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Summary

Helicobacter pylori is a well-known pathogen able to colonize the human stomach of more
than half of the world population. Luckely, only the 10% of the affected people manifest
severe incidences, like chronic gastritis, peptic ulcers and, among those, only in 1% of cases
MALT (Mucosal associated lymphoid tissue) lymphoma and gastric adenocarcinomes are
recognized [1].

The project described in this thesis focus mainly on the structural determination and
functional characterization of the proteins involved in the assembly of the flagellar archi-
tecture. The presence of a flagellate phenotype is paramount for the bacterial colonization
processes. Its role is strictly related to the chance of avoiding the acidic milieu in the gas-
tric environment and its periodical mechanical clearances, allowing H. pylori to swim
through the mucus layer and adhere to gastric epithelial cells [2]. Once the epithelium is
reached, the regular colonization process takes place, starting with the adhesion to the
cells via a set of adhesines, which cover both the bacterial membrane and flagella [3]. Its
propulsion in the motion is guaranteed by a tuft of 5-7 polar flagella, long from 2 to 5
pm, and characterized by a S shape [4].

The flagellum is composed by about thirty proteins that can increase up to hundred consid-
ering the components involved in chemotatic and regulatory mechanism [5]. The flagellum
is a complex rotary nano-machine, which can be divided in two main components: i) the
hook-basal bady portion, where the engine is located; ii) the filament, representing the
machinery propeller [6].

During the thesis, the proteins from the hook region of the flagellum and the adhesine
recovering the filament were analyzed. The strategy adopted included the amplification of
the selected genes from the purified Helicobacter pylori chromosomal DNA (in particular
the strains G27 and P12), the cloning in one or two expression vectors, followed by the
expression of the protein in K. coli cells and the specific purification from the bacterial
lysis supernatant. Unfortunately, the soluble proteins from the hook do not share a sig-
nificance sequence similarity with any other proteins already known in literature, so their
behaviour in solution was not easily predictable. The flagellar proteins analyzed along the
work of thesis were: FlgE, FlgE2, FlgK and HpaA (as a flagellar sheath protein). Although
all of them were successfully cloned, expressed and purified, only the protein FlgE2 gave
sufficiently results to lead to some preliminary structural studies.

In chapter 3 the analysis of the flagellar proteins is reported. FlgK is a hook-associated
protein involved in the junction between the filament and the hook [7] and FIgE is directly
involved in the assembly of the hook [8]. The proteins were characterized in solution and
although several crystallization screens were performed, none of them produced crystals
suitable for X-ray diffraction analysis. The most relevant limit was in the production of
a large amount of protein, that was eluted as an aggregated form during size-exclution
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chromatography. The protein FlgE2 is involved in the assembly of the hook as well. It
seems to be peculiar for Helicobacter and Campilobater species, but it has not been char-
acterized further. During the thesis, the protein was successfully purified as a monomer
and a tetramer. In both the cases, good quality crystals for the X-ray diffraction studies
were produced. Several attempts were performed in solving the structure by molecular
replacement, using the orthologous from Salmonella typhimurium as template, but none
of them was completely successful. However a preliminary model has been designed and
is discussed in the chapter. Since the protein does not share a high percentage of similaty
with its orthologous proteins, seleniomethionine-labeled protein was produced in order to
solve the phase problem and improve the phases obtained by the molecular replacement.
The last part of the job is still ongoing. Besides, the functional role of the protein was
explored, checking the interaction between the hook structural components and its cog-
nate chaperon, FlgD. The crystal structure of the protein FlgD has been recently solved
[9] and demonstrated the presence of a binding site located at the C-terminus. To confirm
the binding, a microscale thermophoresis analysis was performed.

To achieve the attachment on the epithelial cell, a set of bacterial adhesines are needed
and the role of HpaA protein is presented in chapter 4. H. pylori adhesin A is a surface-
located lipoprotein that was initially described as a sialic acid binding adhesin, expressed
on the surface of gastrointestinal cells [10]. It is supposed to act as a flagellar sheath pro-
tein that facilitates the attachment to the cell through flagellar filaments [11]. Owing to
its exposed position on the filament, the protein is supposed to be a good candidate as a
vaccine target [12]. Due to its high tendency to aggregate, the protein was expressed and
purified in a fused form with a super-folder GFP [13]. It produced good quality crystals
for X-ray diffraction analysis purpose. However, after the analysis, the crystals resulted
to be composed only by sfGFP.

The protein HP1457 is related to a different project and it is reported in chapter 5.
The protein belongs to a class of proteins that has been recognized, only recently, to act
as a outer-membrane proteins that contributes to the stimulation of the peptidoglycan
synthase PBP1B [14]. It is enclosed in a translational unit characterized by the pres-
ence of genes coding for high immunogenic, secreted proteins, like HP1454 [15], HP1455
(lipoprotein with unknown function) and the protein HP1456, recognized to be a Lpp20
[16]. The protein was fully characterized in solution and several crystallization trials were
performed. Unfortunately, none of those led to obtain protein crystals.



Riassunto

Helicobacter pylori ¢ un batterio Gram-negativo presente in piu del 50% della popolazione
mondiale. Tuttavia, i ceppi pit aggressivi del batterio colpiscono solo il 10% delle persone
affette, causando gastriti croniche e ulcera peptica. Tra queste, solo 1'1% manifesta gravi
patologie come MALT linfoma ed adenocarcinoma gastrico [1].

Il progetto descritto in questo lavoro di tesi é finalizzato alla determinazione strutturale
ed alla caratterizzazione di proteine coinvolte nell’architettura del flagello di H. pylori.
Difatti, la presenza del flagello é fondamentale per la colonizzazione da parte del batterio
dell’intero ambiente gastrico. Il suo ruole ¢ direttamente collegato all’abilitd del batterio
di evitare la permanenza nell’ambiente gastrico, permettengli di attraversare lo strato di
muco che aderire all’epitelio gastrico [2]. Grazie ad un set di adesine localizzate sia sulla
membrana batterica, sia sui flagelli, H. pylori é in grado di aderire alle cellule epiteliali,
cominciando il regolare processo di colonizzazione [3|. Inoltre, la presenza di un seti di
5-7 flagelli polarizzati (lunghi tra 2 e 5 pum) e la sua forma ad S garantiscono al batte-
rio la propulsione e la velocita necessaria per superare la barriera di muco e raggiungere
Iepitelio [4].

In generale, la struttura del flagello é costituita da circa trenta diverse proteine, ma il
numero puo crescere fino a cento considerando anche le proteine coinvolte nei meccanismi
di chemotassia e di regolazione della crescita del flagello [5|. L’architettura generale del
flagello é quella di una una complessa nanomacchina, caratterizzata dalla presenza di due
principali componenti: i) la porzione dell'uncino e della parte basale, dove é collocato il
motore della stuttura; ii) il filamento, che rappresento il vero propulsore della macchina
[6].

Nel corso del progetto di dottorato, sono state analizzate le proteine che costituiscono la
regione dell’uncino e ricoprono il filamento. La metodica utilizzata prevede I'amplificazione
iniziale dei geni target utilizzando il DNA genomico dei ceppi G27 e P12 come templato. I
geni amplificati sono stati inseriti in uno o due vettori di espressione, e le proteine ricom-
binanti sono state prodotte in colture di E. coli e purificate, tramite diversi metodi cro-
matografici, dalla parte solubile della sospensione di lisi batterica. Le proteine dell’'uncino
di H. pylor: non presentano un’elevata similarita di sequenza con le altre proteine gia ri-
portate in letteratura, pertanto la loro reattivité in soluzione non é facilmente prevedibili
a priori. FlgE, FlgE2, FlgK and HpaA (come proteina di rivestimento del flagello) sono
le proteine del flagello analizzate durante questo lavoro di dottorato. Sebbene, tutte siano
state clonate, espresse e purificate, solo FlgE2 ha fornito dei risultati sufficienti a condurre
degli studi strutturali preliminari.

I vari studi condotti sulle proteine del flagello sono riportati nel capitolo 3. FlgK é defina
una hook-associated protein, che funge da giuntura tra il filamento e I'uncino [7]|, mentre
FlgE ¢ direttamente coinvolta nella polimerizzazione dell’'uncino [8]. Entrambe le pro-
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teine sono state ampiamente caratterizzate in soluzione ma, sebbene siano stati preparati
numerosi screen di cristallizzazione, nessuna delle due ha portato ad ottenere cristalli anal-
izzabili tramite diffrazione a raggi-X. Il limite maggiore osservato nella produzione delle
due proteine é 'eluizione di una grande quantité di forma aggregata, durante il processo
di purificazione via cromatografia ad esclusione dimensionale. Anche la proteina FlgE2
é coinvolta nel processo di polimerizzazione dell’'uncino. Tuttavia questa sembra essere
peculiare solo per le specie batteriche di Helicobacter e Campilobacter e, pertanto, non
si hanno numerosi informazioni a riguardo. Durante il lavoro di tesi, la proteina é stata
purificata sia in forma monomerica che in forma tetramerica e, in entrambi i casi, sono
stati ottenuti cristalli analizzabili tramite diffrazione da raggi-X. Tuttavia, molti tentavi
sono stati svolti per risolvera la struttura tramite molecular replacement, utilizzando come
templato la struttura della proteina ortologa di Salmonella typhimurium, ma nessuno di
questo ha avuto interamente successo. Tuttavia, é stato possibile descrivere un modello
preliminario, che verré successivamente discusso all’interno del capitolo. Poiché HpFlgk2
non presenta un’elevata similarita con StFlgE2, é stata prodotta una variante in cui sono
state sostituite le metionine con seleniometionine; in questo modo si é provato a migliorare
calcolando le fasi relative agli atomi pesanti (Se) e successivamente espandendole tramite
i dati raccolti per la proteina nativa. Quest’ultima parte del lavora é ancora in via di
definizione. Inoltre, date le scarse conoscenze riportate in letteratura riguardanti la pro-
teina, si é cercato di definirne la reale funzione a partire dall’interazione con lo specifico
chaperone FlgD. La struttura cristallografica della proteina FlgD é stata risolta recen-
tement [9], rivelando la presenza di un motivo lineare collocato nella parte C-terminale,
rappresentativo di una zona di legame con la proteina coniugata. Il legame ¢é stato con-
fermato tramite termoforesi in microscala.

Per potersi legare alle cellule epitaliali, H. pylori ha bisogno di un set di proteine (ade-
sine) che ne permettano I’adesione. La proteina HpaA (Helicobater pylori adhesine A),
analizzata nel capitolo 4, é una lipoproteina, localizzata sulla superfice del flagello ed in-
izialmente é stata ipotizzata affine all’acido sialico, esposto sulla superficie delle cellule
gastriche [10]. Si suppone che la proteina possa operare come proteina di rivestimento del
flagello e che faciliti il legame sulla superficie delle cellule attraverso ’adesione dei flagelli
[11]. Inoltre, data la sua posizione esposta, HpaA é stata considerato un ipotetico target
per lo svilluppo di vaccini [12]. Infine, la proteina da sola presenta un’elevata tendenza a
creare degli aggreagati in soluzione, pertanto é stata espressa e purificata in fusione con
una super-folder GFP [13|. La proteina é stata successivamente cristallizata ed ¢ stata
analizzata tramite diffrazioni da raggi-X. Sfortunatamente, I’analisi dei dati di diffrazione
ha portato alla conclusione che i cristalli erano formati esclusivamente da sfGFP.

Infine, nel capitolo 5 viene analizzata la proteina HP1457. Questa appartiene ad una classe
di proteina recentemente riconusciute operare come outer-membrane proteine, coinvolte
nella stimolazione della peptidoglicano-sintasi, PBP1B [14]. Inoltre, la proteina HP1457
appartiene ad un operone caratterizzato dalla presenza di geni che codificano per proteine
di secrezione altamente immunogeniche. Tra queste: HP1454 [15], HP1455 (una lipopro-
teina di funzione ancora sconosciuta), HP1456 (identificata come la lipoproteina Lpp20)
[16]. HP1457 ¢é stata ampiamente caratterizzata in soluzione e sono stati effettuati nu-
merosi tentativi di cristallizzazione su diversi costrutti, ma nessuno di questi ha portato
ad ottenere cristalli.
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1.1 Introduction

Helicobacter pylori was isolated for the first time from the stomach of
patients affected by gastric ulcers in 1984 by two scientists, Marshall
and Warren [17]|. They spotted the cause of gastric pathologies to be
a Gram-negative, spiral-shaped, microaerophilic bacterium, from 2 to
5 pm long and with a tuft of 5-7 polar flagella. Tomb et al. confirmed
in 1997 the presence of H. pylori in most of the gastric niche of the
primates [18], also supporting its wide spreading diffusion during the
Cooper Age sustained by Maixner et al. [19], and the hypothesis of
co-evolution reported by Falush et al. [20].
Since nineties, H. pylori was estimated to have infected about half of
the human population, with a persistence onset in developing coun-
tries. It is usually acquired during childhood by oral-oral, fecal-oral
and gastric-oral infection and its colonization is significantly long: it
usually lasts life spanning [21]. Most of the infected people are asymp-
tomatic, with mild inflammation detectable only histologically. How-
ever, an important minority (about 10%) develops during their life
time severe gastric pathologies, like MALT lymphoma, adonocarcino-
mas and duodenal ulcers [2]. Furthermore, the World Health Organi-
zation declared H. pylori a Class 1 carcinogenic bacterium in 1994,
due to its responsibility in 5.5% of the gastric cancers all over the
pylori. Spiral bac- world [22].
terial bodies with o 1he bacterium shows up a high genetic variability: comparing the
bundle of sheathed Sampled strains from South American, African and Asian people, H.
flagella. pylori has shown to have a genetic heterogeneity, likely induced by the
need to adapt to a highly changing environment such as the stomach
niche [23]. Indeed, to successful adapt to the singular human microenvironment, the bac-
terium can develop a high number of point mutations, variation in the genetic structure
(for instance, inversion, translocation, duplication of the same gene), gene fusion, slit and
fragmentation, which help the bacterium to overcome the immunity response of the host
[24]. Plus, the gene order in the whole bacterial genome is extremely variable among the
bacterial strains [25]. The high diversification in bacterial genome can take place thanks
to the reduced dimension of the bacterial plasmid, long only 1.5 up to 1.7 Mbp. Up to
now, several bacterial strains have their genome totally sequencend: HP26695, the stan-
dard strain, used to named and identify every single gene in the other H.pylori strains;
J99, P12, G27, Shi470, B38 and 52. All of them were isolated from patients with various
diseases from different area in the world. From the comparison of the sequenced species,
it seems evident that the strains shares a core genome of about 1200 genes |26].
In generale, the human stomach is well protected from bacterial infections. Nevertheless,
H. pylori can survive in it thanks to several factors which helps to buffer the harsh acidic
conditions and to install a persistent colonization. Among these factors, flagella, urease
and adhesins play a relevant role. The colonization stage induces an activation of the
innate and adaptive immune system, with the consequential infiltration into the gastric
mucosa of leukocytes, lymphocytes and macrophages.

Figure 1.1: Elec-
tron microscopy of
the Helicobacter
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1.2 Bacterial Pathogenic Factors

1.2.1 Urease

H. pylori is a neutrophilic bacterium unable to survive during its life time in the gastric
lumen. It can live in such acidic environment only for short periods that allow it to pass
over the viscous mucosa and reach the gastric epithelium, where it can find the basic
nutrients. To survive longer in the gastric environment, the bacterium has dedicated a set
of genes to the development of highly competent enzymes defined urease. The genes ure AB
and ureEFGHI are responsible of the biosynthesis of the corresponding proteins, involved
in the maintenance of the bacterial cytoplasmic pH at a neutral level for its survival [27].
This situation is satisfied by the hydrolysis of urease in ammonia and carbonic anydhrase,
that generate a nearly neutral microenvironment in the gastric lumen. H. pylor: urease is
associated with the surface of the organism upon spontaneous lysis, followed by adsorption
of the enzyme onto the surface of the bacterial membrane. This process is the so-called
"altruistic autolysis" and allows the 30% of bacterial enzymes to be exposed [28].

Figure 1.2: On the left: Dodecameric assembly of H. pylori urease; The crystal packing of H. pylori
urease shows a spherical assembly composed of four (af)s units, related by the crystallographic
two- and three-fold symmetry axis. The structure is observed perpendiculary to the two-fold axis.
On the right: o (gold) and B (cyan) subunits from H. pylori urease (taken from [28]).

