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Introduction

1 I ntroduction

Pressure - force per area applied to an objectdirextion perpendicular to the surface. It
doesn’t matter, if the pressure mediating medsol&l, fluid or gaseous. It must only contact
the surface to transmit the force. This is a shbyfsical definition of pressure. Mostly we do
not realize this pressure in the normal coursé&@f The pressure, human beings are normally
exposed to is hamed ambient pressure. However, ishahderstood as ambient pressure
exists only in a minor part of our planet. Two tlsirof our planet is covered with water from
the oceans and the sea, where pressure is alwglysrithan 0.1 MPa. This is the habitat of
many known and unknown species, which reign theorigjof this world. Living organisms
can be found in regions of the deep sea, wheredmanype is quite stable at 4° C (except of
points with volcanic activity). The pressure in gheregions is up to 110 MPa. Organisms
from the deep sea normally die rapidly, if they @brought to the surface. On the other hand,
higher life forms from the surface of our planetnkaesist a high pressure as it exists in the
deep sea. And the only thermodynamic parametelighatanged is the pressure. This shows
that high hydrostatic pressure (HHP) can be rathere than a technique used in chemistry
industries: it is an excellent tool for changingndiions with only one thermodynamic
parameter, which affects drastically the mechanisingfe. Bacteria can thereby play an
excellent role in investigation of the impact oé thigh hydrostatic pressure to life, as bacteria
often are the target of the application of HHP Iteraative food preservation methods.
Conventionally, foods were preserved in reducingewar oxygen during storage or with a
process, which changes one thermodynamic pararfueter period of time: chilling for the
complete storage period or a temperature increasmgdthe period of a pasteurization
treatment. Such thermal processes usually dendtarproteins of the spoiling bacteria and
enzymes, but also of the matrix of the food.

Alternative food processing and preservation tetdgies attract special interest of the
food industry as a result for the consumers denedmigh nutritional and sensory qualities as
well as microbiological safety (Knoret al. 2002). High hydrostatic pressure harbors the
possibility to inactivate microorganisms, viruskeslminthes and enzymes while effects on the
the flavor and nutrient content of food is low cargd to usual thermal treatments (Kingsley
et al. 2002; Molina-Garciat al.2002; San Martiret al.2002). Since HHP was established as
a processing step for food in Japan, it gainedresteof the European food industry. 1995
Pernod Ricard (France) presented a HHP treatedgerarice, sliced ham from Espuna
(Spain) was brought to the market one year latng@ges since 2002) and Danone (France)



Introduction

is since 2001 in possession of an accreditationrdowy to novel food edict (EC) nr. 258/97
for HHP treated fruit based preparations (2001/B23/ HHP is a useful tool to inactivate
Listeriain milk (Kosekiet al.2008) orE. coliin soup (Munozt al.2007) or other pathogens
in ham (Tassoet al.2008). High hydrostatic pressure can even inagigpores but can also
induce their germination (Wuytaek al. 1998; Paredes-Sabgd al.2007). Equally the history
of the organisms affect their resistance to HHFhé€Shinget al. 2004; Hormanret al. 2006).
For this reason we have to learn more about thierdiit impacts and effects in inactivation of
microbes to understand the mechanisms, which leadnt inactivation or repression of
microbes. In combination with additives, e. g. misHHP is able to protect food against
bacterial spoilage (Lopez-Pedemorgt al. 2003). Besides to nisin, HHP increases the
bactericidal ability of compounds like lactofer@md lactoferricin (Masschaloét al. 2001).
Also, Lactoferrin and nisin modulated bactericiéfflect is at least partially located to the
membrane, (Ellisoret al. 1990; Ellison 1994; Murdoclet al. 2007). The membrane is
hypothesized to be the main target of HHP (Hoateal. 1989). Lactoferricin is assumed to
reach the cytoplasmatic membrane, which will betysbed and eventually disintegrated
(Yamauchiet al. 1993). Pressure dependant loss of membrane itytegd loss of transport
capacity at the membrane was shown earlier andnrabrane phase affected by the lipid
composition plays a role for pressure resistancérasfsport activity (Ulmeret al. 2000;
Ulmer et al. 2002; Molina-Hoppneet al. 2004). It is long known, that membrane lipids and
proteins form a unit, which is crucial for the drisce of life by separating the cytoplasm
from the exterior (Kleinschmidt 2003). Membraneidg and proteins influence each other
directly as a result of their biochemical natured an reaction to environmental changes
(Popotet al. 2000; Engelmaret al. 2003), including extreme conditions such as higlow

temperatures and high pressure.

1.1 General principlesof high hydrostatic pressure

“If a system at equilibrium experiences a change&ancentration, temperature, volume or
total pressure, then the equilibrium shifts to ipdst counteract the imposed change.” This
short simplified sentence gives the main meaninthefLe Chatelier’s principle. If a system
experiences a change via the thermodynamic parametesure it will respond with changes
in other parameters (volume temperature or conagom) or equilibria (e.g. a chemical

reactions, phase transitions or changes in molecola&ormation). If the temperature and the
total volume stays constant (e.g. in a temperedctaite), the equilibrium of a reaction shifts
to the side with a lower volume. A low reaction wwole results in minor impact of the
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parameter pressure to the reaction. A negativetiogagolume facilitates a reaction under
pressure, while positive reaction volumes impedetiens upon increase of pressure. Table

1.1 gives a few important reaction volumes withcbiemical interest.

Table 1.1. Reaction volumes associated with selected bioatayiimportant reactions at
25°C (Gros=t al.1994) inAV (mL/mol).

Reaction Example AV
protonation/ion-pair formation H OH — H,0O +21.3
imidazole + H — imidazole « H -1.1
TRIS + H — TRIS « H -11
HPO2 + H — H,POy +24.0
CO;? + 2H" — HCO; + H" — H,CO; +25.8
protein-COO+ H" — protein-COOH +10.0
protein-NH" + OH — protein-NH2 + HO +20.0
hydrogen-bond formation poly (L-lysine) (helix foaton) -1.1
poly (A + C) (helix formation) +12
hydrophobic hydration Els— (CoHe)water -6.2
(CHa)nexane— (CHa)water -22.7
hydration of polar groups n-propane! (n-propanol)ater -45
protein dissociation / association lactate dehyenage (M4— 4M) apoenzyme - 500
holoenzyme (satured with NADH) - 390
microtubule formation (tubulin propagatioky per subunit) +90
ribosome associatiot( coli 70S) > 200
protein denaturation myoglobin (pH 5, 20°C) -98

2V for each ionization step
® for DNA denaturation: 0-3 ml/mol base pair
©200-850 mL/mol, depending on pressure and statbaniging

1.2 Membranelipidsunder high hydrostatic pressure

It is long known, that membrane lipids and protefiogn a unit, which is crucial for the
existence of life by separating the cytoplasm ftbm exterior (Kleinschmidt 2003). They are
in sensitive macromolecular interaction, which deiees their structure and function in
transport, communication or energy metabolism dehmidt 2003). Membrane lipids and

proteins influence each other directly as a resulbeir biochemical nature and in reaction to

3
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environmental changes (Popet al. 2000; Engelmanet al. 2003), including extreme

conditions such as high or low temperatures anl pigssure.

Membrane lipids usually form a lamellar conformaticeferred to as lipid bilayer. In
dependence to the thermodynamic parameters teraperahd pressure, the bilayer takes
different conformational orders of the head groapd the acyl chains. The respective lipid
phases are labelled according to the nomenclafurardieu (Tardietet al. 1973). A big “L”
means a lamellar region and the annekstands for liquid phases. A8* means gel packed
chains. An apostrophe to the annex indicates tmataingle from the acyl chains to the

membrane surface is lower than 90°. Figure 1.1sgmedels of the lipid phases.

LK
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Figure 1.1. Schematic representation of the membrane phasescadrding to Tardieu
(Tardieuet al. 1973). L, shows the liquid crystalline phasez &nd Ly represents the gel
phase without and with an angle, respectively.id the crystalline phase andy Rhe
interphase.
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Starting from the liquid cristalline state the mearie gets more and more ordered when the
temperature is decreased corresponding to relatorelered and more extended hydrocarbon
chains. If the lipid bilayer contains only one softipid, e.g. only one kind of phospholipid,
the phase transitions will occur at a specific terapure called melting point or melting
temperature J (transition fromp to o and vice versa). A transition region with coexigti
phases will appear with bilayers containing différéypes of lipids. Pure lipid systems are
well studied regarding membrane phase transitialss, their behaviour under high pressure
conditions (Cevc 1993; Lipowskst al. 1995; Liet al. 2005; Allainet al.2006; Barmaret al.
2006; Nicoliniet al.2006a; Nicoliniet al.2006b). Also the influence of peptides and praein
on membrane structure and phase behavior has besoried (Periasamgt al. 2006;
Powalskaet al. 2007). In these studies, high hydrostatic pres@dkP) has proven to be an
excellent tool to influence the phase behavioriitilmembranes. With increasing pressure,
the conformational order of the acyl chains careasily tuned and phase transitions can be
induced, such as from the liquid-crystalline to ¢je¢ state, without changing the temperature
or adding reagents.

1.3 Proteinsunder high hydrostatic pressurein aqueous solutions

The protein structure is defined by four structleakls. Primary structure is defined from the
sequence of amino acids which is given from the DNpdrogen bonds define the secondary
structure in which the primary structure is formiapha helixes or beta sheets. The three
dimensional structure is given in the tertiary stawe and the quaternary structure defines the
coordinates of subunits in the case of a protehiclvconsists of different protein subunits. It
has been known for a long time that the structevels are affected from temperature effects

as well as HHP.
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A denaturated

Ao

a7 :

Figure 1.2. Schematic representation of the elliptic phasgrdia of proteins according to
Smeller (Smeller 2002). Arrows indicate the specdenaturation ways ap)(stands for
pressure,h) for heat andf) for cold denaturation.

Pressure/temperature diagrams of a number of psotee published so far and their elliptic
shape shows an optimum temperature at which psotane quite resistant to pressure
(Smeller 2002). Except the primary structure, atbctural levels are affected by HHP
(Cordeiroet al. 2006). Denaturation of proteins normally does tabie place at pressures
under 400 MPa (Grosst al. 1994; Katoet al. 2002) while membrane transport is already
inhibited at lower pressures (Ulmet al. 2002; Kilimannet al. 2005). Denaturation of the
secondary structure of red shifted GFP could be&vehaith a decrease of the amount of beta-
sheets at pressures over 900 MPa at room temperétarberholdet al. 2003) and for
transthyretin at pressures of 1200 MPa (Cordeir@l. 2006). Remarkably, some proteins
show a reversibility of pressure induced changeshefsecondary structure as shown for
ubiquitin (Herberholcet al. 2002). This leads to the conclusion, that HHP aaduchanges in
the secondary structure are not a main factor fotepn enzyme inhibition as the observed
pressure influence at much lower pressures. Maltip/iews deal with the observation, that

HHP influences the quaternary structure in a steomngay than the tertiary and the secondary



Introduction

structure (Heremanst al. 1998; Boonyaratanakornkit al. 2002; Marchalet al. 2005).
Tertiary structures of proteins, e.g. prions afecaéd by HHP in the range of 400 — 600 MPa
(Marchal et al. 2005). For the human ataxin-3 protein, structwf@nges of the tertiary
structure in the pressure range of 300 — 650 MPee wietermined, while the secondary
structure seemed to be unaffected (Maratahl. 2003). Partial unfolding over the pressure
increase indicates that unfolding procedures oake fplace in special regions the protein at
their respective pressures. For example, they hgsated that polyglutamine poor regions of
the protein were less sensitive to unfolding efetbm HHP. Two monomers from the
enzyme enolase, which occurs as a homodimer, weeened with pressure treatment up to
150 MPa without loosing the activity of the protéiornblattet al. 2004). Tertiary structure
was not affected and originally conformation wasinteaned. Dissociation into monomers
and/or subunits is the first expected effect, folbd by tertiary and later denaturation
secondary structure changes with increasing thespre. These effects were ascribed to
hydrophobic and ionic interactions where water glay crucial role for hydrogen bond
formation and hydrophobic interaction (Grastsal. 1994). All these observations were made
with proteins in aqueous solutions, but until ndittle is known about membrane proteins
residing in a phospholipids bilayer. Even thoughmbeane can protect the protein against
changes in the third structure level resulting fidMP (lack water in the membrane) (Kangur
et al.2008).

1.4 Membraneproteins

Membrane proteins can constitute about 30 % oéttiee protein content of the cell and so, a
large number of drugs are targeting the membrameigchmidt 2003). Membrane proteins
rest to a varying extent in a lipid environment, end they act as anchors, enzymes or
transporters. Therefore, membrane lipids and prsteifluence each other directly as a result
of their biochemical nature and in reaction to emwnental changes (Popet al. 2000;
Engelmanet al. 2003). The length of the hydrophobic part of thenmbrane protein should
match the thickness of the membrane if the pradimuld be anchored perpendicular to the
membrane (Mouritseat al. 1984). If the trans membrane segment is longer hydrophobic
mismatch leads to an angle which can affect theigcof membrane bound ATPases (Froud
et al. 1986a; Froudet al. 1986b). As the membrane describes a barrier, wiootes a
gradient of many substances, membrane proteindlyiglay a role in using this gradient or
in preventing it. Membrane bound ATPases for examgatalyze ATP / ADP conversions in

7
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both directions, to either gain biochemical enefrgyn an ion gradient across the membrane
or drive enzymatic reactions or transport functibysATP consumption. The ATP binding
cassette is located in the cytoplasmic region efftotein (Richteet al. 2000). The trans
membrane domain (TMD) of an.fR-ATPase is involved in proton transport through the
membrane (Boyer 1993). Analogous transport funsti@re known for other hetero
oligomeric ATPases, such as potassium transpofiiigases (Sachat al. 1989; Barweet al.
2007). Along with their different functions, ATPasdiffer not only in structure. For example,
the membrane bound enzymgFFATPase is a multi subunit protein with about Yetiént
subunits (Richteret al. 2000), while the proton motive force transportemrP from
Lactococcus lactiss a homodimer in its functional state (Bolheisal. 1995; Souzeet al.
2004). Multiple drug resistance transporters (MDRs)ally exhibit TMDs ranging through
the lipid bilayer and mediate resistance to severnafjs by active transport (Higgins 1992).
This transport can be driven by two different stiations: primary MDR transport under the
consumption of ATP and proteins from the seconddags usually are driven from the
protein/sodium motive force (McKeegahal.2003; Venteet al.2005). Having a closer look
on the TMD of secondary- and primary-active MDRgaoftwelve (or two times six as in the
case of dimmeric proteins) trans membrane segnievSs are found (Venteet al. 2005).
The global structure and the TMD and similaritiéghe drug binding sites goes along with
overlapping substrate specificity.(Poelaremtisal. 2002b; Reuteet al. 2003; Venteret al.
2003).

141 TheABC transporter LmrA

The MDR transporter LmrA frorhactococcus lactiss one of the best investigated membrane
transporters with respect to substrate spectrunctifnality and structure (van Veest al.
2000; Viganoet al. 2000; Grimardet al. 2001; Poelarendst al. 2002a; Reuteet al. 2003;
Balakrishnaret al. 2004; Plebaret al.2004; van den Berg van Sapar@taal. 2005; Federici
et al. 2007). Unlike other bacterial MDRs, LmrA was onfetle first ABC-(ATP kbnding
cassette) transporters found in bacteria (Bolmtigl. 1994). It is hypothesized to promote
resistance to chemotherapeutics by expelling anmdlagcompounds from the inner leaflet of
the cytoplasmic membrane in an ATP-dependend pso@ashuiset al. 1996; van Veeret

al. 1996). Its consists of two identical subunits (Weenet al. 2001b; Federicet al. 2007)
whose dimerisation to a homodimer is necessarpmm fthe functionally active transporter
(van Veenet al. 2001a; McKeegaret al. 2003). The LmrA monomer is a 590 amino acid

protein with an N-terminal hydrophobic domain, astieg of six trans-membrane helices,
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followed by the C-terminal hydrophilic domain, inding the ATP-nucleotide binding site.
The TMD is directly connected with the nucleotideding domain (NBD) and therefore
directly influences the ATPase activity when it angbes conformational changes (Bolhetis
al. 1996; van Veeret al. 2000; Viganoet al. 2000; Grimardet al. 2001; Balakrishnaet al.
2004).

142 TheABC transporter HorA

Lactobacillus brevipossesses an LmrA like protein called HorA from ABC MDR family
(Samiet al.1997). The amino acid sequence shows 53 % acamedeith the translatelinrA
gene fromLactococcuslactis (Sakamotoet al. 2001). It is described to contribute to the
resistance against hop compounds (Sakamb#&b. 2001; Sakamotet al.2003; Suzuket al.
2005; Haakenseet al.2008) and was also found in other beer spoilingdya (Suzuket al.
2006; Haakensemt al. 2008), but HorA is not necessarily part of theistemce of beer
spoiling bacteria to hops (Bekt al. 2006). Like LmrA, its substrate spectrum also aorg
ethidium bromide (Sakamott al.2001; Suzuket al.2006).
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1.5 Objectivesof thework

It was the aim of this thesis to investigate thiedweor of bacterial membrane proteins in their
environment of lipid phases and in dependency eflipid composition and to check the
thesis, that membrane states influence the acifithe membrane proteins. Up to 200 MPa,
increasing pressure has a huge impact to the ¢éimidr of membrane lipids. In most cases,
higher pressures only have minor effects to the bmane, because especially biological
membranes nearly have reached the gel phase alPadgturizing effects on the proteins
are not expected in this pressure range. Only diaon will occur and can lead to inhibition
of activity as shown in aqueous solution. Certgiigid phases and membrane protein
systems were affected from each other, remembethag, HHP up to 200 MPa causes
inhibition of membrane transport in some cases/enéitering the lipid composition may
have preventing effects. LmrA and HorA offer a widege for finding an adequate and
similar method of measuring the activity, as bajpresent ATPases with an ATPase activity
coupled with transport of substrates through thenbrane. Hence these proteins are a good
models to check the behavior of membrane protemaeuHHP, because membrane transport
is affected in that pressure range, but cells atenactivated (Ulmeet al. 2000; Ulmeret al.
2002; Perrier-Cornegt al. 2005a). Adequate variances in the structure ofAHmmpared to
LmrA is useful for testing in parallel the role tfie protein/ protein interactions of a
homodimer compared to the impact of the lipid emwvinent to a dimeric protein system.
Lb. plantarumpossesses many transport systems, for examplé),Lwirich is coded in the
genome and HorA activity ofb. plantarumhas been described previously (Ulmedral.
2000; Kleerebezerst al. 2003). The membrane ab. plantarumtherefore seems as a good
model and natural environment for many membranespart systems and therefore, this

strain was chosen as a source for natural memhpade.

As interactions always work on both subjects amdhgé influences each other, the impact of
the protein concentration to the lipid order andmhbeane phase arrangement should be

investigated.

Further on, to realize these subjects, an adegquessuring system should be established first,
which allows the determination of the enzyme aftivh a convenient way. This system

needs to be simple and without many additional patars like accompanying enzymes or
substrates, which can be affected by the HHP. @rother hand, the measuring system must
not affect the membrane integrity and protein astiviFor this aim, several measurement
techniques like fluorescence measurement or coériommeasurements should be tested.
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2 Material and M ethods

Unless otherwise stated, chemical were obtaineoh fnoajor suppliers like Merck KGaA
(Darmstadt, Germany), Sigma-Aldrich, Serva or GdfBaiberg, Germany). 1,2-dipalmitoyl-
sn-glycero-3-phosphocholine (DPPC) and 1,2-dimgyissn-glycero-3-phosphocholine
(DMPC) were provided by Lipoid GmbH (Ludwigshaféggermany). The vector pNkiirA
with an N-terminal His-Tag was kindly provided byi&sen and van den Berg van Saparoea
(van den Berg van Saparoeiaal.2005).

2.1 Strains, media and growth conditions

Lactobacilli were cultivated anaerobically, usuadty 30° C in MRS media (containing per
litre: meat extract 2 g, peptone from casein 1@egst extractdg, Tween 80 1 ml, KO,

1,8 g, Na-acetate 5 g, (NH citrate 2 g, glucose 22 g). Lactococci were catid in GM17
media (M17, Difco with 0,5 % (w/v) glucose) at 3D°E. coli cells were used for cloning
procedures and were cultured aerobe using lysdgeth (LB) with peptone from casein
10 g/L, yeast extract 5 g/l and 5 g/l sodium chiderat 37° C and shaken with approximately
180 rotations per minute. Where appropriate, chigtzenicol (24 pg/ml forE. coli and

5 ug/ml for Lactococcuy or ampicillin (100 pg/ml forE. col) was added. Media were
solidified with the addition of 15 g/l agar wheneded for plates. Table 2.1 gives an overview

to the strains and their application in this study.

