
from >50 ~ to <25 ~ after an incubation period of 2 hr 
or longer. It is important to note that the DPPC 
monolayer  remained firmly adsorbed to the glass 
slide when incubated in the buffer in the absence of 
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Fig 8. Dose-dependent ability of H. pylori French Press lysates 
(protein concentration 5-6  mg/ml) to remove DPPC monolayer 
from glass slides generated in the absence and presence of 
bismuth salts, during a 2-hr incubation period in Tris buffer. *The 
presence of a statistically significant intergroup difference 
( - B S S  vs +BSS) at the various lysate concentrations tested. 
Incubation of the artificial DPPC monolayers in buffer containing 
H. pylori lysates (at all titers tested ---BSS) induced a statistically 
significant reduction in the hydrophobicity of the lipid-coated 
glass slides in comparison to the contact angle values of mono- 
layers incubated for 2 hr in control buffer. 

phospholipase enzymes (see posttreatment con- 
trois). Figure 8 clearly demonstrates that the addi- 
tion of H. pylori lysates to the incubation buffer 
similarly induced a dose-dependent reduction in the 
contact angle of the DPPC-coated slides. These 
studies, therefore, provide biophysical evidence 
that H. pylori lysates contain phospholipase activity 
that is capable of eroding a phospholipid mono- 
layer. It also can be appreciated that the ability of 
purified and H. pylori phospholipase activity to 
remove a DPPC monolayer from a glass slide was 
clearly reduced if the monolayer was generated and 
transferred in the presence of bismuth salts (Figure 
8, black bars). 

DISCUSSION 

It is now well established that >90% of duodenal 
ulcer patients and N60% of gastric ulcer patients are 
infected with the bacterium H. pylori, with the 
highest incidence of colonization occurring in the 
gastric antrum, where the inflammatory changes are 
most severe (2, 25). More direct evidence on the 
role of the bacteria in the etiology of peptic ulcer 
disease comes from several clinical reports on the 
onset of gastritis and the development of symptoms 
in individuals who either intentionally infected 
themselves with H. pylori or in documented cases 
of accidental infection of subjects due to the im- 
proper sterilization of endoscopic equipment (16). 
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Further, inoculation of H. pylori into gnotobiotic 
pigs has been reported to induce gastritis several 
weeks after infection (26). It has also been reported 
that placement of patients with active duodenal 
ulcer disease and H. pylori infection on bismuth and 
antibiotic therapy results in both an eradication of 
the infection and a reduction in the incidence of 
recurrence (27-30). 

Although the evidence is building that H. pylori 
may be a major etiological factor in the develop- 
ment of antral gastritis and peptic ulcer disease, the 
pathogenic mechanism involved is only beginning 
to be investigated. Hazell and Lee (17) proposed 
that the urease enzyme, elaborated by H. pylori, is 
required to provide the bacteria with urea nitrogen 
and may influence the development of ulcers. Evi- 
dence also supports the possibility that ammonia, 
the major product formed by the urease-catalyzed 
hydrolysis of urea, may induce gastric mucosal in- 
jury directly, as has been demonstrated in rats in 
response to either the acute exposure to combina- 
tions of urease and urea or chronic administration 
of ammonium salts (31, 32). Alternatively ammonia 
may promote the colonization of H. pylori in the 
mucus gel layer, where the bacteria lives, by raising 
the pH of its microenvironment towards neutrality. 
This concept has been supported by recent in vitro 
findings of Marshall et al (33) that, unlike bacterial 
strains that are urease-negative, H. pylori is pro- 
tected from low pH (<2.0) if urea is added to the 
culture medium. 

In addition to the possible injurious role of NH3, 
generated by bacterial urease, evidence has also 
been obtained that H. pylori elaborates several 
other factors that may be cytotoxic to the gastric 
mucosa. In this regard Leunk et al (4) have identi- 
fied a protein released by H. pylori into culture 
medium that they have called cytotoxin, which in- 
duces the vacuolization of eukaryotic culture cells. 
Slomiany and coworkers have also characterized 
protease, lipase, and phospholipase activity in cul- 
ture broth of H. pylori that may have pathogenic 
potential (9, 10, 13). The characteristics and cofac- 
tot requirements of these enzymes, however, were 
not described in detail by these workers, although 
they made the interesting observation that CBS had 
an inhibitory effect on both lipolytic enzymes. 