The external urease is essentiale for pH maintenance. In general, free or surfaced
bacterial urease has an optimum activity at a pH between 7.5 and 8.0, but its inactivation
becomes irreversible at pH<4.0. Cytoplasmic ones have a low activity at neutral pH, which
increases from 10 to 20 times as the external pH falls to 2.5 [29]. From a structural point
of view, the H. pylori urease is a dodecamer composed by two distint subunits, a and
B, with a molecur weight of 61.5 kDa and 26.5 kDa respectively. They are organized
together to form a massive complex of 600 kDa, which has been demonstated by Ha et
al. to form a double ring dodecamer of 1.2 MDa, with 13 nm in diameter [28]. The urea
intake in bacterial cytoplasm is regulated by a supplementary proton-channel protein,
called Urel (HP0OT71). It is triggered to open at acidic pH values, allowing the diffution
of urea insiede the channel, but it is closed at neutral pH to avoid over-alkalinization of
cytoplasm. Finally, UreE (HP0070), UreF (HP0069), UreG (HP0068) and UreH (HP0067)
participate as chaperones in the complex assembly and activation /inactivation [30].
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1.2.2 VacA

VacA (Vacuoling Cytotoxin A) is a pathogenic protein present in the active form as a 95
kDa toxin, responsable of the major vacuolization of the epithelial cells [31]. It is initially
produced as a 140 kDa protoxin, secreted through a type V pathway. The proteolytic
cleavage induces the formation of the mature toxin and its organization in a flower-shaped
dodecameric complex with a 30 nm of diameter [32]. Among the autotransporters, VacA
is the only so far known to oligomerize in order to create a pore in the host membrane.
As most of the proteins belonging to the same family, it is mainly composed of S-motifs
[33], and in the mature toxin two main domains can be identified: p33 and p55. Both of
them are cleaved after a two-step process that induces the cut of 33 kDa signal peptide
at the N-terminus and directs the secretion from the cytoplasm into the periplasm, whilst
the C-terminus, composed of a 45 kDa fragment, acts as an autotransporter inducing the
export through the membrane [34]. Later, the towing can assemble in the oligomeric state
in the lipid bilayer to form an anionic selective channels into both epithelial and immune
cells, inducing apoptosis and interfering with the process of antigen presentation and the
inhibition of T cells proliferation [35][36][37].

b
T
“i
=

@
“i\l.imt-mgf;

Figure 1.3: On the top: twelve p55 subunits are docked into a 19-A cryo-EM map of a VacA
dodecamer (take from [38]). On the bottom: effects of VacA on gastric epithelial cells include al-
terations in mitochondrial membrane permeability and apoptosis, stimulation of pro-inflammatory
signalling, increased permeability of the plasma membrane and alterations in endocytic compart-
ments (Adapted from [39]).
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1.2.3 HP-NAP

The H. pylori Neutrophilic Activating Protein is a highly immunogenic protein, respon-
sible for the activation of neutrophils and monocytes by chemotactic attraction of the
bacterium itself to the sites of infection [40]. It induces the attachment of the human
neutrophils to the inflammation site, causing the production of reactive oxygen radicals
(ROS) and the activation of IL-12 and IL-23, which favors T cells differentiation [41]. The
inflammation site is also invoved in the induction of leukocytes in the adhesion to the ep-
ithelium [42] and the activation of the mast cells [43]. The toxin interacts with epithelium
with via toll-like receptors, which induce the activation of the nuclear factor-kB [44].
HP-NAP is arranged in a dodecameric fashion, with a total molecular weight of 180 kDa.
Each monomer is characterized by a four-helix-bundled domain [45]. It has a 30 nm di-
ameter highly resembling other DNA binding proteins [46] and is able to store more than
five hundred iron ions.

Figure 1.4: Crystal structure of HP-NAP protein (PDB 1J14). The dodecameric structure is
represeted with the 3-fold axis running approzimately perpendicular to the plane of the paper in
the center of the image, where a putative tunnel for the iron binding should be located.

1.2.4 cagPAI

The pathogenic activity of H. pylori is directly correlated to the presence of the cytotoxin-
associated gene Pathogenic Island (cag-PAI), a 40-kb DNA sequence involved in the trans-
migration of the effector protein CagA from the bacteria to the host cells. CagA is a protein
with a molecular weight of 140 kDa and its corresponding gene is present in approximately
50 to 70% of H. pylori strains [47]. Patients affected by H. pylori CagA™ strains usually
show high inflammatory response [2].

Secretion of CagA is attributed to the cag-PAI secretion system, a type IV secretion appa-
ratus, which forms a syringe-like structure, capable of penetrating gastric epithelial cells
and facilitating CagA translocation. Significant homologies have been found between the
genetic structure of H. pylori cag-PAI and Agrobacterium tumefaciens T4SS. The last
is a secretion system used by the plant pathogen to deliver DNA and proteins into the
cells, causing tumor outbreaks. The transporter machine is composed of twelve proteins,
identified as VirB1-11 and VirD4, and categorized in three groups: cytoplasmic or inner
membrane proteins, a core complex located into the periplasm, and a pilus (a surface
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structure) beyond the outer membrane, involved in the release of toxins [48]. Two AT-
Pases (VirB4 and VirB11) and VirD4 (a "coupling protein") are classified as cytoplasmic
or inner membrane proteins. VirB11 and VirD4 proteins assemble into hexameric struc-
tures, whereas VirB4 is a homodimer. VirB7, VirB8, VirB9 and VirB10 are important
components of the core complex. The pilus of the T4SS is composed of VirB2 and VirB5,
which are considered major and minor subunits, respectively [49]. The secretion system
T4SS is encoded by cag-PAI in H. pylori and allows the CagA translocation into human
epithelial cells [48]. With respect to the system from A. tumefaciens, the H. pylori system
encodes for 27 proteins and, among 32 genes carried by cag-PAl, only 18 are involved in
CagA translocation [50]. The remaining 14 genes are supposed to stimulate a cag-PAI de-
pendent IL-8 response [51|. The H. pylori proteins that form the core complex are CagT,
CagX and Cagy, respectively homologues of VirB7, VirB9 and VirB10. CagT, together
with CagW, is the protein associated with the pilus base. CagC, homologue of VirB2, is
associated with the pilin and CagY is the sheet protein, containing variable numbers of
repeats that avoid the host immune-response. Cagl, plays a role in adhesion, attaching
the T4SS to the host cells surface [49][52] . Finally, CagF is a chaperon, binding the C-
terminus secretion signal of CagA and that helps the protein to be translocated [53].
Once delivered into the cell, CagA is phosphorylated and interferes with the physiological
signal transduction and causes pathological cellular responses, such as the increase of cell
proliferation, motility, apoptosis and morphological changes in epithelial cells [47]. After
tyrosin phosphorylation, CagA binds specifically to SPH-2, a cytoplasmic tyrosine phos-
phatase. The complex formation induces a conformational change, responsible of SPH-2
phosphatase activity, whose activity is important in cell morphogenesis and motility [54].
Deregulation of CagA induces an abnormal proliferation of gastric cells, represented by
cellular elongation (called "hummeringbird phenotype"). Deregulation of cells adhesion is
associated with the increase of cells mobility. Both the events play an important role in
pathogenic activity of cagt strains of H. pylori [48]. The cag-PAI may also affect the im-
mune response, due to its ability to induce apoptosis of T cells [47]. CagA itself can induce
ROS production in gastric epithelial cell. Excessive ROS production in gastric epithelial
cells can cause DNA damage and thus might be involved in gastric carcinogenesis [55].
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Figure 1.5: Type IV Secretion System and its role in CagA secretion in human cells. Upon cell
contact, H. pylori assembles T4SS pili at their surface enabling delivery of molecules CagA and
peptidoglycan, from bacterial cytoplasm into host cells. cagPAI proteins (CagA, Cagl, CagL and
CagY) interact with integrin receptors, inducing numerous cellular effects including disruption
of cell-to-cell junctions, cytoskeletal rearrangements and nuclear signalling. Two models for the
assembled T4SS machinery in H. pylori were proposed. Model-1 assumes VirB1- 11 proteins, the
coupling factor VirDj and accessory factors such as CagF assemble in a similar fashion to that
proposed for A. tumefaciens T4SS. Model-2 assumes that the T4SS pilus surface is covered with
CagY (VirB10) molecules (from [56]).

1.2.5 Lipopolysaccharides

Several Gram-negative bacteria use LPS as a powerful tool to develop inflmmatory re-

sponse in the host organism. Nevertheless, Moutiala et al. have noticed the role of LPS

in H. pylori is 500-fold less endotoxic than in the other Gram-negative species (like

Salmonella typhimurium) [57]. Indeed, LPS from H. pylori are less stimulating macrophages
in cytokines, prostaglandines and nitric oxide production, involved in the inflammatory

response. This fact is probably due to the composition of Lipid A, characterized by the

presence of a long 3-hydroxy fatty acid, a D-glucosammine disaccharide as a backbone

and the expressed O-antigenes related with the Lewis blood antigenes group, expressed

in human cells [57][36](58]. This can reduce the bacterial pathogenic effect, by inducing a

mimicring effect that protects the bacterium from immune recognition [59].
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1.2.6 Adhesines

An essential step in H. pylori colonization is its adhesion on the epithelial cell surface.
Indeed, about 20% of the bacterium in the stomach has been found attached to the mucus
layer, protecting epithelial cells. Its ability to colonize the gastric environment strongly
depends on the genetic variations of the host’s mucins, along with the bacterial strain. The
bacterium comes into contact with the gastric epithelium thanks to the propulsion motion
of flagella and several chemotactic factors abundant in the mucosa [60]. The adhesion takes
place on the human gastric epithelial cells as cellular receptors fucosylated glycoproteins
and sialylate glycoproteins [61]. One of the common features shared among H. pylori
adhesion proteins is their tendency to bind sialic acid in mucus [62]. The best characterized
H. pylori adhesins are BabA and SabA, two outer membrane proteins, that bind to the
fucosylate LeB antigen in MUCB5AC [63] and to sialyted glycocompunents in salivary
mucin MUCT7 [64], respectively. Although SabB has been found out to be involved in
the development of duodenal cancer, its specific receptor is still unknown [65]. Other
outer membrane proteins identified to be adhesines are AlpA and AlpB, which are able
to mediate the adhesion to the cell surface generating macromolecular complexes on the
bacterial surface [66].

1.2.7 Flagellum

The H. pylori success in host colonization is achieved through the use of tuft of polar
flagella, which allows the bacterial motion from the stomach lumen to the epithelium
[67]. In fact, they allow the bacterium to avoid the acidic milieu and to survive during
host’s periodical mechanical clearances, allowing H. pylori to swim through the mucus
layer and adhere to gastric epithelial cells [68]. Moreover, thanks to its helical shape and
the presence of polar flagella, Helicobacter and Campilobacter species acquire an unsual
velocity to pass through the viscous media [6].

H. pylori does not present clusters encoding for flagellar genes. It is known that the ex-
pression of flagellar genes is regulated by 0™ and o> factors, respectively involved in the
promotion of nine operons including fifteen flagellar genes and five operons containing
hook basal body genes [68].

The structural organization of a single flagellum is quite complex. It is composed ap-
proximately of thirty different proteins, assisted in the expression and in the assembly
processes by about fifteen more ([18]; Table 1.1). The flagellum is a complex rotatory
nano-machine that can be divided in two main portions: the hook basal-body and the ex-
tracellular filament. The first can be divided in three substructures: (i) the base, localized
in the inner membrane and spanning to the cytoplasm; (ii) the rod and ring structures,
located in the periplasm; and (iii) the hook, a flexible junction presented on the surface
[69][6][70]. Several studies were performed on the bacterial flagellar motor of Escherichia
coli and Salmonella typhimurium and, despite the crystal structure of some of the sepa-
rated components are known, a complete model of the flagellum has not been proposed yet
[71]. For what concerns H. pylori, only eight structures are solved. Although some general
considerations could be made in homology with the already known structures form others
Gram-negative organisms, some specific achievements on the features of the bacterium
could be obtained from their study. Indeed, the relevance of studying the molecular archi-
tecture of flagellar proteins is crucial for designing new therapeutic targets. On the other
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side, the flagellum represents an ideal example of a molecular machine for the conversion
of chemical energy into mechanical energy. The bacteria have been able to devise it in
billion years of evolution and it can eventually be applied for nano-technological purposes.

The Type 3 Secretion System

Type 3 Secretion System is a specialized machine evolved in many Gram-negative bacteria
as a delivery of effector proteins into target eukaryotic cells [72]. It is widespread in nature
and has an important role in bacterial infection and symbiotic interactions |73]. Moreover,
recently phylogenetic analysis identified the T3SS as the precursor of the export apparatus
of bacterial flagella [74]; according to Galan et al. the process could have taken place in
two steps: 1) the first is the development of a competent structure for protein secretion;
2) the second is the recruitment of secretines |75].

T3SS was widely studied in several bacteria like Salmonella, Shigella, and Yersinia spp,
and is known to be at the base of the structural organization the flagellum from H.
pylori, too. In this case, it modulates the assembly of the whole flagellar structure. In
analogy with the system from the other organism, the T3SS is composed by roughly
twenty proteins, most of whose located in the inner membrane, and an ATPase associated
with the cytoplasmic side of the membrane [76]. T3SS is able to deliver protein from
the cytoplasmic side of the membrane to the extracellular environment. Since the activity
requires a high amount of energy, two energy source were identified for the system [77]| one
is the hydrolysis of ATP per each protein translocated, whilst the second is the generation
of a proton motive force (PMF) which induces the formation of both a potential gradient
and a variation in pH [78|. Translocated proteins undergo to processes after the activation
through a secretion signal. The mechanism ensures the proteins can be released to the
target cell and not into the extracellular space. Unfortunately, the recruitment mechanism
is still unknown [75].

The component of T3SS is a 50-nm-long needle complex spanning through the whole
bacterial membrane. The complex is constituted by a base (approximately 25 nm wide
and 30 nm long), with two inner rings located in the inner membrane (IR1 and IR2)
connected wvia neck with two outer rings in the outer membrane (OR1 and OR2). The
base is linked to the needle through an inner rod, enclosing a 20-A-wide channel for protein
translocation |[79]. At the end of the needle is located the tip complex, involved in the
target cells recognition [80]. Finally, a cluster of inner membrane proteins is located at
the center of the inner ring, mediating the passage of the effectors [81].