Table 2.1. Strains used in this study. (A) gives the straiwkjch were used for cloning
experiments as hosts. (B) gives the strains whiehewased determining the change of the
membrane fluidity and the strains bactobacillus breviswhich were used for the horA-
screening are given in (C): TMW stands for “Teckhes Mikrobiologie Weihenstephan”.

A: Strains used for cloning experiments

Strain Genotype
F’, (#P80dacZM15).(lacZYAarghU169,deoR recAl,
Escherichia coliTop Ten endAlL, hsdRL7(rK-, mK+), supE4,A-thi-1, gyrA96,
relAl

endAlL hsdRL7 (k12 Mki2') SUPEA4 thi-1 recAl gyrA96
relAl lac F[proA'B* lacl"ZAM15::TrL(] (Tet?)
Escherichia colBL21(DE3) F —ompT hsdSBB— mB- gal dcm(DES3)
Lactococcus lacti®1G1363 Wildtype, plasmid free

Lactococcus lactislZ90004ImrA L\{:&%AS& withnisRKintegrated into chromosome,

Escherichia colNovaBlug™
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B: Strains used for membrane fluidity tests

Strain Application

Lactococcus lacti§MW 1.1085 Measurement of membrane fluidity

Lactobacillus plantarunTMW 1.460 Measurement of membrane fluidity and source for
mebrane lipids

Lactobacillus breviSMW 1.465 Measurement of membrane fluidity

C: Strains used fohorA-screening

Lactobacillus breviSMW 1.1282,1.1283, 1.1284, 1.1326, 1.310, 1.31315,
1.317, 1.465, 1.483, 1.485, 1.599,.1.6

2.2 General molecular techniques

DNA from lactobacilli was prepared according to liegton (Lewingtonet al. 1987). DNA
and amplification productsvere separated on 1% agarose gels, stained witldigth
bromide,and visualized by UV transillumination. Plasmid DNom E. coli was isolated
with the Plasmid Mini Kit from Quiagen (Hilden, Geany). Plasmid DNA from Lactococci
was isolated using the E.Z.N.A. plasmid Midi-Kitefulab Biotechnologie GmbH, Erlangen,
Germany). PCR product was purified as well as simgits or restriction cuts of DNA with
small “waste”ends (smaller then 50 base pairs (bp)g the QIAquick PCR purification kit
(Quiagen, Hilden, Germany) or isolated from agamsks using an E.Z.N.A. gel extraction
kit (Pequlab, Germany). Restriction enzymes andDN& ligase were purchased from
Fermentas (MBI Fermentas GmbH, St. Leon-Rot, Geyonand were performed following
the recommendations of the supplier. DNA was aneglilising a Thermo Cycler (Primus96
plus, MWG-Biotech AG, Ebersberg, Germany). For #mplification of DNA, TagDNA
polymerase (MBI Fermentas GmbH, St. Leon-Rot, Gesmar from Qbiogene, MP
Biomedicals, Heidelberg, Germany) was used forfyiag PCRs andKOD-DNA polymerase
(Novagen, EMD Chemicals Inc., Merck KGaA, Darmstadéermany) was used for cloning
PCR steps and sequencing works in concentraticcwding to the recommendations of the
suppliers. DNA was sequenced at commercial labs IMWG (MWG-Biotech AG,
Ebersberg, Germany) or GATC (GATC Biotech AG, Kamgzi, Germany). Nucleotide and
amino acid sequence analysis was carried out WGlageManager5 for Windows (Sci Ed,
Scientific & Educational Software, USA). Table Zj®&es an overview to the used primers

and their application.
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Table 2.2. List of the used primers in this study. Shown #re names, sequences and

applications. All primers were purchased from MWiGtéch, Ebersberg, Germany.

Primer Sequenz Application

pNZ8048_rev 5.GCTGTAATTTGTTTAATTGCC-3 C1One screening and
sequencing

NZ8048 for 5-GATTAAATTCTGAAGTTTGTTAG- Clone screening and

P B 3 sequencing

horAvectorsequ5’ 5-AATCGAACAACATTGGTGAT-3' slzglrﬁgc'”g of the

pGKV259screens’ 5-GAGAGATAGGTTTGATAGAAT-3’ 322;‘;30'”9 of the

pBADscreen3’ 5-AAATTCTGTTTTATCAGACCG-3® Cone screening and
sequencing

ImrA_screen_for
horA_screen_for
ScreenGen_rev

ImrA_Ncol2_for
ImrASall_rev
horAXhol_for

ImrASall_for

ImrAHISTPstl_rev

horAHisTHindlll _rev

horAPstl_for
ImrAXbal_rev
ImrANcol2_for
ImrASall_rev
horAXhol_for
horASall_rev

horARBSPstl_for

ImrAHisTHindlll_rev

ImrAPmel_for

horAPmel_for

S'-AATTACTTGATGAAGAAC-3
5-TGTCCGCCAATCCCAC-3’
S-GTTGCTTCATCCAGCAT-3

5-ATATATCAATGGAAAGAGGTCCA
CAAATGGC-3
S-ATATATGTCGACTTGACCAACAG
TCAATTGTTC-3
S-ATATATATCTCGAGTATGCAAGC
TCAGTCCAAGAAC-3’
5'-GCATGCGTCGACATGGAAAGAG
GTCCACAAATG-3’
5-ATAGACCTGCAGTCAATGATGAT
GATGATGATGTTGACCACCAGTCA
ATTGTTCTGA-3’
S-TTTAAGCTTTCAATGATGATGAT

GATGATGCCCGTTGCTCGTCGCGCT

CTGATTTTT-3
5'-GGGCTGCAGATGCAAGCTCAGTC
CAAGAAC-3’
S-ATATCTAGATTTTGACCAACAGT
CAATTG-3’
5-ATATATCCATGGAAAGAGGTCCA
CAAATGGC-3
5-ATATATGTCGACTTGACCAACAG
TCAATTGTTC-3
S-ATATATATCTCGAGTATGCAAGC
TCAGTCCAAGAAC-3’
5-ATATATGTCGACCCCGTTGCTCG
TCGCGCTC-3
S-ATATATCTGCAGGAGGATATAAT
ATGCAAGCTCAGTCCAAGAAC-3
S-ATATATAAGCTTAATGATGATGA
TGATGATGTTGACCAACAGTCAATT
G-3'
S-ATATATGTTTAAACTAATGGCCA
ATCGTATCGAAGG-3’
S-ATATATGTTTAAACTAATGCAAG
CTCAATCCAAGAAC-3
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ImrAHisTPmel_rev

ImrARBSPstl_for
horA&RBSPstl_for
sigX_for

sigX_rev

yweA for
yweA_rev

horAHisTPscl_for

S-ATATATGTTTAAACTAATGATGA
TGATGATGATGATGTTGACCAACA
GTCAATTG-3
5-ATATATCAGCAGGAGGAATATAT
ATGGAAAGAGGTCCACAAATG-3’
S-ATATATCTGCAGTAGAAGCATTT
AGGGGATAATTTTG-3’
5-GATATAAGCTTGAGTATCCTGTA
CGG-3
5-GACTGGTTTTCAAGCATATTATT
C-3
5-GAATAATATGCTTGAAAAGGAGT
C-3
5-CATATGTTCGAATGTTGCTAAAG
c-3
5-GATATACATGTTACATCATCATC
ATCATCATCAAGCTCAGTCCAAG -3’

Cloning with C-
terminal His-Tag

Cloning with RBS
Cloning with RBS
Knock-out oflmrP
Knock-out oflmrP
Knock-out oflmrP

Knock-out oflmrP

Cloning with N-

terminal His-Tag
5-CATATAAGCTTCACCCGTTGCTC

horAHindIIl_rev GTCGC -3 Cloning
. 5-GACAGCATTAGAAATGAGAAAC .
nisR_for 3 Host screening
. 5-CTTAGAAAATTCTCTAATGAGAT .
nisK_rev G-3’ Host screening

Electrocompetent cells d&. coli were prepared according to Tieking (Tiekiagal. 2005)
and electrocompetent cells bactococcuslactis were prepared according to the protocol
from Holo and transformed as described (Hetaal. 1989) with a glycine concentration of
1.25 % (w/v)growing in the growing media. For thiansformation ofE. coli cells also a
BioRad gene pulser (BioRad Laboratories, HerculdSA) was used with the following
settings: voltage 2.5 kV, resistance ZB0capacity 25 uF. E. coli cells were incubatedifdr

at 37° C and intense shaking (approximately 20&iats per minute). In Table 2.3 the

plasmids are listed which found application in thtisdy.

Table 2.3. List of the used plasmids in this study. Shown #re names, description,
applications and the source of the plasmids.

Plasmid Application Description Origin
pSTBlue-1 Sub clon_lng and Plasm_ld with blue/white Novagen
sequencing selection
o L . pET3a expression vektor
pET3a-HisT Expression iB. coli with 6 - Histidine-Tag after TMW
Arabinose controlled
pBAD/Myc-His (B) Expression irf. coli expression IfE. C(.)“W'th a Invitrogen
c-terminalmycepitope and
6 - Histidine-Tag
Expression in constitutive expression in  van den
PGKV 259 Laktobazillen lactic acid bakteria Vossen
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Expression in van den Berg

Nisin controlled expression

pNZ8048 Lactococcus lactis . i van Saparoea
NZ9000 in NICE-hosts & Driessen
Expression in . Expression of LmrA with van den Berg

pNHLmrA Lactococcus lactis N-terminal Histidine-Ta van Saparoea
NZ9000 9 &Driessen
Expression in o

pNZhorAH Lactococcus lactis leasgnr:g (;’lwth deletetiorA This work
NZ9000
Expression in . :

pNHhorA Lactococcus lactis Expres§ lon qf .HQrA with This work
NZ9000 N-terminal Histidine-Tag

2.3 Preparation of membrane vesicles from Lactococcus lactisand E. coli

Membrane vesicles frorhactococcusare prepared as described elsewlfbtargolleset al.
1999; van den Berg van Saparasaal. 2005) with the following modifications: cells were
grown at 30 °C to an OD 660 of 0.6-0.8. LmrA/HorApeession was induced by addition of
0.5 ng/mL Nisin A and cells were grown for furti@ min. Cells were harvested, washed
with 50 mM HEPES-KOH (pH 7.0) and resuspended & shme buffer. After a lysozyme
treatment of at least 6 h at 30° C in the wateh lath a concentration of Membrane vesicles
were prepared via ultrasonic treatment on ice (Iyde 0,5, amplitude 80 %) for three times
(with 6 cycles each) with 20 s intercooling on igsing a ultrasonic processor UP 200s
(Hielscher Ultrasonics GmbH, Teltow, Germany) folexl by a 10 s treatment with a
homogenizer Miccra D-8 DS-20/PG (stage A). Cellrédebnd unbroken cells were removed
at 13.000 g at 4 °C for 30 min. Membrane vesiclesewcollected using an ultra centrifuge
(125.000 g, 1 h, 4 °C), washed twice in 50 mM HERESH (pH 7.0) with 10% glycerol,
centrifuged (280.000 g, 30 min, 4 °C), resuspengtedhe same buffer, frozen in liquid

nitrogen and stored at -80 °C.

For E. coli the cells were grown at 37° C and approximatel@ ftations per minute to a

OD 590 of 0.6-0.8 and expression was induced \kghaddition of arabinose/IPTG to an end
concentration of 1 mM for pBAD-vector systems orTpB&-vector systems, respectively.
After an incubation of further 90 min the protoeas the same as fbactococcuexcept the

lysozyme treatment, which was omitted.

2.4 Purification of His-Tagged membrane protein

Membrane lipids were solubilised as described @@m Berg van Saparoea al. 2005) and

mixed with Ni Sepharose 6 Fast Flow beads, R%f beads/mg of protein) which was pre-
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equilibrated in buffer A (50 mM Hepes-KOH (pH 8.0)3 M NacCl, 10 % (v/v) glycerol, and
0.05 % (w/v) DDM) containing 40 mM imidazole. Thaspension was incubated for 1 h at
4 °C, transferred to a centrifuge tube, centrifufpd2 min at 1000 g, washed 5 times with 4
volumes of buffer A and protein was eluted with feufB (pH 7.0), having the same
composition as buffer A but containing 280 mM inadee (all steps at 4 °C). The purified
protein was used immediately for reconstitution proteoliposomes or frozen in liquid

nitrogen and stored at -80 °C.

2.5 Determiningthe protein concentration of purified protein and membrane vesicles

Protein-Assay (BioRad), which bases on the metHd8radford (Bradford 1976) was used
for determining the protein concentration of thecfrons of the membrane protein
purification steps and the content of membraneepmoin the membrane vesicles. Protein-
Assay solution was diluted with ;Bpigest. in a ratio of 1:5. 990 pl were mixed with 10 pl
sample and extinction at 595 nm against elutiorfeouB or water (containing glycerol and
DDM in the same concentration as dissolved membvaséeles) was detected. Membrane
vesicles were preincubatred with 1 % (w/v) of DDM! dolute the proteins. To exclude
interferences of the detergent DDM, calibrationvegr were established in the presence of
DDM in the same concentrations. The dye Coomastliebt blue binds to primarily basic
and aromatic amino acid residues, especially argiftedmalet al. 1977). Table 2.4 gives
an overview of the amino acid composition of LmrAdasome common used proteins for

protein standards in science laboratories.

Table 2.4. List of the rates of amino acids in quantitiy amdhtive to the total number of

amino acids in percentage. The Bradford factor avéistive factor calculated as the sum of
the percentage fraction of the basic amino acids Hys and Arg. The important fraction of
arginine is marked with bold signs.

Amino LmrA BSA BGG Proteinase K Lysoyzme Trypsine
acid

Ala(A) 48 803% 48 791% 3 941% 48 1250% 14 6,64% 15 6,64%
Arg(R) 23 385% 26 428% 0 353% 17 443% 17 8,06% 4 8,06%
Asn(N) 22 368% 14 231% 2 0,00% 21 547% 8 3,79% 18  3,79%
Asp(D) 25 4,18% 40 659% 2 235% 18 469% 11 521% 10 521%
Cys(C) 0 0,00 35 577% 5 2,35% 5 1,30% 6 2,84% 12 2,84%
GnQ) 27 452% 20 329% 6 5,88% 9 2,34% 8 3,79% 12 3,79%
Gu(E) 34 569% 59 972% 4 7,06% 14  3,65% 8 3,79% 5 3,79%
Gly(G) 49 819% 17 280% 1 471% 38 990% 28 1327% 25 1327%
His(H) 16 2,68% 17 280% 5 1,18% 6 1,56% 5 2,37% 4 2,37%
lle(1) 52 870% 15 247% 18 588% 16 4,17% 16 7,58% 16  7,58%
Leu(L) 64 10,70% 65 10,71% 5 21,18% 26 6,77% 17 8,06% 16  8,06%
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Lys(K) 29 4,85% 60 9,88% 1 5,88% 14 3,65% 14 6,64% 11 6,64%
Met(M) 27 4,52% 5 0,82% 1 1,18% 9 2,34% 6 2,84% 2 2,84%
Phe(F) 26 4,35% 30 4,94% 4 1,18% 9 2,34% 3 1,42% 5 1,42%
Pro(P) 17 2,84% 28 4,61% 3 4,71% 14 3,65% 4 1,90% 10 1,90%
Ser(S) 46 7,69% 32 5,27% 7 3,53% 44  11,46% 11 5,21% 27 5,21%
Thr(T) 32 5,35% 34 5,60% 0 8,24% 24 6,25% 10 4,74% 11 4,74%
Trp(W) 5 0,84% 3 0,49% 5 0,00% 2 0,52% 3 1,42% 4 1,42%
Tyr(Y) 13 2,17% 21 3,46% 5 5,88% 20 5,21% 9 4,27% 8 4,27%
Val(V) 43 7,19% 38 6,26% 85 5,88% 30 7,81% 13 6,16% 16 6,16%
Sum 598 100,00% 607 100,00% 100,00% 384 100,00% 211 100,00% 231 100,00%
BF 11,37 16,97 10,59 9,64 17,06 8,23

The “Bradford factor” and the amount of argininé Bovine gamma globulin (BGG)
converges to the respective factor and amount ofAl.rso BGG was chosen for the usage as

protein standard.

2.6 Onedimensional SDS-PAGE

The SDS-poly acrylamid gel electrophoresis wasqoaréd according to Laemmli (Laemmli
1970). For running a gel with membrane proteintfoa the sample was preincubated with
1% (m/vol) DDM to solute the membrane proteinslsGeere stained with ComasS8ie

Brilliant Blue staining solution.

2.7 Western Blot

Western Blots were arranged as described elsewfi&mpf et al. 2007) with some
modifications. A semi-dry electroblot was performed0.8 mA/cm for approximately1.5 h
with a CAPS-methanol transfer buffer (Matsudair& )9 Membrane was incubated in a ratio
of 1:5000 with a primary anti His-Tag rabbit antlyp which was purchased from Biomol
(Biomol GmbH, Hamburg, Germany). Secondary antib@mat antirabbit-lgG-AP conjugate
(Dako Deutschland GmbH, Hamburg, Germany) was usedratio of 1:5000 and incubated
for 1 h, also. Staining was carried out using B@m NBT (Gerbu Biotechnik, Minchen,
Germany) in 0-1 m Tris-HCI, 0-1 m NaCl, 5 mm MgQ@H 9-5 and stopped by addition of
10 mm EDTA.

2.8 Lipid extraction from Lb. plantarum TMW 1.460

The membrane lipids dfactobacillus plantarumifMW 1.460 were extracted and purified
from the cell mass as described in (Margobesl. 1999) with some modifications. 10 L of
modified MRS, pH 6.5 (per litre: 2 g meat extrat@ g tryptic digest casein peptone, 4 g

yeast extract, 1,8 g potassium dihydrogen phosplagesodium acetate, 4 g diammonium
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hydrogen citrate, 88 g glucose, 0.1 g magnesiuriateyl0.05 g manganous sulphate, 0.5 pg
each of cobalamin, folic acid, niacin, pantothemicid, pyridoxal, and thiamin) were
inoculated over night with 50 mL culture d&factobacillus plantarumTMW 1.460 and
incubated for three days at 30°C. The pH was asfjusvvery day to 6.0 with 5 M NaOH
under non sterile conditions. The suspension was tentrifuged at 30°C and 2500 g for 90
min, washed twice with 50 mM potassium phosphate7®, and centrifuged for 15 min and
4000 g at 30°C. After centrifugation, cells werezien (-20°C) and thawed, resuspended in 20
mM potassium phosphate, pH 7.0, at a concentrafidng/mL (wet weight) and incubated at
37° C for 30 min with 4.2 mg/mL lysozyme and 0.04/mL DNase. The following steps
were carried out under JNatmosphere to avoid lipid oxidation. Chloroformdamethanol
were added at a volume ration of 1:2 and the sissperwas stirred overnight at 4°C. Cell
debris was removed by centrifugation at 2000 glf@rmin. The supernatant was added to
chloroform and water (volume ratio 1:1:1) and thixtare was stirred for 3 h at RT. Phase
separation was permitted over night at 4°C andctileroform phase was evaporated in a
rotary evaporator at 40°C and redissolved in clitoro to a concentration of 0.1 g/mL. One
aliquot of the mixture was given to 10 aliquotsioé cold acetone containing 5 m
mercatoethanol, stirred over night at 4°C and degied at 1000 g at RT. The supernatant,
including neutral lipids and glycolipids, was drieda rotary evaporator. The pellet, including
the phospholipids, was dried under nitrogen flowtlBfractions were resuspended in diethyl
ether containing 5 mN3-mercatoethanol to a concentration of 0.1 g/15 stikred for 1 h and
centrifuged at 1000 g at RT. Pellets were driedearadnitrogen flow and supernatants in a

rotary evaporator

2.9 Thinlayer chromatography (TLC)

A rapid thin layer chromatography method was ussm@ing to Vogels method to separate
phospholipids and neutral lipids (Vogel al. 1961). The described protocol was used with
some modifications. As stationary phase silica gises (Kieselgel 60 WF) were purchased
from Merck, Germany. The mobile phase was a mixtditgexan/ethyl acetate/acetic acid in a
volume ratio of 59/10/1. Dried TLC-plates were s uniformly with a solution of 2 %
phosphomolybdic acid in ethanol and incubated foni® at 200° C in the drying oven.

Organic substances reduced Mo(VI) to Mo(IV). rasglin spots.

2.10 Liposome preparation

Lipid and cholesterol stock solutions were prepanechloroform. Laurdan was dissolved in
chloroform at a concentration of 1 mmol/L, DMPC, PO, DMPC containing 10 mol%
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cholesterol, the natural lipid extract and vesiaesataining the 1:2:1 molar ratio of DOPC,
DPPC and cholesterol were prepared together wehflttorophore Laurdan (if needed for
measurements of membrane fluidity via the GP-valugfter co-dissolving the respective
lipids and fluorophore, the solvent chloroform wamoved by a flow of nitrogen gas. Then
the samples were dried under high vacuum pumpingdweeral hours (usually over night) to
completely remove the remaining solvent. The resuyltry film was then resuspended in
20 mM HEPES buffer, pH 7.2, vortexed and sonicdtedl5 min in a bath-type sonicator
(Bandelin SONOREX RK100SH). Large unilamellar viesssc(LUV) were produced by five
freeze-thaw cycles (freezing in liquid nitrogen asldw-thawing in a warm water bath)
followed by 9 passages through two stacked Nucleppolycarbonate membranes of 200 nm
pore size in a mini-extruder. The samples were ke@5°C during the extrusion procedure.
The final vesicle solution contained a 1:500 flywrore to lipid mixture on a molecular basis

for GP measurements, if needed.

