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Résumé

Titre : Etude de linteraction entre GpJ, une protéine dubactériophage Lambda, et

LamB, une protéine de la membrane externe des baciés gram-négatives.

La fixation du bactériophage Lambda sur son réceptellulaire, LamB, est dle a une
protéine de sa queue appelée GpJ. Le but des xaastud’étudier l'intéraction entre le
bactériophage Lambda et LamB a travers I'étudeainptexe entre LamB et GpJ exprimée
en protéine de fusion. Pour ce faire, deux progdefusion sont utilisées : MBP-gpJ et His-
gpJ.

MBP-gpJ est une protéine de fusion entre la MalBswling Protéine et I'extrémité C-
terminale de la protéine GpJ (résidu 684 a 1138cigusement fournie par le Pr. Charbit
(Paris, France). Grace a la Technique du Film NBirM), il a été permis d’observer que
MBP-gpJ, aprés expression dadagoli et purification, intéragit grace au fragment deJGp
avec l'extrémité extracellulaire de LamB. Cetteémattion se traduit par un blocage complet
et réversible des canaux de LamB sauvage, maigmagat de mutants: LamB d&higella
sonnej LamB Y118G et LamBR\4+A6+A9v. Afin d’obtenir des informations sur la liaisde
LamB avec uniguement le fragment de GpJ sans tepgdBP, une autre protéine de fusion a
été réalisée: His-GpJ. His-gpJ représente I'exté€@iterminale de GpJ (684-1132) en fusion
avec un 6xHistidine-tag. Cette protéine est expeiraéus forme de corps d’inclusion dans
E.coli. Apres purification et renaturation, une protéilgenouveau soluble peut étre obtenue.
Lors d’expériences de Film Noir, His-gpJ intéraggrtes avec LamB, mais n’induit pas le
blocage des canaux comme précedemment observéagpuésie MBP-gpJ. En paralléle, la
formation d'un complexe entre His-gpJ et LamB saavaainsi que de mutants a pu étre
confirmée au travers de travaux de SDS-PAGE etrdumodétection par la présence de
bandes de masse moléculaire élevée.

L'utilisation de mutants de LamB a par ailleurs rper d’essayer d’identifier la partie de
LamB impliquée dans l'interaction avec le fragménterminal de GpJ, qui se révele étre

différente de celle de GpJ dans la queue du baptéage Lambda.

Mots clés: bactériophage Lambda, gpJ, LamB, technique du fimir (BLM),

immunodétection.



Summary

Title : Study of the interaction between GpJ, a protein othe bacteriophage Lambda,

and LamB, a protein of the outer membrane of gram-egative bacteria.

The bacteriophage Lambda is a virus which infeetstdria carrying LamB protein in their
outer membrane. GpJ, a protein of the tail of thage, is involved in the binding to LamB.
The study of the interaction between GpJ expressedusion protein and LamB was
performed in order to investigate the interactiatween the bacteriophage Lambda and
LamB. The fusion proteins are called MBP-gpJ anstgJ.

MBP-gpJ is a chimeric protein representing Malt@eding Protein connected to the C-
terminal part of the GpJ protein (residue 684 ubfiB2), graciously given by Pr. Charbit
(Paris, France). MBP-gpJ, expressedinoli and purified, bound to the exoplasmic side of
LamB and LamB variants in planar lipid bilayer expeents and allowed a complete and
reversible blockage of LamB channels. In order litam data about the binding of the GpJ
fragment alone to LamB, an other fusion proteirhaitt MBP was created, called His-gpJ.
His-gpJ is the C-terminal part of GpJ (684-1132jusion with a 6xHistidine-tag, produced
as insoluble form irE.coli. After renaturation, a soluble protein can be imleteh Without
MBP, the GpJ fragment still bound to LamB in plahpid bilayer experiments, but did not
block significantly its channels, as previously et&d after addition of MBP-gpJ. The
interaction between His-gpJ and LamB or LamB m@améas also demonstrated on SDS-
PAGE and immunodetection by the presence of higlecotar mass bands.

Furthermore, the use of variants of lamB allowedémonstrate that the C-terminal fragment
of GpJ does not bind to the same area on the sudfalcamB than GpJ involved in the tail of

the Lambda phage.

Keywords: bacteriophage Lambda, GpJ, LamB, planar lipid yeila (BLM),

immunodetection.
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CHAPTER | Introduction

CHAPTER I - Introduction

Résumeé (Summary)

La Maltoporine est une protéine de la membraneregtdes bactéries Gram-négatives qui
appartient a la famille des porinéBenz et Bauer, 1988; Nikaido, 1992; 2008)le est
impliguée dans le transport de maltooligosaccharides sucres, du milieu extracellulaire
vers le périplasmeSgmelcman et Hofnung, 1975; Palva, 1978; Boos burSan, 1998,
Charbit, 2003. Cette protéine est également le récepteur d'unsva bactéries, le
bactériophage Lambd&é&ndall-Hazelbauer et Schwartz, 1973; Roa et Sd&dE76) Le
bactériophage Lambda appartient a la famille « @ipldae », qui se caractérise par une
gueue longue et non contractile. Il est utilisé raoument en biologie moléculaire depuis
plusieurs dizaines d’annédddndrix et al., 1983; Sambrook et al., 1980 I'est maintenant
de plus en plus en biotechnologie, et ce principatg dans la lutte antibactérienhéefril et

al., 1996; Duckworth et Gulig, 2002; Hoess, 2002ZpjBn, 2004. Cette situation est
paradoxale puisque il est utilisé pour sa capaciéhiculer du matériel génétique dans une
cellule hote alors les processus moléculaires gugk dans son mécanisme d’infection
demeurent assez mal connus. Mon objectif est justend’étudier les mécanismes
moléculaires impliqués dans l'infection du bactghage Lambda, et plus spécifiquement sa
premiere phase: I'interaction entre le virus etshbule-cible. Comprendre a terme comment
une grande molécule hydrophile comme I'ADN viralupgasser a travers une double
bicouche hydrophobe, présente un intérét a venir mégligeable en biotechnologie, en
permettant d’optimiser le transport de matérielirdrieur d’une cellule. On peut en effet
imaginer dans le futur la création de nanocapsulesgées de substances toxiques qui
seraient spécifiquement destinées a des bactptisgjue celles-ci portent LamB a la surface

de leur membrane. Il est également intéressantmbimt de vue fondamental de comprendre

11



CHAPTER | Introduction

un mécanisme d'infection, d’'autant que les virus mssédent plusieurs. Comme le

phénomene d’éjection de ’ADN viral peut étre rahuib in vitro, il a été établi que le phage

n'a besoin que de LamB pour injecter son acideé&igaé double brin hydrophile a travers la

double bicouche que représente la membrane plasnegterne. Toutefois, la fagon par

laquelle 'ADN pénétre dans I'espace périplasmidameure un mystére: apres la fixation sur

son récepteur cellulaire, le phage injecte-t-il smide nucléique directement a travers la

membrane, ou LamB est-elle utilisée comme cana<’ttavaux réalisés par I'équipe du Pr.

Charbit (Paris, France) ont démontré que l'intéoactdu bactériophage Lambda avec son

récepteur cellulaire, LamB, est possible grace @maine C-terminal d’une protéine de sa

gueue, GpJ . Ce domaine C-terminal, exprimé erepr@tde fusion avec la Maltose Binding

Protéine se fixe en effet sur LamB a la surfacealelles (Wang et al., 2000 Mon travail de

thése s’est orienté vers deux axes :

dans un premier temps, poursuivre I'étude de FadBon entre I'extrémité C-
terminale de GpJ et LamB, principalement au moyelnal technique
électrophysiologique appelée BLM (« Black Lipid Marane », que I'on peut traduire
par « Technique du Film Noir » en francais) afinsdgoir si la liaison du fragment de
GpJ modifie les propriétés de transport (ions, oaditjosaccharides) de LamB. Ces
travaux ont été réalisés avec deux protéines derfude I'extrémité C-terminale de
GpJ : d’abord avec MBP-gpJ puis avec His-gpJ. MPP-gracieusement donnée par
le Professeur Charbit (Paris, France), est une é@rieinou le fragment de GpJ est
exprimé en fusion avec MBRMang et al., 2000 His-gpJ est une protéine de fusion
entre le fragment de GpJ et un 6xHis-tag afin deaiiler sans MBP. Nous verrons
gue le fragment de GpJ se lie a LamB quelque agtdtéine de fusion utilisée, avec

cependant des propriétés différentes.

Identifier précisement la surface de LamB impligdées l'intéraction avec GpJ. Pour
ce faire, plusieurs mutants ont été utilisés : Lasdivage, LamB de la souche
Shigella sonne{Roa et Scandella, 19y,8.amB Y118G (collection du laboratoire) et
LamB A4+A6+A9v (Andersen et al.,, 1999 un mutant sur lequel les boucles
extracellulaires L4, L6 and L9, indispensables didson du phage Lambda, sont
absentes. Nous verrons que le fragment de GpJauBLlne se lie pas sur le méme
domaine de LamB que celui identifié pour GpJ indéégilans le bactériophage Lambda

entier.

12



CHAPTER | Introduction

1.1. Introduction to the Gram-negative bacteria

1.1.1. Plasma membrane of Gram-negative bacteria

The cell envelope of Gram-negative bacteria is amed of an inner and an outer membrane
as well as the peptidoglycan existing in the paspiic space in betweeNikaido, 2003 see

Figure 1.1).

The Gram - negative Envelope

0O - antigens

Porin trimer

Outer :
membrane Lipapoly -
saccharide
Periplasmic - i Brown's
space : lipoprotein
Cytoplasmic o it ¥ eptido -
membrane SR L
Phospholipid

Figure 1.1Schema of the plasma membrane of Gram-negativeri@mfaboratory collection)

The inner membrane is composed of phospholipidganigins. Proteins are mainly involved
in the transport of compounds to the cytoplasm tndhe respiratory chain export. The
phospholipids, mainly phosphatidylethanolamine, gpatidylglycerol and cardiolipin, are
present in both layers of the 2 to 3 nm thick meanbrEmit et al., 1975; Nikaido et Varaa,
1985.

The outer membrane is composed of phospholipidspteims, lipoproteins and

lipopolysaccharides. Its thickness is around 7 Tine distribution of the different compounds

of the outer membrane is highly asymmetric (seeutféigl.1): the phospholipids and the
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CHAPTER | Introduction

lipoproteins are located in the inner layer whetéaslipopolysaccharides (LPS) are found in
the outer layer Kamio et Nikaido, 1976 The lipopolysaccharides form a tight barrier to
prevent the diffusion of detergents, proteaseaskg and hydrophobic antibiotics through the
outer membraneMaara et al, 1990; Plesiat et Nikaido, 1992 The lipid A, also called
endotoxin, is common to all LPS, while the hydrdightore (O-antigen) varies within single
species. The charge on the cell surface is negataaly because of the presence of the
phosphates of lipids and the acidic groups in tlgass of LPS. In the inner layer of the outer
membrane, lipoproteins are present connecting titeranembrane to the peptidoglycan
layer.

The peptidoglycan layer consists of a network ofransugars (N-acetylglucosaminyl-N-
acetylmuramyl dimers) and amino acids in the pasplic space. This thin layer is
responsible for the rigidity of the cell wall antepents osmotic lysis. The periplasmic space
represents an additional cellular compartmentcdupies around 20% of the total cell volume
and plays an important physiological role: it pretgethe osmotic lysis of the bacteria.
Furthermore, binding proteins involved in the tr@o$ of solutes to the cytoplasm (e.g.
maltose, phosphate) are located there. The pemjdaspace is almost isoosmotic with the

cytoplasm and an osmotic pressure is only presgosa the outer membrane.

1.1.2. Porins, channel forming proteins in the outemembrane of
Gram-negative bacteria

Proteins represent about 50% of the total mash@fouter membrane of Gram-negative
bacteria. They are involved in the maintenance af structure, binding of substances,
adhesion to other cells and regulation of transmdrinutrients and bactericidal agents
(Koebnik et al, 2000; Benz, 2000Nikaido, 2003. They can be classified into several
categories: porins, lipoproteins, OmpA and min@t@ins.

Porins are proteins involved in the uptake of hpditic nutritive compounds inside the
periplasmic spacéenz et Bauer, 1988; Nikaido, 1992; 200Bhey can mediate also, like
the OmpFE. coli protein, the transport of antibiotichlé€storovich et al., 2002Porins are
divided in two classes: general diffusion and dpeg@ores. General diffusion pores, for
example OmpC and OmpF &. coli, allow the entrance of molecules according torthei
molecule mass and a gradient of concentration. ipgores, like LamB, ScrY, PhoE or
Tsx, have a binding site for specific substratesdm the channel and facilitate the diffusion

of these substrates through the outer membranestfingture of several porins was solved by
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X-ray crystallography. They present a barrel stirestwith hydrophilic inner and outer loops.
Most of them are organized as trimerggiss et al., 1991; Cowan et al., 1992; Schirmex et
1995; Dutzler et al., 1996; Ferguson et al., 1988cher et al.,1998; Chimento et al., 2003

1.1.3. Maltoporin (LamB)

Maltoporin, also called LamB, is a specific chanpebtein involved in the transport of
maltose and maltooligosaccharides (polymers ofasajtthrough the outer membrane. This
protein is involved in the maltose uptake syst&mgelcman et Hofnung, 1975; Palva, 1978;
Boos et Schuman, 1998, Charbit, 2p0altose binds to a soluble protein in the pexgphic
space: the Maltose Binding Protein (MBP). The fadnemplex binds to the MalFGK
complex located in the inner membrane. The transgdhe sugar across the inner membrane

is controled by an ATP dependent process (see éi@).

oM

S

MalE

MalF [l |l vaic CM

MalK

ADP ATP
+Pi

Maltose

Figure 1.2 : Sugar translocation pathway. LamB mediated transpoross the outer membrane (OM). Active
uptake over the cytoplasmic membrane (CM) via thkase-transport-complex (MTC). (taken and modified

from:http://www.biologie.unihamburg.de/lehre/bzalkétransp/etransp.htm)

1.1.3.1. Structure

Maltoporin is a trimeric protein of the outer membe of Gram-negative bacteria. Each
monomer is composed of 421 residues. The strugtasesolved by X-ray crystallography at
3.1A resolution Schirmer et al., 1995 LamB is a water filled barrel with 18 antipaedip-

strands. 9 large and flexible loops are exposetthg¢cextracellular side whereas small loops
are orientated towards the inner one. The extideelloops L1, L6 and especially L3 make a

constriction inside the channel, which dimensioresabout 57 A (see Figure 1.3).
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Figure 1.3: A: Top and side view of a monomeric LamB. B: Topwief LamB trimer. In red: outer loops L4,
L6 and L9v. Arrows indicate the position of the des 18 on the outer loop L1, involved in the stgbdf the
trimer, as described gehring et al., 1987.

1.1.3.2. Maltose and maltooligosaccharide transport

Maltoporin is a specific diffusion porin due to ding site inside the channel, called “greasy
slide” (Dutzler et al., 1996Van Gelder et al., 20021t is composed of six aromatic amino
acids (Y6, Y41, W74, F227, W358, W420) that line tthannel lumen from the extracellular
to the periplasmic opening (see Figure 1.4).

Point mutations affections of on those residuesiimdtie diameter of the channel and the
transport of maltose and maltooligosaccharidesaddition to the so called “greasy slide”
there are several amino acid residues inside trenreh that are involved in malto-
oligosaccharide bindindutzler et al. 199%

Mutations located in the loops L4 and L&harbit et al., 1984)decrease significantly the
maltose uptake suggesting that these loops areiraletved in the transport of the sugar to

the binding site inside the channel (see Table 1.1
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Extracellular
side

;\,“ 4 |

w420

W358 gao7

Periplasmic
side

Figurel.4: Molecular modelisation of the “greasy slide” ofetthamB protein (Danelon et al., 2003).