Localization Protein | Name for Role and Complex PDB ID
Name | HP26695
strain
Export system FliO HPO0583 Protein associated with FliP
FliP HP0685 Protein associated with F1iO and MS-ring
FliQ HP1419 Export component associated with FlaA and FlaB
FliR HPO0173 Associated with MS-ring
FIhA HP1041 Target for soluble export proteins 3MYD
FlhB HPO770 Target for soluble proteins
FliH HP0353 Negative regulator of FIil
F1il HP1420 ATPase, interacting with FIiH
FliJ HP0256
FlgJ HP0245
MS ring FliF HPO0351 Transmembrane component of rotor associated with FIhA
C ring FliG HP0352 Rotor switch protein associated with MotA and F1iM 3USW; 3USY
FliM HP1031 Involved the rotor switch, binds the CheY-P protein, 4GC8
N-terminus interacts FliF
FIiN HP0584 Flagellar export component, role as a switching protein
FLiY HP1030 Flagellar export component
Stator MotA HPO815 Forms a proton channel through the membrane
MotB HPO0816 Associated with MotA 350Y
P ring Flgl HP0246 Part of the bushing
L ring FlgH HP0325 Part of the bushing
Proximal rod FliE HP1557 Part of the export gate and MS ring rod junction protein
FlgB HP1559
FlgC HP1558
Distal rod FlgF HP1092
FlgG HP1585
Hook-filament FlgK HP1119 HAP1

junction proteins
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Localization Protein | Name for Role and Complex PDB ID

Name | HP26695

strain

FlgL HP0295 HAP3
Filament capping FliD HPO0752
Hook cap FlgD HP0907 Rod-modification protein, required for hook polymerization | 4ZZF; 427K
Hook FliK HP0906 Hook length regulator

Flgk HPO870 Hook protein

Flgk2 HPO0908 Hook protein
Filament FlaA HP0601 Flagellin subunit

FlaB HPO115 Flagellin subunit

HP1076 Interacts with F1iS 3K1H

FliS HP0753 31QC; 3K1I
Regulatory protein | FlgM HP1122 Encodes for the inhibitor of flagellum o2®-factor

FliA HP1032 Negative regulator of FlgM

FlgR HP0730 Activates transcription with o®*-factor
Chemotactic factor | CheY HP1067 Chemotaxis, interacts with FIiM 3GWQ; 3HIF;

3HIG; 3HIE

Chaperon FLi'T HPO0754 Chaperon FliD

FlgA HP1477 Chaperon involved in the assembly of the P-ring
Flagellar ~ Biosyn- | FlhF HP1035
thesis
Assembly Factor FliW1 HP1154
Paralysed Protein | pFIA HP1274
Assembly factor Fliw2 HP1377

Table 1.1: H. pylori proteins involved in the assembly of flagellum.
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2.1. MATERIALS
2.1 Materials

2.1.1 Oligonucleotides

15

Oligonucleotides are designed according the correspondent gene from different H. pylori
strains. Lyophilized and desalted primers are redissolved in sterile water up to 100 gmol /L

and stored at -20°C

Name

Sequence (5’ to 3’)

pETite-hp1457A(1-21)-for

GAAGGAGATATACATATGACTTATCAAAATG
TGAATGATG

pETite-hp1457A(1-21)-Hisg-rev

GTGATGGTGGTGATGATGGCTGCCGCGCGG
CACCAGAAACAT

pETite-hp1457A(1-49)-for

GAAGGAGATATACATATGGATTTATTGCTA
ACCGCTAAC

pETite-hp1457A(1-49)-Hisg-rev

GTGATGGTGGTGATGATGGCTGCCGCGCGG
CACCAGAAACAT

pETite-hp0908-for

GTGATGGTGGTGATGATGGCTGCCGCGCGG
CACCAGAAACAT

pETite-hp0908-Hisg-rev

GTGATGGTGGTGATGATGTTTTTTCAAGCT
AATGGCTTC

pETite-hp0908(85-570)-for

GAAGGAGATATACATATGGAATTTCATATG
GCGTATCAA

pETite-hp0908(85-570)-rev

GTGATGGTGGTGATGATGGCTGCCGCGCGGCACC
AGAAACATGTTCCCGGCATTCACGTTGCT

pETDuet-hp0908-for

GGGGGGCCATGGGAAACGACACCTTATTAAAC

pETDuet-hp0908-Hisg-rev

GGGGGGGCGGCCGCTTATGGCTGTGGT
GATGGTGATGTTTTTTCAAGCTAAT

pACYC-hp0907-for

GGGGGGGATATCATGGCTATTGATTTAGCAGAA

pACYC-hp0907-Strep-rev

CCCCCCGGTACCTTATTTTTCAAACTGCGGA
TGCTCCATGCTGTCTCTTTAGG

pETite-hp1119-for

GAAGGAGATATACATATGGGCGGAATCTTATCT
TCACTC

pETite-hpl1119-Hisg-rev

GTGATGGTGGTGATGATGTTGTTTAATCCCC
AATAAAGT

pETite-hp0870-for

GAAGGAGATATACATATGCTTAGGTCTTTATGG
TCTGGT

pETite-hp0870-Hisg-rev

GTGATGGTGGTGATGATGACTTTGAAAATAT
AAATTTTCTTGCTTAAGATTCAATAGGGT

Table 2.1: Oligonucleotides used as primers to amplify gene sequences.
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2.1.2 Vectors
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pACYCDuet-1 (Novagen) is a 4008 bp long vector. The insertion was designed accord-
ing to the features of the second MCS, including sites for EcoRV and Kpnl. Expression
of genes cloned into this vector is under the control of the T7-lac promoter. Additionally,
the vector carries a Chloramphenicol resistance gene (Cm') for selection.
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Figure 2.1: pACYC-1 vector map

pETDuet-1 (Novagen) is a 5420 bp long bacterial vector for the protein expression
under the T7-lac promoter. The vector carries an Ampicillin resistance gene (Amp®) for
selection. The insertion was designed according to the features of the first MCS, including

sites for Ncol and Notl.
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Figure 2.2: pETDuet-1 vector map

pETite C-His (Lucigen) is a 2235 bp long pre-processed vector that encodes the
C-terminal hexa His-tag. The vector includes a Kanamycin resistance gene (Kan't) for
selection and inducible expression under control of the T7-lac promoter.
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Figure 2.3: pEtite C-His vector map

pRSET-A (Thermo Scientific) is a 5700 bp long vector under the induction of a T7-
lac promoter, including an Ampicillin resistance gene (Amp?). The vector was modified
in order to include the fusion target between two branches of a superfolder GFP1-10 and
GFP11 (Prof. Alessandro Negro, Dept. Biomedical Sciences, University of Padova).

His6Tat  Superfolder GFP1-10 Hp0797 SF-11

Figure 2.4: pRSET-A vector map

Finally, the designed constructs along with starting and ending position are listed in
the following table.

Protein Template Vector Start | End
HP0908 (FlgE2) | H. pylori G27 | pETite C-His 1 605
pETDuet-1 1 605

H. pylori P12 pETite C-His 85 569
HP0908(84-560) H. pyloti P12 pETite C-His 84 560
HP0907 (FlgD) | H. pylori G27 | pACYCDuet-1 1 316
HP0797 (HpaA) | H. pylori 26695 pRSETa 34 203
HP1457A(1-31) | H. pylori P12 | pETite C-His | 32 | 210
HP1457A(1-49) | H. pylori P12 | pETite C-His | 50 | 210
HP0870 (FIgE) | H. pylori P12 | pETite C-His 1 718
HP1119 (FlgK) | H. pylori G27 | pETite C-His 1 606

Table 2.2: List of all designed constructs with starting and ending positions of the aminoacid
residues.
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2.1.3 E. coli strains

One Shot TOP10 (F mcrA A(mrr-hsdRMS-merBC) ¢80lacZAM15 A lacX74 recAl
araD139 A(aralew)7697 galU galK rpsL (StrR) endAl nupG) (Invitrogen) are chemically
competent cells that allow stable replication of high-copy number plasmids.

BL21(DE3) (F ompT hsdSg (rg-mg-) gal dem (DE3)) (Invitrogen) are chemically com-
petent cells deficient in both lon and ompT proteases. The designation (DE3) indicates
that the host is a lysogen of ADE3, and therefore carries a chromosomal copy of the T7
RNA polymerase gene under control of the lacUV5 promoter. Such strains are suitable for
production of protein from target genes cloned in pET vectors using IPTG as an inducer.

BL21pLysS(DE3) (F ompT hsdSp (rg-mp-) gal dem (DE3) pLysS (Cam®)) (Invit-
rogen) are chemically competent cells used to suppress basal expression of T7 RNA poly-
merase prior to induction and thus stabilize pET recombinants encoding target proteins
that affect cell growth and viability. The pLysS designation is given to hosts carrying a
pET-compatible plasmid that encodes T7 lysozyme, which is a natural inhibitor of T7
RNA polymerase.

2.1.4 Equipment

textbfManufacture
GE Healthcare
Beckman Coutler

Instrument
ACTA Purifier
Avanti J-25 Centrifuge

Spectrophotometer Cary 50 Bio Varian

One Shot Cell Breakage System Constant System Ldst.
Microcentrifuge 7216 M Hermle
Electrophoresis Mini-PROTEAN Tetra System BioRad

Nanodrop
Oryx 8 Crystallization Robot
Zetasizer Nano 7S, DLS
Quadrupole-TOF Spectrometer
Spectropolamiter
Microscope SZX 12
UV Fluorescence Microspope MZ16F

Confocal Microscope SP5
3Prime Thermal Cycler
Monolith NT.115 MST

Thermo Scientific
Douglas Instruments
Malveren Instrument LDT.
Water, Manchester
Jasco Analytical Instruments
Olympus
Leica
Leica
Techne
NanoTemper Technologies

Table 2.3: Devices and instruments (basic laboratory equipment is not listed).
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2.1.5 Chromatographic Tools

Device Manufacturer

PD-10 Desalting Columns | GE Healthcare

His-Trap Ni-NTA Agarose | GE Healthcare
Strep-Avidine resin IBA

Gel-filtration markers Sigma-Aldrich

Table 2.4: Columns and molecular weight markers used for affinity and size-exclusion chromatog-
raphy.

2.1.6 Crystallographic Tools

Device Manufacturer
Pegs 11, JCSG Core (I-1V) Quiagen
Structure Screen 1 & 2, PACT PREMIUM SUITE | Molecular Dimension
Additive Screen Hampton Research
MRC 96-well sitting drop crystallization plate Molecular Dimension
MRC MAXI 48-well sitting drop crystallization plate | Molecular Dimension
24-well XRL hanging drop plate Molecular Dimension
MRC MAXI 48-well sitting drop crystallization plate | Molecular Dimension
Mounted CryolL.oops Molecular Dimension
Mounted Mesh LithoLoop Molecular Dimension

Table 2.5: Crystallization screens and general equipment.

2.1.7 Kits used for DNA preparation and gel staining

Typology Manufacturer

GenElute Plasmid Miniprep Kit | Sigma-Aldrich
GenElute Gel Extraction Kit Sigma-Aldrich
ProteoSilver Stain Kit Sigma-Aldrich

Table 2.6: Kits used for preparation of DNA and for staining of the gels for visualizing proteins
according to the manufacturers’ protocols.
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2.2 Methods

2.2.1 Transformation of chemically competent cells

Home-made competent cells (100 pL) are thawed out on ice and incubate with 60-300 ng
of plasmid DNA for about 30 minutes. The cells are then shocked for 45 seconds at 42°C
and further place on ice for 2 minutes. Afterwards the cell suspension is reconstituted
shaking at 37°C for 45-60 minutes and finally spread on a LB-agar plate, supplemented
with the proper antibiotics. The plate was left overnight at 37°C.

2.2.2 Isolation of the DNA plasmid from E. coli cells

The plamism DNA is amplified in One Shot TOP10 cells. After the preparation of a
single-colony 5 ml culture, the extraction procedure is performed according to the Sigma-
Aldrich’s GenElute Plasmid Preparation kit protocol.

2.2.3 Polymerase Chain Reactions

Target-gene amplification is performed using to different type of polymerase:

e The proofreading Q5 high-fidelity polymerase from Pyrococcus furiosus is used to
amplify the gene from H. pylor: genome with a low error rate.

e The non-proofreading GoTaq polymerase is used for colony-PCRs.

The general PCR protocols used for the gene amplification are reported in the following
tables:

Components Q5 Protocol | GoTaq Protocol
Template DNA 1 pL 5 pL
Forward Primer (10 pmol\L) 1.25 pL 1 puL
Reverse Primer (10 gmol\L) 1.25 pl 1 uL
Master Mix Reaction Buffer (2X) 12.5 pL 12.5 pL
Nuclease Free Water 10 pL 5.5 pL
Final Volume 25 plL 25 puL

Table 2.7: PCR reactions composition.
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Components Q5 GoTaq
Initial Denaturation 307/98°C 2'/95°C
Denaturation 5-107/98°C 1’/95°C
Annealing 10-30"/ 30-60"/
primer specific temperature | primer specific temperature

35 cycles 35 cycles

Extension 15-30” per kb/72°C 1’ per kb/72°
Final Extension 27/72°C 5/72°C

Table 2.8: Thermal cycling profile for cloning and colony-PCRs.

2.2.4 Cloning and Sequencing

Stardard cloning pACYCDuet-1 and pETDuet-1 vectors are linearized using restric-
tion endonucleases Ncol /Notl and EcoRV-HF /Kpnl-HF enzymes, respectivetely. The genes
of interest (hp0907 and hp0908) are amplified using primers in Table 2.1.

During the ligation reaction, each vector is mixed with the matching gene and incubated
together with T4-DNA ligase at 4°C overnight. After the transformation of the cloned
gene into TOP10 cells, the colonies are tested for the successful integration of the insert
by colony-PCR. DNA from positive clones is amplified and isolated according to section
2.2.3 and sequenced at the DNA-service center GATC-Biotechnology using the universal
proper primers according to the MCS choosen. (pETDuet-1: forward pET-Upstream and
reverse Downl. pACYCDuet-1: forward Duet Up2 and reverse T7).

Components Volume (uL)
Digested Vector (100 ng) 4
Target gene 16
T4 Ligase (5 U'/uL) 1
T4 Ligase Buffer (10X) 2.5
Nuclease Free Water 1.5
Final Volume 25

Table 2.9: Ligation reaction mizture.

Cloning of hpaA-stGFP in vector pSERTa was performed in collaboration with Prof.
Alessandro Negro from the Department of Biomedical Science, University of Padova.

Enzyme-free cloning 1 ul of pre-processed linearized pETite C-His vector (25 ng) is
mixed with 5 uli of the target PCR product (50 ng), at room temperature, and trans-
formed directly into 80 uLi of chemically competent One Shot TOP10 cells. The target
gene has been previously amplified with primers that contained short homology to the
ends of the pETite C-Hisg vector allowing recombination within the host cell to fuse the
blunt PCR product to the vector.
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2.2.5 Expression of recombinant proteins in E. coli

Expression of native proteins F. coli BL21(DE3) cells are transformed using vectors
(pETite, pETDuet-1, pACYCDuet-1) containing T7 promoter, inducible by isopropyl-3-
D-1-thiogalactopyranoside (IPTG) and is located upstream with respect to the gene of
interest. BL21(DE3) is the T7 host strain used for expression of cloned genes from the
bacteriophage T7 promoter. The genome of bacteria harbors the T7 bacteriophage RNA
polymerase gene under the control of the IPTG inducible lacUV5 promoter. The lac re-
pressor protein is responsible for maintaining inducible control over the lacUV5 promoter
as well as the T7-lac promoter on the vector. In case of protein toxicity (like in the case of
HpaA) BL21pLysS(DE3) cells are used for expression of toxic proteins. BL21pLysS(DE3)
cells contain pLysS that constitutively expresses low levels of T'7 lysozyme, which reduces
basal expression of recombinant genes by inhibiting basal levels of T7 RNA polymerase.
LB medium is inoculated with a single colony from a fresh plate and treated with the
appropriate antibiotic and shaken (180 rpm) at 37°C overnight. Fresh LB medium con-
taining the appropriate antibiotic is inoculated with the overnight culture and incubated
with shaking at 37°C. The expression is induced by adding from 0.5 up to 1 mM IPTG, at
ODgo of 0.6. After induction of 4 h at 28°C (FlgE2, FlgK and the complex FlgD-FlgE2),
37°C (HP1457) or room temperature (HpaA and HP0870), cells are harvested by centrifu-
gation (5000 rpm, 15 min, 4°C) and stored at —20°C. Afterwards, cells are thawed on ice,
re-suspended in a protein specific buffer (Table 2.10), and disrupted with the One Shot
Cell breakage system (Constant System Ltd.) at 1.35 kbar. To prevent serine protease
cleavage, the lysis buffer contains phenylmethylsulfonyl fluoride (PMSF) as an inhibitor.
The lysate is later clarified by centrifugation (18000 rpm, 30 min, 4°C) and the soluble
fraction is used in the further of purification.

Flgk2 HP1457 HpaA FlgE2-FlgD
FlgK
HPO0870
20 mM Tris-base | 20 mM Tris-base | 30 mM Tris-base | 20 mM Tris-base
pH 7.5 pH 7.4 pH 8.0 pH 7.5
150 mM NaCl 150 mM NaCl 300 mM NaCl 150 mM
20 mM Imidazole | 20 mM Imidazole | 40 mM Imidazole | 20 mM Imidazole
1 mM PMSF 1 mM PMSF 1 mM PMSF 1mM PMFS

Table 2.10: Composition of buffers used in cell disruption for each specific protein.

Expression of selenomethionine-labeled FlgE2 (HP0908) Expression of recom-
binant selenomethionine derivative proteins is carried out using the non-methionine aux-
otrophic E. coli strain BL21(DE3). The bacteria are grown up in the Molecular Dimension
kit SelenoMet Dream Medium, prepared according to the kit protocol. The expression is
performed overnight at 30°C. The expression method takes advantages of the diautoxic
growth of E. coli in order to auto-induce the target protein expression in higher yields.
As in the case of the native protein, lysis is performed using One Shot Cell breakage
system at 1.35 kbar and adding 1mM PMSF as inhibitor. The lysate is later clarified by
centrifugation and the soluble fraction is used in the further of purification.
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2.2.6 Protein Purification

Affinity Chromatography

Affinity chromatography on Ni-NTA agarose resin The purification of polyhisti-
dine affinity-tagged proteins can be facilitated by the use of the nickel-nitrilotriacetic acid
resin (Ni-NTA). The nitrilotriacetic acid behaves as a chelator coordinated by the nickel
ions, which occupies two out of six coordination sites. The four more available sites are
able to strongly coordinate the imidazole ring from the histidine-tag, selecting the fused
protein rather than the bacterial lysate.

