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Abbreviations  

APS                  Ammonium persulfate 
BHI                  Brain Heart Infusion 
BSA                 Bovine Serum Albumin 
CagA               Cytotoxin associated gene A 
EGF                 Epidermal growth factor 
EGFR              EGF receptor 
ERK                Extracellular signal-regulated kinase 
H.pylori           Helicobacter pylori 

MAPK             Mitogen-activated protein kinase 
MOI                 Multiplicity of infection 
NF-B              Nuclear factor-kappa B 
PAI                   Pathogenicity Island 
PBS                  Phosphate buffered saline 
SDS                  Sodium dodecyl sulfate 
SDS-PAGE      SDS polyacrylamide gel electrophoresis 
SH2 domain     Src homology 2 domain 
TEMED            N, N, N’, N’-Tetramethyl-ethylenediamine 
T4SS                 Type IV Secretion System 
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1. INTRODUCTION  

Anton Van Leeuwenhoek is considered as ―The Father of Microbiology‖ as he was the first 
person to observe these single-celled organisms, which he originally called as animalcules and, 
which we now refer to as microorganisms. Following the footsteps of Leeuwenhoek, two 
Australian scientists, Dr. Robin Warren and Dr. Barry Marshall took the daunting task of 
opening up a whole new field of what is considered today as one of the foremost fields in 
biomedical research. They were the people who for the first time brought a path-breaking 
discovery by proving samples taken from biopsy specimens of the human gastric mucosa that 
peptic ulcers were caused by the bacterium Helicobacter pylori (31) (Fig.1). This discovery led 
them to establish the causal relationship between gastritis and H. pylori for which they were 
awarded the Nobel Prize in Physiology or Medicine in 2005 (45).       

 
Fig. 1: A hand drawn pictorial representation of the human gastric pathogen Helicobacter pylori 

Helicobacter pylori is a spiral-shaped gram negative bacterium characterized by unipolar flagella 
enabling cork-screw motility. It inhabits the gastric mucosa of around 50% of the human 
population and has been associated with humans for nearly 50,000 years right from the migration 
of human race from Africa (30). The bacterium gains entry into the human gastric mucosa most 
of the time during childhood through a fecal-oral or oral-oral mode of transmission, primarily 
within families. It colonizes the stomach by virtue of its potent prodigious urease (15). The 
enzyme urease catalyzes the hydrolysis of urea to carbon dioxide and ammonia thus reducing 
gastric acidity that enables the bacteria to survive within the harsh environment. H. pylori also 
has the ability to change its antigenic repertoire of surface proteins (3) which can enable the 
bacterium to evade and escape the host immune responses. Combining the catalytic activity of 
urease and the ability to evade host immune responses, H. pylori not only establishes itself in an 
environment usually harsh for any bacterium to survive, but also creates a niche for itself thus 
making the gastric mucosa its habitat for several years. Bacterial colonization always changes the 
gastric mucosa thereby inducing pangastritis, but in few numbers of patients long term 
colonization can lead to severe disease such as ulcers, mucosa associated lymphoid tissue 
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(MALT) lymphoma and can even cause gastric adenocarcinoma. Gastric carcinoma is the fourth 
most common cause of cancer worldwide and the second leading cause of cancer-related deaths 
in the world (15). Due to the higher incidence of H. pylori-induced gastric cancer, the World 
Health Organisation (WHO) and the International Agency for Research on Cancer (IARC) 
declared H. pylori as a Class I carcinogen in 1994 (52). Thus, research on H. pylori gained more 
importance as a paradigm for studying chronic infections and also as a model to study host 
epithelial cell signalling cascades that lead to carcinogenesis.  

Type IV Secretion System: The cagPAI (cytotoxin-associated gene A, pathogenicity island) is a 
40 kb segment of DNA, acquired by the bacterium through horizontal gene transfer from an 
unknown ancestor during the course of evolution (6). It contains a bunch of 31 genes involved in 
pathogenesis. The cagPAI encodes the necessary components of a Type IV Secretion System 
(T4SS) that is involved in the injection of bacterial effectors such as CagA and peptidoglycan 
into the host cell cytoplasm (11, 51, 43, 4, 5, 35, and 48). CagA (cytotoxin-associated antigen A), 
located at one end of cagPAI is a 120-145 kDa immunodominant peptide that is very commonly 
used as a marker for epidemiological studies (52). The importance of CagA in the pathogenesis 
of gastric diseases was proven in a Mongolian Gerbil infection model (36). It is estimated that 
around 60% of the western strains lack CagA, whereas nearly all of the eastern strains have 
CagA (52). This could well be one of the important reasons for eastern strains involved in the 
higher numbers of gastric cancer cases worldwide. Once CagA is delivered in the gastric 
epithelial cell cytoplasm, it is tyrosine phosphorylated at the five amino acid residues containing 
Glu-Pro-Ile-Tyr-Ala (EPIYA) repeat regions. Initial phosphorylation is mediated by host cell Src 
family kinases, which are inhibited during prolonged infections thereby allowing the kinase c-
Abl to take over the job (11, 7, and 47). Phosphorylated CagA interacts with the Src homology 
(SH2) domain of the host cell tyrosine phosphatase SHP2 (19), the C-terminal Src tyrosine 
kinase (CSK) and the adaptor protein (CRK) in a phosphorylation dependent manner leading to 
abnormal mitogen-activated protein kinase (MAPK) stimulation (19, 50, 46). Translocated but 
not phosphorylated CagA leads to the disruption of apical junctions that result in loss of cell 
polarity in epithelial cells thus playing an important role in carcinogenesis (2).  

cagPAI of H. pylori is closely linked to the activation of the transcription factors nuclear factor 
kappa B (NF-κB) and activator protein-1 (AP-1), two of the major regulators of inflammatory 
gene expression (44). The strong adherence of H. pylori to gastric epithelial cells induces the 
rapid activation of p38, c-Jun NH2-terminal kinase and mitogen-activated protein kinase 
(MAPK) (23). CagL encoded by cagPAI interacts with the host cell integrin α5β1 cell surface 
receptor and at the same time CagF, a chaperone, ensures the intact delivery of CagA (28). In 
addition, H. pylori also activates a variety of multiple signalling pathways that play a crucial role 
in differentiation, proliferation, anti-apoptosis, cell scattering, cell survival thus initiating 
epithelial-mesenchymal transition. 

VacA, another virulence determinant of H. pylori is present in all strains, unlike the cagPAI. 
VacA is a vacuolating cytotoxin that initiates the formation of vacuolation in epithelial cells (52). 
Initially produced as a large 140 kDa preprotoxin, VacA is characterized by the presence of a 
signal sequence in the amino-terminal region and a carboxy terminal domain (49). On secretion 
it is cleaved to an 88 kDa protein that is released in the extracellular space and can be inserted as 
an oligomeric complex aggregate into host cell membranes to form anion channels (12). 
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Vacuolation is preceded by the inhibition of endosomal maturation resulting in enhanced 
permeability of epithelial monolayers terminating in the disruption of tight junctions (29, 38 and 
37). 

1.1 Importance of cell signalling in eukaryotic cells in response to growth factors 

The enormous complexity of a eukaryotic cell is partially based on numerous signal transduction 
events that mediate different cellular processes such as differentiation, proliferation, migration 
and motility. The key players during signalling events are the membrane bound or cytoplasmic 
tyrosine kinases and phosphatases, various scaffold proteins, chaperones and ubiquitinases. On 
stimulation by a growth factor they work in tandem, phosphorylating or dephosphorylating 
substrates in the cytosol and enabling the relay of the signal from the cytoplasmic membrane to 
the nucleus, but also acting specifically thus reducing abnormal responses. Microorganisms such 
as bacteria like H. pylori manipulate host cell signalling events in order to stimulate conditions 
necessary for its survival. Apoptosis is an antimicrobial innate defense mechanism of the 
immune system by which infected and damaged cells are discarded. MAP kinase is also called 
extracellular signal regulated protein kinase (ERK) (39). MAPK/ERK pathway is one of the 
prime targets of H. pylori by which it can induce uncontrolled proliferation and thus stimulate 
the induction of cell scattering and anti-apoptosis thus evading immune responses and creating a 
niche to survive. 