In vitro studies of LamB showed that the transport of sugdrighly asymmetric. When
LamB is reconstituted in an artificial membrane analtose is added, maltose transport is
five times higher when the sugar is added to theaegllular side of Maltoporin than to the

periplasmic sideullman et al., 2002; Danelon et al., 2003

Loop Residue Substitution Transport of maltose*
- 18 G 18V 3
Outer Loop 4 148 E 148 K 24
Outer Loop 4 151 G151 D 50
Outer Loop 4 152 S152F 42
Outer Loop 6 245 G245R 15
Outer Loop 6 247 S247 L 17
Outer Loop 6 249 G 249D 37
Outer Loop 6 250 S250F 21

Tablel.1:Description of residues on the outer loops of Lamportant for the transport of maltose.
* percentage of transport of maltose in comparismhamB WT (Charbit et al., 1984).
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1.1.3.3. Phage receptor

Maltoporin is a specific diffusion porin involvedn ithe transport of maltose and
maltooligosaccharides. However Maltoporin is alatlet LamB because it is the receptor for
a bacterial virus, called bacteriophage Lambda @afor Lambda receptor:Randall-
Hazelbauer et Schwartz, 1973; Schwartz, })97% vitro studies showed that the
bacteriophage Lambda binds to LamB wild type (Wm)l @an even inject its DNA when
ethanol or chloroform is adde®&da et Scandella, 19y.6However, triggering of the ejection
of the viral DNA without chloroform or ethanol isa possible using the LamB protein of the
E. coli popl54strain. Pop 154is a derivative oE. coli K-12carrying the LamB region of
Shigella sonnei 3070he triggering of DNA occurs spontaneously when tdraperature is
raised up to 37°CQRoa et Scandella, 19).6

Mutations on the LamB gene can prevent the infactd the Lambda phage. Different
mutant classes were described: Class I, II, an@éé Table 1.2).

Phage Classes Bacteriophage Lambda
LamB Ah* (WT) Ah Ahh’
Wildtype (WT) + + +
Class | - + +
Class Il - - +
Class Il - - -

Table 1.2: Binding possibilities between different types ofhBa and different types of bacteriophage Lambda.
(+): interaction. (-): no interaction. (Charbitadt 1984).

Class | and Il are point mutations, where residoeshe outer loops L4, L6 and L9 are
substituted lofnung et al., 1976; Katsura, 1976; Clément et 8883; Charbit et al., 1984;
Charbit et al., 1994 Class | LamB mutants prevent the binding ofttheteriophage Lambda
“wildtype”, also calledAh’, and subsequently its infectioin order to infect again the
bacteria, Lambda phage can adapt to mutation ofCthes | LamB Kofnung et al., 1976
These mutants able to bind to LamB Class | (and @d_amB wildtype) are calledh. The
growth of Ah phages can be prevented by a second point nutatidhe LamB gendhese
mutants are called Class Il LamB mutamtswever, Lambda phage can adapt after mutation

to the Class Il LamB, and is able to infect agaim bacteriaGlément et al., 1983; Charbit et
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al., 1994; Werts et al., 1994arrying Class Il LamB. Those mutants are caNkd, and are
also able bind to LamB WT and to Class | muta@tass Ill mutations are nonsens mutations
on lamB geneClass Il mutants block the growth of every typeLainbda phage, because a

large part of the cell receptor is delefetbfnung et al., 1976

1.2. Bacteriophages

1.2.1. Bacteriophage families

Bacteriophages, discovered by F.W. Twort (1915) &ndd’'Herelle (1917) are pathogen
viruses that attack bacteri8rissow et Hendrix, 2002; Hendrix, 2003; Weinbalz804.
The attack of the cell by a bacteriophage is cahéection. They are the largest known virus
group. For more than fifty years, the bacterioplsagere strongly studied and were classified
into 19 families (see Table 1.3). The name “phadonsjreek means “to eat”. Their aim is to
replicate and to destroy (lyse) the cell: theyareal “bacteria contagious disease” infinitely

contagious from a microbial lysed to a sensitivié ce

1.2.2. Bacteriophage receptors

Bacteriophages adsorb first non specifically to sheface of the host cell by reversible
binding (etellier et Santamaria, 2004Then they recognize a specific receptor and bind
irreversibly to it. Many surface-localized phageeaptors have been identified: including
flagella, pili, capsules, lipopolysaccharides (€21, @5, oW, K19, P1, T2, T3, T4, and U3
phageHancock et al., 1976and proteins (Lambda, K10, T5, Tula, Tulb).

Most of the protein receptors are poriNgandersman et Schwartz, 1978; Roa, }9M9is
known that the same porin can be the receptorfterdnt phages (LamB for the Lambda and
K10 phages, Fhu A for the T1, T5 a®®80 phages, OmpC for the Tulb, Mel, PA2, 434 and
T4 phages). In the same way, a phage can adaputation to bind to an other porin than its
“natural” cell receptorNloreno et Wandersman, 1980 his observation can be explained by
the fact that porins have an ancestral common tsieicand that there are homologue
sequences in proteins of the tail of different msagprotein Gp37 of Tula, Tulb, SV14 phages
and stf of Lambda phagégtart et al., 1996
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Family Characteristics
Corticoviridae Icosaedral capsid with layer, circular supercode®NA
Cysoviridae Enveloped, icosaedric capsid, lipids three molecofdisiear dSDNA
Fuselloviridae pleomorphic, envelope, lipids, no capsid, circelapercoiled dsDNA
Inoviridae genus Inovirus long filaments with helical symmetry, circular ssBN

Inoviridae genus Plectrovirus | short rods with helical symmetry, circular sSRNA

Leviviridae quasi-icosaedral capsid, one molecule of lineaNgsR
Lipothrixviridae Enveloped filaments, lipids, linear dsSDNA
Myoviridae, Al tail contractile, head isometric
Myoviridae, A2 tail contractile, head elongated (length/widthaati.3-1.8)
Myoviridae, A3 tail contractile, head elongated (length/widthaat? or more)
Plasmaviridae pleomorphic, envelope, lipids, no capsid, circsiapercoiled dsDNA
Podoviridae, C1 tail short and non-contractile, head isometric
Podoviridae, C2 tail short and non-contractile, head elongatedgtiefwidth ratio : 1.4)
Podoviridae, C3 tail short and non-contractile, head elongated

ler(gth/width ratio : 2.5 or more)
Rudiviridae helical rods, linear dsDNA
Siphoviridae, B1 tail long and non-contractile, head isometric
Siphoviridae, B2 tail long and non-contractile, head elongated

ler(gth/width ratio : 1.2-2)
Siphoviridae, B3 tail long and non-contractile, head elongated

ler(gth/width ratio : 2.5 or more)
Tectiviridae icosahedral capsid with inner lipoprotein vesidiegar dsDNA,

« tail » produced for DNA injection

Table 1.3: Different bacteriophage families.

Bacteriophage Ecology Groufhttp://www.mansfield.ohio-state.edu/~sabedon/nantes.

1.3. The Lambda phage

Bacteriophage Lambda is a tailed virus of the “Siptidae, B3” family. Known for many
decades, it is one of the most frequently used gdhag vectors in biologyHendrix et al.,
1983 Sambrook et al.,, 1989The Lambda family of bacteriophages continueprvide
significant insights into the understanding of baliological processes, as well as useful
technological innovationg-(iedman et Court, 2001Jepson et March, 2004In this context

it is interesting to note that phages have emergedntly as an alternative vehicle for the
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surface display of peptides and proteiH®gss, 200Rand a potential treatment for bacterial
infections Merril et al., 1996; Duckworth et Gulig, 2002; Pegj, 2004.

1.3.1. Description

A low resolution structure of the bacteriophage bdenhas been solved since the middle of
the seventies by electronic microscopy (see Figusg The phage is composed of two parts:
the head and the tail.

head
0 2 O
@'
()
tail él—r-
tube nm
135nm
conical ¥
part $15nm
tail fiber :*23nm

Figure 1.5: (left) Schema of the bacteriophage Lambda. Soukeenbda Il. (1983)Cold Spring Harbor
Laboratory.(right) Electronic microscopy photo of a Lambda p&dtaboratory collection, negative coloration,
x 91000 fold)

The viral tail is divided in three parts: a longgxible and non-contractile tube (135nm), a
conic part (around 15nm) and a terminal fiber (2Bnhme main tube is constituted by GpV.
The GpV protein is the main component of the taet approximately 200 copies per phage.
It possesses a diameter of 9 nm and is empty in(Sidan diameter). 6 knobs are present
around the core. Side fibers are attached to thepgdsee Figure 1.5). The ending part of the
tail is constituted of the GpJ, Gpl, GpL, GpK, Gpld pH*, GpG and GpM proteins (see
Figure 1.6). A maturation step occurs to allow teding of GpH to the other proteins of the
tail. The maturated GpH form is called pH/any proteins of the tail (pHGpG, GpV) are
involved in the mechanism of injection of DNKdtsura et Kuhl, 1976 The role of many
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proteins of the tail has been investigatédy| et al., 1983, Hendrix et al., 198%pJ is the
only one shown to be involved in the binding of ttembda phage to LamBAMang et al.,
1998.

The eicosaedric (20 sides) head protects a datitZladed, linear DNA of 48501pBd&nger

et al., 1982. This DNA seems to be organised as DNA B (rigiibd; 10,5 bp/turn, diameter
of around 2@). The structure of GpW, a protein involved in #rehitecture of the head of
the virus and of an intermediate of the viral cdpshas been solved by crystallography
(Murialdo et al., 2003, Wikoff et al., 2003

The binding between the head and the tail is medidty two proteins: GpZ and GpU.
Mutations on the Z gene prevent the ejection of DNA protein of the phage is missing, the
assembling stops. Some mutants of the Lambda gieagebeen performed to obtain just the

tail: A phage Uor Z ( Thomas et al., 1978)

formation of the initiator

polymerization
of the major
tail protein

termination
and
maturation

o BN
gpM

P

gpU qpZ head
(2s25s) (25s) (650s)

/

gpJ gpl gpL gpK  gpH,gpG

gpv
(2.58])

initiatar l
15s5].—=[15s5]), — [15s]).,— [155] ,,—[25s8], —[255]) ,,—>U=tail == Z=tajl — tail — phage
hssl ity Ib II I II  (4ss) (45s) (45s) (400s)

Figure 1.6: Assembly of proteins of the Lambda phage. (Katsi883)

1.3.2. General mechanism of the infection

The general infection processes are well known edeeithe mechanisms at the molecular
level remain less understooligndrix et al., 1988 Bacteriophage Lambda is a temperate
virus. A temperate virus, in response to speciaiut, has two possible behaviours: to be in a

lysogenic phase or to be in a lytic phase.

- lysogenic phase (late replication)
The phage decreases its capacities of developmenntegrates into the chromosome of the

cell host. It is then called prophage. Thus, theppage is passively replicated during
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generations oE. coli and then take back its lytic activity. The signddich allows to awake

the phagen vivoremains unknownnlvitro, this signal can beltraviolet radiation.

- lytic phase (early replication)
The phage multiplies inside the bacteria and reke@soteins called transglycosylases which
lead to lysis of the host cell and allow the liligna of a lot of new synthesized phages.
A lytic cycle is represented in the Figure 1.7. Anibda phage particle attaches to the host
cell and injects its linear, duplex DNA moleculeahgh the plasma membrane. The molecule
circularises by base-pairing of complementary sirgjtanded ends. The resulting nicked
circle is closed by DNA ligase. To start the reglion step, the DNA must be supercoiled.
Supercoils are introduced by DNA gyrase. The ragibm is bi-directional. The DNA
produced by rolling-circle replication can be cutdapacked into phage heads. It is
compressed by an active ATP dependent processusy bssic moleculesQosule et
Schellman, 1976; Hud et Downing, 200Those molecules, mainly polyamines, bind to the
phosphate backbone and allow the compression afubkeic acid inside the viral head. The
addition of tails completes the maturation of phpggicles capable of initiating a new cycle
of infection. A single cycle of productive growtlemerates approximately 100 copies of the

viral genome.

7

circie
replication
8

rolling circle
replication

Figure 1. Main steps of the Iytic phase of the bacteriophagmbda (Hendrix et al., 1983).
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1.3.3. Different steps of infection

The first steps of infection are the binding of giiege to the outer membrane of the host cell,
the triggering of the ejection and the passagé@fviral DNA through the outer membrane,
the periplasmic space and the inner membrane. Timssesteps were described IRoa et
Scandella, 1976

phage + LamB- [phage-LamB] (2)
[phage-LamB]- [phage-LamB] (2)
[phage-LamB]- phage DNA + [ghost receptor] (3)

The phage binds to LamB, and forms a reversible ptexn reaction (1). Reaction (2)
corresponds to the so called “inactivatiai’the phage: the complex between LamB and the
Lambda phage becomes irreversible, and the praedisabwill lead to the triggering of the
DNA start to occur. This step can be reproduteditro upon addition of chloroform or
ethanol or when LamB fror8higella sonneis used and the temperature is raised up to 60°C
(Parkinson et Huskey, 19¥1This step is followed by triggering the ejectiof DNA:

reaction (3).

1.3.4. Binding to the host cell and passage throughe outer membrane

1.3.4.1. Binding

Binding is the first step of the infection mechamiésee Figure 1.8). Divalent ions in general
and Md" ions in particular are known to increasevivo the affinity of the phage to its cell
receptor Schwartz, 1976 K4 of the complex between the phage and LamB onecaélis is
estimated by titration to be 5.39M in the presence of 2 mM Mg (Schwartz, 1976 The
diffusion coefficient of the virus in the mediumtes5.10%cns™. The phage is about 50 times
larger than the size of LamB. When it binds to LaniBovers such a big area on the surface
of the cell that 1/3 of the total receptors remia@e when the cell is completely covered of
phages.

Bacteriophage Lambda binds to the LamB proteinqusipJ ¢geneproductJ), a protein of
the terminal part of the taiWang et al., 1998 Its oligomerization step is not known, but it

seems to be dimeric or trimeriR@a et Scandella, 19y.6The 20% of theC-terminus end of
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gpJ are involved in the binding st@yang et al., 2000)Some point mutations on this part of
the J gene and especially on residues 1040, 10id71527 are known to prevent the phage
from binding(Werts et al., 1994)

Electronic microscopy revealed the formation of ttemplex between the bacteriophage
Lambda via the GpJ protein and Lanfog et Scandella, 1976; Roessner et Ihler, 1984

Figure 1.8: Lambda phage bound on the surface of Bncoli cell. (laboratory collection).

1.3.4.3. Triggering of the injection of DNA

After the binding step, a “delay time” always oczlnevore the triggering of the injection of
the DNA. This delay time can be reduced by tempeeaincrease with a maximum at 37°C.
When the temperature is + 4°C, the time is unlichied the ejection of the DNA is never
triggered.

The triggering of the DNA injection remains an opgrestion. It is possible to prevent it by
the addition of diamines (cadaverin or putrescéiarrison et Bode, 19795 or by point
mutation on the lamB or J gene. A mutation of amty residue of LamB can be sufficient to
prevent infection flofnung et al., 1976; Katsura, 1976; Clément et 8883; Charbit et al.,
1984; Charbit et al., 1994

Studies of the triggering signal leading to DNAeitjon started efficiently when LamB of
Shigella sonnewas discoveredScandella et Roa, 197@)ecause the triggering of DNA can
be controlled: it occurs when the temperature isechto 37°C. This effect is due to seven
amino acids on the loop L9 different to LamBEafcoli (Roessner et lhler, 1987The DNA
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injection can be induced vitro using only LamB reconstituted in liposom&ogéssner et al.,
1983; Roessner et lhler, 1986The lag time leading tm vitro injection into liposomes is
about one minuten vitro (Novick et Baldeschwieler, 1988 contrast to ten minutes vivo
(Mackay et al., 1976

The triggering of DNA induces modifications in ttegl of the bacteriophage Lambda. This
difference of morphology was clearly observed: saene phage proteins have a different
protease sensibility if they are analysed beforaftar DNA injection. GpJ is the protein of
the extremity of the fiber and pHs a protein in the extremity of the conic parttioé tail.
Before the triggering of the injection of DNA, Gislprotease sensitive and pld protease
resistant, whereas GpJ is protease resistant ahispitiotease sensitive after injection of the
DNA (see table 1.4). Differences in the morpholadyhe phage are confirmed by electronic
microscopy: after the injection of DNA, the tail thfe phage appears shorter, suggesting that
the end part of the tail gets injected inside tbeeomembrane of the host caRdessner et
Ihler, 1989.