For producing DNA loaded liposomes, the same pwoitowas followed with some
modifications according to protocols published wlsere (Lurquinet al. 2000; Pupoet al.
2005). DNA from calf thymus was swelled in 20 mM IPMES buffer, pH 7.2 and treated in
bath tvpe sonicator for 60 min to get small fragteeaf the strands and to reduce the
viscosity. This suspension with a concentratiorl @ig DNA per ml was used to swell the
dry film of lipids from the vacuum drying step. tead of 9 passages through the
polycarbonate membranes only 5 passages weredcauiebecause the high viscosity causes
bursting of the membrane very easily. Suspensidh WUV was treated with DNAse for

30 min at 30° C to remove extraliposomal DNA in siodution.

2.11 Proteoliposome preparation

Proteoliposomes of LmrA with DMPC, DMPC+10 mol %otdsterol, natural lipid extract
and raft mixture (DOPC:DPPC:Chol-1:2:1) were prepaby the detergent removal method
(Rigaud et al. 1995). The required amount of the detergent DDMlégtabilize different
liposomes was determined by light scattering measant. Liposomes were destabilized by
the slow addition of the required amount of detetgpDM and kept stirring at room
temperature for 10 min. For the reconstitution, theified LmrA was mixed with DDM
destabilized liposomes in 1:20 weight ratio andubated for 30 min at room temperature
under gentle stirring. The detergent was remove@ byccessive extractions with SM2 bio-
beads. These polystyrene beads were thoroughlyedasith methanol and water before
using. A wet weight of 80 mg bio-beads/mL of liposgs was used to extract the detergent
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for the first and 160 mg for the second time. Fiestraction was performed at room
temperature for 2 h and the second at 4 °C for. Fartally, proteoliposomes were collected
by centrifugation (280000 g, 30 min, 20 °C) andispended in 20 mM HEPES buffer pH 7.0

at a final lipid concentration of 4 mg/mL.

2.12 Pressuretreatment

For all pressure treatments, three independenpewprits were used and the temperature was

under control of a tempering unit.

2.12.1 Pressuretreatment while using the Perkin EImer fluor escence spectrometer

For the pressure treatment while measuring floureeeintensity with the Perkin Elmer
fluorescence spectrometer, high pressure equipfr@ntDunze GmbH (Hamburg, Germany)
was used, which allowed to fit a sapphire windowlr' ESC Sieber Engineering AG, Zrich,
Schweiz) in the sealing packet. The spectrometaraganected to the sapphire window with
glass fibers. The pressure media was polyethyléymolgand the sample was protected by

rubber plugs was directly connected to the sapphineow.

2.12.2 Pressuretreatment while using the K2 flourometer

Pressure media was ethanol and the pressure waateshwith a hand operated spindle. The
sample in a glass bottle was sealed with laborafitry and the bottle was stored in the
pressure vessel behind sapphire windows, whichrisgh the K2 spectrometer.

2.12.3 Pressuretreatment for determining the AT Pase activity

Proteoliposomes or ATPase assay solution (withitrout drugs, respectively) were inserted
to a reaction tube and sealed with a silicone pling tubes were stored on ice till they were
put in the reactor. The reactor of the high pres&gquipment (Dunze GmbH, Hamburg) has
had a capacity of 500ml and was under controltehgering unit which kept the temperature
stable at 30°C (+/- 0.1°C). Active fluid medium waater and pressure was increased with a
pneumatic pressure pump and adjusted with a haechtgul spindle. Pressure was kept stable
(x1MPa) and observed with a fitted mechanical batem After decompression the samples

were put on ice immediately.

2.13 Fluorescence spectroscopy

The fluorescence spectroscopic measurements wei@rped using a Perkin Elmer LB50

luminescence fluorometer or a K2 multifrequency gghand modulation fluorometer with
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photon counting mode equipment (ISS Inc., ChampdijnThe operational principle of the
multifrequency fluorometer has been described itaidelsewhere (Spencest al. 1970;
Grattonet al. 1983)..The temperature was controlled to £0.1°@ loyrculating water bath.

2.13.1 Imidazole spectra

Imidazole spectra were taken from 300 to 500 nnh &it excitation wave length of 280 nm.

In all cases, the slit width was 2.5 nm.

2.13.2 Hoechst 33342 spectra and intensity

For intensity measurements an excitation wave kengB855 nm and a emission wave length
of 457 was chosen as previously used (Margadkeal. 1999). Normally, the slit widths of

3 nm each were adjusted. To check the dependenttyedfuorescence intensity of the dye
and to avoid quenching effects, fluorescence wateraéned in dependency of the

environment (lipid and aqueous phase), concentratil the pH

2.13.3 Ethidium bromide spectra and intensity

For the dye ethidium bromide for the excitation wdength was 500 nm and 580 nm for the

emission with slit widths of 5 nm each.

2.13.4 Membranefluidity

The phase state of the lipid membrane systems ei@sndined by the Laurdan fluorescence
technique. The emission spectrum of the environalgnsensitive fluorescence probe 6
dodecanoyl-2-dimethyl-aminonapthalene (Laurdan) wsesl to scrutinize the phase behavior
of the lipid bilayer system. Laurdan is a naphthaldased amphiphilic molecule with
fluorescence excitation and emission spectra, waiehs very sensitive to the polarity and to
the dipolar dynamics of the environment (Parasaisal. 1986; Yuet al. 1996). The quantum
yield of Laurdan is much higher in the membranenthrmaqueous solution. When inserted
into a membrane, Laurdan aligns its lauroyl taithwthe lipid moiety and locates its
naphthalene ring near the phospholipids glyceratkbane. Studies using phospholipid
vesicles demonstrated that Laurdan is sensititbg¢alynamics as well as the polarity of the
surrounding membrane. Therefore, Laurdan can disish whether a membrane is in an
ordered or fluid-like phase state (Parasassil. 1991). When Laurdan is embedded in a lipid
membrane, it exhibits a 50 nm red shift of the siois spectrum as the membrane changes

from the gel into the liquid-crystalline phase. T$pectral changes of the emission spectrum
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of Laurdan is generally quantified by the so-calietheralized polarization function, which is

defined as

_(B-1IR)
"~ (IB+IR)

where IB and IR are the fluorescence intensitie$4@t nm (characteristic for an ordered, gel
phase state environment) and 490 nm (charactefistia fluid, liquid-crystalline lipid state),
respectively (Parasasst al. 1990). Hence, GP values range from -1 to +1. lasph
coexistence regions, the GP values exhibit valyasadl for fluid (liquid-disordered) and gel-
type (liquid-ordered) domains. Hence the measur&dv@lues of our system reflect the
overall phase behavior and fluidity of the membra®e a function of temperature and

pressure.

2.14 ATPase assay

The ATPase activity of the LmrA containing protpolsomes was determined by
measurement of free phosphate using the colorimassay of Lanzettet al. (Lanzettaet al.
1979) with Triton-X 100 instead of Sterox as detsitg Proteoliposomes (1 mg/mL) were
preincubated in 20 mM HEPES-KOH (pH 7.0) for 10 noim ice with/without drugs. The
reaction was started with the addition of 1 mM M@FA (stock solution containing 50 mM
Na-ATP, 37.5 mM MgG, 12.5mM MgSQ and incubated at 30°C at the respective
pressure. At regular time intervals, samples of 1DOwere transferred to a PE-cuvette
containing 500 pL of malachite green molybdate e@agnd mixed. After 5 min 250 pul 34 %
citric acid was added and the mixture was incubatethe dark at 30 °C for 30 min and
compared with a phosphorus standard at 650 nmexXgkeriments were performed in the

presence of 0.1 mM orthovanadate in parallel ahdraated from the readings.

For measurements of the reversibility of the infoioi of the ATPase activity, samples were
pressure treated without Mg-ATP, incubated for 10 non ice immediately after
decompression, and the ATPase activity was detednet ambient pressure and 30 °C

afterwards.
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3 Results
3.1 horA screening

In contrast to Ulmer (Ulmeet al. 2002),horA was not detected ibhactobacillusplantarum
TMW 1.460, butlmrA was verified using the specific screening printarA_screen_for,
horA_screen_for and ScreenGen_rev. The primer Imcleen_for is specific tomrA and
horA_screen_for is specific tworA while the reverse primer ScreenGen_rev is locetede
conserved region of the ABC in the Walker motifilainds well in both genes. This results
in approximately 550 bp amplification folrarA and an approximately 1000 bp amplification
for ahorA gene. The screening for a functiohakA-gene inLactobacillusbreviswas further
performed with 13 beer spoiling strains. Surprigingnly half of the beer spoiling bacteria
strains showed a specific PCR amplification. ThaistTMW 1.6 showed a PCR-product
with the expected size but also unspecific prodants screening was not followed further on.
The horA gene from TMW 1.465 was cloned into pBAD vectod aequenced. A deletion
after bp 99 was detected, which leads to a stoprcadter 36 amino acids and renders the
protein nonfunctional. For optionally ongoing clogi steps, the othenorA genes were
subcloned into pST1-Blue vector and sequencedffer dunctional genes from nonfunctional
ones. Table 3.1 gives an overview to the existamckfunctionality ohorA in the tested and

sequenced strains and figure 3.1 an idea abouekagonship to each other.

Table 3.1. Existence and functionality of the gene horA iretbspoiling bacteria strains of
Lactobacillus brevisGiven is the number of the strain. A “-* indicatihe lack ohorA, “u”
means the existence of a non-functidmadA and “f” the existence of a functional gene. “nc”
indicates, that a gene was detected using thefgppomers but the sequence was not further
checked.

Strain 1.1282 1.1283 1.1284 1.1326 1.310 1.311 31.31

horA f - - - - - f
Strain 1.317 1.465 1.483 1.485 1.599 1.6
horA f u f u - nc
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horA
1.165
1.1282
1.485

1.313
1.317
1.483

Figure 3.1. Relationship of the gene horA in beer spoilingteaa strains ot.actobacillus
brevisto each other. The sequence from the originalipludihorA was taken from the paper
from Sami (Samiet al. 1997) The cladogram was calculated using the smguanalysis
internet tool “ClustalW?2” from European Bioinfornizg Institute.

An amino acid sequence alignment of the functiddatA is given in the appendix. The
HorA from the strain TMW 1.1282 differs only in oaenino acid from the published HorA
from Sami (Samet al. 1997). After 384 amino acids serine changed tbhemplalanine in the
region of the Walker motif A. The other HorAs vdoythis difference in up to five amino acid
changes, three of them in the TMS one (TMW 1.31483 and 1.1313 changed a leucine
with phenylalanine, amino acid 38), two (in TMW 173 1.483 and 1.313 serine displaces
phenylalanine after 90 amino acids) and five (17131L.483 and 1.1313 changed after 271
amino acids glutamic acid with glycine). Agin inetlsame strains, after 366 amino acids,
aspartic acid replaces glycine in the cytoplasmdtmain of the transport protein. TMW
1.1317 completes its sequence with tryptophan adistd glycine like the other sequenced
strains. Lb. brevis TMW 1.485 shows a deletion after 688 bp leadingato amino acid
sequence break off after 223 amino acids in thp lmeEween TMS four and five and renders
the proteinnonfunctional. For the following cloning steps Hoffom TMW 1.1282 was
chosen, the sequence of which was most similaheéoohe published by Sami (Saeti al.
1997).

3.2 Construction of an expression system for membrane M DR-transport proteins

For the expression of membrane the transport pr®temrA and HorA, both genes were
cloned into thee. coli expression vector pBARycHisB. From previous works in the institute
an additional construct of withorA with a C-terminal hexa-histidine Tag in pET3a &k
The three constructs were induced with differenhcemtrations of arabinose or IPTG,
respectively, and were incubated for varying times determine the best expression
conditions. To prevent forming of inclusion bodiegpression was tested also in the presence

of 400 mM sorbitol. No suitable circumstances fosatisfying expression of the membrane
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protein were detected (data not shown). Proteic@ainations were either too low or toxicity
led to a stop of growth of the culture. To checkether the construct was able to express
LmrA or HorA at all, expression was verified withHas-tag affinity western blot. One of the
western blots is shown in Figure 3.2 where crudeaets of induced and non-inducEdcoli
BL21 cells or E.coli TOP TEN cells harboring pET3a-HisTdgrA, pBADImMrA or

pBADhorA, respectively, were used.

~—— 75 kDa

LmrA —»

37 kDa

& 25 kDa

Figure 3.2. Western blot and SDS-page of crude extracts ¢ oE .coli BL21 harbouring
the expression vector pET3a-HisTag withrA, pBADImrA or pBADhorA. On the left hand
side the western blot is shown and on the rightlreade the associated SDS-page is given. In
lane (1) a his-tagged protein (levansucrase witiokecular weight of approximately 93 kDa)
is used as a control for the antibodies, respdgtideane (2) is loaded with a prestained
molecular marker in each case. In lane (3) andc(dile extract from induced and non
inducedE. coli TOP TEN with pBADhorA is coated, respectivelfe. coli TOP TEN with
pBADImrA non induced is coated in lane (5) and non-inducddne (6). Crude extract from
IPTG induced cells oE. coli BL21 with pET3a-HisTagorA is loaded to lane (7) and to lane
(8) crude extract from non-induced cells is coatBdpression was started with 1 mM
arabinose or IPTG, respectively, if indicated amcubated for further 90 min.

The pET3a vector system shows basal expression @vaer non-induced conditions. The
presence of glucose, which should inhibit the esgign, has had no influence to this effect
(data not shown). The detected band of the explegsetein was in the range of
approximately 30 kDa, which is about half of theesiexpected for HorA. Constructs of
pBAD and ImrA with the arabinose controlled promiosdowed no basal activity like the
pET3a vector. The western blot shows for inducdts @fine band at the expected size of
approximately 60 kDa. But like in the case of H@®pression with pET3a strong bands with

a smaller size appeared. Here a strong band oft &fbkDa and in addition bands in the

25



Results

region of approximately 20 to 25 kDa appeared. @aonts withhorA and pBAD produced
no His-Tag antibody detectable band at all. Cloremgeriments were redone using a Sal |
restriction site at the c-terminal of the both geresulting in a loss of thaycepitope in the
pBAD constructs. The elimination of theycepitope had no positive effects to the

expression / detection results.

Although Lactococcuslactis MG1363 showed good transformability with pGKV258,
construct of pGKV259 using the blunt end restrictgite Pme | could not be established.
Satisfying amounts of LmrA and HorA were expresssihg the pNZ8048 vector system for
Lc. lactis NZ9000 (figures 3.3 & 3.4). This system is undenteol of the nisin induced
promoternisA The vector pNHnrA with an N-terminal His-Tag already existed (Maigsl
et al. 1999; van den Berg van Saparastaal. 2005). The vector pNH282, a derivate of
pNZ8048 containing th&orA gene fromLb. brevis TMW 1.1282 with a N-terminal hexa-
histidine tag was constructed via ligation of th&€RP product using the primers
horAHisTPscl_for and horAHindlll_rev. ThoudhmorA contains a Nco | binding site in the
middle of the sequence and the pNZ8048 vector regj@a Nco | cut ligation directly after the
promoter and the following RBS, for the PCR amgdifion the 5’ primer had a Psc | binding
site. Nco | and Psc | have compatible overlappiikyg ends, which allow a uncomplicated

ligation in the same frame without further modifioas.

A B C D
- ' LmrA
55 el
35 [

27 ol
[ -

Figure 3.3. Western blot and SDS-page of membrane proteirtidraof HorA expressing
cells of Lc. lactis NZ9000 4ImrA. Blot and SDS-pager were performed as explained in
materials and methods part. Lane (A) and (D) weaeléd with a prestained protein standard.
Lane (B) and (C) were loaded with solubilized meamiar proteins from membrane vesicles.
Lanes (A) and (B) show the reaction of the westdot and lanes (C) and (D) show the
comassie blue stained SDS-page. The upper bankledblot shows the expected size for
LmrA, the band strong band in the low mass regiarfdlse positive reaction resulting from a
huge protein accumulation, which can be seen irsth8-page (lane C).
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Figure 3.4. SDS-page of the fractions of the purification ahilA/HorA from membrane
vesicles from induced.c. lactis NZ9000 AlmrA cells harbouring pNHnrA.or pNH282,
respectively. Next to the protein standard in #fé frame, six numbered LmrA purification
fractions (as described in materials and method3 aee shown. The right frame shows two
lanes of HorA purification. Lane 7 gives a total miwane protein fraction of induced
Lc. lactis NZ9000 AlmrA pNH282 cells (membrane vesicles). Lane 8 githes band of the
purified HorA.

3.3 Lipid extraction from Lb. plantarum TMW 1.460

The biomass from a ten liter culture afactobacillus plantarumTMW 1.460 was
approximately 150 g wet weight. A mass of 313 mtaltdipids could be extracted. To
precipitate the phospholipids from the neutral titat acetone insoluble material was
removed (Rowet al. 1974; Gebhardt 1983; Ruiz Budeaal. 1989) and the purity of all lipid
fractions was determined using tlc giving chromatogs from the neutral/glycolipid fraction
and contaminated fractions of phospholipids (Fig8ré). The neutral lipid fraction was
chosen for the experiments, because tlc did naaleany impurities within these, and the
influence from other substances and contaminatsuns) as remaining hydrophobic proteins,
could thus be excluded. Table 1 gives an overvieth@ratio of lipid fractions and in Figure

3.5 the purity of the fractions is shown with tlc.
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Table 3.1. Overview of the natural lipid fractions extracttdm Lactobacillus plantarum
TMW 1.460.

Fraction Mass Percentag&ource Substance

. o chloroform/methanol/water
total lipid 313mg 100 % extraction 1:2:1

lipid mixture

phosphoglycerolipid +

phosphorous approx. acetone precipitation from : .

fraction s 84 mg 27 % total lipid, soluble in ether phosphat!dylcholme
aﬂd n%n I!SI?Sh .

. phosphatidylcholine +

phosphorous approx. acetone precipitation from T .

fraction n 23 mg 7% total lipid, insoluble in ether non lipids, bigger pgr_t
of phosphoglycerolipid

neutral approx. acetone soluble fraction, -

fraction s 206 mg 66 % soluble in ether neutral lipids

s: soluble, n: insoluble.

Abbreviations in the picture are
related to the applied probe.

Standards:

GL glucose

PC  phosphatidylcholine

PG  phosphoglcerolipid

OA  hexane acid

CH cholesterol

Sample:

NL  neutral lipid fraction

NLS neutral lipid fraction,
non soluble in ether

PL  phospholipid fraction

PLS phospholipid fraction,
non soluble in ether

Figure 3.5 Thin layer chromatography of the natural lipidctians explained in table 3.1. Tlc
was performed as explained in materials and methpmds As indicated in the legend
different class of lipids act as standards. Onrigbht hand side, the tlc was redone with
glucose representing a non lipid organic substavitte polar abilities. Neutral fractions are
predominately free of loaded contingents and shoWy aveak spots at the level of
phosphoglycerolipids. The phospholipid fractions ntains a large amount of
phosphoglycerolipids and as expected phosphatidijieh But there are also several spot in
the level of glucose what might indicate non-lipmhtaminations like degenerated polar lipid
parts (choline) or hangover of membrane proteins.

3.4 Reconstitution of His-tagged Lmr A/Hor A

To test the self association of LmrA and HorA tduactional homodimer, the transport
protein in liposomes consisting of different lipidswere reconstituted. During the

reconstitution, the concentration of imidazole, aamng from the LmrA purification, was
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monitored via fluorescence spectroscopy as seefigime 3.6. After the reconstitution,

imidazole could not be detected any more. Figurghdws the reduction of flourecence
intensity of imidazole of a BioBeallsreated solution. LUVs could be produced from DQPC
DMPC, DMPC + 10 % mol cholesterol and the moddi maikture. Natural lipids emerged as
too compact for extrusion through a filter (filtelas blocked and bursted while extrusion),
hence multi lamellar vesicles (MLV) (procedure wsispped after the freeze-thaw steps)

were used for reconstitution.

800 [
600
2
2
o 400 [
£ 66 mM, 2h BioBeads
200 66 mM, 2+16h Biobeads
0 1

300 350 400 450
wavelength / nm

Figure 3.6 Decrease of imidazole fluorescence intensity duredsorbent treatment.