1.2 Extracellular-signal-regulated kinase pathway (ERK) (a general scheme):  

The MAPK/ERK signalling pathway (Fig.2) exists in nearly all eukaryotic cells. The ERK 
pathway involves sequential phosphorylation events that act in a cascade thus amplifying and 
enabling the transduction of signals from the cell membrane to the nucleus (41). ERK 1/ERK 2 
(technically called p44/p42 MAPK respectively and designated as MAPK 1 and MAPK 3) are 
two distinct isoforms of ERK that belong to the family of MAPKs which include p38 MAP 
kinase (p38 α, β, γ, and δ), ERK 5 and c-Jun-amino terminal kinases (JNK 1/ 2 /3) (27,10). Upon 
ligand binding to a receptor tyrosine kinase, the kinase domain of each receptor monomer then 
phosphorylates a distinct set of tyrosine residues in the cytosolic domain of its dimer partner, by 
a process called autophosphorylation, which is driven by ATP (42). Then, GTP loaded Ras (Ras 
is a GTPase) on the cytoplasmic membrane recruits Raf kinases (A-B-C-Raf or Raf1) into a 
complex where Raf becomes activated (22). Activated Raf phosphorylates two serine residues on 
the kinase MEK 1/2, also known as MAP2K1 and MAP2K2, respectively, which in turn 
phosphorylate threonine and tyrosine residues on the dual specificity motif (T-E-Y) of the MAP 
kinase (17). Once phosphorylated, ERK 1/2 is activated and translocated into the nucleus (24). 
Various factors such as the duration, magnitude and subcellular localization of ERK activation 
all determine the various kinds of cell responses such as migration, proliferation, differentiation 
and cell death (33).  
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Fig2. Overview of the MAP kinase pathway.  

ERKs are known to have a great variety of different substrate effectors : membrane receptors, 
cytoskeletal proteins kinases and transcription factors. The effectors are localized at different 
compartments such as membrane, cytosol or nucleus. Following the MEK activation, ERKs 
translocate to the nucleus from the cytoplasmic membrane or the cytosol. Vital cellular processes 
such as differentiation, growth and neuronal plasticity require the cytoplasmic – to - nuclear 
movement of ERKs. Usually ERK activation is transient and depends on cell type, MAP kinase 
stimuli and the duration of the stimulus (21).  

1.3 H. pylori activates the MAP kinase pathway: 

During H. pylori infection CagA is speculated to play a role in the activation of MAP kinases via 
different pathways. Here, the interaction with the protein tyrosine phosphatase SHP2 seems to 
play a key role. SHP2 has two tandem repeated SH2 domains- amino-SH2 and carboxy-SH2, in 
the amino-terminal region, a PTP domain and a carboxy-terminal tail (14). Usually, the amino-
SH2 domain interacts with the carboxy-terminal tyrosine phosphatase domain, thus inhibiting 
SHP2 catalytic activity (20). Binding of a phosphotyrosine peptide such as phosphorylated CagA 
to one or both of the SH2 domains promotes a conformational change that results in increased 
SHP2 phosphatase activity (16). Activated SHP2 generally transmits mitogenic signal 
transduction through Ras and MAPK (the Ras-MAPK) pathway (32) (Fig.3) 
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Fig.3. The interaction of CagA and protein tyrosine phosphatase SHP2 and the activation of MAPK pathway. 
Representation based on Oncogenic mechanisms of the Helicobacter pylori CagA protein. Nature Reviews cancer. 
September 2004, 688, Volume 4. 

 
Unphosphorylated CagA activates Grb2 that results in the activation of MEK-ERK-MAPK 
pathway as well. Additionally, CagA can also bind to the c-Met receptor that in turn activates 
ERK signalling (40). It is well known from literature that H. pylori Cag-PAI activates ERK, p38 
and JNK and MAP kinases in AGS (gastric epithelial cells) cells. Moreover, gene products of 
cag-PAI are necessary for maximal ERK activation (23). H. pylori also can activate EGFR 
(epidermal growth factor receptor) through both cag-PAI and cag-PAI independent mechanisms 
(13). Additionally, the cag-PAI mechanism serves as a supporting factor for sustained ERK 
activation (18). H. pylori cag-PAI in AGS cells activates matrix metalloproteinases (MMPs) via 
the stress response kinases JNK and ERK1/2 (26). It is also known that H. pylori by its T4SS is 
able to make perforations in the host cell membrane that enables the peptidoglycan to be pushed 
into the host cell cytoplasm, in turn being recognized by the cytoplasmic pathogen recognition 
molecule NOD1, which further leads to MAPK phosphorylation, resulting in NF-κB activation 
(1). Also, VacA of H. pylori in chronic infection repeatedly stimulates cell proliferation and 
apoptosis through ERK and p38 MAP kinases that could well serve as a major factor for the 
promotion of gastric cancer (25). There is lot of information about H. pylori and ERK1/2 
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activation through various mechanisms involving cag-PAI-dependent and independent and also 
through VacA, but the actual bacterial effectors which induce ERK1/2 activation are unknown 
till now and not completely defined.  

1.4 Aims of the project 

Upon H. pylori infection, phosphorylated CagA can activate ERK 1/2 through the 
Ras→Raf→MEK pathway that leads to the activation of NF-B and subsequently to IL-8 
secretion (9). But it is also known that ERK can be induced by a cagPAI-independent mechanism 
(23, 34). The knowledge about molecular aspects of ERK activation remain fragmentary. 
Especially, H. pylori effector proteins beside CagA that mediate ERK1/2 activation remain 
unknown till now. The thesis involves the first systematic and comprehensive investigation of 
bacterial players involved in T4SS dependent activation of ERK1/2. By screening a subset of 
bacterial transposon mutants for ERK1/2 activation intensity, I aimed to identify unknown 
bacterial virulence factors, involved in H. pylori induced proinflammatory responses. Since 
inflammation is thought to be a key player in H. pylori mediated pathogenesis the results of the 
screening provide the possibility to increase the understanding of molecular processes during H. 

pylori infections by complementing the knowledge of bacterial virulence factors. 
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2.RESULTS 
 

2.1 G27 ERK 1/2 time course: 

The main aim of the thesis is to investigate bacterial effectors leading to the activation of 
ERK1/2 during H. pylori infection by performing a transposon mutant based bacterial screen. 
The transposon mutant library to be used in the screen is derived from H. pylori wild type strain 
G27. In order to determine the time frame of infection that can be followed to determine ERK1/2 
activation during the screen, a time course with G27 was performed (Fig. 4). Here, the 
commonly used human gastric epithelial cell line AGS was used (left panel). Additionally, we 
examined H. pylori mediated ERK1/2 activation in infected AGSSIB02 cells, which stably 
express a p65-GFP fusion protein. p65 is a subunit of NF- which is translocated into the 
nucleus upon infection in a T4SS dependent manner. Since only viable bacteria express a 
functional T4SS, the AGSSIB02 cells, which are derived from wild type AGS cells, should be 
used in the screen to confirm the viability of isolated mutants and controls. 