Distance between phage Proteinase K treatment(sensible)
DNA injection | head and plasma membraneg pH* apJ
Type | no alma&30 nm sensitive resista
Type Il yes almos0 1#n resistant sensitive

Table 1.4 Evidence of two pattern of the Lambda phage bedorkafter ejection of the DNA.
Type |: bacteriophage Lambda before injection ef BINA.
Type |l: bacteriophage Lambda after injection of i¢A. (Roessner et lhler, 1984

1.3.5. DNA passage across the inner membrane

The E. coli ptsM gene codes for inner membrane proteins itivn mannose uptake and
phosphorylation \illiams et al., 1986; Esquinas-Rychen et Erni, D0O0OThey are also
involved in the DNA injection of the bacteriophaambda Elliott et Arber, 1978 The
mutations in this gene that do not allow the infacttof Lambda phage are called pel
(penetration oflambda). The study of the energetics of the injegtimcess indicates that the
entrance of the DNA into the cytoplasm seems taobg simple diffusionKilali-Maltouf et

Labedan, 198p Otherwise, the ptsM gene is not indispensablthéopassage of the inner
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membrane, because the phage can use another pybtem inner membrane when the gene
is suppressed. Lambda phage mutants that can rettwieinfection ability are calledhp.
They possess mutations on the genes V or H codingrbteins of the tail. This suggests, in
agreement with the data &oessner et Ihler, 1984hat the tail of the Lambda phage can
interact with the inner membrane and especially,dH& maturated form of the gpH protein
(Roa et Clément, 1980

1.3.6. Other investigated infection mechanisms

The early step of all the infection mechanisms seéonbe smilar: after the binding, an
unknown stimulus induces a conformational changeairt of the tail proteins thus allowing
DNA injection. The difference in osmotic pressunghe compressed nucleic acid within the
phage head and the outer medium seems to be timedmeaing force involved in injection
(Evilevitch et al., 2008 For example, the potential force generated byctmpression of the
DNA inside the phage head has been estimated & l@mospheres for thg29 phage, ten
times the pressure inside a champagne b@tiath et al., 2001

T4 phage binds specifically to lipopolysaccharidéthe outer membrane of the host cell and
injects its DNA using its contractile tail in letisan one minute (transfert rate: 4000bp/s,
Letellier et al., 1999 Gpb5, a three part protein organized as a triplags an essential role in
the cell-puncturing device involved in the mechanf injection of the DNA Arizaka et al.,
2003. Its structure has been recently solved by chysaaphy Kanamaru et al., 2002 The
initiation of the infection activates a lysozymeiwity of a domain of the protein to digest the
peptidoglycan allowing the access of the tail ®itimer membrane of the host cell.

T5 phage has a non-contractile tail. It binds taAha protein involved in the transport of
ferrichrome and antibioticsBonhivers et al., 1998; Ferguson et al., 1998; Lexckt al.,
1998. The protein of the tail involved in the intenact with FhuA is pb5. This protein was
recently cloned and purified, and the complex wadisdin vitro (Plancon et al., 2000 The
injection of DNA occurs in two steps during aroued minutes. The phage injects first about
20% of its DNA inside the host cell. Afterwards,otwroteins are synthetised, that allow the
entrance of the rest of the DNAd(tellier et al., 2001

T7 phage has also a non-contractile tail. At presins the only known case where the
transcription of the totality of the genome (40 ldmcurs during the process of injection,
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suggesting that proteins inside the cytoplasm cbligp in some cases the entrance of the
nucleic acid inside the host cellgtellier et al. 19930

1.4. Presentation and aim of the work

Even if the bacteriophage Lambda is commonly useohdlecular biology Hlendrix et al.,
1983; Sambrook et al., 198%nd now in biotechnologwerril et al., 1996; Duckworth et
Gulig, 2002; Hoess, 2002; Projan, 2004he molecular processes of its infection mecrani
remain unknown. The understanding how a large tpldlic molecule like the viral DNA can
pass across the plasma membrane (a double andphydhio bilayer) of the Gram-negative
bacteria is not understood, and can be usefulturdyuespecially for the optimisation of the
transport of material across membranes carryingn&duted LamB. Furthermore, it is also
interesting to understand a viral infection in gaheviruses have a huge number of
mechanism, and Lambda phage is only one...

We want to understand the mechanism at the molelayiel, and focus on the first step of the
infection: the binding step. The phage binds to Bansing a protein of its tail called GpJ
(Wang et al., 1998 The C-terminal extremity of this protein is inved in binding with
LamB: 40% of the C-terminus were expressed in fusiath the Maltose Binding Protein
(MBP); this fusion protein was called MBP-gpJ amdihd to the surface of entike coli cells
(Wang et al., 2000 This work was the first step towards ianvitro study of the interaction
between LamB and GpJ.

My work is divided in two parts:

- further investigation of the interaction betweea @-terminal part of GpJ and LamB,
mainly by the use of an electrophysiological teqguei called BLM (Black Lipid
Membrane) or planar lipid bilaye¥én Gelder et al., 20001 wanted to investigate if
the binding of the GpJ fragment modifies the chapneperties of the LamB protein.
We used fusion proteins called MBP-gpJ and His-fBP-gpJ is a chimera protein
of the GpJ fragment in fusion with Maltose BindiRgotein, graciously given of Pr.
Charbit (Necker, Paris, France). His-gpJ is a fugimtein of GpJ fused His-tag, made
in our laboratory, in order to work only with theoGfragment, without the MBP part

of the fusion protein. The characterisation of theeraction between LamB and
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His-gpJ was also demonstrated, confirming the bigdif the GpJ fragment in fusion
with MBP.

- investigate accurately the area on the surfadeaniB involved in the binding step
with the GpJ fragment, some mutants were used :BL&WT, LamB from Shigella
sonnei(Roa et Scandella, 19y6LamB Y118G (laboratory collection), and LamB
A4+A6+A9v (Andersen et al., 1999a mutant with deletions on the outer loops L4, L

and L9, necessary for the interaction with the Ldanphage.
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CHAPTER Il — Material and methods

Résumeé (Summary)

- Production des protéines: LamB sauvage, LamB d&higella sonnei LamB Y118G,
LamB A4+A6+A9v, MBP-gpJ et His-gpJ.

LamB sauvage ainsi que ses mutants sont produates lds conditions décrites par Klebba et
collaborateursKlebba et al., 1994 La protéine MBP-gpJ est obtenue dans les camditi
décrites par Wang et collaborate¢ang et al., 2000 His-gpJ est obtenue par sous-clonage
du fragment de gpJ de MBP-gpJ dans le vecteur tissjpn pBAD/Hig (Invitrogen™ life
technologies Des bactéries chimiocompétentes TOP 10F’ (lagién) sont transformées par
ce nouveau plasmide contenant le fragment de Gpant la protéine de fusion His-gpJ est

porduite sous forme de corps d’inclusion, elleegsuite purifiée en conditions dénaturantes.

- Technique du Film Noir (BLM).

La technique du film noir est une technique d'élgaihysiologie qui utilise le courant
électrique comme sonde de perméabilisation de labrene Benz et al.,, 1978 Elle est
particulierement utilisée pour I'étude de protéimemal reconstituées dans une membrane
modele Yan Gelder et al., 20Q0Dans notre étude, elle va servir principalenzesavoir si le
fragment de GpJ exprimé en protéine de fusion lddgs canaux de LamB, et empéche ainsi
le transport des maltooligosaccharides. Cette éaslleréalisée a I'échelle de la molécule
unique ainsi qu'avec plusieurs dizaines de molécdie LamB insérées dans la membrane.
Dans le cas de la formation d’'un complexe révessilds constantes d’association et de
dissociation du complexe peuvent de plus étre olgtercomme I'ont décrit Nekolla et

collaborateursNekolla et al., 1994
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- Dichroisme Circulaire.
Le Dichroisme Circulaire est une technique qui @odas informations sur les élements de
structure secondaire de protéines ou d’acides mueé Greenfield, 2004 1l est utilisé ici

afin d’obtenir des informations structurales ssrpeotéines de fusion MBP-gpJ et His-gpJ.

- Immunodétection.
Le protocole est semblable a celui décrit par Saoilbet collaborateursSambrook et al.,
1989

- Microscopie électronique a transmission.

E.coli exprimant LamB sauvage ou un mutant de LamB bat#ériophage Lambda (rapport
environ 10 :1) sont incubés 1 heure a températutgamte. L'échantillon ensuite est observé
par contraste négatif par coloration a I'acétateatiyle afin d'observer la fixation de phages
a la surface de bactéries exprimant différenteesale LamB.

2.1. Protein production

2.1.1 LamB production

2.1.1.1. Expression of LamB WT, fromShigella sonneiand LamB A4+A6+A9v

LamB WT is extracted from TOP 10F’ (Invitrogen®©)llseLamB fromShigella sonneirom
the popl54 strainRoa et Scandella, 19y@Gand LamB A4+A6+A9v from JM501 cells
transformed by pAC-1 derivated plasmide IPTG (ABpkm) inducible Charbit et al., 1998;
Andersen et al., 1999 Top 10F’ (Invitrogen ©) and pop154 cells arewgn in 200 ml Luria-
Bertani (LB) medium (Difco), 1% maltose (AppliCheraptil the end of the exponential
phase (Okhonm=1,2).

Transformed JM501 cells are grown in 200 ml LB, 1a§ml ampicillin (Applichem), 1%
maltose. They are induced by IPTG 0.3mM at ansdaia of 0.4 and grown until the end of

the exponential phase.
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2.1.1.2. Purification of LamB from different sources

Media and chemicals were described previously (Bdett al, 1994). Cells are washed with
10mM Tris pH 7.5, 100mM NacCl, disrupted with theekech Pressure cell and centrifuged
(15min, 6000g, 4°C). The supernatant is ultrackmged (1h, 48000 rpm, rotor Ti-70, 4°C):
the membrane containing LamB is found in the pellae pellet is twice resuspended in Tris
buffer 10mM pH 7.5, 100mM NacCl, 0.4% LDAO (Fluka)catwice ultracentrifuged (30min,
48000 rpm, rotor Ti-70, 20°C). The obtained supemizs are passed over an amlyose-
sepharoseNew England Biolahscolumn, equilibrated with the same buffer. Elatis
performed with a buffer Tris HCI 20mM pH 7.4, 200nm¥W4Cl and 10% maltose.

2.1.2. Production of the MBP-gpJ protein

2.1.2.1. Expression of the MBP-gpJ protein

The MBP-gpJ protein was graciously given by Pr. Gharbit (Necker, Paris, France).
Expression and purification of « MBP-gpJ (684-1182\ere performed as described by
Wang et al., 20Q0E. coli JM 501 cells are transformed by a pMat2X plasmid (New
England Biolabs) expressing the end part (residi82s1132) of the J gene of the Lambda
phage.

Cells are grown in 200 ml of LB medium, 1% gluco$eQug/ml ampicillin grow until the
end of the exponential phase. When R, is 0.5, induction with IPTG (0.3mM) is

performed.

2.1.2.2. Purification of MBP-gpJ

Cell culture is washed in Tris buffer pH 7.4, N&DOmMM and resuspended in Tris buffer
pH 7.4, NaCl 200 mM + antiproteases (protease itdrilcocktail P 8465, Sigma). Cells are
disrupted (three times, 1000 bars) with the Fredssure cell. After centrifugation (9000g,
30min, 4°C), the supernatant is passed through ratyose-sepharoseNéw England
Biolabs© ,c) column, equilibrated with the same buffer. Elatis performed with a Tris-
buffer (Tris HCI 20mM pH 7.4, 200mM NaCl) complentet with 270mM maltose.
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2.1.3. Production of the His-gpJ protein

2.1.3.1. Construct coding for His-gpJ_(684-1132)

The J gene (684-1132), coding for 40% of the C-teus) end of the J protein of the
bacteriophage Lambda, called GpJ_(684-1182f cut out from the pMal-GpJ_(684-1132),
described byVang et al., 200Qusing a EcoRI-HindlIII digestion in Tango buffer (Feentas).
The isolated fragment was inserted in a pBAD/HisrBltiple Cloning Sitelavitrogen " life
technologiek digested with the same restriction enzymes (sgar€ 2.1). Chemo-competent
bacterial TOP 10F’ cells (Invitrogen ©) were traorshied by the construction coding for His-
gpJ_(684-1132) and positive clones were selectedngpicillin 100ug/ml LB-agar medium.
Analysis of the sequence of the new obtained gemdirmed the sequence of the end-
terminal extremity of the J gene (from the resiéd&d until the residue 1132) and reveals
furthermore the addition at its N-terminal extrgmdf a small sequence of amino acids:
MGGSHHHHHH GMASMTGGQQMGRDLYDDDDKDPSSRSAAGTIWEF...

.. Xpress™ EK
ATG 6xHis Epitope site MCS term

araBAD promoter region: bases 4-276

Initiation ATG: bases 319-321

Polyhistidine tag: bases 331-348

Xpress™ epitope: bases 388-411

Enterckinase recognition site: bases 397-411
Multiple cloning site: bases 430-470

rrnB transcription termination region: bases 553-710
Ampicillin ORF: bases 989-1849

pBR322 origin: bases 1994-2667

AraC ORF: bases 4076-3198

Figure 2.1: Plasmid used for the His-gpJ construction. The @8%-1132) fragment is inserted between the
EcoRI and Hind Ill digestion sites. (Invitrog@hlife technologies, pBAD/His instruction manual vensF).
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2.1.3.2. Expression of the His-gpJ protein

Production of the new fusion protein was perfornasddescribed in th&wvitroger™ life
technologigpBAD/His B instruction manual version F.

Cells were grown in 500ml LB media, 100pg/ml ampiciat 37°C. Induction with 0.2%
arabinose (Roth) was performed at ang&kh= 0.4. Three hours after induction, cells are
washed in Tris 20 mM pH 7.5, 100mM NaCl, and pelfeafter centrifugation (60009,
15min, 4°C).

2.1.3.3. Purification of the His-gpJ protein

Cells are resuspended in a Tris-buffer: Tris 20 i 8, 100 mM NaCl + antiproteases
(protease inhibitor cocktail P 8465, Sigma) andugiged (three times, 1000 bars) by the
French pressure cell. The fusion protein is produoean insoluble form (inclusion bodies).
FollowingWang et al., 1998he GpJ protein was found in inclusion bodies arttva protein
after renaturation.

The pellet was solubilized in a Tris buffer (Tri@ &M, pH 8, 200 mM NacCl, 8 M urea) and
centrifugated (15min, 6000g, 4°C). The obtainedesungtant was incubated with Ni-NTA
Agarose Qiager) equilibrated with the same buffer overnight a€4The resin was washed
10 times in a Tris-buffer (Tris 20 mM pH 8, 200 mMN&ACI, 20 mM imidazole), and the
elution was performed in a Tris-buffer (Tris 20 mpH 8, 200 mM NaCl, 300 mM
imidazole). The elution fractions were dialyzediagaTris HCI 20mM pH 8, 200mM NacCl
to remove imidazole which disturbs the §&m measurements investigating the protein

concentration.

2.2. Lipid Bilayer Experiments

2.2.1. Technique

Black lipid bilayer membranes were formed from 1%lugon of diphytanoyl
phosphatidylcholine (Avanti Polar Lipids, Alabastat.) in n-decane as described previously
(Benz et al.,, 1978 This instrumentation consists of a Teflon chamwé&h two aqueous

compartments filled with unbuffered electrolytegan - usually 1M KCI - and pH 6. The
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temperature was kept at 20°C. The compartmentscmeected via a small circular hole with

a diameter of about 0.1 - 1mm across which the mands are formed (see Figure 2.2).

