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1 Introduction

1.1 Viruslikeparticles (VLPs)

In the literature the term “VLP” is used to defiae artificial biotechnological
molecule on the one hand and very small microbiokdginities which were not

described precisely until now on the other hand.

1.1.1 VLPsin biotechnology

Virus like particles are biotechnological constaj¢hat look like viruses, but are
not infectious. As they do not contain any DNA ddARthey are not able to replicate in
the target cells. Currently they are used to dgevakw vaccines and gene therapy focuses

on using them as gene delivery system (Shi et@R0

1.1.2 VLPsin environmental microbiology

Environmental microbiology uses direct counts tiinegte the number of microbes
(any life form that can only be observed via micaysy, including viruses) present in an
environmental sample. Therefore the sample is &pipulled through a 0,02 um pore
sized filter. After incubation of the filter in apifluorescent stain that binds to nucleic
acids, the number of viruses and other, largerahies (bacteria and other single-cell
organisms) are determined by epifluorescence nmooms Thereby viruses appear as
small dots and because it is not absolutely knafnall small dots represent viruses or
other pieces of nucleic acid, for example freeADd¢rived from lysed bacterial cells,

they are designated as virus like particles (Begttbnd Rohwer 2005).

1.1.3 VLPsof A. kielensis

In the course of this study the term virus liketig#es is used to designate spherical

structures which are releasedAkielensis. These structures appear as VLPs as defined



in chapter 1.1.2 when observed under an epiflueresc microscope but do show some

features which are not typically virus-like.

To date very little is known about this kind of V&Rvhich were discovered by
Chiura more than 10 years ago. They are producedfbythe most part — marine
bacteria and contain large, linear dsDNA fragmén29-500 kb). Exposure of the amino
acid deficient recipierk. coli strain AB1157 to a concentrated fraction of théke's led
to the restoration of amino acid deficiencies ia tecipient. Furthermore the recipient
started to produce VLPs itself which were agairedblrestore amino acid deficiencies
and induce particle formation in the next recipieatterium. Thereby neither plaque
formation nor cell lysis was observed which woudddxpected if the VLPs represented
bacteriophages (Chiura 1997, 2004).

Additionally a decrease in the efficiency of platife OP) was observed after the
exposure of the recipient strain to the VLP fractimdicating that the VLPs did not only
mediate horizontal gene transfer but also showetthal effect on the gram negative
recipient bacterium (Chiura 1997, 2004).

1.2 Other phenomena of encapsulated DNA released by bacteria

1.2.1 DNA bacteriophages

The term bacteriophage literally means “eatersastdria” and names viruses
which infect bacteria. They consist of a proteipsid and therein encapsulated genetic
material. With some phages an outer envelope isdod he genetic material can exist in
circular or linear form, as ssSDNA, dsDNA, ssRNAJsRNA.

Bacteriophages — as other viruses — do not poases&n metabolism, and
therefore rely on host cells and their metabolisnréplication. Because of that it is still
debatable whether viruses represent a form ofVifieises are known to have a rather
specific host range and for dsSDNA bacteriophages ttenome is typically ~20-600 kbp
in length (Lang and Beatty 2007).



Various forms of bacteriophages can be distinguistepending on their mode of
replication. Phages with a lytic cycle inject thggnome into a host cell where the
replication of the virion is started immediately.drder to release the virions the host cell
has to be lysed. In some countries lytic phages baen used in bacteriophage therapy
as an alternative to antibiotics since the 1930sa recent publication Kutateladze and
Adamia (2010) once more pointed out that bacteagpk constitute a promising

alternative in the battle against antibiotic resistbacteria.

Temperate phages are able to carry out a so dgfledenic cycle. Thereby the
injected viral genome gets integrated into the lgesiome. The endogenous phage is
called prophage and replicates together with trst BOIA. It stays dormant and therefore
harmless for the host cell until the conditionshef host bacterium change for the worse.
Then the prophage switches from the lysogenicédyttic cycle, phage replication starts

and finally results in lysis of the host cell.

Temperate phages are able to mediate gene tramsf@iprocess called
transduction. Transduction occurs when the funelipnophage switches from the
dormant to the activated state and enters thedytite. Typically virus replication would
lead to the package of phage DNA into capsidstalso occurs that mistakenly a part of
the host genome gets packaged into the virion. Vilus particle then infects another
bacterium but is no more capable to induce virasipetion by the host cell and
subsequent cell lysis and plaque formation. Vi@mggination the foreign, bacterial DNA
gets integrated into the host genome. The proddsansduction is completed. The

transduced cell is called transductant. The prophsagalled defective or cryptic.

So with both, lytic and temperate phages, the seled virus particles from the host
cell usually goes hand in hand with cell lysis, arfeen cultivated on agar plates, with
plaque formation. This was not observed with ouPgL(Chiura 1997, 2004) and
therefore they can be clearly distinguished froesthkinds of phages. But some very few
phages get released from the host cell by budditigout causing cell lysis. According to
Wommack and Colwell (2000) this process is limite@nly a few rare phage groups and
they believe that most of the aquatic bacteriopbage released from their host cell via
cell lysis. The best studied group of phages, wiidkeleased from the host cell via

budding or extrusion without causing cell lysigptaque formation, is the group of the Ff
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phages. Ff phages are filamentous bacteriophages Wave a circular ssDNA genome
and are known to increase the generation timeeif tost bacterium. They are male
specific phages, as infection with this kind of gpls starts with the attachment of the
virus particle to specific types of pili which avaly found with male cells that contain a

conjugative plasmid (Birge 2006).

So, if our VLPs constitute bacteriophages, thestebiaphages would have to show
a set of specific features. They would have toycadinear dsSDNA genome. Their host
range would have to be very broad. They would hauee capable of mediating gene
transfer and therefore be temperate phages whechlde to integrate into the host
genome. And, they should not cause lysis of tte bell, but would have to be released
by budding.

1.2.2 GeneTransfer Agents (GTAYS)

Lang and Beatty (2007) defined the term gene tearsgjent as virus like particle
that only carries random pieces of the bacteriabdgenome (instead of viral genes).
This DNA is transfered to other bacteria due toacess similar to generalized
transduction. Thereby no negative effects occutHermrecipient bacteria such as cell lysis
or plaque formation. GTA patrticles are typicallyB0 nm in size (Biers et al 2008) and

contain relatively small DNA molecules (<14 kb@rg and Beatty 2007).