Fig 4. ERK 1/2 activation pattern illustrated through a time course experiment with H. pylori. A) AGS and B) 
AGSIB02 cells were infected with H. pylori wild-type strain G27 with a multiplicity of infection (MOI) of 100 for 
indicated time points. Whole cell lysates were analyzed by SDS-PAGE and immunoblotting using a monoclonal 
mouse phospho-p44/42 MAPK antibody (upper panel): two immunoreactive bands are representing 
phosphorylated p44 ERK1 (upper band) and p42 ERK2 (lower band) MAP kinases, respectively. Equal loading is 
represented by using a β-Actin antibody (p42; lower panel). t.p.i – time point of infection.  

Using SDS-PAGE and immunoblotting techniques, levels of phosphorylated ERK 1/2 were 
analyzed by testing the two different cell lines in combination with different infection time 
points. 

ERK 1/2 activation in AGS cells was observed within 30 to 90 min. The levels of phospho-ERK 
1/2 peaked during 30 min and the intensity of phospho-ERK2 was expressed more abundantly 
than phospho-ERK1. In case of infected AGSIB02 cells, ERK 1/2 activation peaked during 30 to 
60 min and the intensity of phospho-ERK1 and phospho-ERK2 was nearly the same. Therefore, 
the most suitable screening conditions for the identification of bacterial ERK 1/2 effectors can be 
reached by using the AGSIB02 cell line at a time point of infection of 45 min. 
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2.2 Results from the screen: 

All plates were analyzed as described in the methods section and hits were selected according to 
results of the POC analysis. 

Mutants 9 and 13 were picked as hits based on the data shown in Fig.5. Mutants 9 and 13 show a 
cellular POC distribution that is lower than negative control 2B in both cytoplasm (Fig.5a) and 
nucleus (Fig.5b) 

 

Fig. 5. H. pylori mutants 9 and 13 and controls. The left panel of the picture shows mutants 9, 13, 50 that have an 
altered cy5/cy3 ratio in the cytoplasm with respect to the controls G27, P1, 2B and K1. Mutants 9 and 13 show a 
cellular POC distribution that is lower than 2B. The right side of the picture shows controls and mutants 9, 13 that 
have an altered cy5/cy3 ratio in the nucleus.  

Mutants 48, 49, 50 and 57 were picked as hits based on the data shown in Fig. 6. Mutants 48, 49, 
50 and 57 show a cellular POC distribution that is lower than negative control 2B in both 
cytoplasm (Fig.6a) and nucleus (Fig.6b).  
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Fig 6. H. pylori mutants 48, 49, 50 and 57 and controls. The left panel of the picture shows mutants 48, 49, 50, 57 
with an altered cy5/cy3 ratio in the cytoplasm and the right panel of the picture shows mutants 48, 49, 50 and 57 
with an altered cy5/cy3 ratio in the nucleus. Mutants 48, 49, 50 and 57 show a cellular POC distribution that is near 
or lower to 2B. 

Mutants 59, 61, 71, 73 and 74 were picked as hits based on the data shown in Fig. 7. Mutants 59, 
61, 71, 73 and 74 show a cellular POC distribution that is lower than negative control 2B in both 
cytoplasm (Fig.7a) and nucleus (Fig.7b). 

Fig 7. H. pylori mutants 59, 61, 71, 73 and 74 and controls. The left panel of the picture shows mutants 59, 61, 71, 

73 and 74 with an altered cy5/cy3 ratio in the cytoplasm and the right panel of the picture shows mutants 59, 61, 
71, 73 and 74 with an altered cy5/cy3 ratio in the nucleus. Mutants 59, 61, 71, 73 and 74 show a cellular POC 
distribution that is near or lower to 2B.  

Mutants 75, 76, 77, 80, 85 and 87 were picked as hits based on the data shown in Fig. 8. Mutants 
75, 76, 77, 80, 85 and 87 show a cellular POC distribution that is lower than negative control 2B 
in both cytoplasm (Fig.8a) and nucleus (Fig.8b) 
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Fig 8. H. pylori mutants 75, 76, 77, 80, 85 and 87 and controls. The left panel of the picture shows mutants 75, 76, 
77, 80, 85 and 87 with an altered cy5/cy3 ratio in the cytoplasm and the right panel of the picture shows mutants 
75, 76, 77, 80, 85 and 87 with an altered cy5/cy3 ratio in the nucleus. Mutants 75, 76, 77, 80, 85 and 87 show a 
cellular POC distribution that is near or lower to 2B.  

Mutants 95, 96 and 98 were picked as hits based on the data shown in Fig.9. Mutants 95, 96 and 
98 show a cellular POC distribution that is lower than negative control 2B in both cytoplasm 
(Fig.9a) and nucleus (Fig.9b). 

 

Fig 9. H. pylori mutants 95, 96, 98 and controls. The left panel of the picture shows mutants 95, 96 and 98 with an 
altered cy5/cy3 ratio in the cytoplasm and the right panel of the picture shows mutants 95, 96, 98 with an altered 
cy5/cy3 ratio in the nucleus. Mutants 95, 96 and 98 show a cellular POC distribution that is near or lower to 2B. 
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2.3 p65 Translocation: 

In AGSIB02 cells, p65 subunit of NF-B is fused to a green fluorescent protein (GFP). In non- 
stimulated cells and in cells infected with TFSS deficient mutants, p65-GFP is mainly localized 
in the cytoplasm. Upon stimulation by H. pylori, p65-GFP is translocated into the nucleus thus 
aiding easy visualization of the activation of NF-B pathway, thereby monitoring bacterial 
fitness. This experiment serves as good quality control in order to test whether the infection by 
the mutants and controls is successful or not. As shown in Fig.10, 20 mutants showed activation 
of the NF-B pathway similar to the positive controls G27, P1 and K1, while mutant 87 showed 
a similar pattern of activation to the negative control 2B. Therefore we can confirm that reduced 
ERK1/2 activation patterns are not based on less viability, except for the mutant 87. 

 

Fig 10. A line graph showing the activation pattern of p65 translocation with the mean for all the H. pylori mutants 
and controls that were considered as hits. 

The results from the screen and the quality control p65 translocation analysis revealed 21 
mutants (Table 1) that were considered as hits which showed altered cy5/cy3 ratio both in the 
nucleus and the cytoplasm.  
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Table 1: A compilation of H. pylori controls and mutants generated in the screen with a correlation of cytoplasmic 
cy5/cy3, nuclear cy5/cy3 and p65 translocation 

 

2.4 Hit confirmation by other methods:  

2.4.1 Western blotting:  

In order to confirm, the microscopic demonstration of reduced ERK 1/2 activation during the 
screen, by a different read out system, I chose to perform western blots for ERK 1/2 activation. 
AGSIB02 cells were taken for infection by H. pylori controls G27, P1, 2B and K1 and mutants 9, 
13, 23, 48, 49, 50, 57. Infection was performed with a multiplicity of infection (MOI) of 100 for 
a time point of 45 min. Whole cell lysates were analyzed by SDS-PAGE and immunoblotting 
using a monoclonal mouse phospho-p44/42 MAPK antibody (upper panel): two immunoreactive 
bands are representing phosphorylated p44 ERK1 (upper band) and p42 ERK2 (lower band) 
MAP kinases, respectively. Equal loading is represented by using a ß-actin antibody (p42; lower 
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panel). Mutants 9, 13, 23 show increased activation of phosphorylated ERK 2 compared to 
phosphorylated ERK1 (Fig.11a). Mutants 48,49,50,57 also showed a similar profile with 
increased activation of phosphorylated ERK2 than phosphorylated ERK1 (Fig.11b).  