Teflon
filrm

100 pm

25_;;:111

Salt
solution

Flanar
lipid
hilayer

time

Inserted porin

Single porin insertion

Figure 2.2: Schema of a bilayer set-up. A teflon chamber iars¢pd by a wall containing a hole of about 0.5
mm diamter in two compartments, filled with an &tegte buffer. A potential is applied. At the leeékthe hole,

an artificial membrane is spread and prevents thespge of ions. After the insertion of a LamB triinside

the membrane, io

ns can pass across the reconstithiannel and a current specific for the passagé&n$

through LamB can be detected.

The current was measured with a pair of Ag/AgCtetedes with salt bridges connected in

series with a voltage source and a current ampliReithley 427 with a four pole filter or a

home made current to voltage converter containiBgra Brown operational amplifier with a

three-pole filter). The feedback resistors of therent amplifier were between 0.01 and 10
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gigaQ. The amplified signal was monitored with a strifact recorder in order to measure the
membrane current.

Maltoporin was added from concentrated stock smiutp one side of the membrane (cis-
side). The reconstitution of channels in the blagkd membrane was monitored on a strip
chart recorder resulting in a stepwise increaseéhef membrane current. The membrane

potential was held at +20mV throughout the expenitsie

2.2.2. Titration of LamB by MBP-gpJ

Shortly after the membrane turned black, dmannel formingprotein was added to the
aqueous compartment (final concentration'™). The membrane conductance increased
stepwise due to the reconstitutioinchannels. After a few minutes, the conductanceeiase
slowed down. When theonductance was nearly constant the titration éx@t started and
MBP-gpJ was added in defined concentrations to @anéoth sides of the membrane.
Subsequently the membrane conductalemeased in a dose-dependent manner as a result of
the channdblock for ions because of binding.

In recent publications the properties of substgateed or ligand-gated channels has been
studied in detail (Benet al, 1987;Nekolla et al. 1994; Jordyet al., 1996; Bachmeyeet al.,
2001). It has been demonstrated that the transbocat the carbohydrates through channels
can be described by a simple one-site, two badtemnel. Examples are LamBalger,
1973; Benz et al., 1987; Benz et Hancock, 1987CymA (Pajatsclet al., 1999). We used
this model to investigate the binding between Laari8l MBP-gpJ or LamB and His-gpJ.
This model assumes a binding-site for the substimt¢he center of the channel with
symmetrical barriers for the on-rate constants wdstrate binding. The rate constaqt
describes the jump of the substrate from the agipbase (concentratiar) to the binding-
site, whereas the inverse movement is describeédeogate constark_; .

The stability constant of the binding between assualbe and the binding-site inside the
channel isK =k, /k_, . Furthermore, we assume that only one substrakecule can bind to

the binding-site at a given time (Beatal, 1987). This means that a substrate molecule can
bind to the channel only when the binding-sitereef The substrate-gated channel (given by
P) is open when no substrdteis bound and closed when it is occupied to formrbn- or

low-conducting substrate-channel compkk:
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kqC

BhEag

P+L 555 PL 1)
K-1

The probability, p, that the binding-site is occupied by a substratéecule and the channel

does not conduct ions or is in the low-conductastate is given by:

)

and that it is free and the channel is in its kighductance-state is given by:

1
1-p= 3
P 1+Klc 3

The conductanceG(c) = I,/V,,, of a LamB containing membrane in the presence of
substrate with the stability constarf,, and a ligand concentratiom,, is given by the
probability that the binding-site is free:

1
G() =G, \—— 4
( ) max K E:"‘l ( )
where G __ is the membrane conductance before the starteodhdlition of the ligand to the

aqueous phase. Egn. (4) may also be written as:

Gmax—G(c) _ Klc
Gmax Kc+1

(5)

which means that the titration curves can be aealysing Lineweaver-Burke plots as has
been shown in previous publications (Betal, 1987; Andersent al.,1995). The half

saturation constanKg is given by the inverse stability constant.

2.2.3. Noise analysis measurements

The ion current noise of the channel was analysedraviously described\gkolla et al.,

1994). The amplified time resolved current signal wamitored by a strip chart recorder and
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simultaneously fed through a low pass filter (4dPButterworth Low-Pass Filter) into an AD-
converting card of an IBM-compatible PC. The diggtl data were analyzed with a home-
made fast Fourier transformation program, whicHdgd identical results as compared to a
commercial digital signal analyzer (Ono Sokki CRORIThe spectra were composed of 400
points and they were averaged either 128 or 25@dtinThe spectra were analyzed using
commercial graphic programs. The measurements roérunoise presented here are based
on small perturbations of the number of closed ok&n due to microscopic variations
involved in the chemical reaction between the phagéein and its binding site, which can be
monitored by current fluctuations. For the derigatiof the rate constants of phage protein
binding they were fitted to a Lorentzian functioviefveen et De Felice, 1974; De Felice

1981). Its reaction ratd/r is given by:
1
7= 2r¥, =k, e+ k, (6)

f. is the corner frequency of the power density spett S( f), given by a "Lorentzian"

function. Lorentzian spectra correspond to the en@gpected for a random switch with
different on and off probabilities, which are coeghlby a chemical reaction (Verveen et
DeFelice, 1974; Conti et Wanke, 1975; DeFelice,1)98

s(f)=s/f+(v ) o

S is the plateau value of the power density spectatramall frequencies. It is given by

(Verveen et De Felice, 19)4
S, =4ONCF Dpif1- g (8)
N is the total number of channels (blocked and wk#d) within the membrane is the

current through one single open channel anig the probability that the channel is occupied

by MBP-gpJ (i.e. closed).

38



CHAPTER Il Material and mehods

2.3. Immunodetection

After migration on SDS PAGE, proteins are trangdrron a nitrocellulose membrane
(Schleicher & Schuell, Protran®) in Towbin buffe25( mM Tris, 152mM glycin, 20%
methanol) 45minutes, 100V, 350mA constant. The mandwas blocked with 5% non fat
dried milk powder in TBS-T buffer (20mM Tris pH 7.640mM NacCl, 1% Tween 20). Two
types of immunodetection were performed: a detactnti-6xHis-tag and a detection anti-
MBP. The membrane was first incubated with the primantibody in TBS-T (dilution
ratio:1/3000) and afterwards with the secondaribady in TBS-T (dilution ratio:1/3000) for
1 hour at room temperature. For the anti-6xHis-datection, the primary antibody was a
mouse Ig (Amersham Bioscience®) and the secondarybaaly is an antimouse
immunoglobulin, horseradish peroxidase linked t@lehantibody (Amersham Bioscience ®).
For the anti-MBP detection, the primary antibodysvea anti-MBP serum from rabbit (New
England Biolabs ®) and the secondary antibody iargnrabbit immunoglobulin, horseradish
peroxidase linked to whole antibody (Amersham B@sce ®). Immunodetection was
performed using the EC Western Blotting Detection Reagents and Hypeffiim

(Amersham Biosciences ®).

2.4. Electron transmission microscopy

Cells (ToplOF' expressing LamB WT, popl54 expraggdiamB from Shigella sonner
JM501 transformed by pAC-1/Lam4+A6+A9v for LamBA4+A6+A9v) and bacteriophage
Lambda were incubated in SM buffer (Tris 20mM pH,7.00mM NacCl, 10mM MgS§ 1%

gelatine (Sigma)) for 1 hour at room temperature.

2.5. Circular dichroism measurements

Circular Dichroism is a method providing data abth# secondary structure of proteins
(Greenfield, 2004 The CD spectrum was recorded between 190 anch®@2h a mark VI
(Jobin-Yvon) spectrometer and using a 1mm wide ttav&he temperature was set at 20 °C.
The spectrum of MBP-gpJ (4uMyas performed in a Phosphate buffer (Phosphate MO m
pH 7.6, 200 mM NaCl, 1mM EDTA) and the spectrunHug-gpJ (18.5 uM in the beginning
of the experiment) was performed in a Tris bufieig 20 mM pH 7.6, 200 mM NacCl).
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CHAPTER III - Results

Résumeé (Summary)

- Production et caractérisation des protéines: LamBauvage, LamB deShigella sonnej
LamB Y118G, LamB A4+A6+A9v, MBP-gpJ et His-gpJ.

Les différents types de LamB, dont les protocolegbduction sont établis, sont facilement
obtenus, et avec une trés grande pureté. Par caviBE-gpJ se révele étre une protéine
instable qui semble se dégrader dans le tempstdtaipe His-gpJ se trouve étre exprimée en
corps d’inclusion. Apres purification en conditiodénaturantes et renaturation, une protéine

soluble et qui pourra par la suite intéragir avamB sera obtenue.

- Etude de l'intéraction entre LamB et le fragmentC-terminal de GpJ par la Technique
du Film Noir (BLM).

Etude de l'intéraction entre LamB et MBP-gpJ.

MBP-gpJ induit un blocage complet et réversible dasaux de LamB qui permet de
démontrer une intéraction entre ces deux protélieffet de MBP-gpJ sur LamB est qualifié
d’« asymétrique », puisque observé principalemasgue MBP-gpJ est ajouté d’un seul cbté
de la membrane (le coté cis, celui ou LamB estt@)oCe type de résultat est également
observable avec les mutants de LamB. La constdassatiation entre LamB sauvage et
MBP-gpJ a pu étre évaluée & £.10M dans 1M KCI. Enfin, la force ionique (conceatton

de KClI et de M§") n’a aucun effet sur le complexe.
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Etude de l'intéraction entre LamB et His-gpJ.

Pas de blocage significatif de LamB apres ajoutlidegpJ comme ce fut le cas apres ajout de
MBP-gpJ: le passage des ions et des maltooligoaddels a travers LamB n’est pas perturbé.
Toutefois, le fait que I'intéraction entre MBP-ggtJLamB n’est plus possible en présence de
His-gpJ montre que His-gpJ se lie a LamB bien ggecanaux ne soient pas bloqués par la

présence de cette protéine a sa surface.

- Vérification de la formation du complexe entre LanB et His-gpJ.

L'intéraction entre LamB (ou un de ses mutants) His-gpJ est confirmée par
immunodétection. Ces résultats montrent égalemantes boucles externes L4, L6 et L9v de
LamB ne sont pas indispensables a la liaison dynfest de GpJ alors gu’elles le sont a celle
du phage Lambda. De plus, la structure en triméereaiB est indispensable pour la liaison
au fragment de GpJ.

3.1. Expression and characterisation of the requir proteins

The proteins used to investigate the interactidwéen LamB and the C-terminal fragment of
GpJ were expressed as fusion protein and producedrselves. Here we described how they

were expressed and characterised.

3.1.1. LamB from different sources and mutants

LamB Wildtype (WT), LamB fronShigella sonneiand LamBA4+A6+A9v were purified as
described in Materials and Methods. Pure LamB Y1%&GS generous gift from Dr. F. Orlik.
Purity of the samples was investigated by SDS-PA&H#e Figure 3.1). The trimer (unboiled
sample) of LamB WT, fronthigella sonneand Y118G had an apparent molecular weight a
bit upper to 66kDa, and the monomer (boiled sample)apparent molecular weight of 45
kDa. The trimer (unboiled sample) of LandB+A6+A9v had an apparent molecular weight
of 66 kDa, and the monomer (boiled sample), an igmpanolecular weight between 30 and
45 kDa, due to the deletion on the loops. Subsdtyehe proteins were reconstituted in
planar lipid bilayer to confirm their channel formgi activity.
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Figure 3.1: 10% SDS-PAGE of the purified LamB and mutant LamB poteins. The gel was stained with
Comassie brilliant blue.

Lane 1: 5 ug purified LamB wildtype &. coli solubilised at 30°C for 5 minutes in 5 pl sampléfér. Lane 2: 5
pg purified LamB wildtype oE. coli solubilised at 100°C for 5 minutes in 5 ul samiplgfer. Lane 3: 5 ug
purified LamB wildtype ofS. sonneisolubilised at 30°C for 5 minutes in 5 pl sampidfér. Lane 4: 5 ug
purified LamB wildtype ofS. sonnesolubilised at 100°C for 5 minutes in 5 pl sampidfer. Lane 5: 5 ug
purified LamB mutant Y118G solubilised at 30°C tominutes in 5 pl sample buffer. Lane 6: 5 pg pedif
LamB mutant Y118G solubilised at 100°C for 5 mirsute 5 pl sample buffer. Lane 7: 3 pg purified LamB
mutantA4+A6+A9v solubilised at 30°C for 5 minutes in 5 pl sampléfer. Lane 8: 3 pg purified LamB mutant
A4+A6+A9v solubilised at 100°C for 5 minutes in 5 pl sagniplffer.

3.1.2. The MBP-gpJ protein

3.1.2.1. Production and purification

The induction of the (. promotor of the plasmid allowed the overexpressibthe MBP-gpJ
protein with a molecular weight close to 97 kDaSIDS-PAGE (see Figure 3.2A).

At concentrations above 44uM, the protein precipda The variation of the ionic strength
(between 50 and 400 mM) had no effect on the stalmf MBP-gpJ. At pH close to 8 less
precipitation was observed than at pH 7. The thealepl of the protein is about 6.7 (see
Table 3.1 for characteristics). Furthermore, th@gin remained active around 2 weeks when
it was stored at + 4°C or longer if it was consdra¢ — 20 °C. As described byang et al.,
200Q the fractions were not completely pure afterrtredtose elution step. In order to obtain
a pure protein sample, a further purification steys performed by gel elution. However, after
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investigation of the purity by immnunodetectione tbrotein appeared not to be completely

pure, suggesting its instability or a possible ddgtion (see Figure 3.2B).

kDa 1 2 3 4 5 6 7
116

6 — T g
66 =—=_..58 -

45 -

30 w—.

Figure 3.2A: 10% SDS-PAGE of the purification steps of MBP-gpJ.

Lane 1: 5 pl of total cell extract of inducEd coli cells was solubilised at 100°C for 5 minutes impke buffer.
Lane 2: 5 pul of total cell extract of non-inducédcoli cells was solubilised at 100°C for 5 minutes impke
buffer. The arrow shows the position of MBP-gpJnés: 3-7: Protein content of different fractionstoé
amylose-sepharose column after elution with buffiepplemented with maltose. 15 pl of the fractioreven

solubilised at 100°C for 5 minutes in sample bufidre gel was stained with Comassie brilliant blue.

A B

94 kDa wep

45 kDa [

~duh

Figure 3.2B: Western blot of MBP-gpJ and Maltose Binding Protein(lanes A and B respectively).
The proteins were run on a 10% SDS-PAGE and blottetd a nitrocellulose membrane as described in

“Material and Methods”.
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MDVI KKKHWV QSDAL KWSVL

SAGLYI FANR
TFERAQEVLL
FGGEQKLQLK
LRQFSGTQPL
LSPGYTVTTG
VLACLVQAEA
L SALFGVKPA
EASAVDGAGP
GPDRLGTTTP
LAl VNLKATR
PAAPSRI ELT
RYLGTALYW

LDFFKGKI TE
VKI EQTKDGK
TPMFVAQGNQ
SGSVNANSGT
VDWPSGTRTV
MNGAVI YDGA
FASDVQVWI

KAYAWRYVYP
DRSWQAGKTY
ETTAQPEGER
YTLDGDGTLT
WKNFTRVFTD
L RGKAVYRVL
WESDPTTART
FQNFFKI TLP
AGYTDLLVNY
MKFDI EGRI S
PGYFQ TATP
AASI NI KPGH
SHLGKELLEK
HYVAG GLSM
| FEMNDVFLKR
LSNVTI AENC
TVTDDHPFDR
ANEAVQVFSR
KKQALG SW

Number of amino acids:970
Molecular weight: 106849.7

Theoretical pl:

6.71

GLLGLLVGYL WLMYAQGEY
GVAGMGLFVL FPLVCTI Al A
NFGLYPAGDE WQLAL SDGET
ANLRVI TONR QALSDI TAI L
NNQSGVKYRP NNQ GFYQSI
EG QKPFLAI FVWTVWFSLI
LI LPYAVPSF | SI LI FKGLF
M.I | VNTW.G YPYMM LCMG
LLI KPLTPLM | ASFAFNFNN
TYRI AFEGGG GQDFGLAAAI
EFGNYRLTVR AVNAWGQQGD
HLAVYDPTVQ FEFWFSEKQ
DYYFI RSVNT VGKSAFVEAV
VELTEDNASR LEEFSKEVKD
EDTEEGKLSQ FLVAANRI AF
LTAPTI TSGG NPPAFSLTPD
TI NGTLRAEK | VGDI VKAAS
Q WLPLTFR GSKRTVSGRT
| VDMPAGRGN VI LTFTLTST

Total number of negatively charged residues (Asp &lu): 86
Total number of positively charged residues (Arg +ys): 85

Extinction coefficients:

Conditions: 6.0 M guanidium hydrochloride
0.02 M phosphate buffer

pH 6.5

The first table lists values computed assuming Alyis residues appear as half cystines,

whereas the second table assumes that NONE do.

