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Introduction

H.pylori has been known as a noninvasive pathogen being 
-

man stomach where no competing organism could with-
stand.1 However, a large body of evidence now demonstrates that 
H.pylori is a facultative intracellular organism,1,2 being able to 
multiply in the epithelial cells,3 macrophages,4 and dendritic cells.5 
Many early ultrastructural studies used gastric biopsies of patients 
with gastritis and ulcers to demonstrate that in addition to inti-
mately adhering to epithelial cell surface, Campylobacter-like 
organisms invaded the intracellular spaces and were present with-
in some gastric and duodenal epithelial cells, parietal cells, and 
immunocytes.6–8 H.pylori cells were usually located within de-

9,10 
In many chronic bacterial infections, invasion of the epithelial 

microorganisms.11 Bacterial pathogens can enter mammalian cells 
and become adapted to live and multiply inside the membrane-
bound vacuoles.12 It has been proposed that success of invasion 
and survival strategies exploited by intracellular bacteria is deter-
mined by resisting destruction in the phagosome which is believed 
to have been learned in free-living amoebae as a preadaptation to 
survive within phagocytic cells.13 -
tion process of bacteria and free-living amoebae which could have 
begun more than one billion years ago.14 Mutualistic and symbi-
otic interactions between intracellular bacteria and eukaryotes are 
believed to have driven the evolution of eukaryotes,15,16 however 
the details of these interactions are not clear mainly due to noncul-
turability of many of the endosymbiotic bacteria.17–19 

In contrast to many other eukaryotic cells such as protozoa, bi-
valves, and insects20 that could harbor intracellular bacteria, fungi 
offer only a limited number of examples.19 Intracellular establish-
ment of bacteria inside fungi has been regarded as an unusual 
evolutionary phenomenon because presence of cell wall restricts 
endocytosis and bacterial uptake by fungi.21 Like other prokary-
otic-eukaryotic endosymbioses22 fungal endobacteria are local-
ized inside the membrane-bound vacuole.18 Accordingly, vacuole 
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of eukaryotic cells needs to have unique properties to provide a 
sophisticated niche for nourishing and protecting the endosymbi-
otic bacteria.   

Examples of bacterial-fungal interactions range from complex 
microbial communities in soil to the rich microbiota of mamma-
lian  gastrointestinal (GI) tract.15 GI tract of humans is an impor-
tant niche for Candida albicans23 where it encounters varying pH, 
oxygen, and nutrient levels24 and could rapidly adapt itself to sud-
den changes by changing the expression of hundreds to thousands 
of genes.25 Association of H.pylori with Candida yeast is becom-
ing the focus of interest because of their concomitant occurrence 
in the human GI tract which indicates that both microorganisms 
are well-adapted to establish in this unique niche.26–29 Despite the 
coexistence of Candida yeast and bacteria for billions of years, 
the basis and importance of their symbiotic relationship have 
not been studied in detail.30 In our previous studies, the intracel-
lular occurrence of nonculturable H.pylori inside the vacuole of 
oral and gastric Candida yeasts was demonstrated by light and 

H.pylori-
16S rRNA and cagA31 and vacA and ureAB32 in 

total DNA of yeasts.31,32 In this study, intracellular occurrence of 
H.pylori inside the vacuole of oral and gastric Candida yeasts was 
demonstrated by light microscopy  and detection of H.pylori-spe-

16S rRNA, ureAB, vacA s1/s2, and ahpC in the whole 
H.pylori, 

polyclonal anti-H.pylori egg yolk immunoglobulin Y (IgY-Hp) 
raised in hens and monoclonal anti-H.pylori IgG1 raised in mice 
(IgG1-Hp) were recruited for detection of H.pylori -
teins in the whole-cell lysate of yeasts by western blotting analysis.