 

Fig. 11. ERK 1/2 activation pattern by H. pylori controls and mutants in AGSSIB02 cells, monitored by increased 
phosphorylation levels; AGSIB02 cells were infected with H. pylori controls G27, P1, K1 and 2B and mutants with a 
multiplicity of infection (MOI) of 100 for 45min. Non-infected cells are indicated as NI. Whole cell lysates were 
analyzed by SDS-PAGE and immunoblotting using a monoclonal mouse phospho-p44/42 MAPK antibody (upper 
panel): two immunoreactive bands are representing phosphorylated p44 ERK1 (upper band, red) and p42 ERK2 
(lower band, blue) MAP kinases, respectively. Equal loading is represented by using a ß-actin antibody (p42; lower 
panel). 

Mutants 59, 61, 71, 73, 74, 75, 76 showed no marked difference between phosphorylated ERK1 
and phosphorylated ERK2 (Fig.12a). Also to be noted is the lesser intensity of the band in the 
lower actin panel. Mutants 77, 80 showed enhanced activation of phosphorylated ERK1 than 
phosphorylated ERK2. Mutants 85, 87, 96 and 98 showed equal activation of phosphorylated 
ERK2 and phosphorylated ERK1. But mutant 95 showed very less activation of phosphorylated 
ERK1 and no activation of phosphorylated ERK2, although the band intensity in the actin panel 
is also low (Fig.12b).  

 

Fig. 12. ERK 1/2 activation pattern by H. pylori controls and mutants in AGSSIB02 cells, monitored by increased 
phosphorylation levels; AGSIB02 cells were infected with H.pylori controls G27, P1, K1 and 2B and mutants with a 
multiplicity of infection (MOI) of 100 for 45’. Non-infected cells are indicated as NI. Whole cell lysates were 
analyzed by SDS-PAGE and immunoblotting using a monoclonal mouse phospho-p44/42 MAPK antibody (upper 

A B 

A B 
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panel): two immunoreactive bands are representing phosphorylated p44 ERK1 (upper band, red) and p42 ERK2 
(lower band, blue) MAP kinases, respectively. Equal loading is represented by using a ß-actin antibody (p42; lower 
panel). 

By the western blots we could identify mutants 9, 13, 23, 48, 49, 50 and 57 that showed lower 
ERK1 activation than ERK2. Mutants 59, 61, 71, 73, 74, 75, 76, 87 and 96 that showed no 
difference in activation of either ERK1 or ERK2. Mutants 77, 80, 85 that showed lower ERK2 
activation than ERK1 and the results of the western blots in case of mutants 95 and 98 were 
inconclusive. 
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3. DISCUSSION 

The main aim of the thesis was to identify the bacterial proteins or factors that are involved in 
cagPAI-independent ERK 1/2 activation. Therefore we screened 100 H. pylori transposon 
mutants and looked for ERK 1/2 activation. Before proceeding with the screen we had to choose 
the right controls, the correct cell line and the ideal time point of infection for ERK 1/2 
activation. We therefore conducted a pilot experiment with H. pylori wild type strain G27 and 
performed a time course on both AGS and AGSIB02 cells. The results of the experiment were 
quite encouraging and ERK 1/2 activation could be demonstrated by western blotting at a time 
point of 45 min. on both AGS and AGSIB02 cells.  

The next step of the project was to perform the screen comprising 100 H. pylori mutants. The 
results of the screening needed reproducible and reliable conditions, so we focused on the 
investigation of suitable cell lines and feasible read-out systems. Ultimately, we chose AGSIB02 
cells and performed the screen by using H. pylori controls as G27, P1, negative control 2B, and 
K1 and transposon mutants and analyzed the activation pattern of ERK 1/2 by 
immunofluorescence staining that was demonstrated by automated microscopy. Quality control 
was done by the p65 translocation analysis  which showed good activation of the NFB pathway 
by the controls. Nearly all mutants showed p65 translocation except mutant 87 that behaved 
similar to negative control 2B. The possible reason could be the fragile viability of the mutant 
leading to the inability to activate the NFB pathway. 

Conclusions from the screen: Having confirmed that infection assay worked we started 
analyzing the screen data by the Scan^R software. A bioinformatics assay was set up and two 
important ratios, cytoplasmic cy5/cy3 and nuclear cy5/cy3, were taken for analysis. By this 
method, we identified 21 H. pylori mutants that showed either increased or decreased ratios. 
Mutants 9, 13, 23, 48, 49, 50, 57, 59, 61, 71, 74, 75 and 76 showed decreased cytoplasmic 
cy5/cy3. In case of these mutants it could be concluded that there was no phosphorylation, 
activation and no translocation of ERK from the cytoplasm into the nucleus. These mutants also 
showed decreased nuclear cy5/cy3 which suggested that ERK is not activated or activated ERK 
is not transported into the nucleus due to the blockage of import in the cytoplasmic membrane 
involved in the transport of phospho-ERK. An alternative explanation could be that total ERK is 
transported into the nucleus with enhanced efficiency.  

Mutants 73 and 87 showed a decreased cytoplasmic cy5/cy3 ratio. In case of these mutants it 
could be concluded that there was no phosphorylation, activation and no translocation of ERK 
from the cytoplasm into the nucleus. But mutants 73 and 87 also showed an increased nuclear 
cy5/cy3 ratio which help us to speculate that ERK is activated and transported with enhanced 
efficiency but transport of total ERK could be blocked. 

Mutants 77, 85, 95, 96, 98 showed both increased cytoplasmic and nuclear cy5/cy3. This could 
mean that ERK is activated in the cytoplasm but its transport is blocked and also suggests total 
ERK is transported with greater efficiency. Since these mutants showed increased nuclear 
cy5/cy3 which mean that ERK is also activated in the nucleus and total ERK is transported out of 
the nucleus. 
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Mutant 80 showed an increased cytoplasmic cy5/cy3 which indicated that ERK could be 
activated in the cytoplasm but its transport is blocked and also suggests that total ERK is 
transported into the nucleus with greater efficiency. Also it could mean that ERK is 
phosphorylated with greater efficiency. Mutant 80 also showed a decreased nuclear cy5/cy3 
which could be imagined that ERK is not activated or activated ERK is not transported into the 
nucleus due to the blockage of import in the cytoplasmic membrane involved in the transport of 
phospho-ERK.  

It can be concluded from the screen results that H. pylori mutants 73, 77, 85, 87, 96 and 98 
activate ERK and the signal is indeed translocated into the nucleus for the stimulation of gene 
expression necessary for the survival of H. pylori.  

MAPK 1 and MAPK 3 are two distinct isoforms of ERK found in eukaryotic cells (60). In order 
to confirm the mutants identified during the screen and also to confirm individual ERK 
activation by a different read-out system we chose to perform western blotting. The results of the 
western blots showed that ERK 2 is more abundantly activated by mutants 9, 13, 23, 48, 49, 50 
and 57, than ERK 1. This could lead us to speculate that H. pylori mutants specifically activate 
ERK 2 which could play a major role in the induction of the expression of genes involved in vital 
cell processes such as cell differentiation, proliferation and anti-apoptosis and promote the 
induction of inflammation. But mutants 59, 61, 71, 73, 74, 75, 76, 85, 87, 96 and 98 showed 
equal activation of both ERK 1 and 2 which could indicate the possibility that these mutants act 
in a different manner compared to the first set and might follow numerous other ways to induce 
the expression of genes involved in vital cell processes such as cell differentiation, proliferation 
and anti-apoptosis and inflammation. Mutants 77 and 80 activate ERK 1 more abundantly than 
ERK 2 which might play a different strategy in inducing gene expression. Mutant 95 does not 
activate ERK which could deal with possibility of less viability of the strain during infection. 

One of the major factors for the contradictory results between the screen data and the western 
blots could be that western blot as a read out system only monitors the overall phosphorylation of 
a whole population but does not indicate the exact localization. In case of H. pylori mutants 73, 
85, 87, 96 and 98 the western blot results indicate that ERK 1/2 is activated but there is no clue 
about the localization of ERK 1/2 which could well be one of the disadvantages of western 
blotting. In case of mutants 77 western blot results indicate that it activates ERK 1 more 
abundantly than ERK 2 but immunofluorescence experiments can precisely indicate the 
localization. In order to determine the localization we are presently conducting the 
immunofluorescence experiments that could indicate both phosphorylation and localization. 