In this thesis, Ni-NTA affinity purification of proteins (HP1457, FlgE2, HP0870, HP1119
and HpaA) containing the Hisg-tag is performed using the 1 mL prepacked columns or
loose resin. The resin was firstly equilibrated with protein specific buffer A (Table 2.11)
and then the soluble part of lysate is added. In order to obtain high purity samples, the
column is connected to an ACTA Purifier system, and a washing step of 50 mL of buffer
A is performed to avoid unspecifically bound proteins. Finally, the elution is performed
in buffer B with a stepwise gradient of imidazole from 20 up to 600 mM.

FlgE2 HP1457 HpaA
FlgK
HPO0870
Buffer A | 20 mM Tris, pH 7.5 | 20 mM Tris, pH 7.4 | 30 mM Tris, pH 8.0
150 mM NaCl 150 mM NaCl 300 mM NaCl

20 mM Imidazole 20 mM Imidazole 40 mM Imidazole
Buffer B | 20 mM Tris, pH 7.0 | 20 mM Tris, pH 7.0 | 30 mM Tris, pH 8.0
150 mM NaCl 150 mM NaCl 300 mM NaCl
400 mM Imidazole | 400 mM Imidazole | 600 mM Imidazole

Table 2.11: Composition of buffers used in Ni-NTA affinity chromatography.

Affinity Chromatography on Strep-tactin Sepharose resin The purification of
Strep-tagged protein is based on the principle of the binding of biotin to streptavidin. A
eight amino acids peptide (WSHPQFEK) is engineered to bind the biotin binding pocket
of streptavidin and to attach to the Step-Tactin resin. In this thesis, Strep-Tactin resin has
been used to purified the complex FlgD-FlgE2. FlgD was designed to locate the Strep-tag
at the C-terminus. The purification is carried out on 0.5 ml of slurry resin. To proceed
with the purification, the resin is first equilibrated with the binding buffer (buffer A in
Table 2.12). The supernatant from the cell lysate is added at the resin and incubated at
4°C for one hour. The resin is later washed with a 40 ml of buffer A and eluted after
one more hour of incubation in buffer B. The resin is regenerated after the elution with a
solution of 1 mM of HABA (2-[4’-hydroxy-benzeneazo|-benzoic acid) in binding buffer.
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FlgE2-FlgD

Buffer A 20 mM Tris, pH 7.5

150 mM NaCl

Buffer B 20 mM Tris, pH 7.5
150 mM NaCl

2.5 mM D-desthiobiotin

Table 2.12: Composition of buffers used in Strep-tactin affinity chromatography

Size-Exclusion Chromatography

Analytical size-exclusion chromatography is used to separate proteins according to the dif-
ferent molecular weight and to determine homogeneity in a protein sample. The columns
used are Superdex 200 10/300—16/60 and Superose 12 16/60 for the separation of pro-
teins in the range MW = 10,000-600,000 Da and MW = 1,000—300,000 Da, respectively
(GE Healthcare). Prior to use, the column is equilibrated at a flow rate of 0.5—1 mL/min
with 1.5—2 CV of the elution buffer. Fractions containing the pure protein are pooled and
concentrated for structural characterization assays.

To estimate the oligomeric state of protein, a calibration is carried out with protein stan-
dards: vitamin B12 (1.35 kDa), myoglobin (17 kDa), ovalbumin (44 kDa) and ~-globulin
(158 kDa), whilst the void volume is determined by using Blue Dextran (GE Healthcare).

FlgE2 HP1457 HpaA
FlgK
HPO0870
20 mM Tris-base, pH 7.5 | 20 mM Tris-base, pH 7.5 | 30 mM Tris-base, pH 8.0
150 mM NaCl 150 mM NaCl 300 mM NaCl

Table 2.18: Composition of buffers used for SEC.

2.2.7 Protein biochemical methods

Removal of the Hisg-tag from HP1457A(1-49) and HP1457A(1-21) using Throm-
bin

Purified His-tagged HP1457 protein is incubated with thrombin (0.1 U/ul) in a protein-
protease ratio 1:100, and buffer containing 20 mmol/1 Tris-HC1 pH 7.4, 150 mmo/1 NaCl.
The reaction mixture is incubated overnight at 4°C and gently shaken. The reaction
solution is passed on a benzamidine sepharose resin (GE Healthcare) to eliminate thrombin
and thus prevente secondary enzymatic activity. Finally, the cleaved species are separated
from the uncleaved ones performing a size-exclution chromatography.
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2.2.8 Protein Characterization

Circular Dichroism Circular dichroism (CD) refers to the differential absorption of
the left and right components of circularly polarized light. The CD instrument displays
the dichroism at a given wavelength of radiation expressed as either the difference in
absorbance of the two components or as the ellipticity in degrees. Chiral arrangement of
peptide bonds in secondary structures exhibits distinct far-UV CD spectra absorption.
During the thesis, CD in the far-UV region (195—260 nm) was used for secondary structure
analysis of protein. Far-UV CD spectra were recorded by a Jasco spectro-polarimeter in a
quartz cuvette with a path length of 0.5 mm and a volume of 70 uL.. All measurements were
performed with water diluted protein samples (¢ = 0.1—0.5 mg/mL) at room temperature.
All spectra were corrected for buffer absorption prior to analysis. Spectra were recorded
with a step resolution of 1 nm and a bandwidth of 2 nm. The scan speed was set to 50
nm/min and 3 spectra were accumulated.

Light Scattering Dynamic and static light scattering techniques (DLS, SLS) are used
to investigate the size distribution, stability and aggregation state of protein molecules in
solution. The main difference between DLS and SLS is that the DLS instrument measures
at a fixed angle (90° to the incident laser light) and can only determine the mean particle
size in a limited size range, while the multi-angle SLS instruments can determine the full
particle size distribution.

Dynamic Light Scattering (DLS) The basic principle in a dynamic light scattering
experiment (also known as photon correlation spectroscopy or quasi-elastic light scatter-
ing) is that the sample is illuminated by a laser beam and the fluctuations of the scattered
light are detected at a known scattering angle © by a fast photon detector. Molecules in
solution obey Brownian motion, which means that small molecules move faster than large
ones.
The obtained information during the DLS analysis is about the time scale of the move-
ment of the scatterers. The translational diffusion coefficient Dy is derived from these data
using an auto-correlation function. Since the hydrodynamic radius Ry, is related }LCO %he
B
6mn Ry’
where kp is Boltzmann’s constant (1.381x10723 J/K) and 7 the dynamic viscosity of the
solvent.
In this study, DLS measurements of proteins (Zetasizer Nano ZS, Malvern Instruments
Ltd) were performed to examine the dispersion of samples at concentration of 5—10
mg/mL at 298 K. Prior to use, samples were centrifuged for 10 min at 10,000 rpm, and
40 pLi of supernatant was transferred into the quartz ZEN 2112 cuvette.

Dr of the particles, R, can be calculated using the Stokes-Einstein relation: D, =

2.2.9 Thermophoresis Assay

Microscale thermophoresis measures the difference in the molecular motion along with a
localized microscopic temperature gradient, which induces a variation in charge, hydration
shell and global size of a complex. An infrared laser induces the temperature variation,
whilst the movement of the molecules is detected by the conjugation of the target protein
with a fluorescence dye.

The samples are inserted in capillaries and are free to move in solution. Each capillary
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contains a different concentration of the ligand protein (in this case FlgE2), whilst the
concentration of the dye is kept constant. The IR-laser heats each capillary inducing a
variation in the fluorescence intensity due to the molecular motion. After the laser is turned
off, the molecules can move back and re-establish the fluorescence signal. The signal is
recorded in all capillaries with varying concentration of the non-fluorescent ligand. Any
change of thermophoretic properties is observed as a change in fluorescence intensity and
can be related to the dissociation constant of the complex. In mathematical terms, the
steady-state concentration ratio of the fluorescent species is related to the normalized

F
fluorescence, which is defined as anmalized:%. In a linear approximation the same
cold
equation can be expressed as: F,ormatized=1+(==-S7)AT, where St is the Soret coefficient

that gives information about the depletion of the number of molecules located at high

0
temperature zones; a7 the variation in fluorescence induced by a change in temperature

and AT represents the temperature gradient. Bound and unbound species contribute to
the fluorescence variation, so the same equation could be rewritten in a specie-dependent
way: Frorm=(1-X)Fporm (A)+xFp0mm (AT), with x the ratio of bound and bound molecules,
Frorm(A) the normalize value for unbound molecules and F,,,, (AT) the value for bound
ones. Using the action mass law, the normalized value of fluorescence can be directly
related to the Kp, in order to determine the affinity between one protein and its ligand.
The MST analysis was performed in collaboration with prof. Jasmine Rokov Plavec, Dept.
of Biochemistry, university of Zagreb.
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Figure 2.5: Microscale Thermophoresis Equipment. The measurement is performed according to
the following steps: 1) one of the binding partner is labeled using standard fluorescent labeling
protocols; 2) a titration series of up to 15 dilutions is prepared, where the concentration of the
fluorescent binding partner is kept constant and the concentration of the unlabeled molecule is
varied; 8) when the reaction is at the equilibrium, it is transferred into a glass capillary. The
capillary is placed on the sample tray, which is moved into the instrument; 4) the machinery
automatically measures the thermophoresis signal of each sample and calculates the dissociation
coefficient.
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2.2.10 High-performance liquid chromatography and mass spec-
trometry

Mass spectrometry is used to monitor the level of degradation of HP1457A(1-21). The
fractions of the gel-filtered protein are dried out and dissolved back in deionized water.
The mass of the soluble form of HP1457 is determined by mass analysis of the peaks iso-
lated by reverse phase chromatography (C4-column, RP—HPLC).The samples are charged
on a reverse-phase HPLC column (Synergi MAX—RP 80A, 150 x 4.6 mm, 4 yum (Phe-
nomenex)), applying the following method:

Time (s) | %Buffer B | Flow (ml/min) | Pressure (MPa)
0 0 0.8 400
10 4 0.8 400
40 60 0.8 400
50 100 0.8 400
95 100 0.8 400
56 4 0.8 400
80 4 0.8 400

Table 2.14: Method used to perform the elution of HP147A(1-21) on a HPLC C-4 column.

and using the following buffers:
- Buffer A: Pure MilliQ Water, 0.1% of TFA
- Buffer B: 95% CH3CN, 0.1% of TFA

The collected fractions are dried up and re-suspended in water supplemented with
0.1% formic acid and directly injected in the nano—ESI source. Mass measurements are
performed with a quadrupole—TOF spectrometer (Waters, Manchester, UK) (capillary
voltage: 2800—3000 V; cone voltage: 45 V; scan time: 1 s; interscan: 0.1 s). Analyses of the
spectra were performed by using the MASSLYNX software (Micromass, Wynthenshow,
UK).

Both mass and HPLC experiments were performed in collaboration with Prof. P. Polverino
de Laureto from the Department of Pharmaceutical Sciences, University of Padova.

2.2.11 Crystallization Method: Vapour Diffusion

Crystallization trials are prepared using the sitting and hanging drop vapour diffusion
method. Every crystallization drop is prepared by mixing equal volumes of protein and
precipitant solutions (500 nL), and equilibrated against 75 puL of the mother liquid solu-
tion. Water evaporates from the protein containing droplet since the precipitant concen-
tration is lower than in the reservoir. The system equilibrates creating a supersaturated
condition in the drop, therefore increasing protein and precipitant concentrations and the
chance of crystal to grow.

The initial crystallization trials are carried out exploring 96 different conditions from
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Molecular Dimension and Quiagen’s kits. The drops are prepared by Oryx 8 crystalliza-
tion robot. Afterwards, the crystallization conditions are improved by optimizing sev-
eral parameters, like: drop size, volume ratio between precipitant and protein, and ratio
of components of the precipitant solution. Additionally, some additives and/or crystals
seeds can be included in the precipitant solution, in order to stabilize and facilitate protein
crystallization.

—

P—

. PP |
Ea PPy = — 3 % l |

H,O H.O

reservoir solution

(a) (b)

Figure 2.6: Crystallization experiment using the Vapour Diffusion Method in: a) sitting drop and
b) hanging drop fashion.

2.2.12 Data processing and structure determination

Diffraction data of the native orthorombic form of FlgE2 were measured at the ID23-
1 beamline at the European Synchrotron Radiation Facility (ESRF, Grenoble, France).
Preliminary diffraction tests were performed at the PXIII beamline of the Swiss Syn-
chrotron Light Source (SLS, Villigen, Switzerland). In case of SeMet-FlgE2 a fluorescence
emission scan at the selenium edge was performed to optimize the energy for anomalous
measurements. Diffraction data of FlgE2 were indexed and integrated by the softwares
MOSFLM [82] and XDS [83]. All datasets were merged and scaled with Scala, contained
in the CCP4 [84] crystallographic package. Initial phases were obtained using single-
wavelength anomalous dispertion (SAD) method, through SHARP /autoSHARP pipeline
[85], conducting density modification and model building. The model was then used for
refinement against the native data set at higher resolution by the software Phenix [87],
and checked and manually adjusted with the graphic software Coot [88]. For the same pur-
pose, another model was achieved undergoing the native data set to the software Phaser
[86] and solving the phase problem by molecular replacement using the structure of FlgE
from Salmonella typhimurium as a template.

2.2.13 Cell culture preparation and confocal microscopic analysis

In order to check the adhesion of sfGFP-HpaA to cell surface, a AGS culture was prepared.
Cells are grown in Ham’s F12 medium (Thermo Scientific), supplied with 10% of FBS
(Euroclone), 100 units/ml of penicillin, 100 p/ml of streptomycin and 4 mM of Hepes.
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Cells are seeded on glass coverslips and allowed to grow up to 60% of confluence, roughly.
After 24 hours, the cells are treated with two different concentrations of both sfGFP-
HpaA and sfGFP (as a negative control), 120 pg/ml and 80 ug/ml. The cells are firstly
incubated for 30 min at 4°C, and secondly fixed using 3.7% of formaldehyde in phosphate-
buffered saline (PBS; 140 mM NaCl, 2 mM KCI, 1.5 mM KH,PO,, 8 mM Na,HPO,, pH
7.4). They are washed twice by PBS. GFP fluorescence is checked out by Leica Confocal
SP5 microscope and images are acquired by using Leica AS software. Finally, raw images
are smoothed by applying the Gaussian blur filter of the Image J 1.50e software.
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3.1 Introduction

3.1.1 Flagellar architecture
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Figure 3.1: General flagellar basal body (Scheme based on [6]).

H. pylori infection usually takes place at the level of the mucus protecting the gastric
epithelium. During the colonization process, the bacterial flagellum is an essential deter-
minant, which enables the motion from within the mucus to a microenvironment necessary
for the bacterial growth. Its mutants were demonstrated to attenuate their colonization
in human hosts [89]. Moreover, H. pylori flagella guarantee an unsual high velocity to
the bacterium, which corresponds to roughly twice the velocity of those of rod-shaped
bacteria (ranging from 22 to 40 pm/s) [90]. Indeed, flagella provide a torque propulsion,
that together with the helical shape of the bacterium, creates a corkscrew-like rotation
and promotes motily across the high viscosity mucus [91]. Approximately thirty proteins
actively participate to the structural composition of flagellum, but from 40 to 100 are
required to build up a chemoresponsive machinery [92]. Unfortunately, none of them is
clustered in a specific operons [6].

Several studies were conducted on the bacterial flagellar motor of Fscherichia coli and
Salmonella typhimurium [71] and, despite the crystal structure of some of the separated
components is known, still a complete model of the flagellum has not been proposed yet.
Since a high number of flagellar proteins are exposed outside the cell surface, they can
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become new targets for the vaccine treatment of bacterial infections. From a technological
point of view, the understanding of the working principles of flagellum could open new
path in the design and assembly of new nano-machines bio-inspired and bio-energetics.
In this chapter, several crystallization attempts of some soluble proteins from H. pylori
flagellum will be presented and a preliminary structure for the protein HP0908, a flagellar
component, will be proposed.

The general organization of H. pylori is conformed with the one already proposed for E.
coli [91] and Salmonella typhimurium [93]||94]. It can be divide in two main components: 1)
the hook-basal body (HBB) and the extracellular filament, masked by a sheath. Further,
the HBB is composed by: 1) a base located in the cytoplasm; 2) a periplasmic rod with
the associated rings and 3) the hook, localised on the cell surface. The base is composed
by the MS ring, the Type 3 Secretion System (T3SS), the C ring and the motor.