Materials and Methods

-
ferred to the Endoscopy Room of Digestive Disease Research In-
stitute, Tehran University of Medical Sciences (Tehran, Iran). The 
patients signed an informed consent and the study was approved 
by the Research Ethics Committee of Tehran University of Medi-
cal Sciences. All patients had gastric ulcer and the positive result 
of rapid urease test showed the occurrence of H.pylori infection in 
their stomach. Gastric yeasts were isolated from gastric biopsies 
which were cultured on the selective Brucella blood agar for isola-
tion of H.pylori. Oral swabs were also taken from the patients by 
rubbing the sterile cotton swab against tongue surface, oral mu-
cosa, and gingiva. Yeast extract Glucose Chloramphenicol (YGC) 
agar was used for isolation of oral yeasts as well as subculturing 
of all yeasts. Biopsy cultures were incubated under microaerobic 
conditions at 37 °C and yeast cultures at 37 °C. The 11 isolated 

Candida according to their oval mor-
phology and formation of blastoconidia, observed by light mi-

-
Magar, France) as C.albicans (green colonies), C.tropicalis (blue 
colonies), and Candida spp. (white-pink colonies). To ensure the 
absence of bacterial contamination in yeasts cultures, single colo-
nies of yeasts were subcultured on YGC for more than 10 times. 

H.pylori 
on the basis of Gram stain and spiral microscopic appearance as 
well as positive activities of urease, oxidase, and catalase. The 

H.pylori -
ing IgY-Hp in hens, and immunoblot analysis was a previously 

H.pylori whose 16S rRNA, ureAB, cagA, vacA s1, 
and vacA m1 genes were sequenced and showed more that 99 % 
homology with those from the reference strain in GenBank. 

Wet mounts were prepared from fresh cultures of yeasts on YGC 
and examined by the light microscope to observe bacterium-like 
bodies (BLBs) inside the vacuoles of yeast cells. Photographs 
were taken from fast-moving BLBs inside the G2 yeast at two-
second time intervals. 

A 0.5 mL volume of acid-washed glass beads was added to 2 mL 
of 24- h cultures of yeasts in Brain Heart Infusion (BHI) broth and 
vortexed three times for 20 seconds. Crude extracts of the disrupt-
ed yeasts were cultured on Brucella blood agar with antifungal 
amphotericin (4 mg/L) and incubated under microaerobic condi-
tions at 37°C and examined for H.pylori growth for more than 
three weeks. Since attempts to culture H.pylori from disrupted 
yeasts were not successful, molecular biology and immunologic 
methods were recruited for detection of H.pylori inside the vacu-
ole of yeasts. 

DNA was extracted from pure cultures of yeasts and H.pylori 
isolates according to Sambrook and Russell.33

the H.pylori H.pylori iso-
lates was performed using appropriate primers for 16S rRNA,34 
ureAB,32 vacA s1/s2 alleles,35 and ahpC.36 -
cluded: an initial denaturation at 94 °C for 3 min, followed by 33 
cycles of 94 °C for 1 min, annealing at 56 °C (16S rRNA), 57 °C 
(ureAB and vacA s1/s2), or 54 °C (ahpC) for 1 min, 72 °C for 1 min, 

-
16S rRNA from 

G2 and O2 yeasts and the corresponding H.pylori were sent for 
sequencing. Sequence homologies were determined by BLAST 
program (http://www.ncbi.nlm.nih.gov).   

Bacterial suspension was prepared from fresh culture of a refer-
ence H.pylori isolate and the turbidity was adjusted to McFarland 
standard 3. Bacterial cells were heat-killed and supernatant was 
collected and protein content in whole cell lysate (200 μg mL-1) 
was measured by Bradford method. In the next step, a 500-μL 
volume of whole cell lysate was mixed with equal volume of 
complete Freund’s adjuvant. Two leghorn hens were injected in-
tramuscularly at two different sites of breast muscle. Two booster 
injections with Freund’s incomplete adjuvant were performed at 
two-week intervals. Eggs were collected 10 days after the last 
immunization and IgY-Hp was extracted according to Nikbakht, 
et al.37 Dot blotting was performed to assess the anti-H.pylori 
activity of e  μL of H.pylori whole-
cell lysate was spotted onto a PVDF) 
membrane and air- dried. The membrane was then incubated 
with 1 : 10 diluted IgY-Hp, washed with washing buffer, and 
incubated with 1 : 100 diluted horseradish peroxidase- conju-
gated goat anti-chicken IgY (abD Serotec, USA) for 1hr. 
binding of IgY-Hp to H.pylori- proteins was observed as 
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production of IgY-Hp 
in the egg yolks. IgY obtained from the egg yolk of a nonimmu-
nized hen was used as a negative control. Whole cell lysates of 
Escherichia coli and Salmonella enterica were used to ensure the 
absence of cross-reactivity of IgY-Hp. 