This thesis was an investigation of the bacterial factors of H. pylori involved in ERK 1/2 
activation. By the screen conducted during this project we could identify 21 mutants that showed 
abnormal cytoplasmic cy5/cy3 and nuclear cy5/cy3 ratio. Further experiments showed mutants 
73, 77, 80, 85, 87, 96 and 98 that were involved in ERK activation. Moreover, back cross clones 
could be constructed and sequenced which could identify specifically the genes involved in ERK 
activation. Once identified, the phenotype could be checked by doing western blots, ELISA for 
IL-8 secretion.  
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4. MATERIALS  

 
4.1 Eukaryotic cell lines and growth medium 

 

AGS is a eukaryotic cell line derived from human gastric epithelial cells with reference number 
ATCC CRL 1739. AGSIB02 also is a eukaryotic cell line derived from human gastric epithelial 
cells (Bartfeld et al., 2010). Both cells were cultured in RPMI1640 + L-Glutamine + 25mM 
HEPES (Gibco BRL) and 10% FCS. 
 
4.2 Bacterial strains and medium 

 

H. pylori wild-type strains P1 (Odenbreit et al., 1996), G27, K1 and clone 2B (a T4SS deletion 
mutant used as negative control) were cultured in medium with Vancomycin and H. pylori 
transposon mutants library (Salama et al, 2004) strains were cultured in medium with 
Vancomycin and Chloramphenicol.  
 
Table 2: The growth medium used for cultivation of H. pylori controls and mutants with relevant antibiotics 

Medium  Composition 
 
BHI 

 
37 g BHI, dH20 (till 1 l) 

 
LB medium  Bacto – Trypton (10 g), Bacto - Beef extract    

(5 g) , NaCl (10 g), H20 (till 1 l), HCl and 
NaOH (till a final pH of 7.5) 

 
GC agar GC-Agar (36 g), horse serum (100 ml), 

nystatin (1 μg/ml), trimethoprim (5 μg/ml), 
vancomycin (10 μg/ml ), streptomycin (200 
μg/ml), 1% vitamin mix, antibiotics (e.g. 
vancomycin, chloramphenicol) 

 
LB agar LB-Agar, 1.5 % (w/v), antibiotics (e.g. 

chloramphenicol—20 μg/ml), ampicillin (100 
μg/ml), kanamycin (50 μg/ml) 

1 ATCC, American Type Culture Collection (www.atcc.org) 
2 RPMI, Roswell Park Memorial Institute 
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4.3  Antibodies 

 

Phospho-ERK, Total-ERK, β-Actin, cy5 tagged anti-rabbit, cy3 tagged anti-mouse were the 
antibodies used in the study (Table 3) 
 
Table 3: The Antibodies used with details of the host from which they were derived from and, the company of their 
production 

Antibodies / Host Company 

Phospho-p44/42 MAP kinase                            
(Thr202/Tyr204) / Mouse 

Cell signaling Technology, Inc.(USA) 

β-actin / Mouse Sigma-Aldrich GmbH 

Anti-ERK1/2 / Rabbit Cell Signaling Technology Inc.(USA) 
cy3 conjugated anti rabbit IgG (H+L) / Goat Dianova 

cy5 conjugated anti mouse IgG (H+L) / Goat Dianova 

Urease β polyclonal IgG / Rabbit Santa Cruz 

 

4.4 Solutions and Buffers  

 

The various solutions and buffers that were used in the study are shown in  (Table 4) 
 
Table 4: Complete list of solutions and buffers that were used during the study  

Solution / Buffer Composition / Company 

DPBS Gibco BRL 
1XPBS 3 mM KCl (0.2 g), 1.5 mM KH2PO4 (0.2 g), 

NaCl (8 g), Na2HPO4 (1.15 g), HCl / NaOH (till 
a final pH of 7.2) 

1X Western blot buffer Standard 2 1: 10X immunoblot buffer (200 mM), 
20% Methanol (400 ml), dH20 (till 2 1) 

10X Western blot buffer Standard 2 1:250 mM Tris Base 9 60g), 1.9 M 
Glycine (288 g), dH20 (till 2 l) 

Immunofluorescence solutions  Permeability solutions: 0.1% Triton X-100 in 
PBS 
Blocking solution : 1% BSA, 0.05% Tween-20, 
PBS 

Staining solutions  Cell Permeabilisation solution : 0.1% Triton X-
100, PBS  
Blocking solutions : 1% BSA, 0.05% Tween-20, 
PBS 
Washing solution : 0.1% Tween-20, PBS 

Separating gel buffer (8%) H20 (3.9 ml), 4X Tris pH 8.8 (2 ml), 30% PAA 
(2.13 ml), TEMED (8 μl), 10% APS (40 μl) 

4X reducing buffer Standard 100 ml : 125 mM Tris / HCl pH 6.8, 
6% 200 mM SDS, 40% Glycerol, 10% 2-
mercaptoethanol, HCl/NaOH (till a final pH of 
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6.8), H20 (till 100 ml), Bromophenolblue (little 
bit for visual observation) 

Stripping buffer Standard 500ml : 1 M Tris /HCl pH 7.5 (34.25 
ml), 2-mercaptoethanol (4 ml), 20% (w/v), SDS 
(50 ml), dH20 (till 500 ml) 

4%PFA 8.0g PFA, double dH20 (till 100ml), 10XPBS 
(20ml), dH20 (200ml) 

Mowiol Mowiol 40-88 (2.4 g), Glycerol (6.0 g), 0.2 M 
Tris pH 8.5 (12 ml), dH20 (6.0 ml) 

 

4.5 Reagents 

 

Enhanced luminol reagent plus and oxidizing reagent plus were used as the western blot 
immunoreactive developing reagents and were purchased from ICN chemicals.  
 

4.6 Markers 

 

Prestained protein markers used during SDS-Page belonged to the range of 11 -250 kDa were 
used from fermentas (USA). 
 

5. Methods 
 

5. 1 Cultivation of eukaryotic cells 

 

Commonly used eukaryotic cell lines AGS human gastric epithelial cells and AGS SIB02 cells 
were used. In case of AGSIB02 cells, the p65 subunit of NF-B is fused to a green fluorescent 
protein (GFP) (Bartfeld et al., 2010). In non-stimulated cells, p65-GFP is mainly localized in the 
cytoplasm and upon stimulation with H. pylori p65-GFP translocates into the nucleus thus aiding 
easy microscopical based visualization of the activation of NF-B pathway (Fig.13). Both cell 
lines were cultivated in 75 cm2 flasks using the corresponding medium (Table 2). Cells were 
incubated in an atmosphere of 95% air and 5% CO2 at 37°C reaching a confluency of 90 to 
100%. Cell lines were subcultured every second to third day. Splitting was performed by 
washing the cells twice with PBS (pH 7.4). 1 ml trypsin was added for detaching the cells by 
incubation at 37°C (5 min). The cells were resuspended in 9 ml fresh media and transferred in 
new 250-300 ml flasks. Splitting ratio for AGS cells and AGSSIB02 cells was 1:4. The details 
about the growth area, the number of cells when 100% confluent, volume of the growth medium 
and the transfer medium for each cell culture flask and the microtiter plates is showed in table 5.  
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Fig. 13. A microscopic image showing AGSSIB02 cells with the activation of showing the activation of NF-B 
pathway translocation of p65-GFP during infection with H. pylori wild type strain P1.  