Gene Transfer Agents were first discovered and mxtsinsively studied with
Rhodobacter capsulatus (RcGTAS). Ultrastructurally RcGTAs resemble a dirtalled
bacteriophage with a head of ~30 nm and a taibéf am in length (Lang and Beatty
2001). They contain random linear dsDNA fragmemthe genome of the producing
cell, which are 4,5 kbp in length (Lang and Be&2@®p0). The RcGTA genes are arranged
in a cluster of 15 genes. These genes include rageaf phage structural genes but no
host lysis or self replication genes (Biers et@&. GTA production is growth phase
dependent and regulated by a cellular signalingvpay which also controls motility
(Lang et Beatty 2002). Therefore the authors sugddbat both mechanisms (GTA
production and motility) serve as alternative gigats to cope with poor environmental

conditions.



Lang and Beatty (2007) found that GTA genes areslyidpread inu-
proteobacteria. But with focus on marine bactedofton, Biers et al (2008) noted that
RcGTA homologs were surprisingly infrequent in marmetagenomic sequence data.

Prophage like GTAs have also been reported — amotigsrs — fronBrachyspira
hyodysenteriae which are called VSH-1 (Matson et al 2005). Theseicles contain
random fragments of the host genome that are ‘f5rklength. The VSH-1 prophage is
inducible by mitomycin C and its genes span 163 ¢dthe host genome. Additionally
to structural genes also lysis genes have beetifidgdrwhich were not found with
RcGTAs. Nevertheless the release of VSH-1 partieles not observed to be associated
with cell lysis of the producing bacterium. SimitarRcGTAs VSH-1 particles

structurally resemble small, tailed phages.

As our VLPs, GTAs are able to mediate gene traresidrcontain linear dsDNA
molecules, but these are significantly smallenze $<14 kbp). They are as well released
from the host cell without causing cell lysis oaglie formation but have not been

reported to exhibit a lethal or inhibiting effect the recipient cell.

1.2.3 Outer membrane vesicles of gram negative bacteria

It is commonly known that gram negative bacteriastantly produce and release
outer membrane vesicles (MVs) during bacterial ghoand thereby entrap periplasmic
compounds. These vesicles are about 20 to 250 smerand probably result from
budding (bulging and pinching off) of the outerleeEmbrane of gram negative bacteria
(Mashburn-Warren et al 2008). Therefore it is nopssing that membrane vesicle
formation is not reported from gram positive baeterhich do not possess an outer

membrane.

The cell wall composition of gram negative bacteliféers significantly from that
of gram positive bacteria. Both types of bactenagess a plasma membrane and a
peptidoglycan layer. But while the peptidoglycayeliaof gram positive bacteria is

relatively thick and comprises the outermost strrebf the bacterial cell, that of gram



negative bacteria is rather thin and underliesdatitianal outer membrane which is rich
in proteins and lipopolysaccharides. With gram tiggaacteria the periplasma is
located between the outer and the plasma membasduile, with gram positive bacteria
this gel like matrix is found between the plasmanbene and the thick peptidoglycan

layer.

The molecular mechanisms underlying the formatiwh r@lease of MVs by gram
negative bacteria are not known yet. Several mduele been proposed by various
research groups concerned with this matter. Iitantepublication Deatherage et al
(2009) supported a model, wherein bacterial graamith division invoke temporary and
localized reductions in the density of associatioeisveen different components within

the envelop structure and thereby allow the releasater membrane as MVs.

MVs of different gram negative bacteria were shaavexhibit a lytic effect on a
variety of gram negative as well as gram positigetéria. Thereby the extent of their
Iytic activity depends on the composition of thd vall — e.g. the peptidoglycan
chemotype — of the target bacterium (Beveridge 1998ned with virulence and
antibacterial factors (proteases, toxins, surfateesions, autolysins and other
components) it is possible that they play a pregatale in the natural ecosystem.
Membrane vesicles might be released by the bantanwrder to lyse surrounding cells

which compete for the same nutrient resources.

But most interestingly, relating to our VLPs, MVsome gram negative bacteria
have been reported to contain DNA as well. To datd DNA containing MVs were
only found with some gram negative bacteria, namaily Neisseria gonorrhoeae
(Dorward et al 1989k. coli O157:H7 (Kolling and Matthews 1999) aRdeudomonas
aeruginosa (Kadurugamuwa and Beveridge 1995). Membrane \essmiHaemophilus
influenza, andHaemophilus parainfluenza were reported to be able to take up
extracellular DNA and protect it from DNAses (Kabinal 1982).

Kolling and Matthews (1999) found that MVsBfcoli O157:H7 contained DNA,
in addition to proteins, which was protected fraxiracellular DNAses. Yaron et al
(2000) were able to show that MV DNA of tiitscoli strain consisted of plasmid,
chromosomal (including specific host genes) andgpHaNA. One 3,3 kbp long plasmid
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was found within the vesicles that contained alegenecessary for its replication,
stability and mobilization, but did not contain tine@ genes. These tra genes are needed
for efficient conjugation, as they mediate closk @antact between bacteria. Therefore
the authors suggested that MVs might mediate thecoajugative transfer of the plasmid
from donor to host cells. Furthermore MVskbfcoli O157:H7 are able to deliver genetic

material which then gets expressed in the recigelht

DNA containing vesicles frorR. aeruginosa PAO1 were investigated by Renelli et
al (2004). It was found that they harboured chraonua, surface bound DNA and were
also able to take up exogenous DNA. But MV#oéeruginosa PAO1 were not able to
mediate gene transfer. Generally MVs encapsulaiplasmatic compounds, but as they
contain chromosomal DNA as well, also a cytoplasgtr@mpound is present inside
these MVs. According to Renelli et al (2004) the®IN either moved from the cyto- to
the periplasma where it gets entrapped during Myh&dion, or the DNA is derived from

lysed cells and is taken up exogenously.

Summing up, as with VLPs @f kielensis MVs of some gram negative bacteria
entrap DNA molecules and some of those are eventabshediate gene transfer.
Furthermore MVs have been reported to exhibitia Bffect on other, even distantly
related bacteria. Their Iytic potency seems to ddpm the cell wall composition of the
recipient bacterium and this might be true for VigBswell.