In the present study we focused our attention on 
characterizing the phospholipase enzymes of H. 
pylori and the effect of pH and stimulatory and 
inhibitory cofactors on this family of lipolytic en- 
zymes. This interest was sparked by our earlier 
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observations that extracellular phospholipids asso- 
ciated with the mucus gel layer may generate a 
hydrophobic barrier to protect the gastric epithe- 
lium from luminal acid (14-16, 34). Furthermore, it 
has been reported that the hydrophobic surface 
characteristics of human gastric biopsy tissue are 
attenuated in individuals infected with H. pylori and 
restored after these subjects are treated with CBS 
to eradicate the infection (35, 36). These findings, 
therefore, suggest that H. pylori elaborates one or 
more phospholipase enzymes that may induce gas- 
tritis by compromising either this putative extracel- 
lular hydrophobic lining of the stomach or the 
plasma membrane of gastric epithelial cells. 

Results outlined in this paper both confirmed and 
extended the earlier findings of Slomiany et al (13) 
by demonstrating that H. pylori lysates and filtrates 
had detectable PLA 1, PLA 2, and PLC activity. We 
also observed that the latter enzyme had the great- 
est activity in the bacterial lysates, was found in 
trace amounts in the media filtrates, and, contrary 
to other PLC enzymes, appeared to be inhibited by 
Zn 2+. Because of this unexpected Zn2+-sensitivity, 
we considered the possibility that the recorded ac- 
tivity may be attributable to a ubiquitous nucleotide 
phosphodiesterase enzyme that may nonspecifically 
hydrolyze our water-soluble substrate. Contrary to 
this possibility, the activity of H. pylori lysates to 
hydrolyze PNP-PC was unaffected in the presence 
of isomethylbutylxanthine (1 mM), a well-estab- 
lished inhibitor of this type of phosphodiesterase 
enzyme (unpublished findings). We also found it of 
interest that the specific activities of both PLA1 and 
PLA2 in the media filtrate were comparable or 
greater than that measured in the lysate. This find- 
ing, which suggests an extracellular role for the 
enzyme, was not surprising since extracellular 
phospholipases have been previously demonstrated 
to be involved in microbial pathogenicity (37, 38). 
We also confirmed earlier reports that bismuth 
salts, commonly prescribed in the treatment of H. 
pylor/-induced gastritis, inhibits PLA2 activity (13), 
and our evidence suggests that it does so by com- 
peting with Ca 2+ for a stimulatory site on the en- 
zyme. CBS also inhibited PLC activity by a differ- 
ent mechanism, as the inhibitory activity was not 
antagonized by calcium. 

Another potential source of PLA enzymes are the 
polymorphonuclear leukocytes (PMNs) that are re- 
cruited to sites of gastric injury during the inflam- 
matory process and occasionally appear in the lu- 
minal space. Indeed, it is well documented that 

neutrophils and PMNs have both a membrane- 
bound and soluble/lysosomal PLA2, the latter of 
which has an absolute requirement for divalent cat- 
ions (39, 40). However,  it is most likely that if the 
PLA 2 and proteolytic enzymes of PMNs play a role 
in ulcer formation, it would be by aggravating the 
primary H. pylor/-induced mucosal injury as the 
inflammatory process progresses. 

These observations therefore suggest that H. py- 
lori both directly and indirectly (via PMNs) release 
phospholipase enzymes, which may result in cell 
injury by either catalyzing the hydrolysis of the 
plasma membrane of gastric epithelial cells or the 
breakdown of hydrophobic elements within or on 
the surface of the mucus gel layer. We have earlier 
proposed and provided morphological and biophys- 
ical evidence consistent with the possibility that 
these hydrophobic elements may be oriented as a 
phospholipid monolayer at the interface of the gas- 
tric mucus gel layer and the bulk luminal solution to 
provide a nonwettable high-energy barrier against 
the penetration of luminal acid (14-16). It is con- 
ceivable that one of the targets of the lipolytic 
enzymes elaborated by H. pylo~ is this putative 
phospholipid lining. It is also possible that extracel- 
lular phospholipids may be present throughout the 
mucus gel layer, as suggested by Slomiany and 
Slomiany (41) to provide mucus with acid-resistant 
hydrophobic properties. Hydrolysis of these extra- 
cellular hydrophobic phospholipids, as appears to 
occur with H. pylori infection (35, 36), would make 
the mucus gel and the underlying tissue more sen- 
sitive to luminal acid, which may be the initiating 
event in the development of gastritis. In support of 
the concept that a phospholipid monolayer may be 
the site of phospholipase attack we have applied a 
biophysical assay system employing contact angle 
analysis to demonstrate that H. pylori lysates have 
the capability of removing a DPPC monolayer from 
a glass slide. Further, consistent with our biochem- 
ical findings, this ability of the lysates to catalyze 
the transition of a phospholipid-coated surface from 
a nonwettable to a wettable state was clearly atten- 
uated if bismuth salts had been incorporated into 
the artificial phospholipid lining at the time of 
monolayer transfer. Future studies are planned to 
purify the phospholipase enzymes of H. pylori and 
to compare their avidity for cellular and extracellu- 
lar phospholipids. 
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