 

Table 5: Growth area of different cell culture vessels, calculated cell numbers assuming 100% confluent growth, 
and concomitant growth medium and trypsin volumes 

 
Cell culture 
vessel 

 
Growth area         
(cm2) 

Number of cells 
(100%) 

 
Growth medium 

 
Trypsin solution 

Flask     
40-50ml 25 3.1x106 6 ml 600 μl 
250-300ml 75 9.4x106 10 ml 1 ml 
Multiwell plates     
6-well plate 9.5 1.2x106 2 ml 200 μl 
12-well plate  4 5x1056 1 ml 10 μl 
24-well plate 2 2.5x106 0.5 ml 50 μl 
96-well plate 0.32-0.6 4-5x106 100 ul 10 μl 
. 

5. 2 Cultivation of Helicobacter pylori 

 

The growth of H. pylori is related to microaerophilicity, temperature ranges between 34 and 40 
°C and a pH range from 5.5 to 8.0. The optimal growth environment of H. pylori lies between 2 
to 5% O2, 5 to 10% of CO2 air content and a temperature of 37°C together with a natural pH and 
high humidity. Therefore, H. pylori wild-type strains P1 and G27, Clone 2B (The T4SS deletion 
mutant used a negative control) and K1 (library derived mutant showing normal ERK1/2 
activation) and transposon mutants 1 to 100 were cultured under anaerobic conditions with a 
campygen gas mixture of 5% O2, 10% CO2, and 85% N2 at 37°C. H. pylori control strains were 
grown on GC agar plates supplemented with vancomycin (gram positive antibiotic; 10 μg/ml) for 
3 days. The H. pylori mutant strains were also grown on GC agar plates but supplemented with 
vancomycin and chloramphenicol (20 μg/ml) for 3 days. 
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5.3 Seeding of eukaryotic cell lines in 96-well plates 

Eukaryotic cells were seeded in 96-well plates (100 μl per well) on day 1 with a split ratio of 1:8 
and grown at 37˚C with 5% CO2 to get a 90-100% confluency by 2 days of incubation.  

5.4 Design of the screen 

5.4.1 Principle of the screen 

The screening principle is based on the observation that ERK 1/2 is phosphorylated as well as 
translocated into the nucleus upon infection with H. pylori. To visually demonstrate the 
phosphorylation as well as the translocation of ERK 1/2, immunofluorescence staining of cells 
infected with transposon mutants or controls was performed. In this procedure, primary 
antibodies were used to stain pERK and total ERK. Then the cells were restained with cy5 
tagged secondary antibody that binds primary antibody bound to phosphorylated ERK and cy3 
tagged secondary antibody that binds primary antibody to total ERK. (Fig. 14). cy5 and cy3 are 
reactive water-soluble fluorescent dyes of the cyanine dye family. A major advantage of the 
assay was that single cell ERK level normalization could be performed in combination with the 
measurement of phosphorylated ERK 1/2 that enables the generation of accurate numerical 
values. Another benefit of the assay includes the demonstration of subcellular localization of 
total ERK and pERK in a single cell. 
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Fig 14. Principle of the screening-assay for ERK 1/2 activation: The read-out system for the screen is based on the 
fact that ERK gets phosphorylated and can be translocated into the nucleus upon infection. In this assay cy5 tagged 
secondary antibody that binds to the first antibody bound to phosphorylated ERK 1/2 and cy3 tagged secondary 
antibody that binds to the first antibody bound to total ERK is used and the detection is by the automated 
microscope. 

5.4.2 Screening set up 

AGSIB02 cells were seeded in a 96-Well plate and incubated at 37˚C with 5% CO2 for 2 days to 
reach a confluency of 100%. H. pylori controls G27, P1, 2B and K1 and transposon mutants 1 to 
100 were plated on GC agar and incubated at 37˚C with 5% CO2 for 2 days. Single clones were 
picked which were then grown as stribes on GC agar plates at 37˚C with 5% CO2 for 2 more 
days. After incubation, bacteria were inoculated in 100 µl BHI / clone by using a 96-well plate. 
Infection was stopped after 45 min by adding 4% PFA. Then, antibody staining was performed 
(Fig.15).  

 

Fig 15. The steps of the high-throughput screening procedure by using antibody stainings. Cells were seeded and 
grown in 96-well plates at 37˚C and 5% CO2 for 2 days. Isolated colonies of single clones of H.pylori mutants and 
controls were picked from the primary agar culture plate and then regrown in stribes at 37˚C incubation and 5% 
CO2 for 1 hr. Afterwards cells were fixed, stained with anti-phospho-ERK 1/2 and anti-total ERK 1/2 antibodies and 
cy5/cy3-tagged secondary antibodies respectively. The activation of ERK 1/2 was visualized with an automated 
microscope. The results were analyzed with ScanR-Software.  
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5.4.3 Image analysis: 

The images from the stained plates were acquired by the automated microscope and the image 
was analysed by the Scan^R software (Fig.16) 

 

Fig 16. Screenshot image of the data generated by the software clearly showing the gates and the position of single 
cell populations in the upper panel of the picture. The X-axis represents the well in a 96-well plate and the Y-axis 
represents the ratio cytoplasmic cy5/cy3 divided into gates A-H. The cells that are found in the upper positions 
denote single cell populations that have an increased cytoplasmic cy5/cy3 ratio while cells that are found in the 
lower positions denote single cell populations that have a decreased cy5/cy3 ratio. The lower panel of the picture 
shows the screenshot of an image taken from a single square in single 96-well plate. cy5-conjugated secondary 
antibody that binds phospho-ERK can be seen as red; while cy3-conjugated secondary antibody that binds total 
ERK can be seen as green. 

First cell populations where characterized by using the circularity factor. The circularity factor is 
a statistical value based on which the software counts cells that are nearly perfect in shape and 
have the correct intensity of cy5 and cy3 signal both in the nucleus and the cytoplasm. Cells were 
gated for circularity and size (region R01), intensity of GFP and standard variation of GFP 
intensity (region R02) and the ratio of nuclear to cytoplasmic GFP intensity (region R3 or R4). 
Cells are taken into account when they were within the gates R01 and R02. They are defined 
―active‖ when they were also in gate R03 or ―non-active‖ when they were also in gate R04. Once 
a single cell is taken into account based on the circularity factor the software can detect the cy5 
and cy3 signal both in the nucleus and the cytoplasm. Then four different ratios were calculated. 
Therefore, data were plotted with X-axis representing a single well and the Y-axis representing 
the cy5/cy3 ratio. Finally, plotted data were gated into 8 gates (A-H) (Fig.17). The gating system 
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in the software can be adjusted manually. Once gating is done, the software then places each 
single cell into different gates based on increased or decreased ratio. Thus cells with increase 
ratios are placed in the higher gates while cells with decreased ratios are placed in the lower 
gates. 

 
Fig 17. An example of the generated data in which all the numerical values have been normalized to negative 
control clone 2B as POC. The lower arcs depict higher degree of a decreased cy5/cy3 ratio while the higher arcs 
depict various degrees of increased cy5/cy3 ratio. 
 