Fluorescence intensity of DDM containing elutiorffeuB with imidazole was determined as
explained in Materials and Methods. The differentdiazole concentration is denoted with
arrows. The time of adsorbent treatment also, wappticable (“2 h BioBeads” stands for the
first and “2+16 h BioBeads” for both extractiongdeas described in Materials and Methods).

3.5 Impact of reconstitution of vesicleson membrane fluidity

The influence of the reconstitution steps of prbpesomes regarding the membrane fluidity
was investigated using natural lipids and differemhounts of LmrA. Liposomes and
proteoliposomes containing LmrA with a ratio of @;2:50 and 1:100 were prepared and the
GP values were determined. Figure 3.7 shows GResadl different vesicles depending on

pressure and temperature.
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Figure 3.7 GP values of liposomes with and without LmrA inpdadence of pressure (left
window) or temperature (right window). GP valuegaevdetermined as described in materials
and methods section. Open circleof) symbolizes liposomes from natural glycolipidsnfro
Lb. plantarumTMW 1.460 which was cultivated at 30° C. Fillechtrgles (4 ) symbolizes
proteoliposomes with a protein lipid ratio of 1:80/w) and filled squares—{=—) give the
values from proteoliposomes with a protein lipitlaaf 1:50 (w/w). Proteoliposomes with a
ratio of 1:100 (w/w) are pictured with filled cied(—e—).Error bars illustrate the standard
deviation of three measurements.

Table 3.3 Exact pressure dependant GP-values belonginggtoefi3.7. Natural glycolipid
extract fromLb. plantarum TMW 1.460 was used for vesicle preparationand wesed for
reconstitution of LmrA in a protein lipid ratio df50, if required. GP measurements were
arranged in dependence of pressure. Standard ideviasults from the measurements each.

Pressure Proteoliposomes 1:50 Liposomes
in
MPa GP Standard deviation GP Standard deviation
0,1 0,31 0,02 0,27 0,01
10 0,37 0,00 0,32 0,01
20 0,38 0,03 0,34 0,01
30 0,41 0,03 0,35 0,02
40 0,40 0,02 0,38 0,01
50 0,45 0,02 0,38 0,02
60 0,47 0,02 0,41 0,01
70 0,48 0,01 0,43 0,02
80 0,50 0,04 0,43 0,03
90 0,54 0,02 0,47 0,03
100 0,54 0,01 0,49 0,01
110 0,54 0,02 0,50 0,01
120 0,54 0,01 0,50 0,02
130 0,56 0,01 0,51 0,01
140 0,58 0,02 0,55 0,01
150 0,59 0,00 0,54 0,01
160 0,59 0,01 0,56 0,01
170 0,60 0,01 0,56 0,02
180 0,63 0,01 0,58 0,01
190 0,61 0,02 0,58 0,02
200 0,62 0,01 0,58 0,03
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Table 3.4 Exact temperature dependant GP-values belongifiguce 3.7. Natural glycolipid
extract fromLb. plantarumTMW 1.460 was used for vesicle preparation. Vesiclere used
for reconstitution of LmrA in the ratio given inghable, if required. GP measurements were
arranged in dependence of temperature. Standarndtidevresults from the measurements
each.

Temperature Liposomes Proteoliposomes Proteoliposomes Proteoliposomes
in protein : lipid protein : lipid protein : lipid
°C 1:20 1:50 1:100
GP value Sta_ndgrd GP value Sta_ndgrd GP value Stapdgrd GP value Sta_ndgrd
devitation devitation devitation devitation
5 0,58 0,00 0,63 0,01 0,62 0,01 0,62 0,01
9 0,56 0,01 0,59 0,00 0,61 0,00 0,59 0,01
13 0,52 0,00 0,56 0,01 0,56 0,01 0,56 0,00
17 0,47 0,02 0,51 0,01 0,52 0,01 0,53 0,02
21 0,41 0,01 0,47 0,01 0,48 0,00 0,48 0,00
25 0,38 0,01 0,41 0,01 0,43 0,00 0,46 0,01
29 0,33 0,02 0,37 0,02 0,38 0,01 0,43 0,00
33 0,29 0,01 0,33 0,01 0,34 0,02 0,43 0,01
37 0,26 0,01 0,30 0,01 0,30 0,01 0,42 0,00
41 0,23 0,02 0,26 0,02 0,29 0,00 0,42 0,01
45 0,20 0,01 0,25 0,00 0,26 0,00 0,43 0,02

No sharp phase transitions were observed, ratbentnuous decrease of GP with increasing
temperature is seen and vice versa in case ofcaeasing pressure. Reconstitution of LmrA
leads to a steadily higher GP value, meaning arase of the acyl chain order. The effect is
strongest at temperatures higher than about 25%eirtase of a protein lipid ratio of 1:100

(w/w) and minor pronounced for a ratio of 1:20 dn80. No difference can be observed for
these two different ratios. Upon pressurizationtteg non-reconstituted natural membrane
system, the overall conformational order of the lbeEme increases continuously in the whole
pressure range covered from 0.1 to 200 MPa anchsétation of LmrA leads to an overall

increase in the conformational order of the acwyis throughout the whole pressure range.
The effect depends on the reconstituted protethesimple destabilization of liposomes with

DDM and the following removal of the detergent wBibBeads had no impact on the GP

over the observed pressure range (data not shown).

3.6 Fluorescence measurement of transport activity

For all measurements with testing character, ergefbablishing a method to measure the
activity of the protein under HHP influence, prdiposomes with LmrA were used.
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3.6.1 Transport of Hoechst 33342

As higher fluorescence activity in lipid environnigns described and was used already to
determine transport activity of membrane transpgstems (Margollest al. 1999; van Veen
et al. 1999; van den Berg van Saparcetaal. 2005) the possibility of measurements of
membrane transport under HHP was determined. Tl aueenching effects, the fluorescence
activity of Hoechst 33324 was investigated in dejeercy of the concentration in a lipid
environment and aqueous solution and the intensitgependence to the pH were part if
interest. The aqueous solution was modelled with i HEPES-KOH buffer, pH 7.0. A
lipid phase was modelled with rapeseed oil, saddratith 100 mM HEPES-KOH buffer, pH

7.0. The relative fluorescence activity of Hoec3®842 is shown in figure 3.8.
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Figure 3.8 Increase of the fluorescence activity of Hoech3842 in dependence of the
concentration. Aqueous phase was modelled withmAROHEPES-KOH, pH 7.0 and is
schown with filled circles{®—). Lipis phase was modelled with rapsseed oil s&darwith
100 mM HEPES-KOH, pH 7.0. Lipis phase is shown wtio+). Relative fluorescence
activity was calculated with subtracting the bastnsity of the respective phase without the
addition of the fluorophore Hoechst 33342.
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As the active transport of Hoechst 33342 from thveer leaflet of the membrane to the outside
should be determined, a concentration with theovalhg possibilities should be used: no
guenching effects should appear and the intensithe membrane (lipid environment) must
be measurable differently compared to the aquebasg Quenching effects appear in lipid

environments from concentrations higher than 0.1.mKbr further measurements
concentrations of 1,6 uM were not exceeded.

The dye offered in the presence of liposomes, Inhgirong dependency to the pH resulting
in different intensities as shown in figure 3.9.
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Figure 3.9 Relative fluorescence intensity of the dye Hoec33842 in the presence of
liposomes (1 mg/ml) and in dependency to the pth@fenvironment. Intensity was measured
under the conditions described in the materialraethods part. Intensity was calculated with
setting the basal activity as 0 % and the interefiigr the addition of Hoechst 3342 was set to
100 %. End concentration of Hoechst 33342 and M@ AvRs 1 uM and 2 mM, respectively.
In Frame (A) the intensity is followed at pH 5.2fté& 8.3 min the dye was added, Mg-ATP
followed after 21.6 min. KOH donation (resulting &nincrease of the pH about 0.2) was
carried out after 33.3 min. Valinomycin and nigeri¢l mM each) adjusted the pH after
66.6 min. For the further pH steps pH 6.0 in fraf@g pH 6.5in frame (C), pH 7.0 in frame
(D) and pH 7.2 in frame (E) the order of the damatof substances was the same but were
carried out at different time steps. Sole exceptas at pH 7.0 when Hoechst 33342
donation was splitted into two steps. Time poineath donation is indicated in the graphs by
strong intensity changes or sharp peaks in thehgrapulting from the pipette dip in the
cuvette. Frame (F) shows a titration curve of Hee&3342 against hydrochloric acid.

Addition of Mg-ATP at pH 5.2 after 21.6 min resulten a jump up of the intensity.
Increasing the outer pH slighthapH 0.2) led to a slow decrease of fluorescencensity At

the higher pH of 6.0 an increase of the extra pesl pH had no influence to the intensity.
The intensity at an initial pH of 6.5 (figure 3.9 Behaved differently, when every addition of
any tested substance to the cuvette lead to at shglease of the intensity. A decrease of
intensity can be followed, when ATP is given totpadiposomes at pH 7.0 (figure 3.9 D).
Interestingly, at a slight higher pH of 7.2 theeeffis drastically reversed with an increase of
intensity about more then 50 % (figure 3.9 E). Expents were redone in HEPES buffer
system at pH 7.0 and Mg-ATP was exchanged witloarsolution (PO4- and K+) to simulate
the same ion loading potential. No change in intgrappeared. Repetition of the experiment
with ATP and without liposomes (100 mM HEPESbuffad, 7.0, dye, ATP, KOH and drugs)
showed a similar graph as in the case of the meamnts with liposomes and at pH 7.2 with
an increase of intensity after addition of ATP @abt shown). This indicates that changes in
the fluorescence intensity are caused by the Mg-Aii® its derivates and not by its charge.
To check, if in case of a pH dependent fluorescemtiwity plays a role, Hoechst 33342 was
titrated against hydrochloric acid to find out éxig pK; (figure 3.9 F).

3.6.2 Transport of ethidium bromide

To check the functionality of reconstituted memlararansporter proteins and the effect of
HHP, the transporter LmrA was reconstituted in DidAded liposomes consisting of DMPC

and DNA of calf thymus. Protein lipid ratio was Q:@v/w).
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Figure 3.10 Increase of the fluorescence intensity of ethidibromide in presence of
proteoliposomes. Settings for the measurementslegeribed in material and methods part.
Proteoliposomes from DMPC and LmrA in a ratio of 2(w/w) was used in a concentration
of 1 mg/ml. Intensity increases immense after thmnation ethidium bromide to a
concentration of 0.2 uM. When necessary, Mg-ATP thadconcentration of 2 mM. Dashed
line with points & --—-) gives the intensity of proteoliposomes with MgfATreated for
20 min at 30° C and 0.1 MPa. Same sample witholtAWIB is pictured with a dashed line
(-=-=---- ). The dotted line.{.-.-.) symbolizes a pressure treatment at 50 MPa anhdirfal

(——) stands for a pressure treatment at 20 MPa, merasuts in the presence of Mg-
ATP, both.

Both HHP treated samples showed slightly incredsseshl intensity. HHP treated samples
show the same resulting intensity as non-energgexeoliposomes stored at ambient
pressure and thereby no transport of ethidium lolermside into the vesicle. The only active
transport of Ethidium to the encapsulated DNA whseoved for proteoliposomes treated at

ambient pressure and measured in the presence-é{IN\g
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3.7 ATPaseactivity of MDR transortersof the ABC family under HHP

All measurements of the ATPase activity were pentat at least 3 times with
proteoliposomes from independent reconstitutionsir. overexpressed in autonomous
batches, also) in the presence of ethidium bronmasldransport substrate and with added
orthovanadate in parallel to get the ethidium-&sdjs orthovanadate-sensitive ATPase
activity of LmrA or HorA, respectively. Protein Igh ratio was 1:20 (w/w), always. ATPase
activities in all vesicles were measured at ambessure and in steps up to 200 MPa
(except for DMPC). Figure 3.11 visualizes the inatton of the vanadate sensitive ATPase
activity in DMPC vesicles with LmrA in the presengeabsence of ethidium bromide. HHP
inactivation makes no difference between basal A€Rectivity or transport coupled activity.

Both are inhibited to the same extent.

1.2}
Z 10}
x 0.8}
Eos6l
€ 0.4l

=~ 0.2}
0.0

EtBr + + -
MPa 0.1 20 0.1 20

Figure 3.11 Dependency of ATPase activity on pressure. ATPasavity from
proteoliposomes with DMPC and LmrA at 30° C. iswhan bar (1) for proteoliposomes at
ambient pressure in the presence of ethidium brefidBr), (2) with ethidium bromide at 20
MPa, (3) proteoliposomes at ambient pressure lgckthidium bromide and (4) at 20 MPa
and without ethidium bromide.

371 LmrA

As shown in fig. 3.12, nearly total inactivation svabserved in DMPC vesicles when the
pressure was increased to 20 MPa and higher at/ (ffy. 3.12 E). Inactivation was tested
for reversibility of the inhibition. For pressure640 MPa and 80 MPa, the remaining activity
was approximately 12 % (0.12+0.07 pumol/(mg min) ar@12+0.04 pmol/(mg min),

respectively), only. Conversely, in pure DOPC viesi¢fig. 3.12 A) LmrA retained - at least
in part - its activity upon increasing pressurer. #is lipid and the remaining lipid systems, a

continuous decrease of the activity was expectedhd®, the values follow a more or less
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non-linear pressure dependence with local maxinectvity at 80 MPa (120 MPa for DMPC
with cholesterol) and 200 MPa. In the case of DOBE, activity drops to about 40% at
approx. 40 and 120 MPa, but increases again aehjglessure, essentially reaching the initial
ambient pressure-activity around 200 MPa. For piggesomes from natural lipids (fig. 3.12
B), the LmrA activity decreases markedly at low gstges (up to 40 MPa), and stays
essentially constant at a level lower than 50%t®initial activity up to 200 MPa (fig. 2B,
table 3.5). A different behavior is observed fag thore-component proteoliposomes DMPC/
10 mol % cholesterol and the model raft mixturegéFi3.12 C & D, and table 3.5). Their
activity follows a non-monotonous behavior with @itial decrease up to 40 MPa and a
marked increase of the activity again at and al®@eViPa, even exceeding the ambient
pressure data by 100 % at 200 MPa.

The LmrA ATPase activity in the vesicles withoutotdsterol was found to be largely
inhibited by high hydrostatic pressure, but pastiegécovers from 80 MPa upwards in the case
of DOPC. No reversibility is observed and hencefulbactivity can be restored after high
pressure treatment, as observed for the naturalidslipat 160 MPa (-
0.004+0.01 pumol/(mg min)) and DMPC (see above)oAtke high activity of LmrA in the
DMPC/cholesterol vesicles at high pressures ab@vbiBa (Table 2) was not retained after
decompression of the system. An activity of oni$4a&0.24 pmol/(mg min) (41+29 %) and
0.41+0.19 pmol/(mg min) (49+23%) was recoveredrgftessurization to 160 and 200 MPa,

respectively.
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Figure 3.12 Pressure dependence of the ethidium-assisted AT&asvity of LmrA. The
activity is measured by the release of phosphajefrdm ATP and given in micromole per
minute and milligram of LmrA under the conditionsp&ained in Materials and Methods.
Grey bars represent the activity under high hyatastpressure; black bars symbolize the
activity at ambient pressure after the high presst@atment. Error bars illustrate the standard
deviation for the particular experiments (the numifeexperiments, n, is given in table 3.5).
A: proteoliposomes made from DOPC, B: natural Bpicbm Lb. plantarum, C: DMPC with
10 mol% of cholesterol, D model raft mixture, ErlDMPC as membrane lipid.
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Table 3.5: Ethidium-assisted, orthovanadate-sensitive ATRaswity of proteoliposomes at
30 °C in dependency of lipid environment and pressrhe activity is determined by
calculating the release of phosphate from ATP igramole per minute and milligram of
LmrA under the conditions explained in materialgl amethods part. Percentage values of the
activity are related to the ATPase activity undemb&nt pressure conditions. Standard
deviations are given and the number of experimenis,given in brackets.

Livid Vesicle Activity at Activity at Activity at Activity at Activity at Activity at Activity at Activity at
p 0.1 MPa 20 MPa 40 MPa 80 MPa 120 MPa 160 MPa 180 MPa 200 MPa
pmol/ pmol/ pmol/ pmol/ pmol/ pmol/ pmol/ pmol/
(mg min) % (mg min) % (mg min) % (mg min) % (mg min) % (mg min) % (mg min) % (mg min) %
0,57 100 0,48 83 0,23 40 0,39 68 0,25 44 0,51 89 0,54 94
DOPC 0,12 21 0,11 20 0,04 +6 0,12 +20 0,11 +19 0,09 +16 40,12 21
3 ®3) ®3) 4 3) 3) 3)
0,99 100 -0,01 -1 -0,01 -1
DMPC 0,33 £33 0,10 +10 0,11 £12
(3) (3) (3
o 1,16 100 0,92 80 0,15 13 0,55 48 0,27 24 0,02 1 0,42 36
Natural lipids 0,17 +14 0,17 #15 +0,09 +8 0,25 21 40,16 14 0,11 +9 0,11 +9
3 ) ®3) ®3) 3) ()] (]
0,34 100 0,25 74 0,81 241 0,40 121 0,64 192 0,45 0,69 205
Model raft 1008 25 5010 30 2020 60 007 22 017 51 012 o0 017 52
mixture @®) @®) @®) ® ® @®) B ®
0 0,83 100 0,31 38 0,37 45 1,17 142 1,55 187 0,80 97 1,79 217
DCN:]PFHO /|° 40,16 +19 +0,08 £10 +0,26 +32 0,10 £12 0,21 +26 0,06 +7 +0,06 +7
olestero @®) @®) @®) @®) ® ® ®
3.7.2 HorA

In the following graphs, black bars represent thgviay of HorA in the respective lipid
environment. For a better possibility of comparisath LmrA, the activity of LmrA at the
respective pressure is given with the grey bargurei 3.13 shows the activity of HorA in a
pure DMPC lipid environment. Like in the case ofi&nnearly total inactivation occurred at

a treatment of 80 MPa. Notably, the HorA activigems to be less sensitive to the pressure in
this lipid system as LmrA as the activity drops doat 20 MPa to a value of the activity of
LmrA at ambient pressure.
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Figure 3.13 Pressure dependence of the ethidium-assisted ATé&dwity of HorA in LUV

of DMPC. The activity is measured by the releasplasphate (P from ATP and given in
micromole per minute and milligram of LmrA undeetbonditions explained in materials and
methods. Black bars represent the activity undegyh hivydrostatic pressure (grey bars
symbolize the activity of LmrA as already shown end.7.1). Error bars illustrate the
standard deviation of three particular measurements

Conversely, in pure DOPC vesicles (fig. 3.14) Hagained its activity upon increasing
pressure and even several fold outreaches thalimalue. The activity rose to about 240 %
and 520 % at approx. 40 and 80 MPa, but decreg@sas at higher pressure, reaching nearly
the initial ambient pressure-activity around 120dvdhd further increases again up to 400 —
500 % in the remaining pressure range observedthiolipid and regarding the observations
with LmrA, a stable activity to a less or greatetemt was expected. The values follow more
or less non-linear pressure dependence with loeaimma of activity at 80 MPa. Throughout
the observed pressure range, the activity staysgaer levels than at ambient pressure. At
0.1 MPa and at 20 MPa, activity of LmrA and HorAretates to each other, although HorA

slightly increases and LmrA slightly decreases. Botth are in the range of approximately
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0.5 umol/(mg x min) (see tables 3.5 & 3.6). At Bmsing pressures they act completely

different and activities diverge.
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Figure 3.14 Pressure dependence of the ethidium-assisted &T&dwvity of HorA in LUV
of DOPC. Activity is measured by the release of ggate (B from ATP and given in
micromole per minute and milligram of LmrA. Blaclafs represent the activity under high
hydrostatic pressure (grey bars symbolize the iagtiof LmrA as already shown under
chapter 3.7.1). Error bars illustrate the standi@wlation of three particular measurements.

Similar effects as in systems with LmrA were expdctvith HorA reconstituted in the same
liposomes. But the convergence was only partialgr cholesterol containing systems,
differences were only minor or not observable ggpesed. For DOPC and natural lipids, the
activities at ambient pressures were similar, bith wicreasing pressure, the values from
HorA overtop the initial activities, always. FiguBel5 gives the activity of proteoliposomes

of natural lipids.
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Figure 3.15 Pressure dependence of the ethidium-assisted ATé&dwity of HorA in LUV

of natural lipid fractions froniLb. plantarumTMW1.460. Activity is measured by the release
of phosphate (? from ATP and given in micromole per minute andligriam of LmrA.
Black bars represent the activity under high hytis pressure (grey bars symbolize the
activity of LmrA as already shown under chapter.B.7Error bars illustrate the standard
deviation of three particular measurements.