The basal body

In Gram-negative bacteria the basal body is embedded in the cell envelope and consists of
a set of membrane rings, called MS ring and a P ring, that passes through the periplasmic
space and reaches the outer part of the membrane until the L ring (Figure 3.1). It has
the role of transmitting the torque force from the motor to the filament [95]. The bacte-
rial motor plays a paramount role for the conversion of the chemical energy, due to the
translocation of cation through the cell membrane, in torque motion. The flagellar motor
is basically composed by two parts: the stator, a complex non-convalentely attached to
the peptidglycan layer, and a rotor, in contact with the MS ring and responsible for the
torque generation [91].

The stator is composed by two transmembrane proteins, MotA and MotB, which associate
together forming the complex MotA MotB, [96] (Figure 3.2 and Figure 3.3). Its function
is to create a proton flux across the cell membrane, which induces a potential difference
used by the system to generate the rotational motion. Indeed, the complex interacts with
FliG in the MS ring inducing the torque [95]. Zhou et al. observed that in Salmonella ty-
phimurium one transmembrane helix from MotA together with two from MotB contribute
to the formation of the proton channel [97][98]. The complex MotA-MotB is supposed to
remain inactive in the bacterial membrane untill its incorporation into the motor. At this
stage, the linkers connecting the transmembrane helices to the peptidoglycan-binding do-
main are extedend [99]. The periplasmic P ring is proposed to be a binding site for the
stator MotBs complex. Moreover, exploring the structure of MotB (3SOY) from H. py-
lori, the following mechanism was proposed for the conformational change of the mature
protein in the complex: 1) unfolding of the linkers; 2) interaction with the peptidoglycan
layer; 3) opening of the channel [100]. The lack of the anchoring mechanism will compro-
mise the proper mechanism of the motor [101][98].

The rotor is responsible of the torque mechanism and it is usually oriented in a coun-
terclockwise direction. Nevertheless, a switch complex is responsable of the torque re-
versal [102|. The motion is controlled by a chemotactic path, consisting in the proteins
CheW /CheA and CheY. In biref, the chemoreceptor CheW breaks its bound to the his-
tidine kinase CheA, which phosphorilate and becomes active, activating CheY which
interacts with the N-termina of FIiN and switches the motion from counterclockwise to
clockwise [103].
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Figure 3.2: Hypothetical activation mechanism of MotAsMotBy complex inside the membrane.
The mechanism is specific for H. pylori (Scheme based on [100]).
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Figure 3.3: Schematic representatin of the flagellar basal body. On the left, the structure recorded
by cryo-electron microscopy of the basal body is reported (adapted from [68]). Three proteins are
supposed to fit the electron density and are reported from the top to the bottom as following:
FliG, FliM and FIiN. On the right, the same picture has been supplemented of the stator, which
is located over the C ring (adapted from [71]).

The proteins involved in the switching are FliG, FIiM and FIiN present in 26, 34 and
136 copies in Salmonella typhimurium rotor, respectively [104]. They are arranged in a ring
at the base of flagellum. Differently from other bacteria, H. pylor: includes in its genome
one more protein involved in flagellum switch regulation. The four motor switch proteins
are identified as F1iG (HP0352), FliM (HP1031), FliN (HP0584) and FliY (HP1030) (Fig.
4). Chen et al. demonstrated by some cryo-EM studies that the main core of C ring in
most of the bacteria is principally regulated by the presence of FIiG, FIliM and FliN, but
not FIiY [95]. According to Lowenthal et al., FIiY has an N-termianl domain that belongs
to CheC/CheX/F1iY /FLiM family, so it may substitute F1iM in FIiG C-domain interaction
[105]. FLiN plays a structural role in building the flagellar architecture, too. It binds the
flagellar export protein FliH and localizes itself with Flil and FliJ. In H. pylor:, FIiN
C-terminal domain is fused with a phosphatase/CheC-like domain [106][107]. Moreover,
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FliN is involved in the direct binding of the regulator protein CheY-P [107]. Lowenthal et
al. performed some alignment of FIiN and FIiY sequences taken from well characterized
bacteria and they noticed some highly conserved structural regions. Taking into account
the differences, alignment data seems to suggest that both FIiN and F1iY are involved in
export and protein-protein interaction, beyond the motility function [105].

The export apparatus

The general assembly of the export apparatus is reminiscent of the Type 3 Secretion Sys-
tem (T3SS), a virulence factor common to most Gram-negative bacteria. It consists of six
membrane proteins (FliO, FliP, F1liQ, FliR; FIhA and F1hB) and three soluble (FliH, Flil
and F1iJ) [108]. All of them are associated to the MS-ring and assemble together to build
the export machinery. Unfortunately nothing is known about H. pylori ATPase proteins
(FliH, FliI and FliJ) involved in the export process of hook and filament components,
but some pieces of information can be recovered on the membrane protein from their
orthologous from Salmonella typhimurium.

The cytoplasmic domain of FIhA from H. pylor: is the best characterized protein, whose
structure was solved in 2010 [109]. Biochemical studies confirm the membrane region from
FIhA interacts with FIiF (the only components of the MS ring) [110], whist the interaction
with the transcriptional factor FlgM induces a modulation of the translocated proteins
[111].

FIhB from Salmonella typhimorium was demonstrated to play a structural role in the rod
and basal body formation and regulates the length of the hook [112][113].

HP1419 shows high similarity in sequence with F1iQ from Salmonella typhimurium, which
is demonstrated to be a membrane protein involved in the export flagellar apparatus [114].
H. pylori fliQ) mutants confirm this hypothesis, since they present a reduced ability of
the bacterium to adhere to the gastric cells and the development of a non-motile species
[115].

HPO0685 is the membrane protein orthologous to Salmonella typhimorium F1iP protein. It
is another flagellar export component, which is supposed to assemble and form a compo-
nent containing five subunits [116].

FliO appears to be largely conserved in the export apparatus from several different or-
ganisms. In H. pylori, its role is played by HP0583. fliO mutants show a nonflagellate
nature [117]. Since fliO knockout induces a decrease in FIhA and RpoN-regulon (protein
involved in biogenesis of flagellar genes) expression in H. pylori cells, it was postulated
that FLiO is essential for the transcription of RpoN-regulated flagellar genes (like FlaA
and FIgE).

The MS-ring consists of FIiF, which in H. pylori is supposed to be protein HP0351. The
orthologous protein from Salmonella typhimurium is well characterized: it assembles in a
ring with a diameter of 25 nm. Moreover, an axial projection map of the ring reveals a
central channel, involved in the export system of flagellins [118§].

The flagellar assembly goes on with the formation of the periplasmic elements of the rod
(FliE, FlgB, FlgC, FlgF and FlgG), the P-ring (Flgl) and the L-ring (FlgH). Among them,
FIiE has a role as a structural adapter between the MS-ring and the rod [119], whilst FlgG
is placed in a distal part of the rod [120]. For FlgB, FlgC and FIgF it is not clear the order
along the rod and the regulatory mechanisms that determines the rod length. Plus, Flgl
and FlgH form around the rod the P and the L ring, respectively. The first is located into
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the peptidoglycan layer and the second in the outer membrane of H. pylori flagellum [6].

The hook and the hook-associated proteins

The hook is a highly curved, tubular structure that bridges the basal body and the
filament. It is composed of about 120 copies of a single protein, FlgE. Up to now, two
crystal structures of FlgE was deposited in the PDB database; they are from Salmonella
enterica serovar Typhimurium (PDB ID 1WLG; [121]) and Campilobacter jejuni (PDB
ID 5AZ4). A model of the hook was proposed docking the crystal structure of StFIgE in
the electron density map recorded by cryo-electron microscopy [121]. The hook seems to
be composed of three main domains: the outermost domain at the surface (7.5 nm), the
middle domain (5-6 nm), which allows the interaction between the hook flagellins, and
the inner core domain that forms a channel for the protein translocation (1nm thick; 3 nm
axial lumen) and where the C- and N-terminus are supposed to be located (in a similar
way to those flagellins in the filament) [122].

The proper assembly of the hook requires the participation of FliK, FlgD and FIhB. FliK
is supposed to be involved in the regulation of the hook length [123][124], whilst FlgD is
demonstrated to modulate the proper number of FlgEl monomers assembled during the
hook growth [125]. Finally, FIhB participates to the formation of the T3SS and is located
in the inner membrane of the MS ring. It interacts with the C-terminus of FliK, triggering
the stop signal of the export proteins, involved in the hook formation [126].

Two more proteins are located in between the hook and the filament structure. They
are called hook-associated proteins (HAP) and are identified as FlgK and FlgL. They
form a short hook-filament junction zone, important for the adaptation of the mechanical
different structures. Indeed, the hook has a quite flexible structure, whilst the filament
works as a propeller, with a much more rigid assembly. For this reason, the two HAPs
must share a similar structure to both the hook protein and the filament.

The filament

The biosynthesis of the flagellum ends with the assembly of a filament. It acts as a
helical propeller and it is composed of the major flagellin FlaA, the minor flagellin FlaB,
coexpressed in a different amount, and a filament-associated cap protein, FIiD [68|. They
are respectively composed of 510 and 514 amino acids, with a sequence similarity of
61%. Both of them are essential for the bacterial motility, but their ratio FlaA /FlaB
is influenced by environmental factors (pH, viscosity, etc.), providing the best filaments
properties for the motility in certain conditions [127].

Besides, the crystal structure of F1iS (31QC) and HP1076 (3K1H) have been co-crystallized
and solved. They were identified as chaperons of the proteins of H. pylori filaments. Lam
et al. hypothesizes a role in flagellar biosynthesis due to the type of their interaction,
involving a helical stacking with a measured association constant of 1.5x107 M~!. The
role of FliS was supposed to be involved in the polymerization control of the filament
proteins. Indeed, the last hundred C-terminal residues were considered essential for the
interaction between FliS and FlaB. Since the two flagellins are supposed to interact, the
same complex is assumed to be formed with FlaA, too. Moreover, the role of FliS could
be related with a hypothetical interaction with FlgK and the cap protein F1iD [12§].
Finally, FliD behaves as a chaperon associated with FlaA and FlaB in the control of the
filament length [129].
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The transcriptional regulatory cascade

The expression of flagellar genes takes place in a hierarchical manner so that proteins can
be produced by stage, favoring an order in secretion and inducing the proper interaction
after their expression. For this reason, the flagellar genes can be divided into classes,
according to their expression order [130]. Class 1 includes master transcription regulon and
is expressed as first. That includes the genes encoding the T3SS proteins, the FIgSR two-
component system (TCS), the FIhF GTPase, and ¢°* [131][132]. The regulation includes
a second pathway where the class 1 proteins modulate the class 2 gene expression through
the factor o [132].

The first interaction seems to take place at the level of the TCS with the two protein
FlgS (histidine kinase) and FlgR (a transcriptional regulator and member of NtrC family
of regulators). The T3SS proteins induce a phosphotransfer to the components FlgSR,
even if more proofs of the interaction need to be reported [133]. The second pathway is
required for expression of o%*-dependent class 2 genes, which involves the FIhF GTPase,
but the mechanism is still unclear [134].

The transcriptional factor 02%, encoded by the gene fliA, is at the base of the expression of
the class 3 genes and is negatively controlled by the antisigma factor FlgM. The interaction
between the two factors induces a repression of the HBB proteins expression and causes
the expression of the flagellins from the filament, which concludes the transcriptional
phase of the flagellum [111]{131].
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Figure 8.4: Molecular mechanism of the flagellar transcription. The flagellar genes and respective
proteins included in the flagellar transcriptional cascade are shown. These factors are color-coded
on the basis of their classification in the transcriptional regulatory cascade: red (class 1 genes),
blue (class 2 genes), and green (class 8 genes), (adapted from [6]).
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3.2 Results

3.2.1 The protein HP1119

The protein HP1119 is identified the hook-associated protein 1 (HAP1) FlgK, whilst the
protein HP0295 is recognized as HAP3, also known as Flgl.. The two proteins together
provide a juction between the hook and the filament. The initialization of the filament
assembly is guaranteed by the presence of a HAPs chaperon, identified as FlgN. The
importance of its role was confirmed by some experiments performed on Salmonella ty-
phimurium cell. Homma et al. noticed that flgN mutant phenotype closely resembles the
flagellar assembly lacking HAPs [135], confirming that their role is paramount for the
complete achievement of the flagellar structure.

The structural organization of the hook-filament junction can be gathered for two different
organism: Salmonella typhimurium, whose FlgK and FlgL structures are known (PDB ID
2D4Y; 2D4X), and Burkholderia pseudomallei for whom FlgK structure has been recently
solved (|136]; PDB ID 4UT1). From the analysis of the two FlgK sequences, two conserved
domains are reported at the N-terminal and C-terminal, whilst their central regions are
highly variable in length, likely as a consequence of the physiological environment of the
two different organisms [136].

HP1119
Number of residues 606
Molecular weight 68 kDa

Calculate molar extinction coefficient 46760 cmm— M1

Table 3.1: Protein information and proprieties.

In analogy with the two already mentioned proteins, HpFlgK is composed of 606 amino

acids and presents a C-terminal domain recognized by Pfam as flagellar basal body rod
FlgEFG protein C-terminal domain’ (Pfam PF004609). The alignment of the sequences
from HpFlgK and StFlgK (Figure 3.5) shows also in this case that the two conserved
domain are localized at the N- and C-terminus.
FlgK was successfully cloned, expressed and purified by affinity and size-exclusion chro-
matography (Superdex 12 10/300), as reported in Chapter 2, and a Histidine-tag was
added at the C-terminus in order to selectively purify the protein from the bacterial
supernatant.
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Figure  8.5:  Sequence alignment of HpFlgK and BpFlgK. The two sequences
share  22% of identity. The alignment was performed using the  ClustalO
server  (https://www.ebi.ac.uk/Tools/msa/clustalo/)  and  designed by  Espript3.0

(http://espript.ibep.fr/ESPript/ESPript/).
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Figure 3.6: SDS-PAGE (right) of HP1119 purified after gel-filtration; elution profile of the purified
protein (left). The elution profile shows two peaks and a shoulder: the first is eluted after 9 ml
and corresponds to the aggregated form of the protein; the second peak is eluted after 12 ml
and corresponds to the monomer and the shoulder eluted after 13.3 ml is a result of the partial

degradation of the protein.

As it is evident form the gel-filtration profile, the protein is eluted in two main forms:
the aggregate state, collected after 9 ml of elution, and the monomeric specie, after 12
ml of elution. The SDS-PAGE in Figure 3.6 represents the composition of one fraction
under the first peak, highlighting the high level of degration of the protein. In order to
see whether the aggregated form was properly folded, a CD spectrum was recorded and
the analysis highlighted a strong contribute of a-helices due to the specific peaks located
at 208 and 222 nm (Figure 3.7).
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Figure 3.7: CD spectrum of the first peak fraction concentrated up to 12 mg/ml and diluted 1:20
in PBS.

All the fractions from the two peaks were used to perform several crystallization trials.
The factions from the first peak were concentrated up to 12 mg/ml, the fractions from the
second peak were concentrated up to 2.5 mg/ml, owing to the lower amount of purified
protein. Although only the conditions F5 and E5 from the Structure Screen crystallization
kit gave a reasonable result for the monomeric form of the protein (Figure 3.8), from the
X-ray diffraction analysis the crystals turned out to be salts.
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Figure 3.8: FlgK crystal from E5 (0.1 M Tris pH 8.5 and 25% v/v tert-Butanol) condition of
the Structure Screen crystallization kit. On the left: stero image of the crystal recorder at whole
spectrum light; on the right: the same image recorded using the fluorescence excitation filter.
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3.2.2 The protein HP0870

In the case of H. pylori two different proteins HP0O870 and HP0908, contribute to the hook
assembly. They have been both recognized as FlgE and FlgE2 (Douillard 2009; Niehus,
2004), respectively, and share about 26% of sequence similarity (Figure 3.10). Moreover
both of them are involved in the immunogenic response of the host against the bacterial
colonization, so both can be treated as potential vaccine targets. In order to understand
their role in the growth of the bacterial flagellum, both of them were expressed and
characterized.

e W T . "ﬁ"’”__ hpoS71  —  hpos7z
Figure 3.9: Location of the genes hp0870 in the bacterial operon.
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Figure 3.10: Sequence alignment between the proteins HP0908 and HP0870 respectively recog-
nized as FlgE2 and FlgE. They share 26% of sequence identity. The alignment was performed us-
ing the ClustalO server (https://www.ebi.ac.uk/Tools/msa/clustalo/) and designed by Espript3.0

(http://espript.ibep.fr/ESPript/ESPript/)



44CHAPTER 3. STRUCTURAL STUDIES OF PROTEINS FROM H. PYLORI FLAGELLUM

HPO0870
Number of residues 718
Molecular weight 76 kDa

Calculate molar extinction coefficient 41370 cm—*M—!