LFAI TTLI LS
FTNYSSTNQL
GKNYL SDAFK
PDGNKVMVBS
TADGNWGDEK
TVFLTVAVGM
NQSFGEI NWVM
LLKAI PDDLY
FVLI QLLTNG
ATLI FLLVGA
PASVSFRI AA
ADI RQVETST
GRASDDAEGY
ASDKWNAMAA
| DPANGNGNE
GKLTAKNADI

AAFPRQRESS
TYSMCYLKVL
RHSADI PPYT

Wavelength 276 nm 278 nm 279 nm 280 nm 282 nm
Ext. Coefficient (M* cm™) 155090 157054 156200 154430 14984(
Abs. 0.1% (= 19/l) 1.451 1.470 1.462 1.445 1.402
Wavelength 276 nm 278 nm 279 nm 280 nmj 282 nin
Ext. Coefficient (M cm’™) 154800 156800 155960 154190 14960(
Abs. 0.1% (= 1g/l) 1.449 1.467 1.460 1.443 1.400

Table 3.1:Characteristics of the MBP-gpJ protein.

Characteristics obtained by the program ExpasyFPram Tool. (http://au.expasy.org/tools/protparamih
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3.1.2.2. Secondary structure data of MBP-gpJ : CDpectra and structure prediction

The CD spectra of MBP-gpJ (4uM) were investigatedrider to obtain some structural data.
Figure 3.3 shows a spectrum with two peaks at 20b220nm indicating a typicai-helical
pattern. A structure prediction performed with tB®R IV program confirmed the presence
in majority ofa-helix inside the MBP-gpJ protein (cf. Figure 338.5% ofa-helices, 17.41%
extended strand, 44.07% random coiled), and inglictitat the secondary structure of the GpJ
fragment (residue 522 until residue 970) shouldalse mainly composed af-helices (see
CD spectra of the His-gpJ protein Figure 3.7). Hasvethe GpJ fragment is connected to the
Maltose Binding Protein, which structure has bealnesl. The latter is mainly composed of

a-helices, and dominates a part of the spectrurheoMBP-gpJ.
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Figure 3.3: CD spectrum of MBP-gpJ, (4uM) performed in a Phosphate buffer (Phosphaten®, pH 7.6,
200mM NaCl, 1mM EDTA.

3.1.2.3. Cleavage of the MBP part of the MBP-gpJ pitein

A protease (factor Xa) sensitive site in the limktbe pMal-2cX plasmid is located between
the MBP and the GpJ part. In order to work onlytwvilie fragment of the GpJ protein alone,
the MBP-gpJ protein was digested with the factor Sarprisingly, the analysis of the bands
by SDS-PAGE revealed the presence of the MBP amdatttor Xa, but not of the GpJ part
(data not shown). It was concluded that the fragmes degraded or not stable, as previously
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observed with MBP-gpJ. Under those conditions, weidkd to make a new fusion protein,
with a different tag than the MBP. We chose a 6xXidgg because it is a smaller tag, and is

not involved in the maltose operon, like the Madt@&@nding Protein.
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Sequence length : 970

Alpha helix ) : 357is 36.80%
Beta bridge bf: Ois 0.00%
Extended strancef: 197 is 20.31%
Random coil ): 416is 42.89%

Figure 3.4: Secondary structure prediction of the MBP-gpJ progin.
Structure prediction performed with GOR V.
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3.1.3. The His-gpJ protein

3.1.3.1. Production and purification

The gene GpJ (684-1132) of the MBP-gpJ protein swdxcloned into a new vector. The

expressed protein presented 40 % C-terminus e@pdf which carried a 6xHis-tag attached
to its N-terminal end. The protein was followed idgrthe different steps of the production

and the purification using SDS-PAGE analysis. Afpeoduction, immunodetection by anti-

6xHis-tag antibodies indicated that the His-gpXgarowas expressed as insoluble inclusion
bodies. The purification of the His-gpJ protein vsformed under denaturating conditions
(see Figure 3.5).
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Figure 3.5: Purification of His-gpJ.

A: 10% SDS-PAGE of the purification steps of His-gpJ

Lane 1: 20ul solubilised inclusion bodies (in 8 Ma, 20 mM Tris-HCI, pH 8) were dissolved at 1003Q0 pl
sample buffer. Lanes 2 to 5: Supernatants of sutesggvashing steps with 100 mM NaCl, 20mM Tris-HgaH,

8, 20ul of the solutions were dissolved at 100°Q0nul sample buffer. Lane 6: Supernatant of teesstvith
100 mM NacCl, 20mM Tris-HCI, pH 8, supplemented wBB0 mM imidazole, 20ul of the solutions were
dissolved at 100°C in 10 ul sample buffer. Lan@ Ttg pure His-gpJ obtained by preparative SDS-PAGE
solubilised in 10 pl sample buffer. The gel wasnstd with Comassie brilliant blue.

B: Western blot of His-gpJ Cells expressing His-gpJ were disrupted and ifegéd. Lane 1: Analysis of the
supernatant. Lane 2: Analysis of the pellet. Lan&r&alysis of the His-gpJ purified by gel elutiorhe proteins
were run on a 10% SDS-PAGE and blotted onto acethalose membrane as described in the “Materidl an

Methods” section.
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After elution, a pure and soluble protein with alecolar weight of ca 50 kDa was obtained.
This result was in accordance with the expectedevaf 54 kDa calculated from the sequence
(see Table 3.2 for the His-gpJ characteristic®) itimunodetection analysis, and the fact that
this band was not found when the purification waggrmed with cells that did not express
the plasmid carrying the GpJ_(684-1132) gene (datahown). All those controls convinced
us that the protein obtained after purification whe His-gpJ protein. Furthermore, the

protein remained active around 2 weeks after stated4°C or longer if it was conserved at

-20 °C, as it was the case for the MBP-gpJ protein.

MGGSHHHHHH  GVASMIGGQQ  MGRDLYDDDD  KDPSSRSAAG  TI WEFALGNY  RLTVRAVNAW
GQQGDPASVS  FRI AAPAAPS  RIELTPGYFQ | TATPHLAVY  DPTVQFEFWF  SEKQ ADI RQ
VETSTRYLGT  ALYWAASIN | KPGHDYYFI ~ RSVNTVGKSA  FVEAVGRASD  DAEGYLDFFK
GKI TESHLGK  ELLEKVELTE  DNASRLEEFS  KEWKDASDKW NAMMVKI EQ  TKDGKHYVAG
| GLSMEDTEE ~ GKLSQFLVAA  NRI AFI DPAN  GNGNETPMFV  AQGNQ FMND  VFLKRLTAPT
| TSGGNPPAF  SLTPDGKLTA  KNADI SGSVN  ANSGTLSNVT | AENCTI NGT  LRAEKI VGDI
VKAASAAFPR  QRESSVDWPS  GTRTVTVIDD  HPFDRQ WL  PLTFRGSKRT  VSGRTTYSMC
YLKVLMNGAV | YDGAANEAV ~ QUFSRIVDMP  AGRGWI LTF  TLTSTRHSAD | PPYTFASDV
QUMW KKQAL G SW

Number of amino acids:495
Molecular weight: 54040.8
Theoretical pl: 5.98

Total number of negatively charged residues (Asp &lu): 55
Total number of positively charged residues (Arg +ys): 48

Extinction coefficients:

Conditions: 6.0 M guanidium hydrochloride
0.02 M phosphate buffer
pH 6.5

The first table lists values computed assuming Alyis residues appear as half cystines,
whereas the second table assumes that NONE do.

Wavelength 276 nm 278 nm 279 nm 280 nm 282 nin
Ext. Coefficient (M* cm?) 63645 64527 64230 63560 61720
Abs. 0.1% (= 1g/l) 1.178 1.194 1.189 1.176 1.142
Wavelength 276 nm 278 nm 279 nm 280 nmj 282 nin
Ext. Coefficient (M' cm™) 63500 64400 64110 63440 61600
Abs. 0.1% (= 1g/l) 1.175 1.192 1.186 1.174 1.140

Table 3.2:Characteristics of the His-gpJ protein.
Characteristics obtained by the program ExpasyPRiraim Tool. (http://au.expasy.org/tools/protparamih
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3.1.3.2. Structural characteristics of His-gpJ

The investigation of the structural characterisb€dHis-gpJ allowed us to obtain data from
40% of the C-terminal extremity of the GpJ protaione. Secondary structure predictions
using the GOR4 automated program suggested awgteyamtesenting mainlg—helices for the
GpJ fragment (34%—helix, 20% extended strand and 46% random coil Fsgere 3.6) as
for the MBP-gpJ protein.
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Sequence length : 495

Alpha helix () : 169is 34.14%
Extended strande] : 99is 20.00%
Random coil ) : 227 is 45.86%

Figure 3.6: Prediction of the secondary structure of the His-gp protein.
Structure prediction performed with the logiciel BO/.

This prediction was not completely confirmed by @B@asurements of the His-gpJ protein by

far UV light. Figure 3.7 showed different pattenfsHis-gpJ depending on its concentration.
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At a concentration of 18.5uM, the spectrum showeak at 225nm which was difficult to be
interpreted as it was not characteristic for typsgecondary structure elements (Figure 3.7,
trace 1). However, after diluting the sample fivads (3.8uM), the spectrum of His-gpJ
changed: the peak at 225nm was shifted to loweeleagths (Figure 3.7, trace 2) indicating
a change of secondary structure of the proteinmetion of its concentration.

An other spectrum of the five times diluted sam@8uM) was performed 30 minutes after
the one showed at figure 3.7, trace 2 in ordemt@stigate if there is an evolution of the
secondary structure in time. The spectrum was rsiilie shifted to lower wavelengths, and
two peaks at 205 and 220nm seemed to appear (RBgur&ace 3) suggesting the presence of

a-helices in this range of concentration.
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Figure 3.7: CD-spectra of His-gpJin a Tris-buffer (Tris 20mM pH 7.6, 200mM NaCl).race 1: the
concentration of His-gpJ is 18,5 pM. Trace 2: tbacentration of His-gpJ is 3.8uM (sample of thecdrd
diluted 5 times): am-helix pattern is appearing. It is more evident whiee spectrum is done again after 30

minutes (trace 3), indicating that the secondawycstire of the protein changes with its concerdrati

The CD-spectra of His-gpJ at “low” concentratiothdat 4pM) showed a totally different
pattern as the one observed at “higher” concentrafabout 20uM). Because the His-gpJ

protein was pure, we concluded that the differerafesecondary structure of His-gpJ were
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due to the difference of concentration, suggestingossible oligomerisation step at about
20uM (see paragraph 4.5, Discussion).

3.2. Bilayer experiments

3.2.1. Effect of MBP-gpJ on the LamB protein at sigle molecule level

In order to elucidate the interaction of MBP-gpdhwtiamB we reconstituted LamB in planar
lipid bilayer. LamB (13M) was added to the cis compartment of the cefjufé 3.8A and
3.8B showed the typical behaviour of MBP-gpJ on Banm the Figure 3.8A, the insertion of
a single channel in the membrane is seen by a suiddecase in current. The addition of
MBP-gpJ to the cis compartment of the cell prevéidspassage of ions through LamB WT
trimer. A complete and reversible blockage of tharmels was observed.

200 pS

\ 4 nA

5 min

.—-—l“"* T o [ | Iﬂ"!“
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Figure 3.8A: Effect of MBP-gpJ on LamB wildtype measured on thesingle-channel level.

MBP-gpJ was added in a concentration of 100 nMh#odis-side of a diphytanoyl phosphatidylcholindécane
membrane (arrow) after the reconstitution of onkeltype LamB channel. Note that the channel opemdg for

a short time. The membrane was formed from diplogtaphosphatidylcholine/n-decane. The aqueous phase
contained 1M KCI and less than 1 pM LamB or LamBL8G mutant. The applied voltage was 20mV at the cis
side; T = 20°C.

In the Figure 3.8B, a mutant of LamB, Y118G, wasdisThe passage of ions through this
mutant, also called conductance value, is aboutr@@and is about six times higher than the

one of LamB WT (156 pS). This mutant would allowachieve a better signal/noise ratio.
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Furthermore the mutation on the residue 118 doesaffect the binding of the bacteriophage
Lambda. In this experiment, five trimers of LamBDBLG were inserted inside the membrane.
The addition of MBP-gpJ to the cis-side of the callowed a complete and reversible

blockage of the LamB channels: even if they wergching in time between a fully open and

fully closed state, they remained principally clbse

Figure 3.8B: Effect of MBP-gpJ on LamB mutant Y118G measured ornhe single-channel levelMBP-gpJ
was added in a concentration of 100nM to the @s-sif a membrane (arrow) after the reconstitutibfive
Y118G mutant LamB channels. The channels closedshodied rapid flickering. The membrane was formed
from diphytanoyl-phosphatidylcholine/n-decane. Tdwieous phase contained 1M KCI and less than 1 pM
LamB or LamB Y118G mutant. The applied voltage @@mV at the cis-side; T = 20°C.

In order to investigate if the interaction with MBJ disturbed the reconstitution of LamB
inside the membrane, LamB and MBP-gpJ were prenigé approximatively equal
concentration and added to the cis-side of the Agellhis concentration of LamB, one would
usually expect the insertion of about 100 to 100tanmels. We observed that the
reconstitution of LamB inside the membrane requimexte time, and that only a few channels
were inserted inside the membrane. Furthermoredhductance of the reconstituted LamB
proteins was also affected: it switched stronglimieen a fully open and a fully closed state
due to the presence of the MBP-gpJ protein as & pvaviously observed after addition of
MBP-gpJ to LamB proteins inserted in a membrane [sgure 3.8C).

In conclusion, MBP-gpJ blocks completely and reNsdysthe LamB trimer channels. The

interaction is possible when LamB was in the bulkvas inserted inside the membrane.
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Figure 3.8C: Effect of MBP-gpJ on LamB wildtype measured on thesingle-channel level when LamB and
MBP-gpJ are previously mixed.

LamB and MBP-gpJ were mixed at equal concentrafitve. mixture was added at a concentration of aboQt

nM to the cis-side of a black membrane about 15utem before the recording started. Note that utttese
conditions only a small number of rapid switchingaonels was observed. The membrane was formed from
diphytanoyl-phosphatidylcholine/n-decane. The agequhase contained 1M KCI and less than 1 pM LamB o
LamB Y118G mutant. The applied voltage was 20mthatcis-side; T = 20°C.

3.2.2. Titration of LamB by the MBP-gpJ protein

3.2.2.1. Effect on LamB WT and LamB fromShigella sonnei

We observed that the addition of MBP-gpJ allowexmplete and reversible blockage of the
Maltoporin channels. In order to investigate thabaity constant K of the interaction between
LamB and MBP-gpJ titration experiments of the ctesof LamB after addition of MBP-gpJ
were performed. LamB WT (final concentration ab#Qt?M) was added to the cis-side of
the cell. About 150 LamB channels got inserted idighytanoyl phosphatidylcholine/n-
decane membrane. After reaching a stable numbmsefted proteins, MBP-gpJ was added
first to the trans, and afterwards to the cis catmpant of the cell. The binding of MBP-gpJ
resulted in a decrease of the conductance of LarniBatér a short time (see Figure 3.9). The

same effect was also observed with LamB fi®inigella sonngjdata not shown).
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Figure 3.9: Titration of LamB-mediated conductance with MBP-gpJ.