HorA ATPase activiy stays essentially constant lval higher than its initial activity up to

200 MPa. Activity tends to result in higher valweish increasing pressure with the exeption
of two local maxima at 20 and 120 MPa. Totally cergent to LmrA is the change of the
HorA activity over pressure in the model raft mpadipid system. Activity follows a non-

monotonous behavior with a decrease at 40 MPa andrked increase of the activity again
at and above 80 MPa, even exceeding the ambiessyre data by 120 % at 200 MPa.
Similar to the other more compenent (more then tydad system, the acticity tends to higher
values over the pressure range, except at 40 Miravith an immense maximum at 20 MPa
with nearly three fold activity as compared to aembipressure. LmrA was not tested for this

pressure step.
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Figure 3.16 Pressure dependence of the ethidium-assisted ATé&dwvity of HorA in LUV
of model raft mixture. Activity is measured by thedease of phosphate;\From ATP and
given in micromole per minute and milligram of LmrBlack bars represent the activity
under high hydrostatic pressure (grey bars symédhe activity of LmrA as already shown
under chapter 3.7.1). Error bars illustrate thenddad deviation of three particular
measurements.
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Figure 3.17 Pressure dependence of the ethidium-assisted ATé&dwity of HorA in LUV

of DMPC and 10 mol% cholesterol. Activity is measditby the release of phosphate) (P

from ATP and given in micromole per minute and igikm of LmrA. Black bars represent

the activity under high hydrostatic pressure (gbays symbolize the activity of LmrA as

already shown under chapter 3.7.1). Error barstilie the standard deviation of three
particular measurements.

The activity in the second cholesterol containiygtem DMPC with 10 mol% cholesterol
follows predominantly the levels which were prewstyushown from LmrA with a huge local
maximum at 120 MPa. Levels in both systems are l@ingxcept, that HorA shows no
reduced activity at 20 MPa and stayed nearly uniregaat this pressure and no huge increase
at 200 MPa is observed with only 69 % of the ihizue.

The HorA ATPase activity in the vesicles containordy saturated acyl chains as in the case
of DMPC was found to be largely inhibited by higidiostatic pressure. Even at 20 MPa,
where activity under pressure was nearly to theialniactivity, it drops down after
decompression to 0.28+£0.04 pmol/(mg min) (18+2%dtakly the inactivation at 80 MPa
under pressure was reversibly 0.74+0.1 pmol/(mg (@i8+7%).
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Table 3.6: Ethidium-assisted, orthovanadate-sensitive ATRed®ity of HorA containing
proteoliposomes at 30 °C in dependency of lipidiremment and pressure. The activity is
determined by calculating the release of phospfrate ATP in micromole per minute and
milligram of LmrA under the conditions explainedrmaterials and methods part. Percentage
values of the activity are related to the ATPasiviag under ambient pressure conditions.
Standard deviations are given and the number cfré@xentsn, is given in brackets.

Lipid Vesicle Activity at Activity at Activity at Activity at Activity at Activity at Activity at
P 0.1 MPa 20 MPa 40 MPa 80 MPa 120 MPa 160 MPa 200 MPa
pmol/ o pmol/ o pmol/ o pmol/ o pmol/ o pmol/ o pmol/ %
(mg min) ° (mg min) 0 (mg min) 0 (mg min) 0 (mg min) ° (mg min) ° (mg min) 0
0,39 100 0,63 162 0,94 240 2,04 522 0,82 208 1,96 501 1,58 404
DOPC +0,17 +42 40,32 +83 40,39 +100 0,09 24 40,21 +55 0,65 +167 +0,91 +233
3) ®3) ®3) 3 3 3) )
1,52 100 0,94 61 0,16 10
DMPC 40,22 +14 40,34 +23 +0,06 +4
3) ®3) 3
o 94 100 1,73 183 1,21 128 15 159 2,89 307 1,76 187 2,16 230
Natural lipids 0,06 +7 10,31 33 10,09 +10 10,15  +16 0,5 53 20,14 +14 0,09 +9
3) ) ®3) ) ) 3) 3
) 0,43 100 1,27 295 0,28 65 0,63 147 0,70 164 0,73 169 0,95 221
Model raft mixture 40,11 24 +0,09 22 +0,14 +33 +0,34 +78 +0,13 +31 0,27 +62 +0,15 +35

®) ® ® ® ® ®) ®

1,03 100 0,96 93 0,69 67 0,91 88 1,49 144 0,96 93 0,72 69
DMPC+10 % Cholesterol 0,02 +2 0,19 +19 40,27 +27 40,05 +4 40,18 £17 0,14 #13 +0,14 +14
3) ®) ®) ®) ®) 3) (©)
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4 Discussion

At the beginning of this study, we set out whethiee protein or the lipid environment
influences the transport functions in the firstrgle. Actually we substantiated that the lipid
environment influences the transport protein LmnA &s activity in an active and direct way
transmitted by the structural attributes of the roeme. But the influence differs
considerably when the transport system is replaad#d a related homodimeric transporter
and thereby may play a minor role for other kinflmembrane transport systems and can not
be adapted completely to all membrane proteins.s;Thue basic ability to dimerize to a
functional dimer is given by the protein structusjle the membrane structure can modulate

this within the given frame.

4.1 Screening for horA

Although, HorA is described to play a crucial rotethe hops resistance mechanisms of
Lactobacillusand other species in beer spoiling processes,i(8aah. 1997; Sakamotet al.
2001; Suzukiet al. 2002; Suzukiet al. 2005; Haakensest al. 2008) we were not able to
detect horA in all of the beer spoiling bacteria tested. Imtcast to previous works,
Lb. plantarumTMW 1.460 did not shovorA with the used method. Even as the sequence of
horA from TMW 1.460 is not published, a discrepancythe sequence to the originally
publishedhorA from Lb. brevis,leading to an insecurity of th®rA screening primer, can not
be excluded. Retrospectively it could not debarredhether the formerly used strain
TMW 1.460 has been displaced from a contaminatiomay have lost a plasmid encoded
horA gene upon unavoidable sub culturing steps.kiogp on all tested beer spoiling
Lb. brevisstrains, only 50 % (six out of twelve) carrieth@ A gene.lt was more surprising,
that only 2/3 of the found genes are in a functictate (four of six)Lb. brevisTMW 1.465
shows a stop codon in after 36 amino acids (delegiter 99 bp) andlb. brevisTMW 1.485
shows a deletion after 688 bp leading to a amind sequence break off after 223 amino
acids and renders the proteimnfunctional. Notably, the both deletions are batthe TMD,
but are at completely different segments of theeg®ihile the deletion in TMW 1.465 took
place in the sequence of the first TMS, the proteamslation of the HorA protein from
Lb. brevisTMW 1.485 stops in the loop after the fourth TMBdabefore the fifth TMS.
Although these two strains lack HorA transport,ytlepresent strong beer spoiling ability
(Patrick Preissler, TMW, personal communication,puwliished). This supports the
observation of Behr, that HorA transport is notigdiory for the hop resistance of bacteria

(Behret al.2006). For the cloning steps and the measurengepisnding on the membrane
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phase, HorA from TMW 1.1282 was chosen. Its segaienclose to the originally published
one. Allthough it was not aim to check a speciatAd&rom a certain strain, but a functional
system with the ability of transporting ethidiunobride was needed.

4.2 Construction of an expression system for membrane proteins

From previous works, a clone existed carrying tB&3a-HisT vector with &orA gene. This
construct lost the possibility of induction and eegsion every time after some over night
cultures. It is already described, that usual H. lwased expression systems reach their limit
with the espression of putative toxic multidrugistence membrane proteins (Mokhonata
al. 2005). Western blot revealed that the expressyetes standing under control of the lac-
promoter was not completely deactivated in the rtsef lactose or IPTG, as it was used in
our case. Hypothesized, that HorA is a putativectpxotein forE. coli, it seemed to lead to
instability of the construct. Also new transfornaais of E. coli with the plasmid were not
stable. Therefore, another expression system wed tasclonehorA andImrA. The E. coli
expression vector pBAD/Myc-His (B) stands under ttwntrol of thearaB arabinose
promoter as per description in the recommendatainthe supplier (Invitrogen). Lacking
arabinose and in the presence of glucose, this qierns nearly totally repressed, as verified
with the western blot. But the induction with aradse led to the expression of only low
amount of protein with the expected size, moshefhis-tagged protein shows a band in the
SDS-PAGE of about 40 kDa. It can not be excluded the protein is completely denatured
or partly runs faster because internal crosslikgi{e C-terminal hexa histidine tag) prevent
complete unfolding in SDS and thus cause the momgpact protein to run faster in SDS gels
or that it binds more SDS (cause of its hydrophathiaracter) as it is described for other
membrane proteins (Chext al. 1996; Heinrichet al. 2000; Drewet al. 2006). Also, the gels
exhibit several bands of different sizes. The anhofimecovereable protein was also very low
and could not be improved with different expressionditions like varying concentration of
arabinose or different expresion times. To excldloat, the myc-epitope has a negative impact
on folding the protein or on the purification viaisHag trapping with Ni-affinity
chromatography, the cloning steps were repeatagsing primers with Sal | binding sites for
the 3’-end of the sequence leading to a loss ohtiie-epitope in the resulting construct. No
improvement of the protein yield indicated abseota negative influence of the epitope. In
all our experiments, c-terminal His-tags were usedfar in gram negative expression

systems. Membrane proteins and especially MDR pamsrs are often toxic to the
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expression host and lead to inclusion bodies whxgmessed in commoR. coli expression
systems (Mokhonovat al. 2005). The NICE system is described as excellenttlie
expression of prokaryotic and eukaryotic membraregems (Mierauet al. 2005) in gram
positive bacteria. Under the control if the nisimompoternisAtwo constructs withmrA and
horA were used for further experiments. Both proteiagied an N-terminal hexa histidine
tag and could be purified in adequate amountsHerfollowing experiments. Western blot
analysis of the crude cell extracts and the menghattions showed a significant band at the
expected protein size. Also, purification fractiomhslivered pure protein with the expected
size. For the investigated MDR transporter, expoassperates best in their “origin” host, a
gram positive lactic acid bacteria and does wouk stays functional with a hexa-histidine tag
at the n-terminal of the protein.

4.3 Fluorescence measurements of transport substrates

To reach the aim of the study, it was decided tterd@ine the activity of reconstituted
membrane transporter systems und the direct infdieh HHP. For that a system should have
been established, that allows determination ofeeithe direct transport of substrate or the
intermediate consequence of the transport. HoegB342 and ethidium bromide are well
known transport substrates of both transport systesed in this study (Margolles al. 1999;
Ulmer et al. 2000; Sakamotet al. 2001; Ulmeret al. 2002; Reuteet al. 2003; Balakrishnan
et al. 2004; van den Berg van Sapar@tal. 2005; Venteet al. 2005). While Hoechst 33342
is hypothesized to have an increased fluoresceratit in a lipid environment,
measurements of this dye and its intensity wiledily correlate with the transport from the
lipid environment (membrane) to the aqueous enw@mt. On the other hand, ethidium is a
well known dye for staining DNA. It is a cationicatecule that offers no direct changes in
fluorescence intensity while diffusing through tmembrane, but after binding to DNA after
it has passed this barrier. Active transport of thye to or away from DNA leads to changing
fluorescence intensities. The measurement of tlebsenges is thereby an intermediate
consequence of the active transport.
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4.3.1 Hoechst 33342

The dye Hoechst 33342 is a dye on the base ofdngHmides with the ability to bind to DNA
(Petit et al. 1993). Unlike the dye Hoechst 33258 is possessexttyl group that renders a
more lipophilic character. The dye discloses a ngfralependence to the pH of the
environment. A titration against hydrochloric asitbwed the existence of at least one strong
pKa in the area of pH 7.0. According to other wogkgroups, we reasoned the fluorescence
intensity changes simply correspond to the pH casnghich complicates the interpretation
of connection to transport (Alemaet al. 2005). Our results are evidence for the pH
dependency of the fluorescence activity of the dH@echst fluorescent dyes show affinity to
adenosine rich regions (Comings 1975; (dtoal. 1985; Portugakt al. 1988; Petitet al.
1993). A further result of our measurements is th&nsity changes can occur form the
simple addition of ATP at an adequate pH (as in@age 7.2). Even such a simple system
(compared with biological, whole bacteria contagnisystems) obtains many ions, which
complicate the pH stability of a system under HHfeause of potential equilibrium shifts. It
is a simple thermodynamic effect, that the pressofieences the pH of even buffered
systems. Although HEPES buffer is described asxaellent buffer for the stability under
HHP, it shows a shift ohApH/100 MPa=-0.07 (Bernhardt al. 1987). This little pH shift may
have immense influence to the chemical nature atehtial of molecular interactions and so
interpretations of fluorescence intensity of Hoe@@8342 has to be taken with care (Aleman
et al. 2005). As a conclusion, using this dye seemedabeé practicable for our project.

4.3.2 Ethidium bromide

Ethidium is a cationic aromatic molecule and firagiglication in staining DNA since more
than 40 years (Waring 1965). After binding to DNAge fluorescence intensity multiplies.
Ethidium bromide is a transport substrate for HaAd LmrA (Margolleset al. 1999;
Sakamotoet al. 2001; Ulmer et al. 2002; Balakrishnaret al. 2004). We have used
proteoliposomes which were loaded with DNA (Lurqeinal. 2000; Pupcet al. 2005). The
measurement of ethidium bromide in DNA loaded Iguss displays therefore a
consequence of the active transport as a shifteo€oncentration of the dye in direction to the
encapsulated DNA is necessary. In our measuremehts, intensity with untreated
proteoliposomes rise stronger in the presence oP Affian without ATP. Ethidium is
transported directly to the interior of the vesiod! HHP treated proteoliposomes exhibited
the intensity level of untreated vesicles withodtPAafter the donation of ethidium bromide.

The membrane transport is irreversibly inhibiteatably, all high pressure treated vesicles
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show a slightly increased basal intensity (befoddirag ethidium bromide). Maybe
conformational changes of the proteoliposomes,duadi DNA or DNAase outside the
vesicles have altered, or membrane embedded DNAéas released due to the membrane
phase transition of the DMPC vesicles during thesgurization. However, the slightly
increased intensities did not affect the level rattee donation of the fluorophore. The
executed experiments show an active transport ¢oirther leaflet of the membrane and
therefore to the encapsulated DNA. However, thes jladicated, if the enzyme was active or
not. Further experiments with the aim of reducimg transport process to measure the rise of
the intensity over the time, as it would be necgsgsadetermine a comparable turnover, lead
to no better results. For this, the amount of ATRethidium donation was altered (data not
shown). When ATP and the transport substrate wetehe limiting factor for this method,
we hypothesized, that the amount of encapsulated s too low. It seemed so, that no
matter, how fast or how much the dye would be parted to the DNA, the same was
immediately saturated with ethidium und the complexs reached its maximum of
fluorescence intensity. Equally, both fluorescemsthods (with Hoechst 33342 and ethidium
bromide) have one additional disadvantage: theticeats always started with the addition of
a substrate and the measurements need to starbysigvfor comparing with the respective
basal intensity. Hence, these methods can onlyoaatetermining the circumstances of the
protein after a pressure treatment. Only “ex sitod, “in situ” measurements. But after
decompression, the membrane phase reconstituteglately. Only irreversible damages to
the protein would be captured. Interactions fropids and membrane under HHP and

resulting dissociation of the homodimer can notletected.

4.4 Influence of the membrane protein content to membrane phase condition

Due to the complex nature of the natural lipid aety no sharp phase transitions were
observed, rather a continuous decrease of GP witheasing temperature is seen.
Reconstitution of LmrA deeply increases the acyictorder of the membrane. The effect is
strongest at temperatures higher than about 25%eircase of a protein lipid ratio of 1:100
(w/w). For higher amounts of LmrA as like in cadeaaratio of 1:20 and 1:50, the ordering
effect is quite stable over the observed tempezatange and lesser pronounced. No
difference can be observed for these two differatibs. This may indicate, that there exists a
significant concentration or at least an area ofceotration of LmrA, where the influence of
protein to lipid changes. As LmrA normally funct®as a homodimer, low amounts of LmrA
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may not form dimers and thereby influences as mamsrthe acyl chain order in a stronger
way. Upon pressurization of the non-reconstitutedural membrane system, the overall
conformational order of the membrane increasesimamtsly in the whole pressure range
covered from 0.1 to 200 MPa and reconstitution wirA leads to an overall increase in the
conformational order of the acyl chains throughth& whole pressure range. The ordering
effect depends on the reconstituted protein asstimple destabilization of liposomes with

DDM and the following removal of the detergent wgloBeads leads to no impact to the GP

over the observed pressure range.

45 ATPaseactivity under HHP

As it was not practicable to determine the transmdr drugs like ethidium cations in
proteoliposomes, for which functional crosstalk westn the LmrA monomers (partially
embedded in the membrane) is essential, it wasdeleécio determine the accompanying
ATPase activity (Bolhuiset al. 1996; van Veeret al. 2000; Balakrishnaret al. 2004).
Transport escorting ATPase was secured by usingdhsport substrate ethidium bromide as
an “inducer” of the ATP consuming process. ATPadesidy was markedly increased in the
presence of the transport substrate ethidium breragishown previously, and the transport
was found to be directly connected with the ATPnower and independent from other
proteins (Balakrishnaet al. 2004). If an inactivation occurs for example asesult of a
membrane phase transition, the basal activity sbited as well as the ethidium induced
activity. On the other hand, orthovanadate is d Wwebwn inhibitor of the activity of LmrA,
HorA and other ABC-transporters (Urbatsehal. 1995; van Veeret al. 1996; Margolleset

al. 1999; Sakamotcet al. 2001; Balakrishnaret al. 2004). Binding and inhibition of a
vanadate-enzyme complex was studied under higloktatic pressure conditions (Ronzani
al. 1991). Orthovanadate induced inhibitory effecte mearly pressure insensitive at low
pressure regions up to 30 MPa and are not affettbajher pressures. Therefore, the method
used in these experiments is suitable to reveahtheesnce of changes in the lipid membrane

on the activity of the enzyme while minimizing aayifacts.

Regarding all lipid model systems (except pure DR linear course of the activity values
with pressure was detected. A more or less mulsijghlaehavior was observed, with maxima
at 0.1 MPa and 200 MPa and local extrema in thgerafi 80 MPa to 120 MPa. This indicates

that different effects may influence the activifitioe enzyme.
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Membrane phase transitions are known to affect mangbtransport systems (Ulmet al.
2000; Ulmeret al. 2002; Kilimannet al. 2005). Regarding the decrease of the activity of
LmrA in the low pressure range up to 40 MPa, tiss lof activity goes along with an increase
of GP-values (i.e., the overall chain order parametéiliolipid systems as seen previously
.(Periasamyet al. 2008). A similar behavior has been observed fdreothomodimeric
membrane proteins in living systems under modepagssure conditions (up to 50 MPa,
unpublished data). Proteoliposomes from DMPC rehelpressure-induced gel phase after a
rather sharp transition around 20-30 MPa 4C30he LmrA activity is lost rapidly after only

a small pressurization step of 20 MPa and this Was found to be not reversible. Hence,
when this lipid system comprised of fatty acidshwablely saturated C14 acyl chains reaches
the gel phase, total inactivation of LmrA is inddcéNotably, a significant hydrophobic
mismatch between DMPC and LmrA could be revealedhieyAFM- andGP-data, which

might also disfavor optimal LmrA function.

Periasamyet al observed that DMPC proteoliposomes containingmid% cholesterol
exhibit a distinct area of coexistence of gel/flpdases (Periasanst al. 2008). Thus, no
sharp fluid-to-gel phase transition is detectednupressurization. Interestingly, LmrA is not
inactivated in this model membrane system andngiiés activity even up to 200 MPa, where
the averag&P-value of(D.55 indicates gel-like tight chain packing. Thigigests that only a
sharp phase transition from a fluid-like to an oedegel phase without having the possibility
for lipid sorting and reorganization of the coeixigt domain structure (as is feasible in
DMPC/cholesterol mixtures), impairs the LmrA ATPas#ivity.

Due to the very low main transition temperature DOPC (about -26C), DOPC

proteoliposomes remain in the liquid-disorderedestander all pressure conditions studied.
The activity of the incorporated LmrA first decreasand then increases again upon
pressurization, finally reaching the initial valuespressures of 200 MPa. Notably, for DOPC

and LmrA no significant hydrophobic mismatch wasrfd.

Heterogeneous lipid membranes with the existenceootalled “liquid-ordered” domains
should be represented by the model raft mixture OIPPC/cholesterol (1:2:1). Atomic
force microscopy (AFM) data of proteoliposomes frahe model raft mixture taken at
ambient pressure show an equal distribution ofptteeein in the liquid-ordered and liquid-
disordered domains of the membrane (Periaseirgt. 2008). Hence, for LmrA there seems
to be no preference for a particular phase at amlpeessure. With increasing pressure in
these kinds of lipid systems, different activitydés of LmrA should result from changes in
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the lateral organization, redistribution of coexigtphases and changes in phase state of the
lipid system. Similar to the DMPC/cholesterol systethe LmrA activity increases
significantly at high pressures (above 40 MPa), imdains high even at 200 MPa, where the

averageGP value determined indicates existence of a densstiked membrane.