Table 3.2: Protein information and proprieties.

The protein HPO870 was successfully cloned, expressed and purified by affinity and
size-exclusion chromatography (Superdex 12 10/300), as reported in Chapter 2, and a
Histidine-tag was added at the C-terminus in order to selectively purify the protein from
the bacterial supernatant.
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Figure 3.11: SDS-PAGE (right) of HP0870 purified after gel-filtration; elution profile of the pu-
rified protein (left). The elution profile shows one peak eluted after 9 ml and corresponding to the
aggregated form of the protein.

The protein resulted to be completely eluted in an aggregated form (Figure 3.11) and
to check its proper fold, a CD analysis was performed. The spectrum shows the protein
is mainly constitute by [-strands, owing to its signal at 216 nm (Figure 3.12).
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40k
Figure 3.12: CD spectrum of the first peak fraction concentrated up to 14 mg/ml and diluted 1:20
i PBS.

Several crystallization tests have been performed utilizing the aggregate form of the
protein, concentrated up to 14 mg/ml, but none of the conditions explored was successful.
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3.2.3 The protein HP0908

The protein HP0908 contributes together with HP0870 to the hook assembly and is named
FlgE2. In analogy with the domain observed in the protein HP1119, FlgE2 presents a
flagellar basal body rod FlgEFG protein C-terminal domain. Comparing its sequence
with the one from Salmonella typhimurium, it is noticeable that the two proteins share
27% of similarity, despite HpFlgE2 is almost the double longer in sequence.

. bp00S — hpO9os f{go—“”‘”m“’—rpm— hpos10  —  hpo9tt
| —— R s A

Figure 3.13: Location of the genes flgE2 and flgD in the bacterial operon.
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Figure 3.14: Sequence alignment between the proteins HP0908 and HP0870 respectively recog-
nized as FlgE2 and FlgE. They share a sequence identity of about 27%. The alignment was
performed using the ClustalO server (https://www.ebi.ac.uk/Tools/msa/clustalo/) and designed
by Espript3.0 (hitp://espript.ibep.fr/ESPript/ESPript/).
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Moreover, differently from the other flagellar proteins, hp0908 is located in a tran-
scriptional locus adjacent to the gene hp0907 coding for FlgD, the hook chaperon recently
solved in prof. Zanotti’s laboratory [9]. So, it is reasonable to hypothesize that the two
proteins might interact during the polymerization process.

Number of Molecular Molar Extinction
of amino acids weight (kDa) coefficient (cm™'M™?
HP0908 605 68 56270
HP0908(85-570) 476 54 48820
FlgD 301 35 14440

Table 3.3: Protein information and proprieties.

Crystallization trials

The protein was cloned, expressed and purified as reported in Chapter 2. Figure 3.15
reports the profile size-exclution chromatography profile, performed on a Superdex 200
10/300 column and characterized by two peaks eluted after 11.5 ml and 13.3 ml of volume.
From the calibration of the column, the first peak corresponds to the tetrameric form
of the protein, whilst the second corresponds to the monomer. The SDS-PAGE profile
demonstrates the protein is highly pure in all the fractions, but affected by a specific
degradation.
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Figure 3.15: SDS-PAGE (right) of FlgE2 purified after gel-filtration; elution profile of the purified
protein (left). The elution profile shows two peaks 11.5 ml corresponding to the tetrameric form
of the protein and one at 13.3 ml corresponding to the monomer.
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Figure 3.16: CD spectrum of the first peak fraction concentrated up to 11 mg/ml and diluted 1:20
in PBS.
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All the factions under each peak were concentrated up to 9.5 mg/ml for the tetramer

and 10.5 mg/ml for the monomer. In order to be sure that the protein eluted as tetramer
was properly folded, a CD spectrum of the species was recorded. The spectrum reveals
that -strand components give the major contribution to the secondary structure (Figure
3.16).
Several crystallization conditions were explored but, the most successful were from PACT
PREMIUM kit, giving crystals for both the species. Unfortunately, the first crystallization
attempts gave rise only to small and fragile needles. To improve the quality of the crystals,
the same conditions were explored again using the previous crystals as nucleation seeds.
In the Figure 3.17, the crystals obtained after the seeding are shown.

FlgE2
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Figure 3.17: FlgE2 crystals from the condition H5 (0.2 M Sodium Nitrate, 0.1 M Bis-Tris Propane
pH 8.5 and 20% w/v PEG 3350) of the PACT PREMIUM crystallization kit. In the left: stero
mmage of the crystal recorder at whole spectrum light; in the middle: the same image recorded
using the fluorescence excitation filter. On the left: Silver staining SDS-PAGE of the crystallized
protein in condition H5.
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Figure 3.18: Diffraction pattern of the plane (0kl) of the protein FlgE2 reconstructed by HK-
LView software, included in CCP4 suite [84]. The crystals were obtained in condition Hj (0.2
M Potassium thiocyanate, 0.1 M Bis-Tris Propane pH 8.5, 20% w/v PEG 3350) with a protein
concentration of 9.5 mg/ml. The space group and dimensions of the unit cell are reported in the
table above the pattern.
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Overall Inner Shell Outer Shell

Low resolution limit (A) 42.92 47.92 1.95
High resolution limit (A) 1.91 8.96 1.91
Rinerge 0.155 0.081 0.8

Number of observations 199353 2022 13050
Number of unique observation 41403 437 2743
I/o(I) 6.4 14.4 1.7
Completeness 98.9 96.2 98.7
Multiplicity 4.8 4.3 4.8

Table 3.4: Data collection and processing statistics obtained from Aimless software [137].

All the crystals were tested by X-ray diffraction, but only the crystals from the

tetrameric form were successful. Two diffraction data set were collected on the beam-
line ID23-2 at ESRF (Grenoble) with 1.9 A and 2.1 A of resolution. In this case, the cell
is orthorombic and belongs to the space group P2;2:2;. From the silver stainig of the
SDS-PAGE of the analyzed crystal, the crystallized protein resulted to be a portion of
the entire structure, with a molecular weight of 45 kDa (Figure 3.17). Later, the data
were analyzed by the software Phenix [87] and the suite CCP4 [84]. Several attempts in
solving the structure by molecular replacement, using the software Phaser [86] were per-
formed, utilizing the structure of StFlgk (PDB ID 1WGL) as a template. Unfortunately
the HpFlgE2 structure has not been solved yet, but some considerations based on its
preliminary structure can be done.
In order to facilitate the determination process of the structure, two parallel paths were
pursued. In the first case seleniomethionine-labeled protein was produced according to the
method described in the Chapter 2. The protein was expressed at 30°C after the induction
overnight. The protein produced was purified as in the previous case. Figure 3.19 reports
the elution profile (after gel-filtration) of the purified protein. Apparently, SeMet-protein
is eluted only as a monomeric specie.
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Figure 3.19: SDS-PAGE (right) of SeMet-FlgE2 purified after gel-filtration; Elution profile of
the purified protein (left). The elution profile shows one peak after 13.3 ml of elution volume,
corresponding to the monomer.
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PACT PREMIUM kit was used as a crystallization matrix. Also in this case, the
first attempt gave rise to thin and fragile crystals. The second trial was performed using
crystals from the previous plates as seeds. In the last case, a set of diffraction data was
collected, to a final resolution of 4 A. Also in this case the cell is orthorombic and belongs
to the space group P2,2,2;. Although some attempts in solving the structure by SAD
method using the pipeline SHARP /autoSHARP [85] have already been performed, the
analysis of the last data is still ongoing

Figure 3.20: FlgE2 crystal mounted on a cryo-loop before the analysis.

P2,2,2;
a=44.87 A b»b=4951 A ¢=244.14 A
a=90° £=90° ¥=90°

Overall Inner Shell Outer Shell

Low resolution limit (A) 81.36 81.36 4.47
High resolution limit (A) 4.00 8.94 4.00
Rierge 0.294 0.087 1.088

Number of observations 357104 33659 106465
Number of unique observation 5073 528 1414
I/o(I) 13.7 43.8 5.9
Completeness 100 99.8 100
Multiplicity 70.4 63.7 75.3
Anomalous completeness 100 100 100
Anomalous multiplicity 39.7 40.7 41.1

DelAnom correlation 0.682 0.858 0

Table 3.5: Data collection and processing statistics.

Another attempt to improve the quality of the crystals was to clone a mutant lacking
both the N- and the C-terminus of the protein. According to the studies on Salmonella
typhimurium, both the terminal are involved in the oligomerization process of the hook
(Samatey, 2004). In analogy with the portion of the protein removed for StFIgE, only the
domain from the amino acid 85 to 570 of HpFlgE2 was used.

The same expression and purification methods of the native protein were used. Even in

this case, the species purified by the gel-filtration was the monomeric form of FlgE2 (Fig-
ure 3.21).
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The fractions eluted from gel-filtration were concentrated up to 40 mg/ml and two crys-
tallization plates were prepared using PACT PREMIUM and PEG’s crystallization kits.
Protein crystals grew up in different conditions of PACT screen, but from the X-ray
diffraction analysis none of them gave a signal at a higher resolution than 10 A.
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Figure 3.21: SDS-PAGE (right) of FlgE2(84-560) purified after gel-filtration; Elution profile of
the purified protein (left). The elution profile shows one peak after 13.9 ml of elution volume,
corresponding to the monomer.

Interaction tests

The role of the HP0908 is related to the lack of a flagellate phenotype in H. pylori [138],
but its physiological role is still unclear. It is demonstrated nonflagellate bacteria are not
able to colonize the host stomach, confirming its potential role as a pathogenic factor [5].
To functionally characterize the protein, the proof of the interaction with its cognate chap-
eron were sought. According to some recent studies on the flgellar growth from Salmonella
typhimurium, the interaction between the two proteins FlgE2 and FlgD is supposed to be
head-to-tail, favored by the protein unfolded state along the export route. Moreover, it
seems to take place in a three-protein mechanism including the gate-protein FIhB [139].
The hypothesis is supported from the HpFlgD structure too, where the C-terminal part
represents a recognition motif for its partner [9].

In order to check the interaction, the two proteins were cloned separately in two different
plasmids and co-expressed, as described in Chapter 2. The proteins FlgD and FlgE2 were
expressed fused with a Strep-tag and a Histidine-tag, respectively. Using two different
resins, the two proteins were successfully isolated from the bacterial supernatant. Firstly,
the supernatant was incubated overnight with the Strep-tactin resin, in order to separate
the protein FlgD from the FE. coli proteins. Secondly, the purified elution was incubated
overnight with the Ni-NTA resin, in order to distinguish the complex FlgE2-FlgD from
the excess of chaperon in solution. To test unambiguously the assembly of the complex, a
Western Blot was performed using both monoclonal antibodies for His-tag and Strep-tag.
The last test confirmed that the interaction between the two proteins takes place dur-
ing the expression process and involves both the full-length proteins and some degrades
fragments. The thermodinac dissociation constant were estimated via a microscale ther-
mophoresis analysis. The protocol used for the sample preparation is reported in Chapter
2. Merging the dissociation constant (Kp) for each curve in the plot (Figure 3.23), the
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final average value of Kp was estimated to be (126.87415.3) nM. The MST analysis was
performed in collaboration with Dr. Ivana Puli¢ Kekez and Dr. Mario Kekez at the Dept.
Biochemistry, University of Zagreb.

FigD FlgD
FlgE2 FigE2 o'-His-tag a'-Strep-tag
o-His-tag  «'-Strep-tag -
» 1 70 kDa
kD
68 kDa 100 kDa 35 kDa 55 kDa
70 kDa » 35kDa
50 kDa » 25kDa
¢ 35kDa
15 kDa
25 kDa
10 kDa

Figure 3.22: Western Blot of the co-purified protein FlgE2 (left) and FlgD (right).
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Figure 3.23: Profile of the thermophoresis analysis. The concentration of the titrant [FlgE2] is
plotted vs the fluorescence intensity normalized (Fnorm).
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3.3 Conclusions

3.3.1 The proteins FlgK and FIgE

The two proteins FlgK and FlgE were successfully purified and characterized. Both of
them apprear to be soluble but aggregated in solution, as demonstrated by gel-filtration.
From the CD spectra of the oligomeric species, it results quite evident FlgK is mainly
characterized by a-helix motif, whilst FlgE is predominantly composed [S-strands, in ac-
cordance with their roles in the flagellar architecture.
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Figure 8.24: Structures of the proteins BpFlgK (PDB ID 4UT1) (left) and StFlgE (PDB ID
IWLG) (right).

In the case of BpFlgK, three domains totally characterized by [-strand motives may
be involved in protein-protein interactions with other FlgK subunits or HAPs, due to the
high flexibility typical in the hook. On the other side, the helices may participate to the
tight packing of the filament. The role of the helices was confirmed for HpFlgK too. Thus,
more attempts should be done its proper role in H. pylori.

The protein FlgE strongly confirms the presence of S-motives. In agreement with the role
of the protein, the structure results highly flexible and adaptable to the conformation
assumed by the hook during the motion of the flagellum.

Despite several crystallization attempts were performed on the aggregated state of the
two proteins, no crystals have been obtained so far. In order to stabilize the protein in a
more specific form in solution, a thermal shift assay will be performed in the near future.

3.3.2 The protein FigE2

The structure of the protein FlgE2 from H. pylori has not been completely determined,
yet. A preliminary model has been proposed solving the structure via molecular replace-
ment and using as a template the structure from StFlgE. Although, the two structures
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shares about 27% of sequence similarity, the proteins substantially diverges in several do-
mains, probably due to the relevant contribution of the random coil motif, as highlighted
by the CD spectrum.

Insertion 2

Figure 3.25: HpFlgE2 model solved by molecular replacement up to 1.9 A of resolution and using
as a template StFlgE (PDB ID 1WLG). It is remarkable to notice two main insertions were
identified during the structural determination. Two main domains from StFIgE seem to be well
conserved.

Figure 3.25 shows the preliminary model of HpFlgE2. Two main domains from the
ortholog from Salmonella typhimurium are conserved. According to the model proposed
by Samatey et al., the two domains, D1 and D2, are located in the middle part and
the outer region of the hook, respectively. A third domain was identified by cryo-electron
microscopy of the whole hook strcture. It has been named D0 and is supposed to provide a
coiled-coil arrangement of the structure. Unfortunately, DO is not visible in HpFlgE2. D1
contributes to D1-D1 interactions in the assembly of the protofilament. The interactions
are supposed to be essential for its rigidity and resistance to extension or compression.
This is guaranteed by the interaction of g-structures. Moreover, the interaction between
D1 and D2 allows an axial organization of the structure [121]. Two more insertions were
highlighted for the HpFlgE2. Nevertheless, they seem to be mainly characterized by the
presence of disordered sequences.

Several refinement cycles were performed on the partial structure here proposed, but the
final statistics proves the model is partially incompleted (Riyorx=0.43/R fyec=0.45). The
model used as a template is likely a poor representative of the orthologous protein from
H. pylori. This idea is strongly supported by the large difference in the length of the
sequence; indeed, StFlgE2 is composed of only 299 amino acids, whereas HpFlgE2 counts
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605 residues in the entire sequence. For this reason, the implementation of the prevoius
structural information is ongoing, trying to get the location of the seleniomethionines in
the density map, through SAD analysis.

Finally, recently the structure of a fragment of 79 kDa the orthologous protein FlgE2 from
Campilobacter jejuni has been solved (PDB ID 5AZ4). The two protein are supposed to
share about 22% of sequence identity and their length is comparable. So, one more attempt
in solving the structure via molecular replacement can be simultaneously performed using
the new structure from C. jejuni as a template.