LamB was added to the cis-side of a black-diphygpbosphatidylcholine/n-decane membrane at a
concentration of 100 pM. The experiment startedmdigout 150 channels were reconstituted in the mameb
Increasing concentrations of MBP-gpJ were firsteatlth the trans-side (arrows), and then to theidis of the
cell (arrows). The aqueous phase contained 1M K@labout 10pM LamB. The applied voltage was +20mV a
the cis-side; T = 20°C.

We observed that the effect of MBP-gpJ on LamB a&snmetric. If MBP-gpJ protein was
added to the trans-side, the decrease of the ctarthec of LamB was not very significant:
between 0 and 15 %. In contrast, MBP-gpJ addeldet@is-side caused a strong decrease: the
affinity of the fusion protein to LamB is very higts shown at Figure 3.10. In Figure 3.10, a
Lineweaver-Burke plot (see equation (5), Materrad dMethods) of the titration experiment of
Figure 3.9 and of similar measurements is showe. stability constant for MBP-gpJ binding
to LamB was about 80" 1/M. The half saturation constant,Ks given by the inverse
stability constant 1/K. The half saturation consfan MBP-gpJ binding to the LamB channel
was about 13 nM. Unfortunately, the fit of the dtton data of Figure 3.9 and similar
experiments using equation (5) was not satisfacasrthe solid line in Figure 3.10 clearly
indicated. This could be explained either by theuagption that the LamB channels did not
close completely when MBP-gpJ was bound, whichathar unlikely when the results of
Figure 3.8A were considered, or by the assumpti@t some channel flickering was still
possible at very high MBP-gpJ concentrations (sgarg 3.8A).

54



CHAPTER Il Resudt

oo
» 100 - £
S ————————=
= G- b dhd
= ®
Q 80 m ® Ps
m
: °
- 60
o 100 o
o — o]
g 80 .-
> 40 60
“'6 40 -
® 20
0 I ] ] I ] I I

0 100 200 300
MBP-gpJ—concentration [nM]

Figure 3.10: Fit of the results of the titration experiment show in Figure 3.9 and similar experiments with
the equation (5), (full circles; broken line) or wih the equation (6) (open squares, solid line).

The fit of the data using the equation (5, Matesad Methods section) yielded the following pararet
Ks = (13+2.5) nM (K = 7.980 1/M); that using the equation (6) the following en&s = (5.8+0.07) nM

(K = 1.700° 1/M); G, = 85+3% of G The inset shows the fits of the data for MBP-gprdcentration up to

60nM. For further explanations, see text. This figuepresents the results of 3 experiments perfibrme
1M KCI. The applied voltage was 20mV at the cisesi@l = 20°C.

According Figure 3.10, binding of GpJ allows a dnialt finite conductance. Taking the
finite conductance into account gives a correctionequation (5), as described by the

equation (6):

Grax —G(c) _ Klc

(6)
G, —-G. KE+1

Where G,, is the conductance at very high MBP-gpJ conceaatrat.e. the fraction of the

conductance that did not seem to be blocked by MBR- Accounting for the finite
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conductance yielded a stability constatof about 1.70° 1/M (Kg = 5.8 nM) for 3 titration

experiments of the same type. On average 896 of the total conductance was blocked by
MBP-gpJ.

A negative control experiment by adding MBP to botmpartments of the cell did not show
a significant decrease of the conductance of Las#® figure 3.11). We concluded that the
decrease of the conductance of LamB was due t&gidkfragment of the MBP-gpJ fusion
protein. In addition we performed a control measwst in 0.1 M KCI, closer to the
physiological conditions. The stability constantswia these experiments approximately the
same as in 1 M KCI indicating that the ionic striénigad a minor influence on the interaction

between MBP-gpJ and LamB (data not shown).

15nM 45 nM 135nM
MBP MBP MBP
|
T N~

50 nS
1nA
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Figure 3.11: Effect of MBP on LamB-mediated membrane conductancd.amB was added to the cis-side of
a black diphytanoyl-phosphatidylcholine/n-decanemipene in a concentration of . The experiment
started when about 2000 channels were reconstitntdte membrane. Increasing concentrations of MigPe
added to the cis-side of the membrane (arrows).afjueous phase contained 1M KCI. The applied veltaas
+20mV at the cis-side; T = 20°C. Note that the @ddiof MBP led to an only insignificant decay oEmbrane
conductance.
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In conclusion, the effect of MBP-gpJ on LamB isragyetric. Because GpJ binds to the outer
loops of LamB, MBP-gpJ can be used as a probe efotientation of LamB inside the
membrane (see paragraph 4.1, Discussion). Thdistaoinstant K of the interaction between
LamB and MBP-gpJ is aboutd0?® 1/M (Kg about 10 nM), and on average 83% of the

LamB channels were blocked after addition of MBB-dpurthermore, the ionic strength has

a minor influence on the binding of MBP-gpJ to LamB

3.2.2.2. Effect on LamB with loop deletiodA4+A6+A9v

Recent experiments have shown that some residuésamB mainly located on the outer
loops L4, L6 and L9 are involved in the infectiorechanism of the bacteriophage Lambda:
the deletion of one or more loops prevent the loigdif the phageAndersen et al., 1999In
order to investigate if those loops are involvedtle binding step of the GpJ protein,
measurements were done with a mutant of LamB cagrgeletions of the outer loops L4, L6
and some residues of L9 and MBP-gpJ. Unfortunatdignnels formed by this mutant were
rather unstable, which means that we observedva dézrease (current drift) following the
initial rapid reconstitution of channels. This medhat precise information about the stability
constant for MBP-gpJ binding to this mutant was mpatssible. However, we could
demonstrate that ion transport through LafwB-A6+A9v could be blocked by the addition of
MBP-gpJ. Figure 3.12 shows the reconstitution otiad 100 LamB channels in a membrane.
An excess of MBP-gpJ added to the cis-side alloafegt a short time a significant decrease
of the conductance of around 100 LamB channelsrteddn a membrane, as previously
shown for LamB WT. This result indicated clearlatlhe interaction of the MBP-gpJ protein
with LamB does not require the presence of therdatgs L4, L6, and a part of L9.

In conclusion, the binding site of GpJ is not lechbn the outer loops L4, L6 and a part of
L9, what are necessary for the binding of the Laanipthage (see paragraph 4.6 of the

Discussion).
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Figure 3.12.

Effect of MBP-gpJ on the conductance mediated by thLamB-mutant A4+A6+A9v.

The mutant was added to the cis-side of a blackydgmoyl-phosphatidylcholine/n-decane membrane in a
concentration of about 10pM. When about 260 channare reconstituted in the membrane, MBP-gpJ was
added to the cis-side of the membrane in a coratéorrof 100nM (arrow). The aqueous phase contairidd
KCl and about 10pM4+A6+A9v mutant. The applied voltage was +20mV at thesite; T = 20°C.
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3.2.2.3. Effect of Mg" ions and EDTA on the complex formation between La and
MBP-gpJ

Divalent ions, such as Mghave a strong influence on the binding step ofintfiection: the
presence of M{ is required for the interaction of the bacteriaphd.ambda with its cell
receptor, LamB $chwartz, 1975; 1976In order to investigate whether divalent iongs ar
involved in the interaction between LamB and thé&fnrinal part of the GpJ, we tested the
effect of M¢* ions on the complex between LamB and MBP-gpJ. &hgeriment was
performed in a buffer of 1M KCI supplemented withg¥ (from 5 to 20mM final
concentration) or EDTA (from 5 to 20mM final contextion). EDTA is a divalent ions
chelator, known to prevent the formation of the ptem between the bacteriophage Lambda
and LamB. After reconstitution of a few channelside the membrane, the reversible
blockage of LamB was still observed after additioh MBP-gpJ. In addition, titration
experiments of LamB with MBP-gpJ in presence ofvr EDTA were also performed. The
stability constant was almost the same as in 1 M (&ta not shown), indicating that the
presence of Mg ions is not required for the formation of the cdexbetween LamB and the
MBP-gpJ protein. Furthermore, the minor influené¢he Mdf* ions is in agreement with the
minor influence of the ionic strength on complernfiation between LamB and the MBP-gpJ
protein (see paragraph 3.2.2.1).

In conclusion, M§" ions are not clearly involved in the interactietveen LamB and MBP-
gpJd in vitro, whereas they are necessary for the interactiowda®m LamB and the

bacteriophage Lambdan vivo.

3.2.2.4. Current noise analysis measurement of tlkemplex formation between LamB
and MBP-gpJ

Titration experiments previously described (seeagaph 3.2.2.1) allowed to obtain the
stability constant K of the interaction between IBaand MBP-gpJ. In order to investigate the
kinetic constants of the on and off reaction ratethe interaction between LamB and MBP-
gpJ, we performed noise analysis measurementeafdmplex between those two proteins.
The ion current noise was analysed as describedopidy (Nekolla et al., 1994 The
background spectrum was recorded before the fidslitian of MBP-gpJ. Around 150
channels were inserted in the membrane. Priorddiad of MBP-gpJ the reference spectrum
was recorded. The difference spectra could bedfitte single Lorentzian functions
(equation 7). Figure 3.13 demonstrates that thaercirequencies of the Lorentzians were

small, in the range of 1Hz and less. Unfortunatéig value were not precise enough to
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calculate the kinetic constants via the on andezttion rates. However, the increase of noise
after addition of the MBP-gpJ protein indicatedttttee complex between LamB and MBP-

gpJ is reversible.
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Figure 3.13.Power density spectra of MBP-gpJ induced current aise of around 150 LamB channels.

Full line and empty circles show the control (LM IKCull circles: the aqueous phase contained 7nBPMpJ.

3.2.3. Effect of His-gpJ on the conductance of LamB

The work performed with LamB and MBP-gpJ demonsttathat the GpJ (684-1132)

fragment in fusion with MBP allows the reversibledacomplete blockage of LamB channels
reconstituted in planar lipid bilayer. In orderlte sure that the blockage of LamB is only due
to the GpJ fragment, and that the MBP part is madlved in this process, planar lipid bilayer
experiments were performed with LamB and the Hig-gmtein. LamB (final concentration

10**M) was added to the cis-side of the cell. Subseifljuyeome channels were inserted
inside the membrane. Surprisingly the addition &-gpJ did not lead to reversible blockage
of LamB as observed with MBP-gpJ. The addition &f-goJ prevented after a short time the
insertion of additional LamB channels inside thembheane, and some channel flickering was

observed, suggesting an interaction between thes@roteins (Figure 3.14). The interaction
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of LamB with MBP-gpJ was clear because of a dipgobf: MBP-gpJ prevented the passage
of ions across LamB. In order to demonstrate thiatggJ binds to LamB in planar lipid
bilayer, we used an indirect prodt a first we investigated the effect of MBP-gpJ the
complex between LamB and Gpd.the following we investigated the effect of Hjpd on

the transport of sugar (maltopentaose) through LamB

2.5nS
50 pA

3 min

Figure 3.14.Effect of His-gpJ on the LamB mutant Y118G measur on a single-channel level.

His-gpJ was added in a concentration of 50uM todseside of a diphytanoyl-phosphatitylcholine/rcdee
membrane (arrow) after the reconstitution of ningant LamB channels. The aqueous phase containeddM
and about 10pM Y118G mutant. The applied voltags waOmV at the cis-side; T = 20°C. Note that the
reconstitution of further channels stopped shafter the addition of His-gpJ and that the opemaoké show

rapid flickering.

3.2.3.1. Effect of MBP-gpJ on the complex betweeraimB and His-gpJ

We demonstrated previously that MBP-gpJ proteirckdothe LamB channels. In order to
demonstrate that His-gpJ binds to LamB, we invagstig the binding constant K of the
interaction between LamB and MBP-gpJ in presenceHigfgpJ. We expected that the
binding of His-gpJ to LamB would disturb the inteltan between LamB and MBP-gpJ, and
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subsequently modify the affinity constant of thenpbex between these two proteins. This
experiment performed in 1M KCI is described in FgB.15. LamB (final concentration
10%*M) was added to the cis-side of the cell, and s@mannels got inserted inside the
membrane. After reaching a stable number of indgsteteins (about 80), His-gpJ was first
added to the cis-side: the conductance of the Lammdhnels is not affected as previously
observed. After 40 minutes, increasing amounts 8PMjpJ were added to the cis-side to
allow a titration of LamB as performed paragraph 1. Surprisingly, the addition of MBP-
gpJ had only a minor influence on the blockagehef LtamB channels, even if the final
concentration of MBP-gpJ was efficient to close wb85% of LamB conductance as
previously observed in our titration experimentgshaut His-gpJ. We concluded that the
binding of the MBP-gpJ protein to LamB was prevdribecause His-gpJ was already bound
to LamB. The increase of the concentration of MBB-gllowed a progressive blockage of
the LamB channels, but the blockage effect turngdmbe clearly not significant. This result
was an indirect proof, confirming the binding oskjpJ to LamB.

100 nM 5nM 55nM 155 nM
His-gpJ MBP-gpJ] MBP-gpJ MBP-gpJ
— o

It G SN

25 nS
500 pA

10 min

Figure 3.15: Effect of His-gpJ on the titration of LamB-mediated conductance with MBP-gpJ.

LamB was added to the cis-side of a black diphytapbosphatidylcholine/n-decane membrane in a
concentration of 1€M. The experiment started when about 250 LamB cblsnwere reconstituted in the
membrane. First His-gpJ was added to the cis-dideeomembrane in a concentration of 100nM whileist

to allow equilibration (left side arrow). About 3@inutes later, MBP-gpJ was added to the cis-sidedreasing
concentrations from 5nM to 155nM (arrows). The amse phase contained 1M KCI. The applied voltage wa
20mV at the cis-side; T = 20°C. Note that the addibf His-gpJ prevented the block of the LamB ctels by
MBP-gpJ.
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3.2.3.2. Effect of maltopentaose on the complex maten LamB and His-gpJ

His-gpJ binds to LamB, and prevents the binding MBP-gpJ. The binding of the
bacteriophage Lambda to LamB disturbs the transpiogugars Yan Gelder et al., 2000;
Berrier et al., 200D We investigated the effect of sugar (maltopesgqmn the complex
between LamB and His-gpJ in order to investigatetiwbr the binding of His-gpJ disturb the
transport of sugar across the LamB channelmB (final concentration THM) was added to
the cis-side of the cell, and channels got inseiritalthe membrane. In this experiment, we
performed a titration of LamB by maltopentaose resence of His-gpJ. After reaching a
stable number of inserted proteins, His-gpJ wassaddo the cis-side. After 30 minutes,
increasing amounts of maltopentaose were added twnlthe cis-sideln an additional
experiment, we performed a titration of LamB withaltopentaose without His-gpJ as
reference.The stability constant of the complex between LamnBl the maltopentaose
without His-gpJ was about 770 1/M (Ks = 1.3 mM) wdas the stability constant of the
complex between LamB and the maltopentaose in pcesef His-gpJ was about 630 1/M
(Ks = 1.6 mM, see Table 3.3). The binding constaats not significantly modifiedWe
concluded that the binding of His-gpJ does notcaftee transport of sugar across LamB

channels.
Titration of LamB Y118G Reference + 100 nM
with maltopentaose (without His-gpJ) His-gpJ
K (1/M) 770 630
Ks (MM) 1.3 1.6

Table 3.3: Investigation of the transport of maltopentaose bytamB Y118G in presence or in absence of
the His-gpJ protein. The experiment is inspirited from the one desdilby Benz et al.,, 1986However,
addition of substrates was only performed to tisesae of the membrane because the outer looparBlLare
mainly orientated to this compartment. For thenegiee, increasing amounts of maltopentaose weredaddthe
cis-side of the membrane after the end of the fimsef channels in the membrane to allow the tittra of
LamB. For the experiment in presence of His-gpOnM0 of His-gpJ were first added to the cis comparttrof
the cell after the end of the insertion of chanmelthe membrane, and then the titration with np@ttdaose is
performed. This table represents the results afd@pendent experiments performed in 1M KCI. Theliagp
voltage was +20mV at the cis-side; T = 20°C.