Fresh cultures of yeasts and the reference H.pylori were sus-
pended in 50 μL  of normal saline (McFarland standard 3), mixed 

M Tris–HCl
 0.0025 % 

bromophenol blue), and boiled for 5 min. Supernatants were 
used for western blotting analysis, using two sets of antibodies; 
one set included IgY-Hp and goat anti-chicken IgY and the other 
set IgG1-Hp (Clone Number 1.B
and goat anti-mouse IgG (abD Serotec, USA). A 20-μL volume 
of extracted proteins from yeasts and H.pylori were subjected 
to SDS-PAGE under reducing condition, using 7 % stacking gel 
and 14 % resolving gel. The proteins were then transferred onto 
a PVDF membrane at 35V for 1 h. The membrane was exposed to 
a 1 : 10 diluted IgY-Hp at 25 °C overnight. After the washing steps, 
membrane was incubated with 1 : 100 diluted goat anti-chicken IgY 
for 2 h. Colorimetric detection was performed using 100 μL of 0.03 % 
chloronaphtol in absolute ethanol and 10 μL of H2O2. Western blot-
ting with IgG1-Hp and goat anti-mouse IgG was performed as 
described above.

Results

 and at least one oral 
yeast. Patient #1 (O1: C.albicans, G1: C.albicans), patient #2 (O2: 
Candida spp., G2: Candida spp.), patient #3 (O3: C.tropicalis, 
G3: Candida spp.), patient #4 (O4a: C.albicans, O4b: Candida 
spp., and G4: Candida spp.), and patient #5 (O5: C.albicans, G5: 
Candida spp.). H. pylori
patients was positive (Table 1).

Light microscopy of oral and gastric yeasts showed fast-moving 
and live BLBs inside the vacuoles of yeast cells. BLBs were ob-
served in yeasts vacuoles after more than ten subcultures. They 
were present inside the vacuoles (V) of mother (M) as well as 
daughter (D) yeast cells (Figure 1). The intracellular H.pylori was 
not recovered from disrupted yeasts after three weeks of micro-
aerobic incubation. 

Electrophoresis of PCR products showed that 9/11 yeasts har-
bored genes homologous to H. pylori 16S rRNA 
(519bp), ureAB (406bp), vacA s1 (259bp), and ahpC (298bp) 
(Figure 2). Analysis of the sequenced products of 16S rRNA gene 
from G2 and O2 yeasts as well as the corresponding H.pylori of 
patient #2 showed 100 % homology with the corresponding se-
quences of the reference H. pylori strains in GenBank. Further-
more, no homology was found between H.pylori
and

The nine yeasts which contained H.pylori  genes were 

further analyzed for the occurrence of H.pylori  
The SDS-PAGE of extracted proteins from H.pylori and subse-
quent western blotting using IgY-Hp, revealed six different and 
strongly reactive proteins (21, 26, 32, 36, 40, and 56 kDa). The 
H.pylori
oral and two gastric). The yeasts O1, O2, and G2 had all the six 
H.pylori  six proteins 
(26, 32, 36, and 56 kDa) (Figure 3a, Table 1). Western blotting us-
ing IgG1-Hp, revealed one distinct protein band with a molecular 
weight of 26 kDa. This protein was detected in three yeast isolates 
(O2, G2, and G4) (Figure 3b, Table 1). 

Discussion

Light microscopy showed fast- moving BLBs inside the yeast 
vacuole. The high homology determined
products of H.pylori 16S rRNA, ureAB, vacA s1, 
and ahpC from the nine yeasts -
trol H.pylori, showed that BLBs could represent the occurrence 
of H.pylori inside the yeast.  Several reports used Live/Dead Ba-
cLight bacterial viability kit and molecular biology methods to 
demonstrate the existence of nonculturable endosymbiotic bac-
teria in arbuscular mycorrhizal (AM) fungi,18 Geosiphon pyri-
forme,38 Laccaria bicolor,39 and Tuber borchii.40 The identity of 
endobacteria of AM fungi was revealed on the basis of their ribo-
somal sequences as a new bacterial taxon, Candidatus Glomeri-
bacter gigasporarum18 which is related to Burkholderia cepacia. 
Burkholderia cepacia like many pathogenic bacteria such as Le-
gionella,13 Pseudomonas,41 and Mycobacteria42 survives in the 
vacuole of the eukaryotic cells, ranging from free-living amoe-
bae43 to macrophages,44 epithelial cells,45 and pneumocytes.46 It 
has been described that AM fungi are very ancient, dating back to 
350 – 400 million years ago47 and establishment of endobacteria 
in these fungi appears to have happened very early in evolution. 
Although the basis of bacterial-fungal interaction is not clear,48 it 
has been proposed that intracellular establishment could protect 
the bacterium against environmental stresses or immune system 
of the host.49 