It is possible that VLPs @&&. kielensis are MVs with the capability to encapsulate
and transfer genetic material as well. As the stingcof the VLP envelope is still
unknown, it cannot be said for sure, whether ouP¥lare derived from budding of the

outer membrane and therefore represent outer membesicles or not.

1.3 Possible medical significance of A. kielensisand its VL Ps

Antibiotic resistant bacteria are a serious heattficern and reports of hospital-

acquired infections have accumulated over the years

Fischbach and Walsh (2009) mentioned three cladsa#ibiotic-resistant
pathogens that are emerging as major threats tiecghdalth, namely methicillin resistant



Saphylococcus aureus (MRSA), multidrug resistant (MDR) and pan drugistant (PDR)
gram negative bacteria and MDR and extensive desigtant (XDR) strains of
Mycobacterium tuberculosis. To pick one example,94Rs supposed to cause about
19000 deaths per year in the United States of Avaennd to cause additional public

health care costs of 3-4 billion dollars.

Having in mind that bacteria are only very distamélated to humans it should be
easy to find novel substances which are able tdhHake organisms without being toxic to
the patient. But the reality of antibiotic develogmh draws a different picture: antibiotic
resistance is increasing while the discovery ofahantibiotics is declining (Fischbach
and Walsh 2009).

Nevertheless reports of novel antimicrobial comptsuisolated from marine
organisms have accumulated over the last yearthenarine environment is commonly
regarded as a promising source for the discovefyrtdier substances with antimicrobial

activity.

The first antibiotic isolated from marine bactesias pentabromopseudilin.
Burkholder et al (1966) isolated this antibiotiorfr the marine bacteriufPseudomonas
bromoutilis and found that it was capable to inhibit straih®igplococcus pneumoniae,
Staphylococcus aureus andStreptococcus pyogenes as well asMlycobacterium
tuberculosis. In a recent study Gram et al (2010) tested 8Tésable bacterial strains for
antibacterial activity again§ aureus andVibrio anguillarum and found that the most
prominent producers of antibacterial substancesngeld to the orders Vibrionales,
Alteromodales and Rhodobacterales. Most of thegb@atstrains which are known to

spontaneously produce the VLPs of our interestrigeto one of these three orders.

As mentioned above VLPs éf kielensis and other marine bacteria have already
been shown to exhibit a lethal effect on the rexipie. coli strain AB1157. Thus.
kielensisand its VLPs might show antagonistic activity agaimuman pathogenic

bacteria as well.



1.4 Aims

VLPs were first observed by H. Chiura over a decgte They are released by —
for the most part — marine bacteria without causieltjlysis or plague formation and
contain dsDNA molecules which are ~20-500 kbp mgtl. Exposure of VLPs to the
amino acid deficient recipiel. coli strain AB1157 resulted in restoration of the amino
acid deficiencies and to a decrease in the effigier plating of the recipient bacterium
(Chiura 1997, 2004). Thus, VLPs are believed toiatechorizontal gene transfer to even

distantly related bacteria and to exhibit a le#fédct on some bacterial strains.

The aim of this study was to determine the origithe DNA contained in VLPs of
A. kielensis and to test whether the bacterium or its VLPs lgiklain antagonistic activity
against different pathogenic bacteria. Therefarkelensis had to be cultivated and a
method had to be established that allowed thelieliseparation of VLPs from bacterial
cells. The obtained cell-free VLP fraction was meged for either DNA extraction or to

test for antibacterial activity against varioushmaienic bacteria.

As the composition of the VLP envelope is not knpan appropriate protocol for
the extraction of VLP DNA had to be found. The afea VLP DNA was then used to
construct a shotgun library and some clones weareeseed. Analysis of the obtained
sequences should reveal whether the VLP DNA idraf or bacterial origin. The
shotgun library was prepared for long term stotagalow its usage for further research.

The test for antibacterial activity & kielensis and its VLPs was carried out
against various pathogenic bacterial strains. Asdt already been demonstrated that
VLPs of A. kielensis have an antibacterial effect on thecoli strain AB 1157, it was
reasonable to expect that those particles will akgmw a similar effect on some of the

tested pathogenic bacteria.
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2 Material and Methods

A list of the suppliers of the used materials igviied at the end of this chapter.

2.1 The species Ahrensia kielensis

A. kielensisis a gram negative, aggregate forming, marinedoiach. It is rod
shaped (0,6-1,0 x 2,0-4,0 um), motile and striadyobe. The bacterium grows best at
20-30 °C, can also grow at lower temperatures (5UE not at 37 °C (Garrity 2005).

The bacterium is named after R. Ahrens, a Germarobiologist who isolated a
new species from brackish water of the Baltic Sehdassified it to the genus
Agrobacterium asAgrobacterium kieliense (Ahrens 1968). The taxonomic position of the
bacterium was soon questioned (Riger and Hofle 18892 phylogenetic analysis of
16S rDNA sequences confirmed that margeobacterium species were not related to
terrestric species of the genmigrobacterium (Uchino et al 1998). Thus, it was proposed
that the mariné\grobacterium species should be reclassified which led to actual

classification ofA. kielensis (Uchino et al 1998).

Classification ofAhrensia kielensis

Domain Bacteria

Phylum Proteobacteria
Class Alphaproteobacteria
Order Rhodobacterales
Family Rhodobacteraceae
Genus Ahrensia

Species Ahrensia kielensis

Table 1 systematic position ohhrensia kielensis

To date very little is known about the spedeg&ielensis, and the little information

available is often contradictory. To mention anrapée, Riger and Hofle (1992)
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described the bacterium as having peritrichouseflagwhile Uchino et al (1998)
described it once as having a single polar flagellund once as having peritrichous

flagella in the same publication.

2.2 Laboratory work

2.2.1 Cultivation of bacteria

In order to studyA. kielensis and its VLPs the bacterium had to be cultivatest.fi
To determine whetheX. kielensis and its VLPs were antagonistic to other bacteria
several pathogenic strains were chosen and growelag our laboratory. Cryo cultures
of all strains were either available in our laborgtor purchased from DSMZ (German

Collection of Microorganisms and Cell Cultures).