We concluded that His-gpJ binds to LamB because affiaity of MBP-gpJ to LamB

decreased strongly in presence of His-gpJ. FurtbhexpHis-gpJ has a different behaviour
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than MBP-gpJ because His-gpJ does not block thendi® of LamB: ions and small
compounds like maltopentaose can pass throughiévis-gpJ is bound to the outer face of
LamB.

3.3. Evidence for the complex between LamB and HigpJ by
SDS-PAGE and immunodetection

In addition to the planar lipid bilayer experimeritse interaction between LamB and His-gpJ
was investigated on SDS-PAGE and by immunodetect®milar experiments (dot blot)
were already performed with LamB and MBP-giJafg et al., 2000showing the formation
of a complex. When LamB wildtype and His-gpJ weligan together and loaded on SDS-
PAGE, three bands were observed: two corresportditigese two proteins, and a new band

with an apparent molecular weight of around 100 k&g Figure 3.16A).

A B
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Figure 3.16. SDS-PAGE 10% acrylamide of complexes between Lam®ildtype or mutant A4+A6+A9v
and His-gpJ. The gel was stained with Comassie Hidnt blue.

A: Lane 1: 5 ug purified His-gpJ solubilised at @0for 5 minutes in 5 ul sample buffer. Lane 2: 5pugified
LamB wildtype solubilised at 30°C for 5 minutesiiul sample buffer. Lane 3: 5ug purified LamB wyio + 5
pg purified His-gpJ solubilised at 30°C for 5 miesiin 5 pl sample buffer.

B: Lane 1: 5 ug purified His-gpJ solubilised at @dor 5 minutes in 5 pl sample buffer. Lane 2: 3pugified
LamB A4+A6+A9v solubilised at 30°C for 5 minutes in 5 pl samplgfer. Lane 3: 3 ug purified LamB
A4+A6+A9v solubilised at 30°C for 5 minutes in 5 pl samipléfer. Lane 4: 3ug purified LamBR4+A6+A9v +
5 ug purified His-gpJ solubilised at 30°C for 5 otiss in 5 ul sample buffer. Lane 5: 3ug purifiednBa
Ad+A6+A9vV + 5 g purified His-gpJ solubilised at 100°C fominutes in 5 pl sample buffer.
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This new band with a higher molecular weight thaamB was also observed by
immunodetection againskblis-tag and disappeared completely when LamB WTHisegpJ

were boiled (see Figure 3.17).

1 2 3 4 5 6 7 8 9

130 kDa -

80 kDa i
' £ 4 b g
40 kDa i

Figure 3.17. Western blot analysis: Detection complexes betweehamB and the LamB mutant
Ad+AG6+A9v  with His-gpJ. The proteins were run on a 10% SDS-PAGE and blattgd a nitrocellulose.
Mouse antibodies against the hexa-histidyl-tag weesd in a dilution of 1:3000.

Lane 1: 5 ug purified His-gpJ solubilised at 30%€ $ minutes in 5 pl sample buffer. Lane 2: 5 pgfimad
LamB wildtype solubilised at 30°C for 5 minutesainul sample buffer. Lane 3: 3 pg purified LaAB+A6+A9v
solubilised at 30°C for 5 minutes in 5 pl sampléfdmu Lane 4: 5 pug purified LamB wildtype + 5 pgrified
His-gpJ solubilised at 30°C for 5 minutes in 5 ainple buffer. Lane 5: 5 pg purified LamB wildtypes+ig
purified His-gpJ solubilised at 100°C for 5 minutes5 ul sample buffer. Lane 6: 3 pug purified LamB
AA+A6+A9v + 5 pg purified His-gpJ solubilised at 30°C ftominutes in 5 pl sample buffer. Lane 7: 3 ug
purified LamBA4+A6+A9v + 5 pg purified His-gpJ solubilised at 100°C fominutes in 5 pl sample buffer.
Lane 8: 5ug purified His-gpJ solubilised at 1008C€ % minutes in 2.5 ul sample buffer + 5ug pudfleamB
wildtype solubilised at 30°C for 5 minutes in 2.6bgample buffer. Lane 9: 3 ug purified LandB+A6+A9v
mixed with 5 pg purified His-gpJ solubilised at $GC0for 5 minutes in 5 pl sample buffer.

Furthermore, this band was also found if just the-dpJ protein was boiled, but not when
LamB was boiled, indicating that the trimer struetof LamB is necessary for the formation

of the complex (see paragraph 4.6, Discussion).sHme experiments were performed with

65



CHAPTER Il Resudt

LamB and LamBA4+A6+A9v mixed with the His-gpJ protein (see Figures B.&id 3.17),
and LamB fromShigella sonnemixed with His-gpJ (data not shown). In the bo#ises, a
new high molecular band was also observed where tha&$B mutants were used.

We concluded that LamB interacts clearly with theJ@&agment without the MBP part and
that the outer loops L4, L6 and a part of L9 arermexessary for the formation of the complex
between LamB and the 40% of the C-terminal extrgmftthe GpJ protein as observed in
planar lipid bilayer experiments.

3.4. Electron microscopy

The planar lipid bilayer and the immunodetectiorpesiments demonstrated that GpJ
interacts with LamB, even if the loop deleted fowas used. In contrast, the bacteriophage
Lambda can not infect bacteria carrying LamB wiibd deletionA4+A6+A9v (Andersen et
al., 1999. Is the binding of the phage to LamB with loopletien A4+A6+A9v really
impossible, or does it bind and not infect the baa® In order to answer this question, cells
expressing LamB with loop deletids+A6+A9v and bacteriophage Lambda were mixed, and
observed by transmission electronic microscopypNage could be observed on the surface
of the cells, indicating that the binding to thetesumembrane cells carrying loop deleted
mutants of LamB should not be possible. Control eexpents were performed with
complexes between Lambda phage and ToplOF or Popéhs, carrying LamB WT and
LamB from Shigella sonngirespectively. In both cases, phages could be sed¢he surface

of the outer membrane of the cells. We concluded the outer loops L4, L6 and L9v of
LamB are necessary for the binding of the bactéage Lambda whereas the C-terminal
fragment of GpJ does not require them to bind tmBaas demonstrated by our planar lipid

bilayer and immunodetection experiments.
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CHAPTER IV - Discussion

Résumeé (Summary)

- Reconnaissance spécifique de LamB par GpJ: oriestion de LamB en BLM.

MBP-gpJ et His-gpJ intéragissent avec LamB lorstpeeprotéines sont ajoutées du coté cis
de la membrane lors d’expériences de BLM. Quelte ide LamB est exposée du c6té cis de
la membrane ? Andersen et collaborateurs ont dégogtie dans nos conditions
expérimentales, les boucles extracellulaires deB.@wont orientées principalement du coté
cis de la membraneéAfdersen et al., 2002Par conséquent, les expériences de Film Noir

démontrent que MBP-gpJ et His-gpJ se lient a l&rité extracellulaire de LamB.

- La MBP peut-elle intéragir avec LamB?

MBP-gpJ intéragit-elle avec LamB par son extrém#&P? Les travaux réalisés avec His-gpJ
démontrent que le fragment GpJ se lie & LamB. e, pin contréle négatif indique que la
MBP a une action minime sur les canaux de LamB. d@aséquent, I'effet de MBP-gpJ

observé sur LamB est d0 a son extrémité GpJ eMiR.

- Intéraction entre LamB et le fragment de GpJ.

L’intéraction entre LamB et le fragment de GpJ @ &udiée par immunodétection ainsi que
par la technique du Film Noir. D’apres les expéende Film Noir, le complexe entre LamB
et MBP-gpJ est réversible. Le fait gqu'il puisseeébtibservé par immunodétection démontre
une forte association entre LamB et MBP-gpJ, siggéague la constante de dissociatign k

du complexe soit trés faible.
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- Possible effet de la MBP sur le fragment de GpJ.

MBP modifie les propriétés de stabilité du fragmeatGpJ : His-gpJ est produite sous forme
de corps d’inclusion, tout comme la protéine Gpikes (Wang et al., 1998 alors que MBP-
gpJ est produite sous forme soluble et fonctioendWang et al., 2000 De plus,
contrairement a MBP-gpJ, le bactériophage Lambddlogue pas les canaux de LamB
(Berrier et al., 2000; Van Gelder et al., 2Q0@ar conséquent, His-gpJ est un modéle d’étude
plus proche du phage Lambda que MBP-gpJ. Le fatMBP-gpJ puisse bloquer les canaux
de LamB en BLM et pas His-gpJ est probablement taipa a la MBP.

- Les protéines de fusion de GpJ sont-elles oligong2es?

Il est établi que GpJ est présente a I'état d'oligee dans la queue du phage. Toutes les
tentatives pour obtenir des informations sur I'éaligomérisation de MBP-gpJ et His-gpJ
n'ont pas donné de résultat clair et définitif. ltesvaux d'immunodétection entre le trimére

de LamB et His-gpJ semblent cependant suggéreiacgieechiométrie de la réaction est 1:1.

- Partie de LamB impliquée dans l'intéraction avede fragment de GpJ.

Le fragment de GpJ peut intéragir avec LadBrA6+A9v. Il est cependant établi que les
principaux résidus de LamB impliqués dans l'intéat avec le bactériophage Lambda sont
localisés sur les boucles extracellulaires L4, t 6% Par conséquent, le fragment de GpJ ne
se lie pas a la surface de ces boucles. Si Gpé he pas sur les boucles extracellulaires, et
devrait le faire avec la partie en tonneau de taémme. En effet, I'intéraction entre LamB et
His-gpJ n’est plus possible lorsque la structuraérique de LamB est altérée. Toutefois, la

zone précise d'intéraction reste encore a étremétée.

4.1. Specific recognition of LamB by GpJ: orientaidbn

MBP-gpJ blocks LamB completely and reversibly ianar lipid bilayer experiments. The
effect of MBP-gpJ on LamB is asymmetric and closiighannels was only observed when

MBP-gpJ is added to the cis-side of the cell. Aeri@sting point is to know the orientation
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after reconstitution inside an artificial membraneorder to understand to which side of
LamB MBP-gpJ binds to. Recent investigations of dnentation in planar lipid bilayer
experiments were based on the main characteristicamB: it is known for many years to
be the cell receptor for the bacteriophage Lamiittndall-Hazelbauer et Schwartz, 1973
and to be involved in the transport of maltooligmdaarides across the outer membrane of
Gram-negative bacteriBénz et al., 1988; Charbit, 2003rhe orientation of LamB could not
be demonstrated clearly using this phage: Van Geldé coworkers described that the LamB
outer loops are oriented towards the trans-sSidn (Gelder et al., 20Q0vhereas Berrier and
coworkers found them to be orientated towards theside of the membran®&érrier et al.,
2000.

Previous studies on reconstituted LamB channeksaled in planar lipid bilayer experiments
a significant asymmetry in conductance: the sicti@nel conductance of LamB varies of 20
% (Kullmann et al., 2000 More interesting was the observation on the asgtric transport
of oligomaltosides through LamB. On a single molaclevel, the k, rates were different
according to the side where the sugar was agideltinan et al., 2002)The crystallisation of
complexes between LamB and maltooligosaccharidesaled a specific translocation
pathway Dutzler et al., 1996;Van Gelder et al., 2002 However, the evidence of the
asymmetry of the channel does not allow any commtusoncerning the orientation of the
protein itself.

We were particularly attentive to the works perfedrby AndersenAndersen et al., 2002)
After addition ofLamB only to the cis-side and the end of the inoaapon of proteins inside
the membrane, the pH was lowered on either sideeomembrane, the cisr the trans-side,
the response to pH was asymmetric, suggestietgrential orientation of channels and pH-
dependentlosure. In experiments performed with LamBitants in which major external
loops L4, L6, and a part of L9 were deleted, thesgte of the protein was not observed,
suggesting that those loops are involved in thewl® mechanism. Furthermore, the insertion
of LamB in the membrane was asymmetric: betweeantD80% of the proteins reconstituted
in the membrane had their outer loops orientedhéocis-side. Here in our investigation we
used the same setup and material than Andersecamarker Andersen et al., 2002and
our observation of a partial orientation was ineggnent with their results: the orientation of
LamB in artificial membranes was confirmed by tima with MBP-gpJ yielding blockage
after addition of MBP-gpJ to the cis-side. Furtherenthe orientation of the outer loops on

the cis-side was also confirmed by single molecstedies of LamB with modified
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maltohexaose: when the reducing extremity of maltalose was modified, the transport of
sugar is prevented when it is added to the cis{§)deelon et al., 2003)

In agreement with the works of Andersen, Berried &anelon Andersen et al., 2002,
Berrier et al., 2000; Danelon et al., 2003ve concluded that LamB is mainly inserted with
its outer loops oriented towards the cis-side (sifiprotein addition) after reconstitution in
planar lipid bilayer experiments. In consequenbe, ilockage effect observed after addition
of MBP-gpJ to LamB reconstituted in membrane is thuan interaction with its extracellular

side.

4.2. Does the MBP protein interact with LamB?

The interaction between MBP-gpJ and the extragelldide of LamB was clearly
demonstrated. An important and necessary controthis conclusion was to show that the
effect of the MBP-gpJ fusion protein on LamB wa® da the gpJ fragment, and not to the
MBP part. The Maltose Binding Protein was used akag for the expression and the
purification of the C-terminal end of the GpJ pmteand should not be involved in the
interaction with LamBIn vivo, MBP is a protein which belongs to a large compiesolved

in the transport of maltose and oligomaltosidesftbe outer medium to the cytoplasm of the
bacteria Boos et Schuman, 199&ugar (maltose and maltooligosaccharides) passedgh
the outer membrane using Maltoporin, and boundht NIBP protein in the periplasmic
spaceThe binding of the MBP protein to LamB was inveategin vivo (Brass et al., 1985
and by electronic microscopy on the surfaceEf coli cells using an anti-MBP antibody
(Wang et al., 2000 In both cases, no interaction was observed, idgngn evidence of a
binding of the MBP protein to LamB. In planar liplllayer experiments, some authors
observed that addition of MBP in the trans-sideovedld a significant decrease of the
conductance of LamBNeuhaus et al., 1984vhereas some others did not see any effect
(Benz et al., 1986 In order to elucidate this conflicting obsereati we tested the effect of
the Maltose Binding Protein to LamB in planar lipmlayer experimentsas in earlier
measurement performed by Beigefiz et al., 1986 we observed no significant decrease of
the conductance of LamB in presence of MBP addition to this control experiment, our
results with the His-gpJ protein demonstrated bjeam interaction of the GpJ fragment with
LamB without the MBP part. Consequently we conctudkat the effect observed after
addition of MBP-gpJ protein is not due to the birgdof the MBP protein to LamB but really
due to the GpJ part.
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4.3. Interaction of LamB with GpJ

The planar lipid bilayer results obtained with MBPJ and His-gpJ confirmed that the C-
terminal domain of GpJ binds to LamB. What typentéraction is there between LamB and
the GpJ fragment? MBP-gpJ completely and reversdiligks the LamB channels, indicating
the formation of a reversible complex. However, Kueetic constants of association and
dissociation of this complex, respectively callggdnd ks could not be obtained.

The immunodetection experiments revealed that tmaptex between His-gpJ to LamB
remained stable after around two hours migratiore tunder an electric field and in presence
of 0,1% SDS. The complex between MBP-gpJ and Lasn&istable that it can be observed
in immunodetection experiments, as previously desdrby Wang and coworkergvang et
al., 2000Q. In order to be in agreement with all the experal results, we can conclude that
the interaction between LamB and the C-terminajrfrant of GpJ is reversible. However, the
observation of the complex in immunodetection expents is possible because the
association constant,kis credibly very high whereas the dissociatioonstant ki is very
low.