In this study, dot blotting analysis demonstrated that the IgY-Hp 
produced in large amounts in hens could 
and powerful probe for detection of H.pylori
present in yeast. Egg yolk antibodies have been used as powerful 

 many diagnostic and biomarker discovery 
applications.50 Western blotting analysis using IgY-Hp, demon-
strated the occurrence of four to six immunodominant H.pylori-

 contained six pro-
teins with molecular weights of 56, 40, 36, 32, 26, and 21 kDa. 
The remaining two yeasts contained four proteins of 56, 36, 32, 
and 26 kDa size. The IgG1-Hp detected the 26 kDa protein in 
three
four use 

Helicobacter bacteria.51 No relationship could be established 
between Candida spp. 
H.pylori they carried. In a report, seven H.pylori 
protein fractions have been eluted from bacterial whole-cell ly-
sate,  among these proteins, urease B-subunit (62 kDa), Hsp60 (60 
kDa), urease A- subunit (26 kDa), peroxiredoxin (22 kDa), and 
thiol peroxidase (18 kDa) were immunodominant and strongly 
reactive to IgY-Hp.52
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 A western blotting study on whole cell lysate of H.pylori, re-
cruiting IgG antibodies from H.pylori-infected patients detected 
15 antigens. The highest seropositivity rates (> 80 %) were ob-
served for p19 (OMP), p26, p29 (UreA), and p60 (UreB).53 It was 
plausible to assign the immunodominant proteins recognized by 
IgY-Hp in this study, according to published data. The 56 kDa 

54 Hsp,52 and Vacuolating cy-
totoxin A (VacA) large subunit,55,56 36 kDa to VacA small sub-
unit,55,56 32 kDa to urease A- subunit,54 26 kDa to peroxiredoxin 
(AhpC), and 21 kDa to thiol peroxidase.52 No homologue candi-
date could be found for the 40 kDa protein in the published refer-
ences. Since VacA, urease, and AhpC encoded genes were also 

 whole DNA of yeasts by PCR, here VacA 56 
and 36 kDa subunits, UreA (32 kDa), and AhpC (26 kDa) as well 
as thiol  peroxidase (21 kDa) are discussed below, focusing on their 
probable roles in H.pylori survival in the vacuole of yeasts cells.

VacA being present in all strains of H.pylori57 is a unique pore-
forming toxin with the capacity to act on multiple intracellular 
sites.56 The most well-studied effect of VacA on mammalian cells 
is induction of vaculation.58,59 The 88 kDa VacA toxin consists of 

two domains, p33 and p55, which are both required for the activi-
ty of toxin.60 The immunoprecipitation experiments indicated that 
p33 and p55 can interact with each other to form an active pro-
tein complex which inserts into the mammalian cell membrane, 
produces ion channels, internalizes, and induces vacuolation.56 
Infection of cultured epithelial cells with VacA mutant H.pylori 
did not produce any discernible vacuolar compartment.61 It has 

-lysosomal 
compartments where it induces vacuolation through a mechanism 
dependent on the small GTPase Rab7.62 VacA also disrupts the 
degradative capacity of lysosomes by affecting lysosmal hydro-
lases such as cathepsin 59. H.pylori urease comprises 10 % – 15 % 
of the bacterial cell protein and reacts strongly with IgY-Hp.63 It has 
been demonstrated that urease-derived ammonia not only elevates 
phagosome pH and retards phagosome maturation61 but also en-
hances phagosome clustering and fusion needed for megasome 
formation.64 Furthermore, urease-derived ammonia enhances 
VacA activity65 to disrupt membrane -
some stage, thereby preventing phagosome maturation.66 It ap-
pears that formation of VacA pores in the cell plasma membrane 

Patients
#

Yeast isolates
#

Chromagar
 results

H.pylori genes Number of immunodominant proteins 
detected  by western blot analysis