The following procedure was used for 200 ml te$tuces ofA. kielensis and for
cultivation of pathogenic bacteria.

Procedure and materials
» Afrozen cryo culture was stroked out on an appadpragar plate
* Incubation in the dark at 26 °C
* A single colony was picked for inoculation of ligunedium
* Incubation in the dark at 26-31 °C and 150-250 rpm

For cultivation ofA. kielensis 514+Y+P medium was used. For cultivation of

pathogenic bacteria LB medium was used.

514+Y+P medium: for 1000 ml: 40,1 g medium 514, &egton, 1 g yeast extract;
pH value adjusted to 7,55-7,64; medium autoclaf@dsolid medium: 15 g agar added

prior to autoclaving;

LB medium: for 1000 ml: 10 g peptone, 5 g yeastaxtt 10 g NaCl; pH value
adjusted to 7,2-7,6; medium autoclaved; for sol@timm: 15 g agar added prior to

autoclaving;
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2.2.1.1 Preparation of a glycerol stock

Glyerol is added to bacterial liquid cultures priodong term storage at -70 °C.
Glycerol depresses the freezing temperature ofrveaie thereby protects the membrane

of bacteria from damage by ice crystals.

In this work a glycerol stock @&&. kielensis was prepared and stored at -80 °C.
Aliquots were used for inoculation to ensure stadidad conditions of. kielensis

cultures.

Procedure and materials

» A 6 ml preculture ofA. kielensis was incubated for 48 hours in the light at
26 °C and 125 rpm (inoculated as described above)

* 60% glycerol was sterilized by autoclaving for 2hates

* 1,5 ml tubes were filled with 100 pul sterile 60%agrol

» The preculture was vortexed properly and 300 pkveelded to each tube

* The tubes were vortexed again to make sure thajlyleerol was evenly
dispersed and frozen in liquid nitrogen

» Storage at -80 °C

2.2.2 OD measurement

The optical density of a bacterial culture can lBasured in a spectrophotometer.
Visible light passes through the bacteria susperail thereby gets scattered depending

on the cell concentration of the sample.

Procedure and materials
* 1 mlliquid culture as probe

¢ 1 ml514+Y+P medium as blank

The optical density was measured using a SmartSp&es"Spectrophotometer

from Bio-Rad.
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2.2.3 Epifluor escence microscopy

In epifluorescence microscopy a specimen contaiaingmponent labelled with a
fluorescent molecule is exposed to light of a dpewiavelength. This results in the
emission of light of a different wavelength andréiey allows the investigation of the

labelled component.

Samples of liquid cultures and VLP suspensions w&@ed either with SYBR

Gold or acridinorange and examined under a LeicdRBMpifluorescence microscope.

2.2.3.1 Staining with SYBR Gold

Procedure and materials
e 10 pl sample were mixed properly with 990 ul ofdést.
* Filtration through a 0,02 um or a 0,05 um poredsidéer
» Staining for 30 minutes in 60 pl SYBR Gold solutiarthe dark
* Repeated filtration of 1000 ul of A. dest. throubk filter
* The filter was dried in the dark
» The filter was placed between a microscopy slicttanover slip putting

one drop of Citifluor beneath the filter and onewabit

SYBR Gold solution: 10 pl SYBR®GOLD nucleic acid gé&in (10000x in
DMSO, Invitrogen), 390 ul A. dest,;

2.2.3.2 Staining with acridinorange

Procedure and materials
e 10 pl probe were mixed properly with 990 pl A. dest
e 500 pl dilution were pipetted onto a 0,1 or a On2 pore sized filter
* One drop of acridinorange was added

e The rest of the dilution was added
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* Incubation for 1 minute
» Filtration
* The filter was dried in the dark and placed betwaenicroscopy slide and a

cover slip using paraffin oil instead of Citifluor

Acridinorange solution: 0,3 g acridinorange, 100Antlest., 3 ml formaldehyde;

2.2.4 Electron microscopy

An electron microscope focuses an electron beamambbject and thereby
achieves a resolution that is a thousand timesehitjfan that of a light microscope due to
the small wavelength of electrons. Transmissionteda microscopes (TEM) are used for
investigation of inner structures of cell thin ses. Scanning electron microscopes

(SEM) are used for imaging the surface of a sample.

Samples of liquid cultures and aliquots of VLP srsgpons were kindly prepared
by Ingrid Gerstl und Regina Wegscheider for exatmmaunder a Zeiss EM902 (Zeiss
Inc., Germany) transmission electron microscopeciwkias done by ao. Univ. Prof.
Adolf Ellinger.

2.2.5 Sonication

Sonication means the agitation of particles ofrafga via exposure to ultrasound
energy (> 20 kH).

In this work sonication was done to dissolve baat@ggregates prior to particle
harvest and to randomly fragmentise DNA. A BranSonifier 450 was used.

2.2.5.1 Dispersion of bacterial aggregates

Procedure and materials

* The bacterial culture was placed on ice
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* Repeated sonication for 30 seconds at 100 W withinuite break

The harvest of VLPs was started immediately afv@rcation.

2.2.5.2 Sonication of VLP DNA for shotgun library construmn

A shotgun library is characterised by the circumsegathat the insert DNA fraction
was randomly sheared prior to construction. Thees¥d_.P DNA was treated as

described in the following.

Procedure and materials
o 45 ul DNA were filled up to 200 pl with A. dest.
e 100 pl DNA were placed on ice and sonicated foecbads at 50 W
* The residual 100 pl DNA were placed on ice and aetl sonicated for
10 seconds at 50 W

2.2.6 Harvest of VLPs

Various centrifugation and filtration steps werefpamed to separate the VLPs
from the bacterial cells.

2.2.6.1 Separation of bacterial cells from VLP containingulture medium

The first centrifugation step was performed to gtedke the bacterial cells. The
supernatant was used for the following filtratid@ps whereas the pellet itself was either

discarded or used for the test for antimicrobigivay of A. kielensis and its VLPs.

Procedure and materials
* The culture was transferred into 3-4 50 ml conasadtrifuge tubes
» Centrifugation for 40 minutes at 7500 g and 4 °@gis Sigma refrigerated
centrifuge 3K30

* The supernatant was separated from the bactet&t pel
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2.2.6.2 Filtration

In order to remove remaining cells and cell detiressupernatant was filtered

several times.