5.4.4 Analysis of the data / Z-factor and POC analysis: 

In this high-throughput screen, large number of single measurements of ERK 1/2 activation 
induced by H. pylori controls and mutants were compared. In order to predict if the screen is 
actually reliable, a Z-factor analysis was used to quantify the robustness and suitability, to 
enhance the reproducibility of results. Zhang and colleagues defined Z-factor as a screening 
window coefficient and is a dimensionless characteristic for each high-throughput screening 
assay. The Z-factor is calculated by the software based on the following calculations : 1. Mean of 
the negative controls plus 3 times their standard derivation is the threshold value for negative 
control. 2. Mean of the positive control plus 3 times their standard derivation is the threshold 
value for positive control. 3. The ―separation band‖ of the assay,S, is calculated from the 
difference between the two threshold. 4. The ―dynamic range‖ of the assay, R, is defined as the 
absolute value of the difference between the two means. Finally, Z is calculated as S/R. Usually, 
the Z-factor ranges between 0 and 1. A Z-factor of 0.5 to 1 denotes an excellent assay, while 0 to 
0.5 denotes a marginal assay. Z-factors can never exceed 1. The Z-score indicates an increased or 
decreased cy5/cy3 ratio which is then categorized in the 8 predefined gates A to H (Fig. 16); 
Data are processed for each gate A-H and in order to minimize errors a single cell ERK level 
normalization was performed. This method involves the percent of control (POC; Fig. 17) 
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analysis wherein all the data generated are normalized to H. pylori negative control 2B, and then 
a cumulative curve is assembled starting from gate A-H representing higher activation rates on 
the left and lower activation rates on the right side of the curve. From this curve, the targets are 
grouped into hits that increase or decrease cy5/cy3 ratio. The hits of mutants identified in the 
screen were picked based on the decreased cy5/cy3 ratio.  

5.4.5 Interpretation of the data and the possibilities / ratios involved: 

The versatile assay used in the screen generates four important conditions / ratios namely:  
 
a) Nuclear cy5/cytoplasmic cy5 – signifies nuclear cy5 (p-ERK) to cytoplasmic cy5 (p-ERK) 
b) Nuclear cy3/cytoplasmic cy3 - signifies nuclear cy3 (total-ERK) to cytoplasmic cy3 (total-
ERK) 
c) Nuclear cy5/nuclear cy3 - signifies nuclear cy5 (p-ERK) to cytoplasmic cy3 (total-ERK) 
d) Cytoplasmic cy5/cytoplasmic cy3 – signifies cytoplasmic cy5 (p-ERK) to cytoplasmic cy3 
(total-ERK) 

However, in the analysis of the generation of the hitlist of H. pylori mutants in this thesis the 
ratios nuclear cy5/cy3 and cytoplasmic cy5/cy3 were used. The advantages of using these ratios 
were: 1) the ratio and the generated data could be normalized to total ERK in order to exclude 
false positives. 2) The analytical method involves the percent of control (POC) analysis that 
facilitates data interpretation. POC also benefits in a way that can be adjusted to strain / control 
wherein all the data generated are normalized to H. pylori negative control 2B, thus eliminating 
all the false positives. The other two ratios posed a disadvantage in a way that the normalization 
of total ERK was not possible and hence were not used in the analysis. 
 
5.4.6 Inference of the nuclear cy5 / nuclear cy3 ratio: 

The conclusion that can be derived from the different possibilities of nuclear cy5/cy3 ratio are as 
follows: When the ratio is equal to 1, it denotes that pERK and total ERK are in equal 
concentration. It also means that ERK has been activated in the cytoplasm and translocated into 
the nucleus or ERK has not been activated in the cytoplasm and thus not translocated. When the 
ratio is less than 1, it denotes that ERK has neither been activated nor translocated, but there 
could be a possibility that total ERK has been translocated. Finally when the ratio is greater than 
1 it denotes that ERK has been activated in the cytoplasm and translocated into the nucleus and 
also signifies that total ERK has not been translocated. 

5.4.7 Inference of the cytoplasmic cy5 / cytoplasmic cy3 ratio: 

The conclusion that can be derived from the different possibilities of cytoplasmic cy5/cy3 ratio 
are as follows : When the ratio is equal to 1, it denotes that either ERK has been phosphorylated 
and activated in the cytoplasm but not translocated into the nucleus or ERK has been 
phosphorylated and activated in the cytoplasm but total ERK could have been translocated into 
the nucleus. When the ratio is less than 1, it denotes that there is no activation and translocation 
of ERK from the cytoplasm into the nucleus. When the ratio is greater than 1, it denotes that 
ERK is phosphorylated and activated in the cytoplasm but not translocated. 
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5.5 Infection assays 

 

5.5.1 Helicobacter pylori infection 

 
a) Infection for screening of bacterial mutants: 

 
AGSIB02 cells were seeded in a 96-well microtiter plates and incubated at 37˚C with 5% CO2 
for 2 days. H. pylori controls G27, P1, 2B and K1 and transposon mutants 1 to 100 were plated 
on GC agar and incubated at 37˚C with 5% CO2 for 2 days. Then single clones were picked and 
transferred on fresh GC agar plates in a 96 stribe-form matrixes and incubated again at 37˚C with 
5% CO2 for 2 days. After incubation bacteria were transferred into 96-well microtiter plates, 
filed with 100µl of bacterial culture suspension in Brain-Heart-Infusion (BHI) medium per well. 
Cells were cocultured with bacteria for 45 min. After infection cells were fixed with 4% PFA 
and then antibody staining was performed. Each screening round for 100 H. pylori mutants was 
repeated 3 times in order to produce reproducible and accurate results.  

b) Infection for hit validation: 

H. pylori infection assays were conducted in 12-well plates. Eukaryotic cells were incubated for 
2 days to reach 80-90% confluency. The H. pylori strains (P1, G27, K1, 2B and putative hits) 
which were plated on GC agar plates were cultivated in 10 ml Brain-Heart-Infusion (BHI) with 
vigorous shaking at 120 rpm, 37°C for at least 2 hours. The cultures were centrifuged at 4000g 
for 3 min. Supernatant was discarded and the bacterial pellet was resuspended in 2 ml PBS. The 
optical density (OD) of H. pylori liquid cultures was measured at a wavelength of 550 nm in a 
photometer. According to the optimum measuring range (OD < 1.0); 1:10 dilutions in PBS were 
required. By using a calibration curve (Fig.18) H. pylori concentrations were defined to reach a 
MOI of 100 (Multiplicity of infection). The infection was continued for indicated time periods 
(45 min) under anaerobic conditions.  
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Fig. 18. Calibration curve for the calculation of bacterial concentrations. H. pylori concentration is correlated with 
OD values that are measured at 550 nm. 

Formula for the calculation of the infection volume to reach a defined MOI. The amount of 
bacteria is calculated in dependency of the Multiplicity of infection (MOI), amount of eukaryotic 
cells and amount of bacteria in 1 ml. 
 

5.6 Antibody staining in 96-well plates 

 
In order to monitor ERK1/2 phosphorylation and translocation, infected cells were stained using 
specific antibodies. Once infection was over, cells were fixed with 4% PFA (150 μl/well) for 20 
minutes at room temperature. After fixation, permeabilizing solution (0.1% Triton X-100 in 
PBS) (190 μl/well) was added and the cells were incubated for 5 min. under shaking conditions. 
100 μl of blocking solution (Blocking solutions: 1% BSA, 0.05% Tween-20, PBS) was added 
per well and incubated for 1 hr at room temperature. Then 50 μl of primary antibody solution, 
containing the monoclonal mouse phospho-MAPK p44/42 or p42 MAPK (phosphorylated ERK) 
antibody and monoclonal rabbit total ERK antibody at a final concentration of 200 ng/ul together 
with blocking solution was added to each well. The cells were then incubated for 2 h under 
shaking conditions at room temperature. Subsequently cells were washed with washing solution 
(200 μl/well) for four times for 5 min under shaking conditions. Then secondary anti rabbit cy3 
conjugated antibody and secondary anti rabbit cy5 conjugated antibody was diluted 1:100 (50 
μl/well) in blocking solution, and cells were incubated by shaking for 1 hr at room temperature. 
From this step onwards, the plates were kept under light protection conditions. A single washing 
step was performed. BisBenzimide H33342 trihydrochloride (10 ng/ml), which is used for DNA 
staining (nuclei), was diluted 1:10000 in DPBS and 100 μl/well was added for 10 min. Then, 
cells were incubated in PBS (100 μl/well) at 4°C until the plates were used for acquisition of 
images. Because of quality protection, plates were analyzed no longer than one week after 
staining.  