16S rRNA
(519bp)

ureAB
(406bp)

vacA s1
(259bp)

ahpC 
(298bp) IgY-Hp IgG1-Hp

1
O1 C.albicans + + + + 6/6 -
G1 C.albicans + + + + - -

2
O2 Candida spp. + + + + 6/6 +
G2 Candida spp. + + + + 6/6 +

3
O3 C.tropicalis + + + + 4/6 -
G3 Candida spp. + + + + - -

4
O4a C.albicans + + + + - -
O4b Candida spp. + + + + - -
G4 Candida spp. + + + + 4/6 +

5
O5 C.albicans - - - - NWB NWB
G5 Candida spp. - - - - NWB NWB

Table 1. H.pylori

Figure 1.
inside the vacuoles (V) of mother (M) and daughter (D) yeast cells. Photographs were taken at six-time intervals (0, 2, 4, 6, 8, 
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is responsible for the increased urea permeability.67 Accordingly, 
bacterial urease and VacA could be regarded as the main H.pylori 

 fusion and 
bacterial survival in macrophages.64 The important roles of VacA 
and urease in intracellular survival of H.pylori were demonstrated 
by disruption of ureAB or vacA which led to enhanced phago-
some maturation.67 Peroxiredoxin and thiol peroxidase belong 
to the family of antioxidant enzymes.68 Peroxiredoxin is a con-

69 and the most abundant antioxidant pro-
tein found in H.pylori.70 It has been proposed as a useful diag-
nostic antigen in enzyme immunoassay tests for the detection of 
H.pylori infection.71 Peroxiredoxin and thiol peroxidase may play 

a crucial role in H.pylori resistance against the oxidants generated 
in macrophages and neutrophils.72 Being equipped with enzymes 
to detoxify oxygen metabolites formed e.g., during the respiratory 
burst of immune cells has been considered as an important feature 
of intracellular bacteria.73 

In our previous studies, we examined the intracellular occurrence 
of H.pylori in Candida yeast and proposed that yeast which is re-
markably resistant to stressful conditions74 could protect H.pylori 
against hostile conditions, provide nutrients for its multiplication, 
and act as a vehicle for the spread of bacterium in the environment 
and within the human populations.31,32 In this study, microscopic 
photographs taken from yeasts after several subcultures showed 

Figure 2. Electrophoresis of PCR products of H.pylori a) 16S 
rRNA (519 bp), b) ureAB (406 bp), c) vacA s1 (259 bp), and d) ahpC

-
H. pylori.

Figure 3. Western blotting analysis. a) H.pylori, 
H.pylori

Contained four b)
H.pylori, 
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the occurrence of H.pylori cells in the consecutive generations of 
yeasts, indicating that they are viable, being able to replicate, and 
transmit to the next generations of yeasts. Furthermore, detection 
of H.pylori
thiol peroxidase in the protein pool of yeasts revealed that inside 
the yeast H.pylori expresses proteins and is viable. These results 
show that H.pylori is equipped with powerful tools to establish in 
the vacuole of eukaryotic cells. Fungal vacuole has been consid-
ered as an acidic storage compartment with certain similarities to 
plant vacuole and mammalian lysosome. The various functions 
of vacuole include glycoprotein turnover and hydrolysis, storage 
of Ca2+, phosphate and amino acids, pH and osmotic regulation, 
ion homeostasis, and cytoplasmic 75,76 Furthermore, 
fungal vacuole as the center of transport networks facilitates deg-
radation of nutrient resources, their sorting, transport, and redistri-
bution. Fungal vacuole has been considered as a vital organelle at 
the heart of fungal physiology.77 Accordingly, results of this study 
propose yeast vacuole as an important storage site of essential nu-
trients needed for H.pylori survival and multiplication. 

Human gastric epithelial and immune cells have been recognized 
as the sole specialized eukaryotic cells that host H.pylori. How-
ever, the very intimate relationship between H.pylori and Candida 
yeast in human GI tract could indicate their old and evolutionary 
association which began long time ago and has led to the estab-
lishment of H.pylori inside the yeast vacuole as a preadaptation of 
H.pylori for invading and persisting in the vacuole of human cells. 
This is in agreement with the proposal that association of H.pylori 
with humans likely postdated the evolution of humans and could 
have happened as a result of host jump from an unknown, nonhu-
man species which occurred approximately 100,000 years ago or 
earlier.78 Accordingly, it is plausible to propose that intracellular 
life of H.pylori in Candida yeast could play a crucial role in its 
colonization in human GI tract as well as persistence in a variety 
of environmental conditions.  
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