Procedure and materials
The probe was filtered through the following Rdité&® syringe filters in the
indicated order:
e 0,45 um pore sized filter
* 0,22 um pore sized filter

» sterile 0,22 um pore sized filter

2.2.6.3 Ultracentrifugation

In order to concentrate the VLPs the sterile fiiraas ultracentrifuged resulting in
a cell-free VLP pellet that was resuspended ireddfit solutions depending on the

protocol chosen for DNA extraction.

Procedure and materials

» The sterile filtrate of each culture was transferrego 3-4 quick seal tubes
using a 10 ml sterile syringe and a sterile needle

» Centrifugation for 4 hours at 4 °C and 42000 rpm

* The supernatant was either discarded or stored@t 4

* The pellets were resuspended in either 1x TBT buifeCell Suspension
Solution provided with the Gentra® Puregene® Y &ast!. Kit from
QIAGEN

1x TBT buffer: for 1000 ml: 5,84 g NaCl, 12,1 g §,r0,94 g MgCJ; pH value
adjusted to 7,6; autoclaving;
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2.2.7 Disc diffusion method

The disc diffusion method was used by Hayashida&sei al (2008) to detect
antibiotic compounds released bfPseudoalteromonas haloplanktis strain. Filter discs
were charged with different solutions and susperssand placed on a bacterial lawn. If
the charged filter contained any antimicrobial connpds the area around the disc

became clear.

Following this method it was tested whetlekielensis and its VLPs were
antagonistic to the following bacteria:
» Saphylococcus aureus
» Listeria monocytogenes
* Bacillussubtilis
» Bacilluscereus
* Vibrio cholerae

* Vibrio alginolyticus

Procedure and materials
Overnight cultures of the pathogenic bacteria vptsieed. For each plate filters
were charged with the following suspensions ortsmhs and placed on the plates:
» Bacteria pellet resuspended in either 50 ml Trigdo10mM; pH 7,5
or 10,1) or A. dest.
* Supernatant from the first centrifugation step
» Sterile filtrate
* VLP suspension
» As controls filters were charged with 514+Y+P or ki@dium, with Tris
buffer (pH 7,5 or 10,1) or A. dest., and TBT buffer

The plates were incubated for 48 hours at 26 °C.

10mM Tris buffer: for 1000 ml: 1,21 g Tris; pH valadjusted to 7,5 or 10,1;

autoclaving;

18



2.2.8 DNA extraction

In this work DNA was extracted from. kielensis (genomic DNA), from VLPs of
A. kielensis (VLP DNA) and from transformed bacteria (recomipihglasmids).

Genomic DNA was used as template for amplificatbthe 16S rRNA encoding

region via PCR and VLP DNA was needed for the gotibn of a shotgun library.

2.2.8.1 Extraction of genomic DNA using SDS

SDS denatures proteins and therefore can be usedlfdyses. Proteinase K was

added to degrade proteins. Phenol/chloroform (@&l used to precipitate them and

chloroform to remove the remaining phenol. Sodiwetate stabilizes the DNA and

ethanol absolute precipitates it.

Procedure and materials

1,5 ml sample was taken from liquid culture underile conditions
Centrifugation for 1 minute at full speed (1610Quging a Eppendorf
Centrifuge 5415 C

the supernatant was discarded, the pellet resusgandtO0 pl 1x TE buffer
50 pl 10% SDS were added

50 ul proteinase K (20 mg/ml 1x TE) were added

Incubation for 1 hour at 37 °C

500 pl phenol/chloroform (1:1) were added, mixeaperly
Centrifugation for 5 minutes at full speed.

The upper phase was transferred to a new tube

The following step was performed twice:

500 pl chloroform were added, mixed properly

Centrifugation for 5 minutes at full speed

The upper phase was transferred to a new tube

At last 360 pul of the upper phase were transfeimdthe new tube

40 ul 3M sodium acetate and 800 ul ethanol absaate added, mixed

properly

19



* Incubation at -20 °C for 30 minutes

» Centrifugation for 5 minutes at full speed

* The supernatant was discarded

* The pellet was washed with 200 pul 70% ice coldmthalried and
dissolved in 10 pl 1x TE buffer overnight

Sodium acetate (3M, pH 5,2): for 1000 ml: 408,®ld;value adjusted to 5,2 using

glacial acetic acid (100%); autoclaving;

1x TE buffer: for 1000 ml: 2 ml EDTA (0,5M, pH 8,00 ml Tris-HCI (1M,
pH 7,5), 988 ml A. dest.; autoclaving;

2.2.8.2 Extraction of genomic DNA via Generation Captureoimn Kit from
QIAGEN

Procedure and materials

* 1 ml sample of liquid culture was taken under eronditions

* Centrifugation for 1 minute at full speed

* Removal of 800 pl supernatant

» Suspension of the pellet in the residual fluid ipegting up and down
for 10 times

» 200 pl concentrated sample were transferred ortaehtre of a Capture
Column contained in a Waste Collection Tube

* Incubation for 1-60 minutes at room temperature

* 400 pl DNA Purification Solution 1 were added

* Incubation for 1 minute at room temperature

» Centrifugation for 10 seconds at 2000-12000 g

* The Capture Column was transferred to a new Wasliec@ion Tube

e 400 pl DNA Purification Solution 1 were added

* Incubation for 1 minute at room temperature

» Centrifugation for 10 seconds at 2000-12000 g

e 200 pl DNA Elution Solution 2 were added
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» Centrifugation for 10 seconds at 2000-12000 g

* The Capture Column was transferred to a DNA CatheacTube
e 100 pl DNA Elution Solution 2 were added

* Incubation at 99 °C for 10 minutes

» Centrifugation for 20 seconds at 2000-12000 g

2.2.8.3 DNA extraction from VLPs using GES reagent (protuicl)

The following protocol is derived from a protocol fextraction of genomic DNA
from bacteria (Pitcher et al 1989) and includeslgsis by GES reagent, which also
inhibits nucleases, and precipitation of DNA withraonium acetate and isopropanol — a
combination that is especially applicable to prigatp small volumes of DNA.

Ammonium acetate stabilizes the DNA while isopraggrecipitates it.

VLP pellets had been resuspended in TBT buffer vihesnprotocol or a modified

version of it was used for DNA extraction.