Finally, the interaction assay confirms the idea that the two protein FlgD and FlgE2 are
released together during the assembly of the hook. Evans et al. propose an interactive
mechanism where the contact takes place in a head-to-tail fashion. According to their
model, FlgD is docked at the gate of the export channel, bound to the protein FIhB.
The protein FlgE (in the case of Salmonella typhimurium) captures its chaperon and is
dragged outside the channel in an unfolded fashion, since the diameter of the exportary
machinery can fit the dimension of the secondary structure only [139]. The experiment
performed on the orthologous protein from H. pylori confirms that the interaction takes
place in the second system too, confirming the hypothesis related to the binding motif
located at the C-terminus of the FlgD protein [9]. But some more pieces of information
concerning the position and the role of FlgE2 in the building of flagellum are still lacking.
Indeed, from the solved structures of HpFlgD and FlgE2 no details can be obtained, since
both are lacking the N- and the C-terminus. Moreover, both show a strong degradation
at the N-teminus. In order to clarify the type of interaction and further hypothesize a
mechanism, the crystallization trials of the complex are ongoing.
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4.1 Introduction

One of the first steps in bacterial infection is the attachment to the host cell surface. It
is known that the bacteria and their toxins interact specifically with some region of the
plasma membrane enriched in cholesterol, sphingomyelin, and glycosphingolipids [140].
These microdomains are referred to as lipid rafts and are attractive to a wide range of
pathogens [141|. However, the molecular mechanism involved in bacteria-lipid interaction
is still unclear. Some considerations can be proposed taking together some common struc-
tural features from the HIV-1 surface envelope glycoprotein gp120, Alzheimer’s amyloid- 3
peptide and the cellular isoform of the prion protein (PrP®). The structure consists in a
hairpin motif containing a water-exposed aromatic residue and able to interact with the
lipidic environment [142].

H. pylori adhesin A is a surface-located [143][144] lipoprotein [10] that was initially
described as a sialic acid binding adhesin, expressed on the surface of gastrointestinal
cells [145]. Experimentally, H. pylori interacts with selected glycolipids such as lactosyl-
ceramide (GalB1-4Glcf1-Cer; LacCer) [146] and its adherence can be inhibited by 3’-
sialyllactose (NeuAca2-3Galf1-4Gle), a natural sialylated oligosaccharide, as well as by
synthetic multivalent sialylated compounds [145]. HpaA is an outer membrane protein,
totally exposed to the lumen and highly conserved among several strains from H. pylori.
For all these reasons, it can be considered a potential vaccine antigen [147].

The three-dimensional structure of a typical glycolipid-binding protein has a linear motif
which consists of a hairpin structure containing:

1. a solvent-exposed aromatic residue (Phe, Tyr, or Trp);

2. several charged residues (Asp, Glu, Arg, or Lys) with some of them oriented toward
the solvent;

3. a Gly and/or a Pro residue inducing the turn in the backbone Ca-chain.

In the case of HpaA, Fantini et al. have identified this combination in the sequence
(139)KKSEPGLLFSTGLDK(153), where F147 corresponds to the aromatic residue, whilst
a turn in the chain is induced by P143 and G144 and K139, K140, E142, D152, K153
correspond to the charged amino acids in the vicinity of F147 [12].

In order to check the potential glycolipid-binding domain, the crystal structure of the
protein was investigated. The native form of HpaA was previously expressed in prof.
Zanotti’s laboratory, but it seemed to easily aggregate in solution giving back different
olimeric species (data not shown). In order to stabilized a single oligomeric form, a new
construct of the HpaA fused together with a sfGFP1-10 was designed and new crystal-
lization attempts were led on the fused protein.
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4.1.1 Crystallization purpose

The intrinsic stability of GFP, together with its utility as a fluorescent reporter when
correctly folded, has made it a potential target for reconstitution of separately expressed
protein fragments [148|. Following this idea and fusing a terminal segment of GFP to a
crystallization target, the resulting construct might recombine with the complementary
fragment of GFP to create a new complex useful for crystallization [13|. In our case, a
superfolder GFP |GFP(1-10)+GFP(11)] was used for the purpose. The two fragments
were fused at the N- and C-terminus, keeping tight together the flexible portions of the
protein, in order to improve its folding, increase its solubility and mediate the formation
of a crystal lattice. Following this idea, the fused protein was designed as described in
the Figure 4.1: HpaA sequence is missing the first twenty-one amino acids, identified by
SignalP (http://www.cbs.dtu.dk/services/SignalP /) as a signal peptide; two glycines and
serines sequences were designed as flexible linkers between the two proteins, to allow the
target to easily rearrange in the proper conformation.

His-tag sfGFP 1-10 hpaA sfGFP-11
1| | | |

KKSEPGLLF(147)STGLDK

Figure 4.1: Scheme of the fused proteins. The target protein is inserted in between the 10th and
the 11th -stands from sfGFP.

HpaA-sfGFP
Number of residues 510
Molecular weight 56 kDa

Calculate molar extinction coefficient 29465 cm—*M—1!

Table 4.1: Protein information and proprieties.
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4.2 Results

4.2.1 Protein Characterization

99

The HP0797 was successfully expressed and purified by Ni-NTA chromatography and size-
exclusion chromatography (on Superdex 200 10/300), as previously described in Chapter
2. The fused protein counts 510 amino acids with a molecular weight of 56 kDa.
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Figure 4.2: Sequence of the fused protein
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As shown in Figure 4.3, the protein is eluted as a trimer and concentrated by ultrafil-
tration up to 30 mg/ml. The purified protein was finally used for crystallization purposes.
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Figure 4.3: On the left: SDS-PAGE 12% acrylammide of the purified HpaA-sfGFP. On the right:
gel-filtration profile of the protein HpaA-sfGFP. The peak is eluted after 10.6 ml of elution volume,

corresponding to the trimeric form of the protein.
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The homogeneity of the protein solution was confirmed by DLS analysis, demonstrat-
ing a single monodisperse species in solution (Figure 4.4).
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Figure 4.4: DLS spectrum of the purified fused protein. The three curves correspond to three
repeated measures of the size distribution of the single particles versus the volume distribution,
1.e. the distribution describing the relative proportion of multiple components in the sample based
on their mass or volume rather than based on their scattering intensity.

Although we can assume the fused protein is properly folded thanks to its greenish
appearance, a CD analysis was performed on the fused protein and compared with both
the sfGFP and the wtHpaA (gently produced by Prof. Alessandro Negro, Dep. Biomedical
Sciences, Univ. of Padua).
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Figure 4.5: CD spectra of HpaA-sfGFP compared with sfGFP and HpaA alone. The curve related
to the sfGFP (green line) shows an intense signal at 216 nm, representative of major composition
in [-strands; on the contrary, the curve recorded for the protein HpaA (malve line) shows two
strong signals at about 208 nm and 222 nnm. The last signals are recorded for the fused protein

HpaA-sfGFP (blue line), too.

Comparing HpaA curve and HpaA-sfGFP is evident how a set of a-helices belonging
to the pathogenic protein is present, with a more pronounced peak of absorption around
222 nm and 208 nm. The result confirms the adhesine fused together with the sfGFP
assumes a correct fold in solution.
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4.2.2 HpaA interaction with AGS cells

To confirm Fantini’s hypothesis, the functional role of HpaA was checked in the fused
form with sfGFP. AGS cells were treated as described in Chapter 2.2.12 and visualized
by confocal microscope.

Fluorescence Bright Field Merging
sfGFP
120 pg/ml
HpaA-sfGFP
120 pg/ml

Figure 4.6: Comparison between AGS cells treated with HpaA-sfGFP and sfGFP alone.

From comparison between the cells treated both with sfGFP and HpaA-sfGFP at a
concentration of 120 pug/ml, the physiological role of H. pylori protein is still maintained,
confirming the protein is both properly folded and physiologically active. The last in vitro
experiment gives support to the crystallization strategy of the fused protein, confirming
the crystallized form will correspond with the active protein.

4.2.3 Crystallization and Data Collection

Purified samples of HpaA-sfGFP were concentrated up to 30 mg/ml and several crys-
tallization kits were test in order to obtain good quality crystals. The first crystals were
observed four month later the plate preparation. In Table 4.2 the positive conditions for
the crystal growth are reported.
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PACT Premium

A5 0.1M SPG buffer, pH 8.0 / 25% (w/v)
PEG 1500
A6 0.1M SPG buffer, pH 9.0 / 25% (w/v)
PEG 1500
BY 0.1M MES, pH 6.0 0.1 MNaCl  20% (w/v)
PEG 6000
Cs 0.1 HEPES, pH 7.0 0.2 M NH,Cl  20% (w/v)
PEG 6000
€9 0.1M HEPES, pH 7.0 0.2M LiCl 20% (w/v)
PEG 6000
D2 0.IM MMT buffer, pH 4.0 / 20% (w/v)
PEG 1500
D8 0.1M Tris, pH 8.0 0.2 M NH,Cl 20% (w/v)
PEG 6000
G4 0.1M Bis Tris Propane, pH 7.5 0.2M KSCN 20% (w/v)
PEG 3350
PEG’s
2 0.1M HEPES, pH 7.5 ] 95% (w/v)
PEG 4000
G1 0.1M Tris, pH 8.5 0.2M LiySOy 25% (w/v)

PEG 5000 MME

Table 4.2: Successful crystallization conditions for the protein HpaA-sfGFP, obtained from two
different crystallization kits after five months of incubation in the crystallization matriz.

The crystals were check for the GFP fluorescence, in order to be sure the entire complex
was composing the crystal. The Figure 4.7 reports the results at the absorption wavelength

of GFP.

Figure 4.7: Crystals from HpaA-sfGFP precipitation, obtained in different conditions: A5 from
PACT PREMIUM kit (left); F2 from PEG’s kit (right). Fluorescence was recorded for the GFP
emissiton peak at 505 nm.



4.2. RESULTS 63

Preliminary Statics
Space Group P2,2,2
Resolution 1.4 A
Ruork 0.30

Table 4.3: Data collection and processing statics obtained by Pheniz [87].

Later, crystals were analyzed by diffraction experiment at the Swiss Light Source
synchrotron (Paul Scherrer Institute, Villigen, CH), on PXIII beamline. The structure
was solved by molecular replacement, using the structure of the sfGFP as template (PDB
ID 4JFG). The preliminary results, obtained by the software Phaser [86], are reported in
Figure 4.8. Unfortunately, the crystals resulted composed only by the sfGFP.

Figure 4.8: On the top: crystal packing of sfGFP; on the bottom: detailed view of electron density
on a single sfGFP molecule (pictures prepared by Coot [88]).

A silver staining of the SDS-PAGE from the crystallizantion drop was performed to
check whereas HpaA was still present in the crystallization drop, demonstrating that the
hydrolysis took place during the crystallization process.
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Crystallization
drop

66 kDa
56 kDa
45 kDa
35 kDa
25 kDa
21 kDa

Figure 4.9: Silver staining of HpaA-sfGFP crystallization drop.

More crystallization attempts were performed in different conditions to prevent the
enzymatic cut between HpaA and sfGFP. As a first trial, a Protease Inhibitor Cocktail
(solution prepared according to the Product Datasheet) was added to a volume of 350
ul at a final concentration of protein of 20 mg/ml, diluted in a ratio 1:1000. Several
crystallization conditions were later explored, but none of them was successful. As a
second trial, a cross-linking reaction was proposed to stabilize the fused protein. The
protein buffer was exchanged from 30 mM Tris pH 8.0 to 30 mM HEPES pH 8.0 and the
solution was concentrated up to 30 mg/ml of protein in a final volume of 100 pl. The final
solution was treated with 5 ul of 2.3% freshly prepared solution of glutaraldehyde for 15
minutes at 37°C. The reaction was terminated by addition of 10 ul of 1 M Tris-HCI, pH
8.0. Crystallization trials were performed with the fresh cross-linked solution, but even in
this case, no crystals were grown up.
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4.3 Conclutions

The recombinant protein was expressed in E. coli cells in a soluble form and fused together
with a superfolder GFP. After gel-filtration purification, the protein results to be present
in solution as a trimer. The result was confirmed from the DLS spectrum, indicating a
monodisperse composition of the sample. The fused protein has its solubility increased
compared to the HpaA protein alone (Sisinni, PhD thesis 2010), confirming the hypothesis
proposed by Waldo et al. [149]. Moreover, the function of the protein is conserved as
demonstrated from the AGS cells treatment.

Figure 4.10: Crystal structure of HP0410 (PDB 3BGH).

Since the fused protein was produced at high concentration, more than 1500 crystal-
lization conditions were tested, but none of them was informative. Indeed, the crystals
obtained and analyzed in many measurement sessions at ESRF and SLS, provided infor-
mation about the crystallographic form of sfGFP alone. As a matter of fact, the crystal
structure was missing the protein sequence belonging to HpaA. From the silver staining
of the SDS-PAGE of the crystal drop solution, this is likely due to an enzymatic cut at
the level of the flexible linkers, hypothetically induced by a conformational stress. Indeed,
from the model built using the crystal structure of the homologous protein HP0410 (PDB
3BGH), the N- and the C-termini are located at opposite positions (Figure 4.10), so the
interaction between the two GFP fragments is likely to induce a tension at the level of
the linkers. In the crystallization drop it is reasonable to hypothesize that the tension
could be enhanced during to the crystallization process. Besides, considering the linkers
as the cleavage sites and inducing a crystalline state on the protein, the linkers will result
to be more exposed and prone for the enzymatic cut. To conclude, we can suppose that
the system proposed by Waldo is susceptible of enzymatic cleavage in a constrained en-
vironment. In order to obtain a successful result, the location of the N- and C-terminus
should be checked, in advance, via homology modeling.
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5.1 Introduction

Despite the whole genomes of the H. pylori 26695 and J99 were completely sequenced
along the past years, several genetic loci have been identified, but not related with a spe-
cific function, so their role is still hypothetical. As a result of this lack, several unknown
proteins have been explored from a structural point of view in order to identify a hypo-
thetical role in the physiological activity of the bacterium.

Protein HP1457 belongs to this class of proteins and only recently has been recognized to
act as a outer-membrane protein that contributes to the stimulation of the peptidoglycan
synthase PBP1B [14]. It is characterized by the presence of a signal export peptide in be-
tween T21 and D22, recognized by LipoP server (http : //www.cbs.dtu.dk/services/LipoP/)
to belong to lipoprotein export peptide class. HP1457 is well conserved among the other
Helicobacter species, sharing between 98-45% of sequence similarity, with a coverage of
99%. Moreover it shares a lower similarity (about 22%) with other Gram-negative bacte-
ria, for instance Escherichia coli.

Number of Molecular Molar Extinction
of amino acids weight (kDa) coefficient (cm~'M™!
HP1457A(1 — 21) 190 21 9970
HP1457A(1 — 49) 160 18 8480

Table 5.1: Protein information and proprieties.

< hp1454 hp1455> Ipp20> hp1457>

Figure 5.1: Location of the gene hp1457 in the bacterial operon. The protein is preceded by hp1454,
a gene coding for a pathogenic protein with unkown activity, hp1455, another gene coding for a
secreted protein with unknown function, and lpp20, a gene coding for a lipoprotein located outside
the cell membrane.

Looking at the chromosomal locus corresponding to the hp1457, it is evident that it
belongs to a transcription region poorly characterized. This area corresponds to an operon
which includes the genes hp1454, hp1455, 1456 or lpp20, too.

5.2 Bioinformatic analysis

The protein sequence was aligned against the entire Uniprot database (http://www.uniprot.org/)
in order to find some specific conserved portions in different bacteria. From the alignment
it is evident that the protein is mainly conserved in several Helicobacter species, especially
the C-terminal domain (Figure 5.2), here the proteins present about 95% of sequence sim-
ilarity, with an average value of coverage of about 98%. In particular, the protein shares
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about 22% sequence similarity with the already solved structure of LpoB (penicellin-
binding protein activator B, PDB-ID: 2MII) from E. coli, suggesting the protein could
play a similar role in H. pylori physiology (Figure 5.3). Indeed, the LpoB protein is known
to be involved in the peptidoglycan regulation and synthesis, interacting with its cognate
pennicellin-binding protein (PBP-1B) [14].
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Figure 5.2: Multiple sequence alignment of the same protein from different species of Helicobac-
ter. The proteins present about 95% of sequence identity. The alignment was performed us-
ing the ClustalO server (https://www.ebi.ac.uk/Tools/msa/clustalo/) and designed by Espript3.0

(hitp://espript.ibep. fr/ESPript/ESPript/).
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Figure 5.83:  Sequence alignment between HP1457 protein from H. pylori and
LpoB protein from E. coli. The alignment was performed wusing the ClustalO
server  (https://www.ebi.ac.uk/Tools/msa/clustalo/)  and  designed by  Espript3.0
(http://espript.ibep.fr/ESPript/ESPript/).

The hypothetical role of the protein in H. pylori is strongly supported by STRING
server analysis (http : //string—db.org), where a relationship between PBP1-B (pennicellin-
binding protein 1B) from the bacterium with HP1457 was highlighted (Figure 5.4).