Interestingly, the pressure dependence of the Li#vity in a neutral lipid environment
from a natural source remains rather constant ¢cormance with an almost pressure-
insensitiveGP-value). Also for this system, the drastic increas&P upon incorporation of
the protein into the neutral natural lipid mixtunelicates drastic hydrophobic mismatch. This

might cause its low pressure-resistance, as olde@mi2MPC bilayers.

Notably, the AFM images of proteoliposomes of Lmm#constituted in DMPC, DMPC +
cholesterol and the model raft mixture always pmesegions without or with less protein.
This may indicate an affinity of LmrA towards Lmréariched regions and a minor affinity
towards particular lipid molecules and membranesphathus fostering homodimer formation
which is required for its function. Periasamtyal (2008) also reports on a thicker membrane
in these protein-enriched regions. The thicknedtuai-like membranes or domains increases
with increasing hydrostatic pressure as shown pusly (Kato et al. 2002; Winter 2002;
Winter et al.2005). If the thickness of the membrane affeatsatfinity of LmrA to particular
membrane regions, this may lead to an increasetlibdigson of LmrA in the whole
membrane, thus reducing the chance of building [mers required for activity. A
membrane with a thicker lipid bilayer but still wita fluid like character, which can be
achieved by moderate pressurization, may thustleaddecrease in activity as it is observed
for low pressures up to 40 MPa. In accordance withGP-data, upon further increase of
pressure, no marked changes in bilayer thicknesdeaexpected for these more-component

model membranes.

Assuming that LmrA is a simple kind of an ATPasd #re equation

ATP +n Etp « [ATP-ENEt] « ADP + R+ n Etyy

is valid (withnEt as the amount of ethidium being transported withturnover of one ATP
and [ATP-EnEt] standing for the substrate enzyme complexy, sigstem could have similar
thermodynamic features like GFATPase, for which an increasing activity under high
hydrostatic pressure up to 80 MPa was determinedzi&et al. 2004). For the CfF,ATPase,

53



Discussion

a negative activation volum®/” of -24 mL/mol was calculated (Sougtal.2004), meaning,
that the ATPase activity increases by increasimgsure. In our case, a different scenario is
observed. Only for some of the systems, an incredggessure leads to an increase of the
activity, but only at medium to high pressures. @iféerent behavior may essentially be due
to the different structural properties of the pnate(homodimeric transport proteins and
oligomeric CRF1ATPase) and the dimerization reaction needed forA_end HorA function

in the membranous context.

Raft building, budding and fission effects in vésscin the absence and presence of pressure
have been intensively discussed in recent yeang€ra al. 1992; Sackmanet al. 1995;
Tsafrir et al. 2003; Stanevat al.2004; Liet al.2005; Perrier-Cornetdt al. 2005b; Nicoliniet

al. 2006a). For heterogeneous membranes, such asstrolecontaining model raft
mixtures, an increase of pressure of a few 10 MBg be sufficient to induce budding and
fission of lipid daughter vesicles to avoid a di@giressure-induced increase of the line
tension between domains. Raft building and buddiag result in locally ordered lipid
structures, which provide an environment for a memé bound protein more suitable for
acquiring activity and improving its resistance &vds lateral pressure or other external stress
factors. Such factors might play a role in intetimge the different behavior of the systems
DMPC/cholesterol and DOPC/DPPC/cholesterol, whiclxhikat irregular pressure
dependencies of the ATPase activity and an incde#@sEPase activity (2-fold) even at
200 MPa.

HorA and LmrA show 53 % homology in their aminodasiequence. HorA is seven amino
acids shorter. An alignment of both sequences egmtb identify TMS with nearly the same
length and size. As the ABC and therefore the dg®pic domain reveals a strong
homology, the ATPase abilities and the pressurectffto this cytoplasamic domain should
be the similar. Regional distinctions were mainggatted in the TMD and there especially in
the TMS one, two and six. Differences in the atfivinder HHP are therefore mainly
influenced by a different impact of the membranagghto the TMD.

HorA dissociation exhibits a stronger resistancaires the HHP treatment in DMPC vesicles
as LmrA. Indeed, the ATPase activity is stronglgressed at 80 MPa as in for LmrA, but the
inactivation is fully reversible. As expected, thiorA ATPase activity in lipid systems
containing cholesterol range in the same levelvaitid nearly similar behaviour. Additionally
in DMPC and cholesterol containing liposomes, dmhiion at 20 MPa is not perceivable

and no two fold activity (as in the case of LmrA&)found at 200 MPa. In this lipid system,
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HorA is quite stable and not affected by phasesitams except for an increase at 120 MPa
as it was observed for LmrA, too. Equally in thedwalbraft mixture, the activity rises up to
approximately the two fold at 200 MPa after a dliglecrease at 40 MPa. Notably is an
approximately three fold activity at 20 MPa but quarative values for LmrA are missing. In
the case of natural lipids and liposomes made oPOCHorA tends to raised activities over
the pressure and reaches the highest values. Dihe sequence, structure a functionality of
HorA and its consensuses to LmrA, a lower hydrophaiismatch | hypothesized for DOPC

vesicles.

Taken together, these data clearly indicate thgitdst LmrA activities, even exceeding the
one at ambient pressure, may be achieved for mi@ttices with small hydrophobic mismatch
and the ability of lipid sorting to guarantee ominadjustment of the lipid layers surrounding
the protein, also under high pressure conditiorssn&tkably, a high overall order parameter
and dense packing of the lipid membrane in thestesys does foster efficient protein
function. Such efficient packing with optimal lipiddjustment to prevent (also pressure-
induced) hydrophobic mismatch might be a particybaerequisite for the homodimer
formation and hence function of LmrA. Apparentlysthis not transferable to other ABC
transporter systems. Indeed the relative proteirAH® also inhibited from the sharp phase to
phase transition in a system showing a high hydsbghmismatch, but for the other lipid
systems tested, the activity of HorA increases greater or lesser extent. The protein also
attains higher activities in lipid systems with @avl hydrophobic mismatch. HorA seems
thereby more unaffected from the possibility ofidigorting and principles of the reaction

volume may get more impact.
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5 Summary

In this work we could show, that HHP is a powettobl to study the effect of membrane
structure on the activity of membrane proteins. éwjing on the membrane lipid
composition, the lipid bilayer thickness and theligbto form coexisting lipid phases
influencing lipid/protein interactions, the ATPaaetivity of LmrA and HorA is modulated
apart from the influence of additional substancesemperature changes and in a pressure
range, wherd_b. plantarumis not inhibited already but membrane transporinfiienced
from the membrane phase (Molina-Gutieregzal. 2002; Ulmeret al. 2002; Kilimannet al.
2005; Perrier-Cornegt al. 2005a). Lipid sorting may play an important rdbeit more in a
way of raft building. Budding and fission has net yeen reported in vesicles of that size
(LUV) and is not a possibility in the natural celhere the membrane is reinforced from a

rigid cell wall.

Secondary, and apart from the focus of this stutyas shown, that the membrane
transporter HorA, which was hypothesized to plagracial role in the resistance of beer
spoiling bacteria, is unsuitable as a single fadwmr classifying and determining the
possibility of a bacteria towards the ability ofodmg beer. Less of half of the tested beer
spoiling strains possesses a functional horA geiteout any mutation leading to a non-

functional protein.

Usual E. coli expression systems evidenced as unsuitable forekpression of ABC
membrane transporter from lactic acid bacteriathasproteins offered either toxicity to the

host or the protein could not be purified in sgirsfj amounts.

The fluorescence dye Hoechst 33342 emerged asyadifficult fluorophore to interpret.
Intensity can depend on the simple presence of iTihe solution and is strongly affected
from the pH and thereby from unavoidable small gesnupon pressure changes. Transport
of ethidium bromide on the other hand turned ouwwtark for the determination of the
funtionaltiy of the membrane transporter, if it wasonstituted into DNA loaded liposomes
and ethidium is a transport substrate, of course ilile activity can not be distinguished in an

exacter manner than active or non-active.

To conclude, it was proven, that the effect of higdrostatic pressure on the membrane
bound protein LmrA and HorA is largely transmittiedm changes in the lipid environment.

Regarding the activity of the protein, this canéavegative” effects, as it is the case for pure
DMPC vesicles, or “positive” effects, when cholestes added or heterogeneous model raft
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mixtures are present. A sharp pressure-induced-ftaiigel phase transition without extended
two-phase region and the possibility for lipid sayt such as for DMPC bilayers, has a drastic
inhibitory effect. Otherwise, an overall fluid-likequid-disordered membrane phase over the
whole pressure-range covered, with suitable hydsbjgh matching, such as for DOPC,
prevents the membrane protein from high pressueetivation even up to 200 MPa.
Membrane protein interactions were not completelggferable to allied protein. HorA is less
affected and the role of lipid sorting plays thgreb minor role for this protein. Hence, a
series of membrane physical-chemical effects sdenmgluence the lipid-protein interaction,
activity and pressure stability of membrane praeMoreover, when comparing the few data
existing in the literature on pressure effects @mrane proteins so far, it seems also to be
clear that the specific nature of the membraneepidgie.g., oligomeric assembly, a required
dimerization reaction) plays a significant roleiie membrane attribute dependent activity
(altered with pressure treatment) and stabilitywadl. But for both systems it can be
remarked, that for the dimerization and therefave dctive membrane transport, a low
hydrophobic mismatch, which can result from a membrphase transition, is playing the

crucial role and thereby for the membrane transpidnbmodimeric membrane transporters.
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6 Zusammenfassung

Mit dieser Arbeit wurde gezeigt, dass das thermadysche ,Werkzeug® hoher
hydrostatischer Druck ein hervorragendes Mittektidit, den Einfluss der Membranstruktur
auf die Aktivitdt von Membranproteinen zu ermittelabei wurde die ATPase Aktivitat von
LmrA und HorA in Abhangigkeit von der Lipidzusamnsetzung, dem Durchmesser der
Lipiddoppelschicht und der Madglichkeit, Koexisteeebiche von verschiedenen
Fluiditatsphasen, welche die Lipid/Protein-Wechsddungen beeinflussen, zu entwickeln,
moduliert. Unter dem Ausschluss von Konzentratiodséungen und Temperatur-
schwankungen wurde hierzu ein Druckbereich gewihiielchemLb. plantarumzwar noch
nicht abgetotet wird, der Membrantransport wohl rabereits beeinflusst ist (Molina-
Gutierrezet al. 2002; Ulmeret al. 2002; Kilimannet al. 2005; Perrier-Cornett al. 2005a).
Gezielte Anordnung von Membranlipiden kann einehtige Rolle spielen, nicht jedoch in
Form vom ,Knospung und Spaltung®, die noch nichi fideineren“ Vesikeln dieser Grolde
(LUV) beobachtet worden ist weder noch bei vegetati Milchsaurebakterien, deren

Membran von einer festen Zellwand gesttitzt ist einén derartigen Effekt nicht zulaft.

Nebenbei konnte gezeigt werden, dass der Membremoater HorA, der als enorm wichtig
mit der Hopfenresistenz von bierverderbenden Migred@akterien erachtet wird, alleine
stehend absolut ungeeignet fir die KategorisieralsgBierverderber ist. Nicht einmal die
Halfte der untersuchten Bierverderbern hatte enktionaleshorA Gen, das keine Mutation
aufweist, die zu einem Kettenabbruch und damitizere funktionslosen Protein fuhrt.

Herkdmmliche Expressionssysteme filit. coli stellten ungeeignete Systeme fur die
Expression von Membrantransportern der ABC-Famd#ies Milchsaurebakterien dar.
Entweder zeigte das Protein Toxizitat gegentber d&im oder es konnte nicht in
zufriedenstellender Qualitat aufgereinigt werden.

Der Fluoreszenzfarbstoff Hoechst 33342 erwies satdh ungeeigneter Farbstoff. Seine
Fluoreszenzintensitat zeigte sich leicht von mehwdParametern beeinflussbar und ist somit
schwer interpretierbar. Es konnte gezeigt werdeass ccharakteristische Intensitatsverlaufe
der Fluoreszenz rein durch die Zugabe von Mg-ATRewyt werden kann, ohne die
Anwesenheit von Membranen geschweige denn Protsmipen mit Membrantransportern.
Ebenso zeigt Hoechst 33342 eine enorme pH-Abhaagigk seiner Fluoreszenzeigenschaft.
Ein weiterer negativer Aspekt ist, dass ein absetabiler pH-Wert unter verschiedenen

Hochdruckbedingungen nicht realisierbar ist. DariBport von Ethidiumbromid ist hingegen
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geeignet, die Funtionalitat von rekonstituierten nMbeantransportern nachzuweisen, wenn
diese Ethidium als Transportsubstrat akzeptierehinldNA beladene Liposomen eingebaut
werden. Diese Methode eignet sich jedoch nur beédung die Transportaktivitdt naher zu

charakterisieren und lasst nur eine Aussage betiigktiv oder inaktiv zu.

Letztendlich wurde erwiesen, dass der Effekt dunoie hydrostatische Dricke auf die
Membrantransportproteine LmrA und HorA zum grofRexml Burch Verdnderungen in der
Lipidphase vermittelt werden. Im Bezug auf die Akt des Proteins kann dies negative
Auswirkungen haben, wie z. B. der Fall in reinen BM™M Vesikel, oder positive
Auswirkungen, falls Cholesterin anwesend ist odgetogene ,Model Raft* Mischungen zur
Anwendung kommen. Ein schneller, druckinduzierteas&nwechsel von einer Flussigphase
hin zur Gelphase ohne grof3eren Bereich der Koewasteider Phasen nebeneinander und
ohne die Mdglichkeit der Selbstordung der Lipidege ves bei Lipiddoppelschichten aus
DMPC gegeben ist, hat enorme hemmende Auswirkungedererseits, eine durchgehende
flissig-geordnete Membranphase Uber den gesamteckibareich hinweg, verbunden mit
einer entsprechenden hydrophoben VertraglichkeifTddD mit der Lipiddoppelschicht wie
im Falle von DOPC, schiitzt das Protein LmrA voreeihochdruckinduzierten Inaktivierung
sogar bis Drucke von 200 MPa. Die beobachteten ¥é&dobziehungen sind nicht vollstandig
auf andere verwandte Membranproteine Ubertraghiar.HorA spielt die Moglichkeit der
Lipidsortierung eine weniger tragende Rolle alslfiimA. Demzufolge ist es eine Reihe von
chemisch-physikalischen Effekten, die die Lipid#en Wechselwirkungen mitbestimmen
und die Druckstabilitdt von Membranproteinen bdasden. Vergleicht man des Weiteren die
noch sparliche Literatur zur Druckauswirkung aufrMbeanproteine, wird weiter verdeutlicht,
das die artspezifische Eigenschaft des Proteis @n oligmerer Aufbau und/oder eine
bendtigte Dimerisierung) eine bedeutende Rollean (druckgesteuerten) Membranzustand
abhangigen Aktivitdt und Stabilitat spielt. Fur dieiden untersuchten Proteine jedoch kann
Ubereinstimmend festgestellt werden, dass fir Direerisierung und somit fir den aktiven
Transport eine adaquate hydrophobe Ubereinstimminder Lipiddoppelschicht vorliegen
muss, die auch eine Folge des Membranphaseniubergaimgkann, und somit folglich eine

ausschlaggebende Rolle beim Membrantransport vorodimneren Transportsystemen spielt.
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Vector maps of the plasmids constructed or usedisnwork:
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... Bbsl++
. Sty ++
BStAPI ++
BseMll

~ TspRI
“HpyCH4lll++

SexAl
<. Eco01091 4

HpyCH4
S Tth1l+

BSPONE----- -

pSTbluel vector with horA from TMW 1.1282 as it wesed for sequencing.
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Blpl
BamH|
Pstl. AmpR_promotor
T7termingigr .
Ampicilljn !
6000
-
1000
AWNI _
s0  pET3ahorA horA
6404 bps
2000
Peil

Al
Sapl
Bst11071 ¢

BsaAl:
Tthi1ll #

BsmBl: :
Pfol

Pl

Vanoll,
Acclll, ‘ ;
Nrul.; b Xhol

araBAD Acc6S!
RBS Kpnl
EcoRV. Vo Mhis ECoRI

BstBI
Al araC 4000 Hindilt
Xbal

BsaBl.. rmB

pBAD/Myc-His B
4092 bps

3000 1000

BsmBl
Tth111l.+

BsaAl /
Bst11071

BspLU11I

plaﬁpzzangin

AlwNI

E. coliexpression vector pBARlycHisB
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Hindill Xholl,
EcoRI Miul ¢
Kpnl ‘
Acc65!
Pl
Pstl Bbsl
Xholl iAatll
Bglll {Tth1lll++
pd £ Xemi++
acl 2 ;
BsrBI
EBanl ; Bolie+ Msll
Xholl araB ~ NgoMIv BstX|
s . Ec0109) Bigl
Ncol ¢ PpuMi++ Ncol
Bl ! Syl ++ St
" EcoS7MI++ Pfol
HorA " .BsaBl ++
or,
Bbel
BStAPI Acl Kasl
Sphi' 1000 — gl'zr‘l
Nspl': Nspl Sl
P pBADhorA ordl ol
++ BsmBl -Vanall
Drdl... 5845 bps Srfl++
++ BsaAl.- . Eco47lll
++Accl _ e ", Van9ll
BStAPI . 2000 Bipl
BSTBI - > Xbal++
BspLUT Sall
s
i Drdl .- PBR3220rigin 3000 ‘E?;el‘
Mmel | Eco57MI
BseYl . i N
Ampicillin " BsrBl
Mmel M LAl
++ Eco57MI BsrBl++

Fspli MsI
Acll BsrDI

E. coliexpression vector pBAdycHisB with inserthorA andmycepitope.

Van9ll

EcoRV i Vspl
Smil, L F 0 BstXl++
Aflll; ; .BssSl++
BsaBl. araBAD S 4
BSiEl}, RB: _smil

araC | Ahdl
Nsil
wi =]
BsmBI,
Tthi11l, _.BspHI
BsaAl’, s000
BSt11071." -

1000

" ImrA -Xmnl
BsiEl
- BADImrA_Sall_Ncol
BspLUZI.... p - - EcoRV
i 5767 bps
smil_ 4000
BssSI

pggazgongm

E. coli expression vector pBARycHisB with insertimrA and witout

Epitope was resticted by using Sal | restrictiothef vector.
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BsiHKAI
Bsp1286i
Ecl136ll

Sacl
Hindill

. EcodTll

pNZ8048

3457 bps

“Beivi

Vector pNZ8048. An expression vector tar. lactisNZ9000 and derivates. For the host the
existence ohiR andnisk genes are necessary for expression.

,Pmll
LA
‘EcoNI nal Xbal
Pl #Xhol Banll
2 t BsiHKAI
SnaBl, ; [ i Nspl Bsp12861
i L1 BseMll Ecl136ll
\L<\ Sacl
Ecod7il
ORI

His-ImrA

= o pNHImrA
5133 bps

" Ndel

“Bsu3el

) H $Accl
=L &

Lactococcus lactidNZ9000 expression vector pNHrA. A derivate from pNZ8048.
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Hindlll
St

Hgal
Tagll A
++BseMll, 4y FH anl
++Hhal, A L I— BsaH!
++Mmel. . T { BstDI Kol
++EcoaTill, ) Tag”*;w‘ n Hhal
A ORI N _-Eco: HinP1l
Acll®, 5000 * SeAl Pfol
- ‘f “Eco0100 | haxi
Dral., repC < Mt thgc'”
* Nael++
Y P
BeiVI - w0~ _Xholl++ P
Plel, 4000 ..Munl++
My p NH282 BsaBl
5078 bps Hhal
. HinP1l
reph HpyCH4lll++
. <Tth1lll++
Ndel .~ .. Zrak+
++Hgal 3000 2% .. Taglh+
Asel / ) - BigZI++
PnisA .. ECORI++
Bsu36l . ¢ < BseMll++
++Dral {7 -
HinP1l; | o Acul++
. HpyCHAlll++
% Xholl

Lactococcus lactidNZ9000 expression vector pNH282. A derivate of BRZ3 with horA

gene fromLb. brevisTMW 1.1282. The Nco | restriction site is lostdhgh the ligation with
Psc | restricted insert.
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Alignment of the clonedhorA genes found in beer spoilihgctobacillus brevistains. Given
is the TMW number. The sequence from the originpliplishedhorA was taken from the
literature (Samet al. 1997). The N-terminal hexa histidine tag was péathe primer and was

added for optionally ongoing cloning steps.