Procedure and materials

e 100 pl of VLP suspension were mixed with 500 pl GE&yent (freshly
prepared!)

* Incubation for 5 minutes at room temperature amd faninutes on ice

e 250 pl of ice cold ammonium acetate (7,5M) wereeaidahd mixed
immediately

* Incubation for 10 minutes on ice

* 0,54 volume of ice cold isopropanol were addedranckd properly

* Incubation for 10 minutes on ice

» Centrifugation for 5 minutes at full speed

* The supernatant was discarded and the pellet wastadwith 200 pl ice
cold 70% ethanol and once with 100 ul ethanol alteol

* The pellet was dissolved in 10ul 1x TE buffer f8rlburs at room

temperature

7,5M ammonium acetate: for 100 ml: 57,81 g; stdilileation;
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GES reagent: for 100 ml: 60 g guanidium thiocyndissolved in 20 ml EDTA
(0,5M) and 20 ml A. dest. at 65 °C; when cooled daavroom temperature 5 ml 10%

sarcosyl were added; filled up to 100 ml with Astdgsterile filtration;

2.2.8.4 DNA extraction from VLPs using the Gentra® Purege® Yeast/Bact.
Kit supplied by QIAGEN (protocol 2)

VLPs had been resuspended in Cell Suspension &ol{grovided with the kit)

when this protocol or a modified version of it wesed.

Procedure and materials

22

300-400 pul particle suspension were centrifuged.@or 30 minutes at full
speed

The supernatant was discarded, the pellet resusden®00 ul Cell Lysis
Solution

Incubation for 5 minutes at 80 °C to lyse cells

100 pl of protein precipitation solution added aodexed for 20 seconds at
high speed

Centrifugation for 3 minutes at 13000-16000 g

The supernatant was transferred to a tube contgaB00 pl isopropanol and
mixed gently by inverting 50 times

Centrifugation for 1 or 4 minutes at 13000-16000 g

The supernatant was discarded, the pellet was wagitie 300 pl 70%
ethanol and dried

10-20 ul 1x TE buffer were added and vortexed fee&onds at medium
speed

Incubation at room temperature over night



2.2.8.5 Mini preps using the QIAprep Spin Miniprep Kit frm QIAGEN

Mini preparation is a rapid method to extract andfp plasmids from bacteria.

Procedure and materials

1,5 ml LB amp medium or LB kan medium were inocedatvith a single
colony

Incubation over night at 37 °C and 250 rpm

Centrifugation for 3 minutes at 16000 g

Complete resuspension of the pellet in 250 ul Bu?fe by pipetting up and
down

250 ul Buffer P2 were added, tube was invertedifés

350 pl Buffer N3 were added, tube was invertedtdn@s immediately
Centrifugation for 10 minutes at full speed

The supernatant was transferred to a QlAprep spumm
Centrifugation for 30-60 seconds at full speed

500 ul Buffer PB added

Centrifugation for 30-60 seconds at full speed

The flow through was discarded

750 pl Buffer PE were added

Centrifugation for 30-60 seconds at full speed

The flow through was discarded

Centrifugation for 1 minute at full speed

The QIAprep spin column was placed into a new 1, fuive

50 ul A. dest. were pipetted onto the centre oiQieprep spin column

Centrifugation for 1 minute at full speed

LB amp medium: for 1000 ml LB medium: when cooledva 1 ml ampicillin

solution (50 mg/ml) added;

LB kan medium: for 1000 ml LB medium: when coolexivh 3 ml kanamycin

solution (10 mg/ml) added;
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2.2.9 Protein precipitation using PCl and ClI

Some DNA samples had to be processed for proteiiptation because their high
protein content did not allow proper size fractiboa via agarose gel electrophoresis
(VLP DNA extracted using GES reagent) or becausg tlontained substances from
upstream applications that were inhibitory to dotneeam applications (genomic DNA
extracted using the Generation Capture Column Kit).

PCIl was added because the phenol precipitatesipsoCl was added to remove

the remaining phenol.

Procedure and materials

* The DNA solution was filled up to 270 pl with A.ste

e 200 ul PCI (25:24:1) were added, mixed properly

» Centrifugation for 5 minutes at full speed

* The upper phase was transferred into a new tube

e 200 ul CI (24:1) were added and mixed properly

» Centrifugation for 5 minutes at full speed

* To precipitate the DNA 30 pl sodium acetate (3MJ &00 pl ethanol
absolute were added, mixed properly and left a€@r 30 minutes

» Centrifugation for 5 minutes at full speed

» The supernatant was discarded and the pellet wasitie@00 pl 70%
ethanol, dried and dissolved in 10 pl 1x TE folhd8rs at room

temperature

PCI: for 200 ml: 50 ml phenol (equilibrated), 48 chloroform and 2 ml isoamyl

alcohol were mixed.

Cl: for 200 ml: 48 ml chloroform and 2 ml isoamyt@hol were mixed
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2.2.10 PCR

Polymerase Chain Reaction is a method to amplihADfdgments exponentially.
Flanking, synthetically produced primers allow #maplification of a specific region of

the genome but therefore the flanking sequencéseadesired region have to be known.

In this work genomic DNA oA. kielensis was used as template DNA for
amplification of a part of the 16S rDNA via PCR.i§hegion is highly conserved in

prokaryotes and its sequenceéAirkielensis is already known.

All PCRs were performed using a Biometra T3000 frieaycler from Whatman
and including a negative control using A. desttaad of genomic DNA. The GoTaq®
Green Master Mix from Promega and a 10x primer cotaining the following
degenerated primers were used:

* aga gtttga tcm tgg ctc ag-3’
* tac ggy tac ctt gtt acg act t-3’

The primer sequences were taken from the litergweet al 2010) and were
synthesized by VBC Biotech (Austria).

Procedure and materials
For 25 pl reaction mixture:
e 10 pl genomic DNA
12,5 ul GoTag® Green Master Mix, 2X

e 2,5 ul primer mix (10x concentrated)

Parameters chosen for PCR:
» Denaturation for 5 minutes at 95 °C
» 30 Cycles:
Denaturation for 30 seconds at 95 °C
Primer annealing for 30 seconds at 55 °C
Polymerisation for 80 seconds at 72 °C

* Final polymerisation for 10 minutes at 72 °C

25



GoTag® Green Master Mix, 2X (pH 8,5): 400uM dATROAM dGTP, 400uM
dCTP, 400uM dTTP, and 3mM Mgg£in addition the buffer contains a compound that

increases the density of the probe, and a yellahaanlue dye that function as loading

dyes for agarose gel electrophoresis.