Ipp20

C694_07530

Figure 5.4: Map of the hypothetical interactions between the protein HP1457 (red circle in the
middle) and known and hypothetical protein from H. pylori genome, obtained by STRING server
with a high confidence high score of 0.7. The green lines indicates an interaction for proximity in
chromosomal loci, the red lines indicate experimental evidences of interaction, whilst the yellow
lines indicate the co-mention in PubMed abstracts.
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Moreover, the protein is proposed to interact with the hypothetical protein HP1455,
of unknown structure and function, and the protein HP1456, recognized to be a Lpp20
lipoprotein and whose structure has been recently solved in Prof. Zanotti’s group (unpub-
lished data).

Finally, Pfam has identified the amino acids going from 4 to 203 to belong the family of
TolB proteins, a periplasmic protein involved in a translocation system in Gram-negative
bacteria.

5.2.1 The role of LpoB-PBP1B interaction in peptidoglycan syn-
thesis regulation

The synthesis of peptidoglycan takes place in three stages: 1) the nucleotides precursors
(UDP-N-acetylglucosamine and UDP-N-acetylmuramylpentapeptide) are activated in the
cytoplasm 2) and then assembled with undecaprenyl phosphate to form the lipid II and
are flipped inside the membrane; 3) the lipid II polymerases, resulting in glycan chains
and building up the peptidoglycan (PG) sacculus, essential for the maintainance of the
shape and osmotic stability of the cell undergoing stress conditions [150].

In Gram-negative bacteria the sacculus layer is connected to the outer membrane through
both covalent and noncovalent interactions by outer-membrane proteins. The PG role is
essential for the structural integrity of the cell envelope, going through the insertion of
new glycan strands and the release of old material from the cytosolic environment. More-
over its synthesis and turnover must be spatially controlled, in order to maintain the cell
shape, and temporally, in order to be coordinated with the cell life cycle [151].

To generate and maintain a proper morphology, the cell undergoes to an elongation process
that increases the lateral length of the cell, followed by a high concentration of PG synthe-
sis at midcell, and allowing cell division [151]. Bacterial cytoskeletal proteins guide these
processes. For instance, the bacterial actin homolog MreB is essential for elongation [152],
whilst FtsZ (the bacterial structural homolog of tubulin) is required for PG synthesis at
the septum [153]. So, MreB and FtsZ nucleate the assembly of inner-membrane enzymes
that make the PG building block and controls PG synthesis. Peptidoglycan synthesis re-
quires glycosyltransferases (GTases) to polymerize the glycan chains and transpeptidases
(TPases) to crosslink the peptides (Typas, 2012). The pennicellin-binding protein (PBP)
1B is a bifunctional glycosil-transferase (GTase)-transpeptidase (TPase). It is recruited
at the divisome|[154], whilst its homologous PBP1A is located on the lateral wall for cell
elongation. Both PBP1A and PBP1B are partially redundant, so the cell requires one of
them for viability [155]. Both of them are associated with LpoA and LpoB, two lipopro-
teins anchored to the outer membrane. They do not share any similarity in sequence but
they have the same role in docking the PBP1A and PBP1B respectively. The LpoB struc-
ture from E. coli has been recently reported from Egan et al.. It is composed by a flexible
N-terminal region, which spans about 150 A of the periplasm, followed by 30-A-long glob-
ular domain [14]|. The Lpo are both involved in the TPase domain stimulation. Indeed,
Typas et al. conducted some in vitro experiments, demonstrating the LpoA /B proteins
stimulate the PBP1A /B to produce dimeric, trimeric and tetrameric structures of side
peptides. The same authors noticed that LpoB can be chemically cross-linked to PBP1B
in vivo, but not to a mutant that lacks PBP1B-UB2H domain, a noncatalytic region re-
quired for the proper system function (Typas, 2010). Moreover, Egan et al. grasped that



5.2. BIOINFORMATIC ANALYSIS 73

after the complex formation, a truncation of the N-terminal domain in the LpoB protein
hinders the activation of the catalytic mechanism [14].

According to their theory, the PG synthesis takes place thanks the to outer-membrane
LpoA/B proteins interacting with the TPase domain of each PBP1A/B. In particular,
the LpoB-PBP1B complex localizes itself on the edge of the growing septum and, when
the LpoB gets in contact with the UB2H domain from PBP1B, likely a conformational
change induces a conformational change in PBP1B that impacts on the GTase domain.
Secondly, the TPase activity takes place subsequently, so that the interaction could induce
a conformational switch that repositions the domain and affects acceptor peptide binding,
attachment to the PG, or the TPase activity itself [14].

Untill few years ago, the Tol-Pal complex was assumed to be the only system involved
in the regulation of the outer membrane invagination, but it does not seem to be the
only regulatory system [156]. As a member of the Tol-Pal complex, TolB participates
in outer membrane construction during the cell division and its complex, together with
LpoB-PBP1B, was colocalized at the constriction sites, underlining an overlapping or a
link during the cellular process [157].This is supported by the similarity between the LpoB
structure and the N-terminus from TolB protein, suggesting the two proteins may work
concertly in the process of cell division. Moreover the PG remodeling appears to be part
of a cellular strategy to adapt to the environmental changes. For instance, the regulation
of the PG hydrolysis is proposed to twist and facilitate the H. pylor: membrane curvature
[158].
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PBP1B
Ue2H ™

PBPTA

Figure 5.5: 1) On the top: structural domains in the two pennicellin-binding domains involved
in the PG growth modulation; 2) On the bottom: model of the stimulation of PBP1B by LpoB
in the bacterial envelope. LpoB (blue) uses its flexible N-terminal region to span the periplasm

and places its globular domain in position to interact with the UB2H domain of PBP1B (yellow).
Pictures adapted form [14].
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i Ovter memsbrane. i 111111111

Figure 5.6: Activation mechanism of PBP1B in PG synthesis and regulation. The requlatory
protein MreB and the associated membrane proteins control the position of the peptidoglycan
syntheses penicillin-binding protein 1A (PBP1A). I the right panel, FtsZ and other early cell di-
viston proteins control the elongation-specific peptidoglycan synthesis complex during a ’preseptal’
mode of the elongation. In the lower panel, cell division complex is represented with the inner
membrane-localized cell division proteins, the peptidoglycan syntheses PBP1B and PBP3. The
activity of the PBPs is requlated in part by the outer membrane-anchored lipoproteins such as
LpoA and LpoB (taken from [159]).
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5.3 Results

5.3.1 Protein Characterization of the construct HP1457A(1-21)

HP1457 was successfully cloned, expressed and purified by affinity and size-exclusion
chromatography (Superose 12 10/300), as reported in Chapter 2. Its entire sequence counts
183 amino acids with a molecular weight of 19.6 kDa. Since a signal peptide was identified
at the N-terminus between the amino acids T21 and D22, a construct missing a N-terminal
portion of 21 amino acids was designed. A Histidine-tag at the C-terminus was added in
order to selectively purify the protein from the bacterial supernatant.

30 40 50 60 70
DLLLTANAML DSMFSDPNFE QLKGKHLIEV SDVINDTTQP NLDMNLLTTE
80 90 100 110 120
IARQLRLRSN GRFNITRASG GSGIAADSRM VKQREKERES EEYNQDTTVE
130 140 150 160 170
KGTLKAADLS LSGKVSSIAA SISSSRQRLD YDFTLSLTNR KTGEEVWSDV
180 190 195
KPIVKNASNK RMFLVPRGSH HHHHH

Figure 5.7: HP1457 sequence, lacking the first 21 amino acids and supplement of a Histidine-tag
and a cleavage-site for the Thrombin at the C-teminus.

The protein was separated from the supernatant and eluted in gel-filtration as both a
dimeric and monomeric species (Figure 5.8).
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Figure 5.8: SDS-PAGE (left) of HP1457TA(1-21) purified after gel-filtration. The sample corren-
spons to the concentrated fractions from the second peak of gel-filtration. The elution profile of the
purified protein: the first corresponds to the dimeric form of the protein; the second corresponds
to the monomer (right).

The monomeric fraction (purified in highest yields) was lately concentrated by ultra-
filtration untill different concentrations were reached. Several crystallization trials were
attempts at about 10 mg/ml, 20 mg/ml, 30 mg/ml, 40 mg/ml and 60 mg/ml. The same
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fractions were treated with Thrombin, performing the cleavage overnight at 16°C. The
protein solubility decreased after the lost of the Histidine-tag. In the last case, the pro-
tein was concentrated up to 5 mg/ml to perform some crystallization trials. None of the
mentioned cases was successful.

5.3.2 HPLC-MS and CD analysis of the construct HP1457A(1-
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Figure 5.9: The HPLC chromatographic profile of the HP1457A(1-21) protein stability. Its ten-
dency to degrade was checked at different temperatures, as indicated form the different colored
lines: 1) the black line represents the purified protein stored overnight at -20°C; 2) the red line
represents the purified protein stored overnight at 4°C; 3) the green line represents the puri-
fied protein stored overnight at RT; 4) the magenta line represents the purified protein stored
over-weekend at RT.
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In order to understand the causes of the low tendency to crystallize, a HPLC analysis
was performed on the sample left overnight at different temperatures. As shown in Figure
5.9, the HPLC analysis highlights a degradation pattern that includes the production of
a major species with a retention time of elution of 28.6 min. Even if their contribution to
degradation is relatively low compared with the major peak, the loss of some fragments
at earliest retention times (16 min, 22.5 min and 28.6 min) highlights a hypothetical
fragmentation of the protein at some specific level of the sequence.

The composition of each specific peak obtained from the HPLC purification was analyzed
by a ESI/q-TOF Mass Spectrometry and revealed the molecular weight of the components,
as reported in Table 5.2.

RT (min) Molecular weight (Da) Associate peptide
Experimental | Theoretical
16.0 1119 1119 182-189
1274 1275 181-189
1290 1291 181-189 (oxidised)
225 473 A7 (21-24)
601 602 23-28
649 649 8-13
689 690 88-96
905 906 9-17
1033 1034 6-15
1121 1121 6-16
28.6 8852 8851 102-180
9440 9440 97-180
10110 10111 88-180
10699 10697 97-189
34.0 21041 21036 2-189
34.5 19784 19779 2-180

Table 5.2: Schematic summary of the Mass spectrometry led on the each concentrated fraction
from the HPLC analysis. The position of the peaks is indicated in the first column, whilst in the
second and in the third the molecular weight and the hypothetical peptide related to the fragment
are reported.

From Table 5.2 each peak can be related to a specific fragment from the amino adic
sequence: 1) the first peak corresponds to the histidine-tag fragment located at the C-
terminus; 2) both the second and the third peak corresponds to fragments from the N-
terminus, specifically going from the residue 8 to the residue 180; 3) the peak at 34 minutes
of retention time corresponds to the entire protein sequence; 4) finally, the shoulder eluted
after 34.5 minutes is representative of the protein lacking the Histidine-tag. Therefore, the
lacking of a relevant degradation, with the exception of the Histine-tag, demonstrates that
the protein is quite stable in solution. As a consequence, some structural features should
influence the crystallization process.

In order to check the role of the protein fold in the crystal packing, three different CD
spectra at different temperatures was recorded (Figure 5.10).
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Figure 5.10: CD spectra of HP1457A (1-21) protein in its purification buffer. Each line represents
the degradation process at room temperature after: 1) black bold line, 0 hours; 2) red bold line,
after 3 hours; 3) green bold line, 18 hours.

CD spectra clearly show a typical profile of a-helix, with two peaks fixed around 208
nm and 222 nm. The protein seems to be mostly composed by a series (or a bundle) of
helices, with a small contribution of random-coil that increases along the exposition of
the protein at room temperature, with a signal around 200 nm.

5.3.3 Protein Characterization of the construct HP1457A(1-49)

Comparing the sequence of HP1457 with the protein LpoB from E. coli, a portion at the
N-terminus (afflicted by degradation, as shown in the HPLC analysis) seems to belong to a
hypothetical disordered motif, supposed to span across the peptydoglycan layer. To reduce
the influence of disordered portions, a new construct lacking the first 49 amino acids was
designed (Figure 5.11). Its entire sequence presents a molecular weight of 16.5 kDa. A
Histidine-tag and cleavage site for Thrombin were added at the C-terminus in order to
selectively purify the protein from the bacterial supernatant and reduce the disorder due
to the presence of a tag.

60 70 80 90 100 110 120
EVSDVINDTTQ PNLDMNLLTT EIARQLRLRS NGRFNITRAS GGSGIAADSR MVKQREKERE SEEYNQDTTV

130 140 150 160 170 180 190
EKGTLKAADL SLSGKVSSIA ASISSSRQRL DYDFTLSLTN RKTGEEVWSD VKPIVKNASN KRMFLVPRGS

196
HHHHHH

Figure 5.11: Amino acid sequence of HP1457A(1-49) protein.

Both the gel-filtration profiles, for mutant and wildtype proteins, show a preferential
oligomeric form of the protein. In the case of the Histidine-tag, the protein is also organized
as a dimer in solution. The oligomerization equilibrium is shifted to the monomeric form
after Thrombin cleavage (Figure 5.12). The reaction was performed overnight at 16°C.
To be sure the tag was totally removed, the sample was checked by a Western Blot essay
against an anti-polyHistidine antibody (Sigma, Germany).
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Figure 5.12: HP1457TA(1-49) purification profiles: before the Thrombin cleavage (on the left);
after the enzymatic cleavage (on the right).

As a consequence of the Histidine-tag cleavage, the protein strongly decreased its
solubility. Hence, it was concentrated only up to 7 mg/ml. A 96-crystallization plate was
prepared, without any relevant result. Likely, the protein was not enough concentrated
for crystallization purposes.

5.3.4 Interaction between the proteins HP1457 and Lpp20

In order to overcome the crystallization issue, the in vitro interaction between the pro-
teins HP1457 and Lpp20 (HP1456) was checked. The experiment was performed by Dr.
Francesca Vallese and Dr. Nigam Mishra in prof. Zanotti’s laboratory. The proteins were
separately expressed and, after the cleavage of the His-tag from HP1456, were joined
together and co-eluted in a gel-filtration purification procedure. The SDS-PAGE of the
purified sample is reported in the Figure 5.13 and, as shown in the last lane of the acry-
lammide gel, the two proteins seem to interact in solution.
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Figure 5.13: Western Blot of the gel-fitration purification, demonstrating the interaction between
HP1457 and Lpp20 (HP1456).
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5.4 Conclusions

The structure of HP1457 is regrettably still unknown. Even if several crystallization at-
tempts were performed, none of them led to X-ray quality crystals. As predicted by the
bioinformatic analysis of the sequence, its structural organization, resembling the LpoB
protein from FE. coli, could explain how its high flexibility could affect the organization of
the system (Figure 5.14).

Figure 5.14: Structure of the protein LpoB from E. coli (PDB ID 2MII). Two main domains are
clearly distinguished in the structure: i) a flexible domain (N-terminus), which is suppose to span
across the peptidoglycan layer; i) a globular domain (C-terminus), which is supposed to interact
with the PBP1B protein.

Moreover, its role might be justified looking at the genes in the same operon, coding

for the proteins going from HP1454 to HP1456. All of them are characterized by the
presence of a SEC peptide at the N-terminus, which indicates their probable location
could be in the periplasm, plus their secreted form offers a role as vaccine targets with
high immunogenic response [15]. Specifically, the protein HP1454 has been identified as
a component of H. pylori vesicles, where outer membrane proteins are mostly contained
[160]. Interestingly, its structure shows a three-domain organization with: 1) Domain I
similar to tumor necrosis factor (TNF)-a inducer protein, Tip-c; 2) Domain IT consists of a
three-helix bundle with a good similarity with epsin-3, which contributes to the membrane
deformation and 3) Domain III which is similar to a putative lipoprotein from Shewanella
oneidensis [15]. Furthermore, the protein HP1456, recognized to be a Lipoprotein 20
(Lpp20), was identified as a candidate vaccine antigen for protective immunization [161],
whilst its structure is similar to tumor necrosis factor (TNF)-« inducer protein, Tip-«, as
already seen in the Domain IT of HP1454 (unpublished data). Finally, HP1455 is a protein
of 130 amino acids of unknown function.
Their proximity in the bacterial genome suggests their functions could be related and likely
involved in the same physiological mechanism. Indeed, the three proteins, along with
HP1455, could participate in the assembly of a complex involved in regulation and/or
modification of the bacterial outer membrane. To conclude, the future purpose of this
work is to crystallize the HP1456-HP 1457 complex in oder to clarify the proper nature of
the interaction and try to understand the role of HP1457 in the physiological activity of
bacteria.
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Figure 5.15: Stereo view of the structure of the protein HP1454 (PDB ID 4KZS), with the three
functional domains highlighted in different colors. The structure has been adapted from the paper

/15].
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