1.317 ATGTTACATCATCATCATCATCAT- CAAGCTCAGTCCAAGAACAATACCAAGTTTAACTT 59
1.483 ATGTTACATCATCATCATCATCAT- CAAGCTCAGTCCAAGAACAATACCAAGTTTAACTT 59
1.313 ATGTTACATCATCATCATCATCAT- CAAGCTCAGTCCAAGAACAATACCAAGTTTAACTT 59
1.485 ATGTTACATCATCATCATCATCAT- CAAGCTCAGTCCAAGAACAATACCAAGTTTAACTT 59
1.1282 ATGTTACATCATCATCATCATCAT- CAAGCTCAGTCCAAGAACAATACCAAGTTTAACTT 59
horA el ATGCAAGCTCAGTCCAAGAACAATACCAAGTTTAACTT 38
* % EE R R I T I I I
1.317 TAAAACATTTATGGGCCTAAT CAACCGAATTCACCCCCGTTACTGGCAACTGCTGTTTGG 119
1.483 TAAAACATTTATGGGCCTAAT CAACCGAATTCACCCCCGTTACTGGCAACTGCTGTTTGG 119
1.313 TAAAACATTTATGGGCCTAAT CAACCGAATTCACCCCCGTTACTGGCAACTGCTGTTTGG 119
1.485 TAAAACATTTATGGGCCTAAT CAACCGAATTCACCCCCGTTACTGGCAACTGCTGCTTGG 119
1.1282 TAAAACATTTATGGGCCTAAT CAACCGAATTCACCCCCGTTACTGGCAACTGCTGCTTGG 119
hor A TAAAACATTTATGGGCCTAAT CAACCGAAT TCACCCCCGT TACTGGCAACTGCTGCTTGG 98
RS R RS S EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESE] * k k%
1.317 TTTTTTTCTAGGAGT TGTCGCAACGGCGAT GCAATTGATGGT TCCOGGCATCGCCAAGEG 179
1.483 TTTTTTTCTAGGAGT TGTCGCAACGGCGATGCAAT TGATGGT TCCOGGCATCGCCAAGSG 179
1.313 TTTTTTTCTAGGAGT TGTCGCAACGGCGAT GCAATTGATGGT TCCOGGCATCGCCAAGRG 179
1.485 CTTTTTTCTAGGAGT TGTCGCAACGGOGAT GCAAT TGATGGT TCCOGGCATCGCCAAGEG 179
1.1282 CTTTTTTCTAGGAGT TGTCGCAACGGOGAT GCAAT TGATGGT TCCOGGCATCGCCAAGEG 179
hor A CTTTTTTCTAGGAGT TGTCGCAACGGOGAT GCAAT TGATGGT TCCOGGCATCGCCAAGEG 158
EE R R S I I R S I I I S I I I I R R I I R I I R I I I
1.317 GATCATCAACTCAATCGGT CATTCAATGGAT GTCGGCCTAATCGTTGCCGTCATTTTACT 239
1.483 GATCATCAACTCAATCGGT CATTCAATGGAT GTCGGCCTAATCGTTGCCGTCATTTTACT 239
1.313 GATCATCAACTCAATCGGT CATTCAATGGAT GTCGGCCTAATCGTTGCCGTCATTTTACT 239
1.485 GATCATCAACTCAATCGGT CATTCAATGGAT GTCGGCCTAATCGTTGCCGTCATTTTACT 239
1.1282 GATCATCAACTCAATCGGT CATTCAATGGAT GTCGGCCTAATCGTTGCCGTCATTTTACT 239
hor A GATCATCAACTCAATCGGT CATTCAATGGAT GTCGGCCTAATCGTTGCCGTCATTTTACT 218
ER R R S I I R I R R I I S R I R I R S I I I I S S I I I I R S I I I I I
1.317 ATTCGTTTTCAGTACCATTATTGGAGCCTCTTCCGGCAGTATTTTAGGCTTCTTCGGTGA 299
1.483 ATTCGTTTTCAGTACCATTATTGGAGCCTCTTCCGGCAGTATTTTAGGCTTCTTCGGTGA 299
1.313 ATTCGTTTTCAGTACCATTATTGGAGCCTCTTCCGGCAGTATTTTAGGCTTCTTCGGTGA 299
1.485 ATTCGTTTTCAGTACCATTATTGGAGCCT TTTCCGGCAGTATTTTAGGCTTCTTCGGTGA 299
1.1282 ATTCGTTTTCAGTACCATTATTGGAGCCT TTTCCGGCAGTATTTTAGGCTTCTTCGGTGA 299
hor A ATTCGTTTCCAGTACCATTATTGGAGCCT TTTCCGGCAGTATTTTAGGCTTCTTCGGTGA 278
*kkkkkk* EE R R I I I Sk I I Rk I 2 Ik EE IR IR SR S I I R R R S I I S I R I b I S I I
1.317 AGACGTCGTCTATAAGCT GOGAACAACACT TTGGGATAAAATCTTAACCCTGOCGGTGRG 359
1.483 AGACGTCGTCTATAAGCT GOGAACAACACT TTGGGATAAAATCTTAACCCTGOOGGTGRG 359
1.313 AGACGTCGTCTATAAGCT GOGAACAACACT TTGGGATAAAATCTTAACCCTGOCGGTGRG 359
1.485 AGACGTCGTCTATAAGCT GOGAACAACACT TTGGGATAAAATCTTAACCCTGOOGGTGRG 359
1.1282 AGACGTCGTCTATAAGCT GOGAACAACACT TTGGGATAAAATCTTAACCCTGOCGGTGRG 359
hor A AGACGTCGTCTATAAGCT GOGAACAACACT TTGGGATAAAATCTTAACCCTGOOGGTGRG 338
ER R R S I I S R R R R I I S S I I I R I R S I I I S S I I I I R I I I I I S I
1.317 TTATTTTGACCAAACCAAAT CTGGCGAAATAACGT CCAGGT TGGTCAATGATTCCACACA 419
1.483 TTATTTTGACCAAACCAAAT CTGGCGAAATAACGT CCAGGT TGGTCAATGATTCCACACA 419
1.313 TTATTTTGACCAAACCAAAT CTGGCGAAATAACGT CCAGGT TGGTCAATGATTCCACACA 419
1.485 TTATTTTGACCAAACCAAAT CTGGCGAAATAACGT CCAGGT TGGTCAATGATTCCACACA 419
1.1282 TTATTTTGACCAAACCAAAT CTGGCGAAATAACGT CCAGGT TGGTCAATGATTCCACACA 419
hor A TTATTTTGACCAAACCAAAT CTGGCGAAATAACGT CCAGGT TGGTCAATGATTCCACACA 398

LRk I O O
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1.317
1.483
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1. 485
1.1282
hor A

1.317
1.483
1.313
1. 485
1.1282
hor A

1.317
1.483
1.313
1. 485
1.1282
hor A

1.317
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1.313
1. 485
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hor A

1.317
1.483
1.313
1. 485
1.1282
hor A

1.317
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1.313
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hor A

GGTCAAGGAACT GT TGGCCAAT TCGGT TCCCAAAACCGCAACT TCGATTCTGCAACT GGT
GGTCAAGGAACT GT TGGCCAAT TCGGT TCCCAAAACCGCCAACT TCGATTCTGCAACTGGT
GGTCAAGGAACT GTTGGCCAATTCGGT TCCCAAAACCGCAACT TCGATTCTGCAACT GGT
GGTCAAGGAACT GT TGGCCAAT TCGGT TCCCAAAACCGCAACT TCGATTCTGCAACTGGT
GGTCAAGGAACT GT TGGCCAATTCGGT TCCCAAAACCGCAACT TCGATTCTGCAACT GGT
GGTCAAGGAACT GT TGGCCAAT TCGGT TCCCAAAACCGCAACT TCGATTCTGCAACTGGT

R S R R O O R R S o S R R S S R S Sk S R R R I e b o O R

TGGCGCATTGGTCTTAATGCTCATCATGGACT GGCGGATGACTATCATTATGT TTATCGC
TGGECGCATTGGTCTTAATGCTCATCATGGACT GGCGGATGACTATCATTATGT TTATCGC
TGGCGCATTGGTCTTAATGCT CATCATGGACT GGCGGATGACTATCATTATGT TTATCGC
TGGECGCATTGGT CTTAATGCTCATCATGGACT GGCGGATGACTATCATTATGT TTATCGC
TGGCGCATTGGTCTTAATGCTCATCATGGACT GGCGGATGACTATCATTATGT TTATCGC
TGGECGCATTGGTCTTAATGCTCATCATGGACT GGCGGATGACTATCATTATGT TTATCGC

R S R S ok I R R S o S S R kR S R R S o O R R O o S o

CGITCCGCTCGTCTTGATCTGCCTGCTGCCAAT TGT CCGCCAATCCCACAAAGT TGCCAG
CGTTCCGCTCGTCTTGATCTGCCTGCTGCCAATTGT CCGCCAAT CCCACAAAGT TGCCAG
CGITCCGCTCGTCTTGATCTGCCTGCTGCCAATTGT CCGCCAATCCCACAAAGT TGCCAG
CGTTCCGCTCGTCTTGATCTGCCTGCT GCCAATTGT CCGCCAAT CCCACAAAGT TGCCAG
CGITCCGCTCGTCTTGATCTGCCTGCTGCCAAT TGT CCGCCAATCCCACAAAGT TGCCAG
CGTTCCGCTCGT CTTGATCTGCCTGCTGCCAATTGT CCGCCAAT CCCACAAAGT TGCCAG

Rk S R S R R R O R R R R S S ok S O R R O R

AGCGAGACAGGACGCACT GGCAGAT CTCAAT GGTAAAGCCGGT GAAAT GCTGGCECGAAGT
AGCGAGACAGGACGCACT GGCAGATCTCAAT GGTAAAGCCGGT GAAATGCTGGGCGAAGT
AGCGAGACAGGACGCACT GGCAGAT CTCAAT GGTAAAGCCGGT GAAAT GCTGGCECGAAGT
AGCGAGACAGGACGCACT GGCAGATCTCAAT GGTAAAGCCGGT GAAATGCTGGGCGAAGT
AGCGAGACAGGACGCACT GGCAGAT CTCAAT GGTAAAGCCGGT GAAAT GCTGGCECGAAGT
AGCGAGACAGGACGCACT GGCAGATCTCAAT GGTAAAGCCGGT GAAATGCTGGGCGAAGT

LR O

CCGT CTAGTI CAAATCGT CTACCGCAGAAAACT TAGAACGAACAGCCGGCGATAAACGGAT
CCGT CTAGT CAAATCGT CTACCGCAGAAAACT TAGAACGAACAGCCGGCGATAAACCCGAT
CCGTCTAGTI CAAATCGT CTACCGCAGAAAACT TAGAACGAACAGCCGGCGATAAACGGAT
CCGT CTAGTCAAATCGT CTACCGCAGAAA- CTTAGAACGAACAGCCGGCGATAAACGGAT
CCGT CTAGTI CAAATCGT CTACCGCAGAAAACT TAGAACGAACAGCCGGCGATAAACGGAT
CCGT CTAGT CAAATCGT CTACCGCAGAAAACT TAGAACGAACAGCCGGCGATAAACGCGAT

LR O R S O O

GIATCGCCTTTATCGCATCGGGT TAAAAGAAGCGATCTATGATTCAATTGCCGGACCTGT
GTATCGCCTTTATCGCATCGGGT TAAAAGAAGCGATCTATGATTCAATTGCCGGACCTGT
GIATCGCCTTTATCGCATCGGGT TAAAAGAAGCGATCTATGATTCAATTGCCGGACCTGT
GTATCGCCTTTATCGCATCGGGT TAAAAGAAGCGATCTATGATTCAATTGCCGGACCTGT
GIATCGCCTTTATCGCATCGGGT TAAAAGAAGCGATCTATGATTCAATTGCCGGACCTGT
GTATCGCCTTTATCGCATCGGGT TAAAAGAAGCGATCTATGATTCAATTGCCGGACCTGT

LR I O O

AATGGGECATGGT CATGATGGECCATGGT CCTGEGAAT TCTGGEGCTATGGT GCGAT CCGEGT
AATGGEGCATGGT CATGATGGECCATGGT CCTGGGAAT TCTGGEGECT ATGGT GCGAT CCGEGT
AATGGEGCATGGT CATGATGGECCATGGT CCTGGGAAT TCTGGEGECT ATGGT GCGAT CCGEGT
AATGGGECATGGT CATGATGGECCATGGT CCTGGAAAT TCTGGEGCTATGGT GCGAT CCGEGT
AATGGEGCATGGT CATGATGGCCATGGT CCTGGAAAT TCTGGEGECT ATGGT GCGAT CCGEGT
AATGGGECATGGT CATGATGGECCATGGT CCTGGAAAT TCTGGEGCTAT GGT GCGAT CCGGGT

Rk S R R S Sk O R R S o S R R R Rk S S O S o O R R I S T

TCGCGAAGGT GCCATTGATATTGCGACCTTATTTTCATTTCTGATGTACCTGGT TCAAAT
TCGGGAAGGTGCCATTGATATTGGGACCTTATTTTCATTTCTGATGTACCTGGT TCAAAT
TCGCGAAGGT GCCATTGATATTGCGACCTTATTTTCATTTCTGATGTACCTGGT TCAAAT
TCGGGAAGGTGCCATTGATATTGGGACCTTATTTTCATTTCTGATGTACCTGGT TCAAAT
TCGCGAAGGT GCCATTGATATTGCGACCTTATTTTCATTTCTGATGTACCTGGT TCAAAT
TCGGGAAGGTGCCATTGATATTGGGACCTTATTTTCATTTCTGATGTACCTGGT TCAAAT

Rk S R R S Ok O R R Rk S Sk b S R R S kR R R I ke b o R R

78

479
479
479
479
479
458

539
539
539
539
539
518

599
599
599
599
599
578

659
659
659
659
659
638

719
719
719
718
719
698

779
779
779
778
779
758

839
839
839
838
839
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899
899
899
898
899
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GATTAGTCCATTTGCGGT TCTCGGCCAATTCATGT CTGATGI TGCCAAGGCAAGTGGCTC
GATTAGTCCATTTGCGGT TCTCGGCCAATTCATGTCTGATGI TGCCAAGGCAAGTGECTC
GATTAGTCCATTTGCGGT TCTCGGCCAATTCATGT CTGATGT TGCCAAGGCAAGTGCCTC
GATTAGTCCATTTGCGGT TCTCGGCCAATTCATGTCTGATGI TGCCAAGGCAAGTGECTC
GATTAGTCCATTTGCGGT TCTCGGCCAATTCATGT CTGATGI TGCCAAGGCAAGTGGCTC
GATTAGTCCATTTGCGGT TCTCGGCCAATTCATGT CTGATGI TGCCAAGGCAAGTGECTC

R S R S O R R R S o S R R S R S kR Rk Ik S b o S R

AACCACT CGAATCCAGGCATTATTGCAAACT CATGAAGAAGAT CGT CTGACT GGAACGGA
AACCACT CGAATCCAGGCATTATTGCAAACT CATGAAGAAGAT CGTCTGACT GGAACGGA
AACCACT CGAATCCAGGCATTATTGCAAACT CATGAAGAAGAT CGT CTGACT GGAACGGA
AACCACT CGAATCCAGGCATTATTGCAAACT CATGAAGAAGAT CGTCTGACT GGAACGGA
AACCACT CGAATCCAGGCATTATTGCAAACT CATGAAGAAGAT CGT CTGACT GGAACGGA
AACCACT CGAATCCAGGCATTATTGCAAACT CATGAAGAAGAT CGTCTGACT GGAACGGA

R S R S ok I R R S o S S R kR S R R S o O R R O o S o

TTTGGATATTGGCGATCAAACACT TCAGATGAACCACGTCAGTTTTTCTTATGATCAGCA
TTTGGATATTGCCGATCAAACACT TCAGATGAACCACGTCAGTTTTTCTTATGATCAGCA
TTTGGATATTGGCGATCAAACACT TCAGATGAACCACGTCAGTTTTTCTTATGATCAGCA
TTTGGATATTGCCGATCAAACACT TCAGATGAACCACGTCAGTTTTTCTTATGATCAGCA
TTTGGATATTGGCGATCAAACACTTCAGATGAACCACGTCAGTTTTTCTTATGATCAGCA
TTTGGATATTGCCGATCAAACACT TCAGATGAACCACGTCAGTTTTTCTTATGATCAGCA

Rk S R S R R R O R R R R S S ok S O R R O R

TCACCCCATTTTATCCGACGT GTCGT TTACGGCAGAACCCAATTCGGTCATTGCCTTTGC
TCACCCCATTTTATCCGACGT GTCGT TTACGGCAGAACCCAATTCGGTCATTGCCTTTGC
TCACCCCATTTTATCCGACGT GTCGT TTACGGCAGAACCCAATTCGGTCATTGCCTTTGC
TCACCCCATTTTATCCGGCGTGI CGT TTACGGECAGAACCCAATTCGGTCATTGCCTTTGC
TCACCCCATTTTATCCGGCGT GT CGT TTACGGCAGAACCCAATTCGGTCATTGCCTTTGC
TCACCCCATTTTATCCGGCGTGICGT TTACGGECAGAACCCAATTCGGTCATTGCCTTTGC

LR S S R R O S O

CGGACCATCCGGCGGT GGCAAATCAACCATTTTCAGCT TAATTGAACGT TTTTATGAACC
CGGACCATCCGCCGGT GECAAATCAACCATTTTCAGCTTAATTGAACGT TTTTATGAACC
CGGACCATCCGGCGGT GGCAAATCAACCATTTTCAGCT TAATTGAACGT TTTTATGAACC
CGGACCAT CCGCCGGTGECAAATCAACCATTTTCAGCTTAATTGAACGT TTTTATGAACC
CGGACCATCCGGCGGT GGCAAATCAACCATTTTCAGCT TAATTGAACGT TTTTATGAACC
CGGACCAT CCGCCGGTGECAAATCAACCATTTCTAGCTTAATTGAACGT TTTTATGAACC

R S S O R I S

TAACGAGGGCAGCATCACGATTGGECAATACCAATATTACTGATATTCAACTTGCCGATTG
TAACGAGGECAGCATCACGATTGCCAATACCAATATTACTGATATTCAACTTGCCGATTG
TAACGAGGGCAGCATCACGATTGGECAATACCAATATTACTGATATTCAACTTGCCGATTG
TAACGAGGGCAGCATCACGATTGCCAATACCAATATTACTGATATTCAACTTGCCGATTG
TAACGAGGGCAGCATCACGATTGGCAATACCAATATTACTGATATTCAACTTGCCGATTG
TAACGAGGGCAGCATCACGATTGECAATACCAATATTACTGATATTCAACTTGCCGATTG

LR I O O

GCGCCAGCAAAT CGECCT GGT CGECCAAGACGCT GCGATCATGTCTGGAACGATTCGT TA
GCGCCAGCAAAT CGGECCT GGTCGGCCAAGACGCT GCGATCATGTCTGGAACGATTCGT TA
GCGCCAGCAAAT CGGECCT GGTCGGCCAAGACGCT GCGATCATGTCTGGAACGATTCGT TA
GCGCCAGCAAAT CGECCT GGT CGECCAAGACGCT GCGATCATGTCTGGAACGATTCGT TA
GCGCCAACAAAT CGGECCT GGTCAGCCAAGACGCT GCGATCATGTCTGGAACGATTCGT TA
GCGCCAGCAAAT CGECCT GGT CGECCAAGACGCT GCGATCATGTCTGGAACGATTCGT TA

R O I Rk I S O b o S S O S R kS S Sk S R R S ok R R o

CAATTTAACCTATGGT TTGCCGEGGCATTTTTCCGATGAACAGCT TTGECATGTCTTGGA
CAATTTAACCTATGGT TTGCCGGCECATTTTTCCGATGAACAGCT TTGECATGTCTTGGA
CAATTTAACCTATGGT TTGCCGEGGCATTTTTCCGATGAACAGCT TTGCCATGTCTTGGA
CAATTTAACCTATGGT TTGCCGGGECATTTTTCCGATGAACAGCT TTGECATGTCTTGGA
CAATTTAACCTATGGT TTGCCGEGGCATTTTTCCGATGAACAGCT TTGCCATGTCTTGGA
CAATTTAACCTATGGT TTGCCGGGECATTTTTCCGATGAACAGCT TTGECATGTCTTGGA

Rk S R R S Ok O R R Rk S Sk b S R R S kR R R I ke b o R R
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1.317
1.483
1.313
1. 485
1.1282
hor A

1.317
1.483
1.313
1. 485
1.1282
hor A

1.317
1. 483
1.313
1. 485
1.1282
hor A

1.317
1.483
1.313
1. 485
1.1282
hor A

1. 317
1.483
1.313
1. 485
1.1282
hor A

AATGGCTTACGCAACGCAATTTGT CCAGAAGAT GCCTCGEGEGECT TGGACACGGAAGT CGG
AATGGCTTACGCAACGCAATTTGT CCAGAAGAT GCCT CGGGEGECT TGGACACGGAAGT CGG
AATGGCTTACGCAACGCAATTTGT CCAGAAGAT GCCTCGEEGECT TGGACACGGAAGT CGG
AATGGCTTACGCAACGCAATTTGT CCAGAAGAT GCCT CGGGEGECT TGGACACGGAAGT CGG
AATGGCTTACGCAACGCAATTTGT CCAGAAGAT GCCTCGGGEGECT TGGACACGGAAGT CGG
AATGGCTTACGCAACGCAATTTGT CCAGAAGAT GCCT CGGGGECT TGGACACGGAAGT CGG