2.2.11 Amplification of high molecular weight DNA

As the amounts of DNA extracted from VLPs varied arere sometimes rather

small some DNA samples had to be amplified for prgize determination via agarose

gel electrophoresis or prior to shotgun library stomction.

Therefore the REPLI-g Mini Kit from QIAGEN was usdtlallows the

amplification of large DNA molecules from small anmbs of template DNA and ensures

minimal sequence bias.

Procedure and materials

For 50 pul reaction:

5 pl DNA

5 ul Buffer D1 were added

Vortexing and brief centrifugation

Incubation for 3 minutes at room temperature

10 pl Buffer N1 were added

Vortexing and brief centrifugation

30 pul master mix were added

Incubation at 30 °C for 10-16 hours using a MWGYRIs Thermocycler
from MWG Biotech with lid heater set to 70 °C

Incubation at 65 °C for 3 minutes to inactivate RBLMini DNA

Polymerase with lid heater set to 70 °C

Buffer D1: for 7 reactions: 9 ul Reconstituted BufDLB, 32 pl nuclease free
water; Reconstituted Buffer DLB: 500 ul added;

Buffer N1: for 7 reactions: 12 ml Stop Solution, BBnuclease free water;
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Master mix: for 1 reaction: 29 pl REPLI-g Mini Réaa Buffer, 1 ul REPLI-g
Mini DNA Polymerase;

2.2.12 Agarose gel electrophoresis

Via agarose gel electrophoresis DNA and RNA fragmean be separated
according to their size. The negatively chargedeic@cid molecules run in an electric
field from the negative to the positive pole thrbwamn agarose gel. This gel functions as
molecular sieve through which smaller DNA molecutesve faster than larger ones.
After dying the gel in an ethidium bromide solutitwe fragments are visible in UV light.
The agarose content of the gel varies dependirtgenrize of the fragments that should
be separated. Agarose gel electrophoresis is aitbke to purify nucleic acids when

subsequent elution from the gel is performed.

Ethidium bromide is a carcinogen substance thatgatates non-specifically into
the DNA. Midori Green DNA Stain which is equallynsitive constitutes a safer
alternative to colour nucleic acid fragments fos@tyation in UV light. It is added to the
gel prior to casting but as the colorant migratesfthe negative to the positive pole
most gels had to be dyed in ethidium bromide sotusifter they were run.

In this work agarose gel electrophoresis was useddtection and size
fractionation and determination (VLP DNA, restritteecombinant plasmids) as well as

for purification of DNA fragments prior to clonin®CR products, VLP DNA fragments).

Procedure and materials

e For 100 ml 0,5-1% agarose gel 0,5-1 g agarose disselved in either
1x TBE or 1x TAE buffer by boiling using a microneweven

*  When cooled down (< 60 °C) 3 ul Midori Green DNAaift
(200 reactions/ml; NIPPON Genetics EUROPE GmbH evestided

* The gel was then poured into a gel rack into wlhidomb was placed

* When fully polymerised the gel was placed intor&kteontaining 1x TAE
buffer
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* The gel was loaded with samples containing Loadipg (6X; Fermentas)

and size markers and run at 30-70 V/cm

1x TAE buffer: for 1000 ml: 4,84 g Tris, 1,14 miadic acid, 2 ml 0,5M EDTA;

1x TBE buffer: for 1000 ml: 10,8 g Tris, 5,5 g BoAcid, 2 ml 0,5M EDTA,

Ethidium bromide solution: for 100 ml buffer: 10 ¢thidium bromid solution
(10mg/ml; Carl Roth);

2.2.13 End repair of insert DNA for blunt end cloning

To generate blunt ended DNA fragments for blunt legettion an end repair step
had to be performed. This was done using the DNAireator® End Repair Kit from

Lucigen® Corporation.

Procedure and materials

For 50 pl reaction:
e 38 ulinsert DNA
* 10 pl 5X DNATerminator® End Repair Buffer
e 2 ul DNATerminator® End Repair Enzymes

The reaction was incubated for 30 minutes at roemperature and stopped by

subsequent incubation at 70 °C for 15 minutes.

2.2.14 Recovery of DNA fragmentsfrom agar ose gel

In order to clone DNA fragments they have to baffma and size fractionated first.
This was done by agarose gel electrophoresis drmsbquent elution from the gel. The
desired DNA fraction was cut out from the gel unebgposure to UV light and recovered
from the gel piece using the illustra GFX™ PCR DhiAd Gel Band Purification Kit

from GE Healthcare.

28



Procedure and materials

* The gel piece was weighed

* For each 10 mg 10 pl Capture buffer type 3 weredd@00 pI minimum)

* Tube was inverted several times

* Incubation at 60 °C for 15-30 minutes until comeldissolution of the gel
piece; tube was inverted every 3 minutes

* A GFX MicroSpin column was placed into a Collectioibe

* Up to 800 pl of the buffer sample mix were transfdronto the GFX
MicroSpin column contained in the Collection tube

* Incubation for 1 minute at room temperature

» Centrifugation for 30 seconds at 16000 g

» The flow through was discarded and the GFX MicroSmmlumn was placed
into the Collection tube again

* With samples > 800 pl the last 4 steps were redaatsl all of the sample
was loaded

e 500 pl Wash buffer type 1 were added

» Centrifugation for 30 seconds at 16000 g

* The Collection tube was discarded, the GFX MicroSmlumn was placed
into a DNAse free 1,5 ml tube

e 10 ul A. dest. were transferred to the centre efGiX MicroSpin column

* Incubation for 1 minute at room temperature

» Centrifugation for 1 minute at 16000 g

2.2.15 Cloning
2.2.15.1Cloning of PCR products

For further analyzes the PCR products were ligateda plasmid and the
recombinant plasmids transformed into the apprépbacterial strain.

