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Abstract

Background: Springwater (SW) contains many kinds of minerals such as sodium, potassium and copper. These
metallic ions may influence the activity of metallo-enzymes such as urease via competitive inhibition. In this study, we
investigated the effect of SW on the inhibition of Ni-containing urease activity, which is essential for the colonization
of Helicobacter pylori (H. pylori) in the human stomach.

Materials and Methods: We studied the growth inhibition of H. pylori by SW. We evaluated ammonia production to
detect urease activity and performed western blot analysis of UreA and UreB for enzyme production.

Results: SW had no significant effect on bacterial growth. Western blot analysis also showed that SW did not affect the
translation of UreA and UreB, but it significantly reduced the urease activities of the Jack bean as well as that of H.
pylori from 50 to 75%.

Conclusion: These results might indicate that the consumption of SW may prevent the colonization of H. pylori and
ameliorate the toxic effect on gastric mucosa via the inhibition of urease activity.
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Introduction

Helicobacter pylori (H. pylori) is a microaerobic, gram-negative bacilli that infects more than 70% of Koreans
over the age of 40. H. pylori is closely related to upper gastrointestinal disorders such as chronic gastritis, peptic ulcer
and gastric cancer (Kimet al., 2001). Many kinds of virulence factors, such as urease and adhesion, have been widely
studied for their involvement in the colonization of bacteria, and these have been a target of drug development (Dunn,
1993; Graham and Yamaoka, 2000; Dunn, 1993). In particular, urease is a very important factor for survival in the
strongly acidic environment of the human gastric mucosa, because it degrades urea to ammonia and carbon-dioxide
(CO,) (Marshall et al., 1990). The ammonia-producing ability of H. pylori urease is about 100 times greater than that of
the Proteus species. Moreover, the Km value of H. pylori urease is 10 to 20 times lower than that of Proteus sp., which
means that the affinity of H. pylori urease to urea is very strong even at very low concentrations of urea (Mobley et al.,
1991; Osaki et al., 2008). The antral mucosa, the pH-sensing region of the stomach, secretes gastrin, which is
neutralized by the ammonia produced by urease and then damages the phospholipids of gastric epithelial cells by
activating bacterial phospholipase. Therefore, the inhibition of H. pylori urease activity might have been considered a
target of H. pylori treatment (Khan et al., 2004; Kosikowska and Berlick, 2011; Yu et al., 2015). For example, natural
products such as biscoumarine inhibit the function of urease activity (Khan et al., 2004; Lodhi et al., 2014), and metal
ions can also inhibit urease function via competitive inhibition with the nickel in the enzyme (Zaborska et al., 2004). A
typical metal ion, silver ion, exerts an inhibitory function by interacting with the SH group of the enzyme. SW is an
abundant source of minerals, but only a few reports have focused on its effect on H. pylori and urease.

Drinking of SW has been known to increase blood flow in the gastric mucosa, to inhibit gastric emptying, and to

34



change the secretion of gastric juices, depending on the type of SW (Petrakova, 2001; Bertoni et al., 2002;). Sodium
bicarbonate SW has been used to neutralize gastric acid and inhibit gastric cramps. Carbonate SW is known to increase
the gastric mucosal blood flow, and is used in chronic gastritis (Bertoni et al., 2002). However, studies on how SW
effects H. pylori have been rare. The present study was performed to investigate the effect of SW on the growth of H.
pylori and urease activity.

Materials and Methods
Bacterial strain

A standard strain of H. pylori 26695 was purchased from the Korean Culture Type Collection (KCTC, Taejeon,
Korea) for use as a test strain. H. pylori was cultured at 37 °C in a microaerobic (5% O,, 10% CO,and 85% N, gas)
atmosphere that is a standard for brain-heart infusion (BHI) (Difco, Detroit, MI) with 7% laked horse blood (Oxoid,
Cambridge, CB5 8BZ, UK), 0.4% isovitalex (BBL, Sparks, MD, USA), vancomycin (6 ug/ml), amphotericin B (8
ug/ml) and trimethoprim (5 pg/ml). In the case of a liquid medium, 7% horse serum (Sigma Co. St. Louis, USA) was
used instead of blood.

Springwater and Hydrochemical analysis of spring water

From the Dukku (DS, Buk-myeon, Uljin gun, province of Gyeongsangbuk-do, South Korea) and Baekam (BS,
Onjeong-myeon. Uljin gun, province of Gyeongsangbuk-do, South Korea), samples were gathered every two weeks.
These waters were filter sterilized (0.45 um cellulose membrane) and kept at 4 °C for 2 weeks. Hydrochemical analysis
of both types of springwater was performed according to a method established by Lee (Lee et al., 2014).