Another interesting observation was that®ligns had a low effect on the complex between
the fusion proteins carrying GpJ and LamB althotigdy are necessary for the binding of the
Lambda phageSchwartz, 1975; Schwartz, 1976 his indicates that Mg ions are lowly
involved in the interaction between the C-termifralgment of GpJ and LamB im vitro

experiments.

4.4. Possible effect of the MBP fused to the Gpdafgment

Some differences were observed between MBP-gpHasidpJ. In the planar lipid bilayer
experiments, the presence of His-gpJ did not showsggnificant effect on the conductance
of LamB whereas the addition of MBP-gpJ allowedrésgersible and complete closure. The
binding of the entire Lambda phage, also investigan planar lipid bilayer experiments, did
not modify the conductance of LamBd(rier et al., 2000; Van Gelder et al., 2000 his
suggests that the behaviour of the His-gpJ pratecioser to the entire Lambda phage than
MBP-gpJ. Furthermore, MBP-gpJ was expressed adlsolorotein YWang et al., 2000
whereas His-gpJ was overexpressed in inclusionelsodihe GpJ protein was recently cloned
and purified, and is produced as insoluble fornmoiusion bodies\Wang et al., 1998 The

gpJ protein seemed to have a behaviour closergegpli than MBP-gpJ. The differences of
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both GpJ fusion proteins can only be explained hwy presence of the Maltose Binding
Protein.MBP (about 45kDa) is almost as larg as the gpJvieag (about 45kDa), and has an
effect on the gpJ fragment concerning stability aludtkage of LamB.

We concluded that MP-gpJ and His-gpJ both bindaxmB. However, MBP-gpJ is a chimeric
protein which properties are different comparedpd alone. His-gpJ seemed to be a better
study model because its behaviour is in agreenerhdé behaviour of the bacteriophage

Lambda and gpJ described in the litterature.

4.5. Possible oligomerisation of the fusion protescarrying the

GpJ fragment?

MBP-gpJ blocked completely a trimer of LamB in m@anlipid bilayer experiments.
Interestingly the binding occured also for the lagetion mutant LamBR4+A6+A9v. This
suggested that the closing of Maltoporin was nat thua collapse of the outer loops, but
presumably to the binding effect of MBP-gpJ. Was tllockage of the trimer due to a
monomer or a multimer of MBP-gpJ? On one hand, reatauggests a possible
oligomerisation of the GpJ protein: in the extrgnuf the Lambda phage. Although its exact
state is not very well known, it seems to be a diorea trimer Roa et Scandella, 19y.60n
the other hand, MBP is not oligomerisdgbfs et al., 1998 Our fusion proteins carry only
40% of the C-terminal extremity of the GpJ proteMle tried to investigate the
oligomerisation state of the MBP-gpJ protein witffedent techniques, like techniques such
as Small Angle Neutron Scattering, Analytical Ceangration and Native Gel Electrophoresis.
Unfortunately, in all cases, it was not possiblebdain any data for the complex formation
between LamB and MBP-gpJ or the oligomerisatiop stethe MBP-gpJ protein since the
fusion proteins tended to precipitate.

Secondary structure data could be obtained withgdds CD spectra measurements showed
different pattern depending on the His-gpJ conediomm. Does this result suggest a
dissociation of the complex by dilution? This iswewer not a significant proof for an
oligomerisation. Furthermore the immunodetectiopegiments showed a complex between
LamB and His-gpJ with an apparent molecular weiglise to 100kDa. SDS-PAGE
experiments showed that the apparent molecularhiveijLamB alone is close to 66kDa
whereas the His-gpJ’'s one is close to 45kDa, suiggethat monomeric His-gpJ interacts
with LamB.
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Although the oligomerisation state of GpJ is notlweaown, some phage proteins that do
bind to the surface of the host cell have beenietiighb5 and Gp5. Pb5, a protein of the tail
of bacteriophage T5, binds to FhuA, its cell reoepn this case, a monomer of pb5 interacts
with PhuA, which is also a monomd?léncon et al., 2002 Gp5 is a protein of the extremity
of the tail of the bacteriophage T4, involved ie first steps of its infection mechanism, its
structure has been solved by crystallogragfgn@maru et al., 2002and indicates that this
protein is organized as a trimer.

We concluded that the oligomerisation state offtlsgon proteins carrying the GpJ fragment
could not be clearly analysed. However, the immetection experiments suggested that the

stoichiometry of the interaction between the LamBié¢r and His-gpJ could be 1:1.

4.6. Recognition site of LamB involved in the binaig with GpJ

The part of the LamB protein involved in the birgliof the bacteriophage Lambda was
investigated for many years by mutagenesisfifung et al., 1976; Charbit et al., 1984
Mutants with variable infection efficiency have besolated (see Table 1.2). Point mutations
on the LamB gene that prevent the bacteriophagebdamdsorption are located on the outer
loops L1, L4, L6 and L9 (see Table 4.1).

Outer loop Residue(s) involved in the Residue(s) involved in the
of LamB binding of Ah* binding of Ah
L1 (18)
L4 146,148 151, 152, 154, 155,163 164 151
L6 245, 247, 249, 250, 259 245 247
L9 382, 386, 387, 389

Table 4.2: Position of different residues of the LamB proiewolved in the binding to the Lambda phage.

In red: residue which mutation is sufficient to ypeat completely the binding of the phage. The vesiB is in
parentheses because it affects the stability of #meB trimer and may thus have long-range effects.
Hoffnung et al. 1976 ; Clément et al., 1983; Chasdial., 1984; Gehring et al., 1987 ; Charbit ét, &988;
Dargent et al., 1988; Charbit et al., 1994; Wertsak, 1994.

Two classes of mutants have been described: thes Cland the Class Il mutants. Class |
mutants block the growth of Lambda wild-type hombge Ah"). The Lambda phage\l
phages) can adapt after mutation to the Class IBLgnoteins and infect again the cells.

Mutagenesis allowed the production of Class Il LapnBteins, that block the infection of the
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Ah phage. Lambda phage can once again adapt aftatiomuto the Class Il LamB, and
recover its infection activity. This type of mutaris called\hh. The mutations on LamB
allowing the Class Il phenotype are located onathier loops L4 and L6 (see Table 4.1).

The work performed with Class | and Class Il mutasitowed the identification of binding
areas of different importance on the surface of Bathmutations on L4, L5 and L6 prevent
the adsorption of all the types of phage, mutatiomd.9 prevent only the adsorption of the
phage\h’ (Andersen et al., 1999The mutation of only one amino acid betweenrtsdues
148, 151, 152 and 163 for the Class | and betwkerrdsidues 148, 151, 245 and 247 for
Class 1l is sufficient to prevent the binding oéthambda phage. Furthermore mutations of
residues 148, 245 and 247 the phage can bind agdiamB after mutations on residues of
the C-terminal extremity of the GpJ proteWvdrts et al., 1994 Those residues located on the
outer loops L4 and L6 are important and directlyolmed in the binding step of the entire
Lambda phage.

For many years the binding site has been investigaly structure predictions of LamB
(Gehring et al., 1987 Since the structure of LamB has been solvedldk 8esolution by X-
ray crystallography§chirmer et al., 1995)t was possible to identify more accurately agsar
involved in the binding site by molecular modelisatusing the mutagenesis data. This area
covers a large part of the outer side of the Lam@gin, and those large and flexible loops
L4, L6 and L9 are easily accessible to an intepactvith the Lambda phage. Our works
performed with His-gpJ demonstrated that the CHtaimpart of GpJ bound strongly to
LamB, even if the outer loops L4, L6 and a partLéf described to be important for the
binding of the entire phagéxdersen et al., 1999are deleted. Why has the C-terminal end
of GpJ the ability to bind to LamB4+A6+A9v whereas the entire Lambda phage has not?
Presumably because GpJ is involved in a large, Bmgnd voluminous structure in the
extremity of the tail of the phageléndrix et al., 198Bwhereas our work was only performed
with a fusion protein carrying a fragment of aroltdkDa of GpJ. This means that the amino
acids located on the loops L4, L6 and L9v are muessary for the binding of the C-terminal
part of the GpJ protein alone.

Our results demonstrate that the binding area erstinface of LamB remains barely known
and has to be more clearly identified. In ordeidentify a possible new area involved in the
binding of the C-terminal extremity of the GpJ m@iaof our immunodetection results
demonstrated the formation of the complex betwesmB and GpJ could be prevented when

LamB was previously boiled. A monomer of LamB regenets a water-filled barrel with
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eighteen antiparallgd-strands and nine large and flexible outer loogee Wimeric structure

of LamB is necessary for the formation of the cawdbetween LamB and GpJ and suggests
that the investigated area involved in the bindsigot only located on the outer and flexible
loops of LamB, but also surely somewhere on théasarof its barrel structure. The binding
site of LamB is then surely not exclusively locatedhe known area covering the outer loops
L4, L6 and a part of L9.
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CHAPTER V - Conclusion

Conclusion et perspectives

Le but des travaux est I'étude de l'intéractionrené bactériophage Lambda et LamB, son
récepteur cellulaire. Etant donné que le phage ldange lie a LamB en utilisant le domaine
C-terminal de GpJ, une protéine de sa queue, laot®n entre LamB et le domaine C-
terminal (résidue 684 a 1132) de GpJ exprimé sousd de protéine de fusion a constitué
notre modele d’étude. Les deux protéines de fusiisées s’appellent respectivement MBP-
gpJ et His-gpJ. MBP-gpJ contient le domaine C-teainde GpJ en fusion avec la Maltose
Binding Protéine. His-gpJ est I'extrémité C-terniinde GpJ en fusion avec un 6xHistidine-
tag. Ce fragment intéragit avec LamB puisque MBP-gpHis-gpJ se lient toutes les deux a
la partie exoplasmique de LamB sauvage ou de senisyLamB dé&higella sonngiLamB
Y118G et LamBA4+A6+A9v) comme démontré lors des expériences de FilnT Noi
d'immunodétection.
La liaison entre GpJ et LamB est de type réversibdeforce ionique a peu d'effet sur ce
complexe. Les constantes cinétiques d’associatiate alissociation Jg et kg n'ont pas pu
étre déterminées, mais la valeur dy, doit étre élevée et celle dygkdoit étre tres faible,
puisque le complexe est observable par immunodetect
Une différence majeure a été observée entre MBRegplis-gpJ. MBP-gpJ peut bloquer les
canaux de LamB tandis que His-gpJ ne le peut pas:
- La liaison entre LamB et MBP-gpJ se traduit pablotage complet et réversible des

canaux de LamB sauvage lors d’expérience de BLMalkpnstante d’association de

ce complexe entre MBP-gpJ et LamB sauvage, eshésta environ 1x£01/M (K

environ 10nM) dans 1M KCIl. En moyenne 85% des cardaiLamB peuvent étre

fermés par MBP-gpJ.
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- His-gpJ n’induit pas de blocage visible des candeX_.amB: le transport d’'ions et
d’maltooligosaccharides n’est quasiment pas peétuem présence de His-gpJ.
Toutefois, I'intéraction entre His-gpJ et la faceoglasmique de LamB de LamB est

forte et peut étre démontrée de maniere indiratengpéchant la liaison de MBP-gpJ.

Etant donné que le bactériophage Lambda ne blogsi¢eg canaux de LamBgn Gelder et
al., 2000 ; Berrier et al., 2000 His-gpJ semble avoir un comportement plus prateelui

du phage Lambda que MBP-gpJ. En effet, le fragrdenGpJ sans MBP ne bloque pas les
canaux de LamB. La différence de comportement eMBP-gpJ et His-gpJ est donc
vraisemblablement imputable a la MBP. Afin de vérifcette hypothese, I'étude de
I'intéraction entre la protéine GpJ entiere et Lap&® la Technique du Film Noir sera
indispensable dans le futur. GpJ a en effet étééelaet partiellement purifié&Mang et al.,
1998.

Une preuve directe de la formation du complexeeehtmB et GpJ peut étre observée par
SDS-PAGE et par immunodétection: l'intéraction &6t forte, et n'a pu étre rompue que
lorsque la structure 3D du trimere de LamB a ét&réd.La surface de LamB impliquée dans
I'intéraction avec GpJ demeure peu connue: leslbeuct, L6 et L9v de LamB ne sont pas
impliqguées dans la liaison avec GpJ alors qu'dlm® indispensables a l'intéraction avec le
bactériophage Lambda. De plus, la liaison de Gt &aamB dépend de la structure en
trimére du récepteur cellulaire. Afin de mieux agmnder cette région de LamB impliquée
dans lintéraction avec GpJ, des travaux a I'aideritants de LamB doivent étre réalisés, les
mutations se situant préférentiellement sur dadugsle la face extracellulaire proches de la

structure en tonneau de la protéine.
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Conclusion and outlook

The aim of the work was the study of the bindinghaf bacteriophage Lambda to LamB, its
cell receptor. Because the Lambda phage binds taBLasing GpJ, a protein of its tail, the
study model was the interaction between LamB aedtierminal extremity (residue 684 to
1132) of GpJ co-expressed as a fusion protein. Mereised two fusion constructs called
MBP-gpJ and His-gpJ respectively. MBP-gpJ contalives C-terminal end of GpJ in fusion
with the Maltose Binding Protein. His-gpJ is thetedbminal end of GpJ in fusion with a
6xHistidine-tag. This fragment interacts with Larh8cause MBP-gpJ and His-gpJ both bind
both to the exoplasmic side of LamB wildtype oriaats (LamB fronmShigella sonneiLamB
Y118G and LamB A4+A6+A9v) as described in the planar lipid bilayer ande th
Immunodetection experiments.

The interaction between GpJ and LamB is reversibie effect of the ionic strength on this
complex is very low. The kinetic association andsdciation constants, callednkand lk
respectively, could not be obtained, but thevalue should be high and thg;kalue should
be low, because the complex is observable by imuheteation.

A major difference was observed between MBP-gpJ HisdgpJ. MBP-gpJ can block the
LamB channels whereas His-gpJ can not:

- MBP-gpJ allowed clearly a complete and reversilidekange of the channels of LamB
wildtype. The binding constant K of the complexvoee¢n LamB wildtype and MBP-
gpJ was about 1x¥d/M (Ks about 10nM) in 1M KCI. About 85% of the channels
could be closed and the ionic strength had noeémite on the interaction.

- In contrast to MBP-gpJ, His-gpJ did not show ahlesiblockage of LamB in bilayer
experiments. Furthermore it did not disturb thegataltosides transport through
LamB channels. However, the binding of His-gpJfie &xoplasmic side of LamB
could be demonstrated by an indirect proof: if B} is first added to LamB, the

addition of MBP-gpJ did not result in a significalgcrease of conductance.

The GpJ fragment expressed without MBP does natkbtbe LamB channels anymore.
Furthermore the addition of bacteriophage Lambidandt show any blockage of LamB
channels in planar lipid bilayer experiment&af Gelder et al., 2000 ; Berrier et al., 2000

The difference between MBP-gpJ and His-gpJ on tbekbhge of the LamB channels is
obviously the MBP, which modifies a little the pespes of GpJ. In order to validate this
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hypothesis, the study of the interaction betweenehtire GpJ protein and LamB in planar
lipid bilayer experiments has to be performed. gdjeGpJ was cloned and partially purified
(Wang et al., 1993

A direct proof for the complex between His-gpJ &=anB wildtype was observed on SDS-
PAGE and immunodetection: the binding was veryrgjroand the interaction was only
prevented if the 3D structure of the LamB trimersvedtered. The area of LamB involved in
the interaction with the gpJ protein is not wellolm: the outer loops L4, L6 and L9v of
LamB are not involved in the interaction with theJ3ragment although they are important
for the binding of the Lambda phage. Furthermdre,linding of the gpJ fragment to LamB
can be prevented after denaturation of LamB, ingigahe importance of its 3D structure. In
order to investigate this “binding area”, the iation between MBP-gpJ or His-gpJ and
LamB mutants has to be performed. In agreement thighimmunodetection results, the

mutations have to be done on residues locatedenutface of the barrel structure of LamB.
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