5.7 Acquisition with automated microscope  

Stained 96-well plates were analyzed by automated microscopy (Olympus IX81 automated 
microscope) with 10x objective and 4 images per well by using cy5 and cy3 channels were 
captured and subsequent computational analysis was done by using the ScanR software from 
Olympus. An advantage of the acquisition is that the acquisition time does not matter. Cell 
populations were visualized as dot plots and analyzed by the definition of five different gates 
(R01-R05) (Fig.19).  
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Fig. 19. Screenshot of an image taken from a single well of one 96-well plate. cy5 conjugated secondary antibody 
that binds to a specific phospho-ERK antibody can be seen as red; while cy3 conjugated secondary antibody that 
binds to a total ERK antibody can be seen as green.  
 
5.8 Protein assays 

 

5.8.1 SDS polyacrylamide gel electrophoresis (SDS-PAGE) 

 

Proteins separate according to their molecular weights by using SDS-PAGE (Laemmli, 1970). 
Gels are made by free radical linked polymerization of acrylamide and N, N’- 
methylenebisacrylamide. Because the SDS-protein complex has negative charges, the SDS-
protein complex migrates to the anode in electrophoresis. 8% resolving and 6% casting gels were 
used to make a SDS-PAGE gel. 

The separating gel mixing buffers were introduced into the gel sandwich of Bio-Rad mini gel 
assembly. The comb space was filled with dH2O and the gels were polymerized for 20 min at 
room temperature. dH2O was removed from the separation gels and the stacking mixing buffers 
were introduced along with the insertion of the comb. The stacking gels were polymerized for 5 
min at room temperature. The comb was removed and electrode assembly containing gels were 
inserted into electrophoresis tanks filled up with 1 X SDS running buffer. Cell lysates mixed 
with 200 μl of 1 X reducing sample buffer (6-well plate) and incubated at 95°C for 5 min in a 
thermomixer. Ten to twenty micrograms of protein lysates and prestained protein marker (New 
England Biolabs, Inc. (USA) were loaded into each well using a Hamilton syringe and the power 
supply was set at 100 V for 10 min then raised up to 170 V until the bands reached the end of the 
gels. 

 

 



30 

 

5.8.2 Immunoblotting analysis 

Immunoblotting (Towbin et al., 1979) also called western blotting is a highly sensitive technique 
to identify specific electrotransferred proteins from SDS-PAGE. The sample proteins immobilize 
using a matrix such as olyvinyldifluoride (PVDF) or nitrocellulose. The proteins bound to 
membranes are visualized by using protein specific antibodies together with Hrp-conjugated 
secondary antibodies which visualize the corresponding band after adding a chemiluminescent 
substrate.  

Proteins that are separated according to their molecular weight by SDS-PAGE were transferred 
to a PVDF membrane matrix by using the wet blotting method of Bio-Rad. The provided sponge 
pre-wetted with 1 X Transfer buffer was placed on the black panel of the transfer cassette. The 
gels were transferred on another Whatman layer and placed on the sponge. The membranes, 
which were pre-activated with methanol, were incubated in 1 X Transfer buffer. After that 
membranes were placed on the gels by rolling a glass pipette over it to avoid air bubbles. 
Additionally a second Whatman layer and a second sponge pre-wetted with 1 X Transfer buffer 
were placed on the membranes and the sandwich assembly was closed. The sandwich was 
inserted into the Bio-Rad Mini Trans-Blot tank by keeping the black panel of the cassette on a 
black panel of the electrode assembly. One frozen cooling unit was inserted in the tank and filled 
up with 1 X Transfer buffer. The power supply was set at 250 mA for 2 hours or at 100 mA 
overnight running at 4°C. The membranes were stained with Ponceau S for prechecking the 
loading conditions and blotting result. After washing with dH2O the membranes were blocked 
with TTBS containing 3% BSA at least for 45 min to 2 hours at room temperature. The 
membranes were probed with the primary antibodies (monoclonal mouse-pMAPK p44/42, cell 
signaling) diluted at 1:1000 in dH2O overnight at 4°C. On the next day, the membranes were 
washed three times with 10 ml TTBS for 10 min. The blots were incubated with a second 
antibody conjugated with horseradish peroxidase at a dilution of 1:1000 in TTBS for 45 min at 
room temperature. The membranes were washed again three times in TTBS. Immunodetection 
bands were visualized by using the western lighting reagents, luminol reagent and oxidizing 
reagent with a 1:1 ratio for 1 minute. The membranes were poured off the rest of western lighting 
reagents and covered with a plastic bag. They were fixed in the photo cassette. The membranes 
were exposed to X-ray film from 1 sec to 30 min. of incubation time by red light. An X-ray film 
processor developed films. 

The relative concentrations of each lysate were monitored by using anti-ß-actin antibody. The 
corresponding membranes were stripped from the previous antibody by striping procedures. 
Membranes were reactivated by methanol again and washed three times with H2O. Stripping 
buffer was added to the membranes and incubated for 45 min. at 50°C in water bath by shaking. 
The membranes were treated with methanol and washed two times with H2O. One more washing 
step was continued with H2O for 10 min. TTBS washing was required for 1 hour at room 
temperature. The membranes were blocked as previously mentioned and probed with ß-actin 
mouse antibody with a dilution ratio of 1:5000 in dH2O overnight at 4°C. The subsequent steps 
were performed as previously mentioned. 
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5.9 Immunofluorescence analysis 

Immunofluorescence is used to monitor the location and expression of specific proteins in cells. 
Using fluorescent-tagged (cy3 and cy5) secondary antibodies together with specific antibodies, 
the proteins of interest can be analyzed by a fluorescence microscopy. To monitor translocation 
of phospho-ERK1/2 from the cytoplasm to the nucleus, immunofluorescence analysis was 
performed. Eukaryotic cells were grown to 70-80% confluence in 12-well plates on glass 
coverslips pre-treated with acetone for better cell adherence on the coverslips surface and serum 
starved for 24 hrs. Then the cells were infected with H. pylori controls G27, P1, 2B and K1 and 
mutants for 45min. and incubated for 45min. at 37˚C. One well of each cell line did not receive 
any stimulation with H. pylori in order to investigate the basal phosphorylation level of ERK1/2. 
The cells were washed once with PBS and fixed with 4% paraformaldehyde (PFA) for 10 min at 
room temperature. The cells were incubated with permeability solution for 20 min and then 
blocking solution was added to cells for 10 min. at room temperature. Cells were incubated with 
primary antibodies (monoclonal mouse-pMAPK p44/42; cell signaling and rabbit polyclonal 
urease-β; Santa Cruz) in 50 μl per coverslip at a final conc. of (200ng/ul) in blocking solution for 
1 h. The cells were washed three times with PBS for 10 min. After that, one more blocking step 
was required. Secondary antibody (cy3-conjugated affinity pure goat anti-mouse IgG and cy2-
conjugated affinity pure goat anti-rabbit IgG) was added to 50 μl blocking solution per coverslip 
at a final conc. (100ng/ul) for 45 min. The cells were washed three times with PBS for 10 min 
and mounted with Mowiol (polyvinyl alcohol used as a fixative to fix the coverslips in a slide) 
(Mowiol, glycerol, 0.2M Tris pH 8.5, dH20). To dry the Mowiol embedded cells, the specimens 
were incubated at room temperature overnight. Finally, the specimens were stored at 4°C. Cells 
were analyzed by epifluorescent microscopy (OLYMPUS) with 100 X oil-immersion objective. 
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