Inhibitory activity of SW on the growth of H. pylori

BHI liquid media were prepared using the Dukku (BHIDSW) and Baekam SW (BHIBSW) instead of distilled water.
We inoculated the BHIDSW, BHIBSW and normal BHI (prepared with distilled water) with 10° cells/mL of H. pylori,
followed by incubation for 3 days. After incubation, the cells were washed with PBS and then serially diluted tenfold
with PBS and spotted onto BHI. Colony formations were counted after 3 days of incubation.

Inhibition of Jack bean urease by spring water

Jack bean urease (Sigma-U7752) purchased from Sigma-Aldrich (Sigma. Co. St. Louis, USA) was used for enzyme
assay. 15 ul of Jack bean urease (1 pug/ml in 0.1M phosphate buffer, pH 7.4) was added to 1 ml of three different 10%
urea solutions [10% urea solution was made using distilled water, Dukku spring water (DSW) and Baekam spring
water (BSW), respectively] followed by incubation at room temperature for 90 min. During incubation, the produced
ammonia was spectrophotometrically assayed using a Hitachi 7600 (Tokyo, Japan) at 30 min intervals. PBS was used
as a control instead of a 10% urea solution.

Inhibition of H. pylori urease using spring water

To test the inhibitory activity of H. pylori urease, H. pylori was incubated in three different BHI media (normal BHI,
BHIDSW and BHIBSW). Then, each liquid medium was inoculated with 108 cells/ml of H. pylori and after 3 days of
incubation, the cells were harvested by centrifugation. The supernatant and the cell pellets were used as respective
enzyme sources. The cell pellets were then suspended in PBS (the volume of the PBS was the same as the volume of
the culture broth), and were then disrupted by 30 s bursts from a Sonifier at 30 W for a 50% cycle followed by
centrifugation at 4°C, and the supernatant was used as an enzyme solution. The same volume of 10% urea solution and

either culture broth (supernatant) or sonicated supernatant were incubated at room temperature for 90 min. During
incubation, the produced ammonia was spectrophotometrically assayed using a Hitachi 7600 (Tokyo, Japan) at 30 min
intervals. PBS was used as the control instead of the 10% urea solution.

Effect of pH on the urease enzyme activity

To confirm the effect of pH on the urease activity, urease assay was conducted in two different pH system (pH 7.4
and pH 9.0). 15 pl of Jack bean urease (1 ug/ml in 0.1M phosphate buffer, pH 7.4) was added to 1 ml of two different
0.5 M urea solutions (0.5 M urea solution were prepared with pH 7.4 and 9.0 PBS) by incubation at room temperature
for 90 min. During incubation, the produced ammonia was spectrophotometrically assayed using a Hitachi 7600
(Tokyo, Japan) in 30 min intervals. PBS was used as a control instead of a urea solution.
Western blot analysis of H. pylori urease

To test the effect of SW on the synthesis of urease, western blot analysis was conducted to detect urease A and B
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subunits. Anti-rabbit urease a(B-234) (sc-21016, 1:1000; SantaCruz Biotechnology, Inc., Santa Cruz, CA, USA) and
Anti-rabbit urease B(B-300) (sc-22742, 1:1000; SantaCruz Biotechnology, Inc., Santa Cruz, CA, USA) were used as
the primary antibodies, and Anti-mouse H. pylori OMP (6631) (sc-69935, 1:1000; SantaCruz Biotechnology, Inc.,
Santa Cruz, CA,USA) was used as the control protein. Goat anti-rabbit IgG-horseradish peroxidase (HRP) conjugate
(170-6515, 1:2000; Bio-Rad) and Goat anti-mouse IgG-horseradish peroxidase (HRP) conjugate (170-6516,1;2000;
Bio-Rad) were used as secondary antibodies.

After 3 days of incubating H. pylori in three different BHI media (normal BHI, BHIDSW and BHIBSW), H. pylori
cells were harvested. The cells were suspended in 1 mL of PRO-PREP™ protein Extraction Solution (17081, iNtRON
Biotechnology, Korea), and incubated for 30 min at 4 °C. After centrifugation at 12,000 rpm for 30 min at 4 °C, the
concentrations of protein in the supernatants were determined via a BCA Protein Assay Kit (#23227, Pierce, Rockford,
IL). Forty ug of total protein were electrophoresed on 8-12% SDS-PAGE and transferred to a nitrocellulose membrane
(Protran BA85, Whatman/ GE Healthcare, PA, USA) via Transfer System (Bio-Rad, CA, USA). Nonspecific binding
was inhibited by incubation in 5% non-fat dry milk [TBST (0.05% Tween-20 in TBS)]. After overnight incubation at
4 °Cin a TBST solution (0.05% Tween-20 in TBS), the membrane was washed three times with TBST solution then
incubated with horse radish peroxidase (HRP), conjugated goat anti-rabbit IgG (170-6515, 1:2000; Bio-Rad), and anti-
mouse (170-6516,1;2000; Bio-Rad) for 1 hr and analyzed using highly cooled CCD cameras (AE9300-Ez-CaptureMG)
and a densitograph software CS analyzer (ver3.0) (ATTO, Tokyo, Japan).