Rk I O R

TGAGCGT GGAGT CAAGGT AT CT GGGGGECCAACGCCAACGAT TGECGAT TGCCCGEECCT T
TGAGCGT GGAGT CAAGGT AT CT GGGGGECCAACGCCAACCGAT TGECGAT TGCCCGEECCTT
TGAGCGT GGAGT CAAGGT AT CT GGGGGCCAACGCCAACGAT TGECGAT TGCCCGEECCT T
TGAGCGT GGAGT CAAGGT AT CGGGGGEGECCAACGCCAACCGAT TGECGAT TGCCCGEECCTT
TGAGCGT GGAGT CAAGGT AT CGGGEGEGEGECCAACGCCAACGAT TGECGAT TGCCCGEECCT T
TGAGCGT GGAGT CAAGGT AT CGGGEEGECCAACGCCAACCGAT TGECGAT TGCCCGEECCTT

LR I R R S S R O

CCTGCGTAATCCAAAAATCTTAATGT TGGAT GAAGCAACGGECGAGCCTGGATTCCGAGTC
CCTGCGTAATCCAAAAAT CTTAATGT TGGAT GAAGCAACGCECGAGCCTGGATTCCGAGTC
CCTGCGTAATCCAAAAATCTTAATGT TGGAT GAAGCAACGGECGAGCCTGGATTCCGAGTC
CCTGCGTAATCCAAAAAT CTTAATGT TGGAT GAAGCAACGCCGAGCCTGGATTCCGAGTC
CCTGCGTAATCCAAAAATATTAATGT TGGAT GAAGCAACGGECGAGCCTGGATTCCGAGTC
CCTGCGTAATCCAAAAATATTAATGT TGGAT GAAGCAACGCCGAGCCTGGATTCCGAGTC

LR S S R O S

CGAAATGATGGT CCAAAAAGCGCT GGACCAGT TGATGGCCAAT CGAACAACAT TGGT GAT
CGAAAT GATGGTCCAAAAAGCGCT GGACCAGT TGATGGCCAATCGAACAACATTGGTGAT
CGAAATGATGGT CCAAAAAGCGCT GGACCAGT TGATGGECCAAT CGAACAACAT TGGT GAT
CGAAAT GATGGTCCAAAAAGCGCT GGACCAGT TGATGGCCAATCGAACAACATTGGTGAT
CGAAATGATGGT CCAAAAAGCGCT GGACCAGT TGATGGCCAAT CGAACAACATTGGT GAT
CGAAAT GATGGTCCAAAAAGCGCT GGACCAGT TGATGECCAATCGAACAACATTGGTGAT

Rk S R S Sk I R R I R IR S Sk Sk R Rk Sk S S R R R S R R

CGCCCACAGGCTAAGCACAATTACCAACGCCGACGAAATTTATTTCATAGAAAACGGCAG
CGCCCACAGGCTAAGCACAATTACCAACGCCGACGAAATTTATTTCATAGAAAACGGECAG
CGCCCACAGGCTAAGCACAATTACCAACGCCGACGAAATTTATTTCATAGAAAACGGCAG
CGCCCACAGGCTAAGCACAATTACCAACGCCGACGAAATTTATTTCATAGAAAACGGECAG
CGCCCACAGGCTAAGCACAATTACCAACGCCGACGAAATTTATTTCATAGAAAACGGCAG
CGCCCACAGGCTAAGCACAATTACCAACGCCGACGAAATTTATTTCATAGAAAACGGECAG

Rk S R R S Ok O R Rk Sk Sk R Ik O Sk S R R S ok S O S R R

GGTAACGGGECCAGGGAACCCACCAACAGT TAGT GAAAACGACTCCTTTGTATAGGGAGTA
GGTAACGGEGECCAGGGAACCCACCAACAGT TAGT GAAAACGACTCCTTTGTATAGGGAGT A
GGTAACGGGECCAGGGAACCCACCAACAGT TAGT GAAAACGACTCCTTTGTATAGGGAGTA
GGTAACGGEGECCAGGGAACCCACCAACAGT TAGT GAAAACGACTCCTTTGTATAGGGAGTA
GGTAACGGGECCAGGGAACCCACCAACAGT TAGT GAAAACGACTCCTTTGTATAGGGAGTA
GGTAACGGEGECCAGGGAACCCACCAACAGT TAGT GAAAACGACTCCTTTGTATAGGGAGT A

R S R R S ok R R S o R b S R S S Sk S R S o O R O O S R

TGTGAAAAAT CAGAGCGCGACGAGCAACTGGTGA 1773
TGTGAAAAAT CAGAGCGCGACGAGCAACGGEGTGA 1773
TGTGAAAAAT CAGAGCGCGACGAGCAACGGGTGA 1773
TGTGAAAAAT CAGAGCGCGACGAGCAACGGGTGA 1772
TGTGAAAAAT CAGAGCGCGACGAGCAACGCGGTGA 1773
TGTGAAAAAT CAGAGCGCGACGAGCAACGGGTGA 1752

khkkkkkhkkhkkhhkkhkhkhkkhkk ik khkkrkk kkk*,*x *kk*x*%
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1499
1478

1559
1559
1559
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1619
1619
1619
1618
1619
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1679
1679
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1658

1739
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Appendix

Partial alignment of thhorA gene found in beer spoilingactobacillus breviSMW 1.465.
Given are the first 500 bp, each. The sequence fhenoriginally publishetiorA was taken
from the literature (Sanat al. 1997).

1. 465 ATGCAAGCT CAGT CCAAGAACAATACCAAGT TTAACTTTAAAACATTTATGGGCCTAATC 60

hor A ATGCAAGCT CAGT CCAAGAACAATACCAAGT TTAACTTTAAAACATTTATGGGCCTAATC 60

1. 465 AACCGAATTCACCCCCGT TACTGECAACTGCTGITTGG TTTTTTCTAGGAGTTGTCGCA 119

hor A AACCGAAT TCACCCCCGT TACTGECAACTGCTGCTTGECTTTTTTCTAGGAGT TGTCGCA 120
khkkkhkkhkhkhkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhhkhhkhkhkhkhkkhkhkkhkkhkk,x **k*k*x *hkhkhkhkhkhkkkhkkkkkkk*k*x*x*x*%x

1. 465 ACGGCGATGCAAT TGATGGT TCCCGECAT CGCCAAGGGGATCATCAACTCAATCGGT CAT 179

hor A ACGGCGATGCAAT TGATGGT TCCCGGECAT CGCCAAGGGGATCATCAACTCAATCGGTCAT 180
khkkkhkhkhkhkhkhkhkhkhkhhkhhkhkhhkhkhkhhkhhhhkhkhkhhhhhhhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkkkkkxk*x*%x

1. 465 TCAATGGATGTCGECCTAATCGT TGCCGTCATTTTACTATTCGT TTTCAGTACCATTATT 239

hor A TCAATGGATGT CGECCTAATCGT TGCCGTCATTTTACTATTCGT TTCCAGTACCATTATT 240
khkkkhkhkhkhkhkhkhkhkhhkhkhhkhkhkhkhkhhkhkhhhhkhkhkhhkhhkhkhhhhkhkhkhkhkhkhkk,x*x **k*k*k*k*kkk*k*x*k*x*%x

1. 465 GGAGCCTCTTCCGGCAGTATTTTAGGCTTCTTCGGT GAAGACGT CGTCTATAAGCTGCGA 299

hor A GGAGCCTTTTCCGGCAGTATTTTAGGCTTCTTCGGT GAAGACGT CGTCTATAAGCTGCGA 300
khkkhkkhkkhkkhkk hhkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhhhhhhhkhhkhkhkhkhkhkhkhkhkhkhkhkkkkkkkxk*x*%x

1. 465 ACAACACTTTGGGATAAAATCTTAACCCT GCCGGTGGGT TATTTTGACCAAACCAAGTCT 359

hor A ACAACACTTTGCGATAAAATCTTAACCCTGCCGGTGGGT TATTTTGACCAAACCAAATCT 360
khkkhkkhkhkhkhkhkhkhkhkhkhhkhhkhkhhkhhkhkhkhhhhkhkhkhhhkhkhhkhhhkhkhkhkhkhkhkhkhkhkhkkkxkkkxkx*x*x **%

1. 465 GGCGAAATAACGT CCAGGT TGGT CAATGAT TCCACACAGGT CAAGGAACTGT TGGCCAAT 419

hor A GGCGAAATAACGT CCAGGT TGGT CAATGATTCCACACAGGT CAAGGAACTGTTGGCCAAT 420
khkkhkhkhkhkhkhkhkhkhkhkhhkhhkhhkhkhhkhhkhkhhkhkhkhkhhkhkhkhhkhkhhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkkkkk*x*x*%x

1. 465 TCGGTTCCCAAAACCGCAACT TCGATTCTGCAACTGGT TGECGCATTGGTCTTAATGCTC 479

hor A TCGGT TCCCAAAACCGCAACT TCGATTCTGCAACTGGTTGECGCATTGGTCTTAATGCTC 480
khkkkhkhkhkhkhkhkhkhkhkhhkhhhkhkhkhkhkhhkhkhkhhkhkhkhkhhkhhhkhkhhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkkkkkk*x*%x

1. 465 ATCATGGACTGECCGATGACTATCATTATGI TTATCGCCGT TCCGCTCGTCTTGATCTGC 539

hor A ATCATGGACTGECCGATGACTATCATTATGI TTATCGCCGT TCCGCTCGTCTTGATCTGC 540
khkkhkkhkhkhkhkhkhkhkhkhkhhkhhkhkhhkhkhhhkhkhkhkhkhkhkhkhhhkhhkhhhhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkkkkk*x*%x

1. 465 CTGCTGCCAATTGT CCGCCAAT CCCACAAAGT TGCCAGAGCGAGACAGGACGCACTGGCA 599

hor A CTGCTGCCAATTGT CCGCCAAT CCCACAAAGT TGCCAGAGCGAGACAGGACGCACTGGCA 600

khkkhkhkhkhkhkhkhkhkhkhhkhhhkhkhkhkhhhkhkhkhkhkhkhkhkhkhkhkhkhkhhhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhkhkkkkk*x*%x

Amino acid sequence of the HorA fragment of TMW8B4rom the start codon till abort of

the translation.

Mt QAQSKNNTKFNFKTMeGLINRIHPRYWQLLLGFFLGVVATAMet QL
MeaVPGIAKGIINSIGHMeDVGLIVAVILLFVFSTIIGAFSGSLGFFGEDVYV
YKLRTTLWDKILTLPVGYFDQTKSGHETSRLVNDSTQVKELLANSVPKTA
TSILQLVGALVLMeLIMetDWRMetTIIMetFIAVPLVLICLLPIVRQSHKVAR
ARQDALADLNGKAGEMeLGEVRLVKSSTAET

Amino acid sequence of the HorA fragment of TMWGE4rom the start codon till abort of

the translation

Mt QAQSKNNTKFNFKTMeGLINRIHPRYWQLLFGFF
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Appendix

Alignment of HorA from Lb. brevis TMW 1.1282 and LmrA fromLactococcuslactis

MG 1363 to show varying and according domains.

1.1282  -------- MQAQSKNNTKFNFKTFMGELT NRI HPRYWQL LL GFFLGWATAMALMWPA AK 52
Lnr A I\/ERGPQVANRI EGKAVDKTSI KHFVKLI RAAKPRYLFFVI A VAGQ | GTLI QLQVPKMVQ 60
ROk ok DRFE kL koo xRk kR
1.1282 A | NSI GHSMDVGELI VAVI LLFVFSTI | GAFSGSI LGFFGEDVVYKLRTTLWDKI LTLPV 112
Lnr A PLI NSFGHGVNGGKVALVI ALYI GSAAVSAI AAl VLG FGESVWKNLRTRWDKM HLPV 120
:*** ** * :- * % * *: :. . :** *** * % :*** :***:: * k%
1.1282 GYFDQTKSGEI TSRLVNDSTQVKELLANSVPKTATSI LQLVGALVLM.I NDWRMTI | MRl 172
Lnr A KYFDEVKTGEMSSRLANDTTQVKNLI ANSI PQAFTSI LLLVGSI | FMLOMARLTLAM | 180
***:-*:**::***-**:****:*:***:*:: * k k% ***::::** *:**:*: *:*
1.1282 AVPLVLI CLLPI VRQSHKVARARQDAL ADL NGKAGEMLGEVRLVKSSTAENLERTAGDKR 232
Lnr A AVPI VML MFPI MTFGQ(I GWTRQDSLANFQAE ASESL SEI RLVKSSNAEKQASKKAEND 240
****: ::** L :*** **::*********** ** . L
1.1282 MYRLYRI GLKEAI YDSI AGPVMAWMVAMW/LEI LGYGAI RVREGAI DI GTLFSFLMYLVQ 292
Lnr A VNAL YKI GVKEAVFDG.VMSPVYMMLSMM.M FGLLAYG YLI STGYMSLGTLLGMWMYLMWN 300
. ** * % - ***:*.: .***: ***: :* * % .:.:***.::***-
1.1282 M SPFAVL GQFVSDVAKASGSTTRI QALLQTHEEDRLTGTDLDI GDQTLQVNHVSFSYDQ 352
Lnr A LI GVVPTVATFFTELAKASGSTGRLTELLDEEQEVLHQSDSLDLEGKTLSAHI—NDFAYDD 360

e kkkkk kK * * -** * **

1.1282 HHPI LSGVSFTAEPNSVI AFAGPSGGGKSTI FSLI ERFYEPNEGSI T1 GNTNI TDI QLAD 412
Lnr A SEQ LHDI SFEAQPNSI | AFAGPSGGCKSTI FSLLERFYQPTAGEI TI GGQDI DSVSLEN 420

kK * *** ***************** **** * * ****

1.1282 VRQQ GLVGQDAAI M5GTI RYNLTYGLPGHFSDEQLWHVL EMAYATQFVOKMPRGLDTEV 472
Lnr A VRSQ GFVSQDSAI MAGT! RENLTYGLEGNFTDEDLWQVL DLAFARSFVENVPDQLNTEV 480

kk kkkhk+k kkkkhkk:kkhkkhkk khkkhkkkk ko kokkokkokk koK koo kK k- kk %

1.1282 GERGVKVSGGQRORLAI ARAFLRNPKI LM_DEATASL DSESEMWQKALDQLMANRTTLYV 532
Lnr A GERGVKI SGEORQRLAI ARAFLRNPKI LM_.DEATASL DSESESMVQRALDSLMKGRTTLYV 540

******:*********************************** ***:***.** .*****
1.1282 I AHRLSTI TNADEI YFI ENGRVTGQGTHQQLVKTTPLYREYVKNQSATSNG 583

Lnr A I AHRLSTI VDADKI YFI EKGEI TGSGKHNELVATHPLYAKYVSEQ_TVGQ 590

******** -** ***** * -** * * skk kK kk %k -** -k
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Appendix

Alignment of the translated functionlabrA genes found in beer spoilingctobacillus brevis
strains. Given is the TMW number. TMS (green |sfteand ABS (blue letters) were
determined with a comparison with the sequence fromA.

1. 317 ML HHHHHHQAQSKNNTKFNFKTFMGLT NRI HPR PG AKG 60
1. 483 ML HHHHHHQAQSKNNTKFNFKTFMGLT NRI HPR PG AKG 60
1.313 M. HHHHHHQAQSKNNTKFNFKTFMGLT NRI HPR PG AKG 60
1.1282 M. HHHHHHQAQSKNNTKFNFKTFMGLT NRI HPR PG AKG 60
1. 317 I 1 NSI GHSMDVGLI VAV GEDVVYKLRTTLWDKI LTLPVG 120
1.483 I 1 NSI GHSMDVCGLI VAV GEDVVYKLRTTLWDKI LTLPVG 120
1.313 I 1 NSI GHSMDVGLI VAV GEDVVYKLRTTLWDKI LTLPVG 120
1.1282 I 1 NSI GHSMDVGLI VAV GEDVVYKLRTTLWDKI LTLPVG 120
1.317 YFDQTKSCEI TSRLVNDSTQVKELLANS DWRMT| 180
1.483 YFDQTKSGEI TSRLVNDSTQVKELLANS DWRMT| 180
1.313 YFDQTKSGEI TSRLVNDSTQVKELLANS DWRMT| 180
1.1282 YFDQTKSCEI TSRLVNDSTQVKELLANS DWRMT| 180
IR R S R RS RS R E R E R RS RS R E R RS RS R E R RS RS R R R EEEEREEREEREEEESEEEEEEESEESEESSE]
1. 317 SHKVARARQDAL ADL NGKAGEM_GEVRL VKSSTAENLERTAGDKRM 240
1.483 SHKVARARQDAL ADL NGKAGEM.GEVRL VKSSTAENLERTAGDKRM 240
1.313 SHKVARARQDAL ADL NGKAGEM.GEVRL VKSSTAENLERTAGDKRM 240
1.1282 SHKVARARQDAL ADL NGKAGEM.GEVRL VKSSTAENLERTAGDKRM 240
1.317 YRLYRI GLKEAI YDSI AGP REGAI DI GT 300
1.483 YRLYRI GLKEAI YDSI AGP REGAI DI GT 300
1.313 YRLYRI GLKEAI YDSI AGP REGAI DI GT 300
1.1282 YRLYRI GLKEAI YDSI AGP REGAI DI GT 300
IR R SR R R RS R E R RS RS RS R E R E SRR R R RS EESEEEEEEEEEEREEEEEEEEESEESEESEESSE]
1. 317 SDVAKASGSTTRI QALLQTHEEDRLTGTDLDI GDQTLQWNHVSFSYDQH 360
1.483 SDVAKASGSTTRI QALLQTHEEDRLTGTDLDI GDQTLQWNHVSFSYDQH 360
1.313 SDVAKASGSTTRI QALLQTHEEDRLTGTDLDI GDQTLQWNHVSFSYDQH 360
1.1282 SDVAKASGSTTRI QALLQTHEEDRLTGTDLDI GDQTLQWNHVSFSYDQH 360
Wal ker A
1.317 HPI LSDVSFTAEPNSVI AFAGPSGGGKSTI FSLI ERFYEPNEGSI TI GNTNI TDI QLADW 420
1.483 HPI LSDVSFTAEPNSVI AFAGPSGGGKSTI FSLI ERFYEPNEGSI TI GNTNI TDI QLADW 420
1.313 HPI LSDVSFTAEPNSVI AFAGPSGGGKSTI FSLI ERFYEPNEGSI TI GNTNI TDI QLADW 420
1.1282 HPI LSGVSFTAEPNSVI AFAGPSGGGKSTI FSLI ERFYEPNEGSI TI GNTNI TDI QLADW 420
*****. IR RS R E SRS EE S E SRS R SRR R R SRR R R EEREEEEEEEEEEEEEEESESEESESRSESRS
1. 317 RQQ GLVGQDAAI MSGTI RYNLTYGLPGHFSDEQLWHVL EMAYATQFVQKMPRGLDTEVG 480
1.483 RQQ GLVGQDAAI MSGTI RYNLTYGLPGHFSDEQLWHVL EMAYATQFVQKMPRGLDTEVG 480
1.313 RQQ GLVGQDAAI MSGTI RYNLTYCGLPGHFSDEQLWHVL EMAYATQFVQKMPRGLDTEVG 480
1.1282 RQQ GLVGQDAAI MSGTI RYNLTYCGLPGHFSDEQLWHVL EMAYATQFVQKMPRGLDTEVG 480
___\Walker B___
1.317 ERGVKVSGGEORORLAI ARAFLRNPKI LM_DEATASL DSESEMWQKALDQLMANRTTLVI 540
1.483 ERGVKVSGGEORORLAI ARAFLRNPKI LM_DEATASL DSESEMWQKALDQLMANRTTLVI 540
1.313 ERGVKVSGGEORORLAI ARAFLRNPKI LM_DEATASL DSESEMWQKALDQLMANRTTLVI 540
1.1282 ERGVKVSGGEORORLAI ARAFLRNPKI LM_DEATASL DSESEMWQKALDQLMANRTTLVI 540
IR R S R R R RS R E R E R RS RS R E R E SRR R E R RS RS R R R E SRR RS REEEEEESEEEEEEESEESEESSE]
1.317 AHRLSTI TNADEI YFI ENGRVTGQGTHQQL VKTTPL YREYVKNQSATSNW 590
1.483 AHRLSTI TNADEI YFI ENGRVTGQGTHQQLVKTTPL YREYVKNQSATSNG 590
1.313 AHRLSTI TNADEI YFI ENGRVTGQGTHQQLVKTTPLYREYVKNQSATSNG 590
1.1282 AHRLSTI TNADEI YFI ENGRVTGQGTHQQLVKTTPL YREYVKNQSATSNG 590
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