Results
Hydrochemical analysis of Dukku and Baekam springwater

The pH of the Dukku SW (DSW) was 8.90, and that of the Backam SW (BSW) was 9.54. Both SW samples
contained Si, Na, K, AL, Ca, Mg, F, CI, S, Sr, and carbonate ion (Table 1).

Table 1: Hydrochemical analysis of Dukku and Baekam springwater

DSW BSW
Temperature (OC) 305 41.6
pH 8.90 9.54
TDS (mg/L) 144 144
Alkalinity (mg/L) 1.36 1.54
Si (mg/L) 14.23 20.48
Na (mg/L) 106.4 45.4
K (mg/L) 0.10 0.07
Al (mg/L) 0.17 0.08
Ca (mg/L) 3.06 1.83
Mg (mg/L) Nd Nd
Fe (mg/L) Nd Nd
Zn (mg/L) Nd Nd
Ba (mg/L) Nd Nd
F (mg/L) 13.63 3.23
Cl (mg/L) 5.07 8.71
Br (mg/L) Nd Nd
Nos- (mg/L) 0.32 Nd
5042' (mg/L) 6.23 15.72
HCOS_ (mg/L) 82.97 93.95
Sr (mg/L) 0.03 0.08

The effect of springwater on the growth of H. pylori

To test the effect of the growth inhibition by the SW, H. pylori cells were incubated in normal BHI, BHIDSW
and BHIBSW, respectively. As shown in Table 2, there were no significant differences in growth, depending on the
media. Therefore, SW showed no inhibitory activity against proliferation of H. pylori.
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Table 2: Inhibitory effects of Dukku and Baekam Springwater against H. pylori Proliferation.

Log, , CFU/mL (mean+SD, n=3)

a b
Control BHIDSW BHIBSW
8.23 +0.83 8.2.1+0.23 8.11+0.12

a: BHIDSW, BHI media prepared with Dukku spring water
b: BHIBSW, BHI media prepared with Baekam spring water

Inhibition of Jack bean Urease by springwater

To test the inhibition of Jack bean urease activity by two different samples of SW, urease assays were performed.
In the presence of two samples of SW, 50% of urease activity was decreased. In the control group, the concentration
of ammonia that was produced by Jack bean urease was 45,000 pg/ml, but in the presence of the two samples of SW,
the concentration of ammonia produced by jack bean urease was only 20,000 pg /ml (Fig. 1).
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Figure 1: Inhibition of Jack bean urease by Dukku Springwater and Baekam Springwater.
DSW: Dukku Springwater, BSW: Baekam Springwater

Inhibition of H. pylori urease by springwater

To determine the inhibitory effect of two samples of SW against H. pylori urease, H. pylori was cultured in
media prepared with BHIDSW and with BHIBSW. Both the culture broth and the cell pellets showed inhibitory
activity against H. pylori urease. In the case of the control, the concentration of ammonia after 90 min was 16,000
ug/dl. In the case of the cell pellet, however, the concentration of ammonia after 90 min was 4,000 ug/dl. This result
shows that the production of ammonia was decreased by about 75% in the presence of SW (Fig. 2).
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Figure 2: Inhibition of Helicobacter pylori urease by Dukku Springwater and Baekam Springwater.
DW: BHI prepared with Distilled water, DSW: BHI prepared with Dukku Springwater, BSW: BHI prepared with
Baekam Springwater

Western blot analysis of H. pylori urease

Western blot analysis was performed to determine the influence of SW on the synthesis of UreA and UreB
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proteins. Western blot analysis showed that similar amounts of UreA and UreB were synthesized, depending on the
culture medium prepared with SW (Figs. 3, 4).
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Fig. 3 Western blot analysis of Helicobacter pylori urease A subunit
Control: Cells were cultured in normal BHI media; BHIDSW: cells were cultured in BHI media
prepared with Dukku spring water; BHIBSW: cells were cultured in BHI media prepared with Baekam
spring water. a;ompl8, b; ureA
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Fig. 4 Western blot analysis of Helicobacter pylori urease B subunit
Control: Cells were cultured in normal BHI media; BHIDSW: cells were cultured in BHI media prepared
with Dukku spring water; BHIBSW: cells were cultured in BHI media prepared with Baekam spring
watera;opml8, by; ureB

Discussion

Urease is a virulence factor that is necessary for the colonization of H. pylori, which makes it a major target for
drug development. To survive in a strong acidic environment, it is necessary for H. pylori to degrade urea via urease to
produce the ammonia that will neutralize the acidic environment (Marshall et al., 1990). Therefore, the urease-
producing ability of H. pylori is very important for colonization. By mainly locating in the antrum, H. pylori weakens
the pH sensing in the antrum and degrades the phospholipids of the host epithelial cells via the ammonia produced by
urease (Zhang et al., 2005). An alternative to antibiotic remedies, the inhibition of H. pylori urease that is described
above can solve the problem of gastric mucosal damage that is caused by the colonization of H. pylori. Many recent
studies have focused on the inhibitors of urease, and the aim of the present study was to investigate the effect of SW on
the urease activity of H. pylori. When we tested the antibacterial activity of SW against H. pylori, there was no
significant difference in the numbers of bacteria between media made of spring water and normal culture medium
(Table 1). The inhibition of H. pylori and Jack bean urease by SW, however, recorded maximum reductions of 75 and
50%, respectively (Figs. 1, 2). According to the hydro-chemical analysis of spring waters, they have alkaline pH (8.90
and 9.54). Therefore, it is necessary to confirm this inhibitory activity may attribute to pH effect. However, when we
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tested the pH effect, there were no differences in enzyme activity between pH 7.4 and pH 9.0 (data not shown). Future
in vivo and human study will be necessary to confirm the effect of SW on the urease activity of H. pylori inhabiting
gastric mucosa. There have been few reports about the effects of H. pylori by SW, particularly with respect to the
urease enzyme. Based on our data, it is conceivable that the ordinary consumption of SW may prevent the colonization
of H. pylori by inhibiting urease in the human stomach.

Urease is a metalloenzyme containing nickel ion (Ni) essential for its activity (Benanti and Chivers 2009). Urease
without Ni shows no activity and many metal ions, including copper, competitively inhibit the entry of Ni into protein
(Hausinger, 1987; Todd and Hausinger, 1989; Park and Hausinger, 1996; Amtul et al., 2002). A large amount of Si
dissolved in both the samples of SW might have inhibited the enzyme activity by competitively binding to the binding
site of Ni (Kind et al., 1954; Amin et al., 2012). Some amount of Si is also dissolved in two SW (Table 1). And many
other types of metal ions such as Ag, Hg, Mn, Pd, Co and Cd, are also known to inhibit urease activity (Kumar and
Kayastha, 2010; Amin et al., 2010; Amin et al., 2012; Dong et al., 2012; Dong et al., 2013;). As described above, the
two samples of SW contained various mineral ions (Tablel). The exact mechanism of urease activity inhibition by the
SW used in this study is still unknown whether Si or other metal ions in the main one for contributing action.

In future, it is necessary to investigate the exact mechanism and to establish the main one that plays a role in the
SW. According to western blot analysis, the enzyme production of H. pylori was not inhibited, but its function was
affected because the band intensities of UreA and UreB from different media showed similar patterns (Fig. 3 and 4).

Up to now, drinking of SW has been used to treat gastritis, peptic ulcer and functional disorder, because SW can
increase blood flow, increase or inhibit gastric juices, depending on the type of SW, and inhibit gastric emptying
(Petrakova, 2001; Bertoni et al., 2002;). Sodium bicarbonate spring water is usually recommended for the treatment of
gastric disorders because it can neutralize gastric acid and inhibit stomach cramps. Carbon dioxide SW, which is
known to increase gastric mucosal blood flow, has been used to treat chronic gastritis (Razumov et al., 2009). However,
it has never been known whether these therapeutic effects of SW are related to an inhibition of the bacterial urease
activity of H. pylori or not. Moreover, whether this effect is due simply to the effects of various minerals or to urease
inhibition is still unknown, and further study is necessary. In addition, the SW used in this study has been ingested for
many Yyears by local residents living in proximity to the hot spring. Therefore, it is necessary to conduct a population-
based study about the rate of H. pylori infection and urease activity among the people drinking this SW.

In conclusion, this study used SW that contains various metal ions and is thought to be effective for the treatment of
various upper gastrointestinal disorders by inhibiting urease, which is one of the virulence factors of H. pylori.
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