To clone PCR products the pGEM®-T Easy vector sydtem Promega was
chosen. The vector is 3015 bp in length and isigealin linear form (cut at position 60

with EcoRV) with a single thymidine-overhang at3tsgerminus. This overhang allows a
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sticky end ligation with the PCR products that gaisingle adenosine-overhang at its 5'-
terminus. These 5’-overhangs are produced by tlhgodymerase during PCR. The
vector contains an ampicillin resistance genelabeontrol elements as well as fhe
galactosidase encoding region with a multiple eigrsite including the EcoRV

restriction site.
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Fig 1 pGEM®-T Easy vector (adapted from www.promega.com)

Colonies containing a recombinant plasmid werecseteby ampicillin and blue
white selection using IPTG and X-Gal. Only bactevtach have taken up the vector
containing the ampicillin resistance gene are &blgrow on LB amp plates. Bacteria that
have taken up a recombinant plasmid are recogmyedeir white colour as the insert
disrupts thé3-galactosidase encoding region. If the vector dmgsontain an insefi-
galactosidase will be expressed and turn the delesiX-Gal into an indoxyl derivative
which anodises to 5,5'-dibromo-4,4'-dichloro-indigbis compound renders colonies of

clones containing a plasmid without insert blue.
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2.2.15.1.1 Preparation of E.coli strain IM109 competent cells

Competent cells are characterised by their alitittake up foreign DNA
fragments. Cells can be made permeable to DNA dwtrelporation or chemically. Here

it was done chemically by exposing the cells to Dafer.

Procedure and materials

* A cryo culture oft.coli strain IM109 (Promega) was stroked out on an LB
plate and incubated at 37 °C over night

» Clones of a single colony were picked to inocutatal LB medium

* Incubation over night at 37 °C and 250 rpm

* 500 pl of this preculture were used for inoculatd0 ml LB medium

* Incubation at 37 °C and 250 rpm until an OD of 0,8-was reached

* The flask was placed on ice and its content wasedised into 4 sterile
capo-test tubes

» Centrifugation at 3000 rpm for 10 minutes

* The supernatant was discarded, each pellet wasgptatice

* Resuspensionin 1 mlice cold 1x TSS buffer

* 1,5 ml tubes were cooled and filled with 100 pthe suspension

* The tubes were frozen immediately in liquid nitrogand stored at -80 °C

1x TSS buffer: for 100 ml: 10 g PEG (polyethylergcgl) 3350 dissolved in 25 ml
A. dest., 10 ml 0,5M MgGJ 5 ml 10% DMSO (dimethyl sulfoxide) and 45 ml LB
medium added; pH value adjusted to 6,5; filledaf@0 ml with LB medium; sterile
filtration;

2.2.15.1.2 Ligation into pGEM®-T Easy vector
The purified PCR products were ligated into the pM&=T Easy vector.

Procedure and materials
For 10 pul ligation reaction:

« 3 ulDNA
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5 pul 2X Rapid Ligation Buffer
1 pl pGEM®-T Easy vector (50 ng/ul)
1 pul T4 DNA Ligase (3 u/ul)

The ligation reaction was incubated for 1 houroat temperature.

2X Rapid Ligation Buffer: 60mM Tris-HCI (pH 7.8)0thM MgClI2, 20mM DTT,
2mM ATP, 10% polyethylene glycol;

2.2.15.1.3 Transformation

Transformation means the uptake of free, non-@idA by competent cells.

Here the pGEM®-T Easy vector containing the PCRIpob had to be brought into

competent cells of thi.coli strain JIM109.

Procedure and materials

100 pl competent cells were thawed on ice (buentitely!)

2 pul ligation reaction were added

Incubation on ice for 20 minutes

Heat shock for 45 seconds at 42 °C using a GFL MBxth Type 1012
Incubation on ice for 2 minutes

950 pl SOC medium added

Incubation for 1,5 hours at 37 °C and 150 rpm

2-3 LB plates containing ampicillin were plated w0 pl IPTG (0,1M;
activates lac-operon) and 40 pl X-gal (2%; substfaitp-galactosidase)
each for blue-white selection

100-330 pul of the transformation reaction werelsttbout on each plate and

incubated at 37 °C overnight

SOC medium (= SOB medium + 20mM glucose): for 10D@0 g peptone, 5 g
yeast extract, 5 g NaCl dissolved in A. dest.; 1K@l (250mM) added; pH value
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adjusted to 7,0; autoclaving; when cooled down 6)<C 5 ml MgC} (2M) and glucose

(final concentration: 20mM) added;

0,1M IPTG (isopropyp-D-1-thiogalactopyranosidase): for 10 ml: 238 mg

dissolved in A. dest.; sterile filtration;

2% X-Gal (w/v; 5-bromo-4-chloro-3-indolyB-D-galactosidase): for 5 ml: 100 mg
dissolved in 5 ml N,N’-dimethylformamide;

2.2.15.2Cloning of VLP DNA fragments

In order to construct a shotgun library of the VDRA the CLONESMART®
HCKan Chemically Competent Blunt Cloning Kit (SOL®m Lucigen® Corporation
was chosen for cloning of blunt ended DNA fragmeitee kit was provided with the
pSMART-HCKan-vector, which is 1788 bp in length d&hdaloni 10G chemically

competent cells.

The design of the transcription free high copy geetith kanamycin selection
guarantees (according the producer) successfuhgai any DNA, no cloning bias, no
sequence gaps and no false negative clones. \W#tiey than 99% recombinants no

screening is needed.

Blunt Cloning Ekto
SL1 Primer f\ SR2 Primer

Termnﬂf}: /:3_,_,_‘ ;s%'ininamn

pSMART* HCKan )

Terminateor

Fig2 pSMART- HCKan-vector (adapted from www.lucigen.com)
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2.2.15.2.1 Ligation
Procedure and materials
For 10 pl reaction:
« 6,51l DNA
e 2,5 ul 4X CloneSmart Vector Premix (pSMART vectdi,P, buffer)
e 1 pl CloneSmart DNA Ligase (2 u/ul)

The reaction was incubated for 2 hours at room &atpre and 15 minutes at

70 °C to stop the reaction.

2.2.15.2.2 Transformation

Procedure and materials
e 40 plE. cloni 10G chemically competent cells where thawed cotalyi®n
wet ice
* 1 ulligation reaction was added
* Incubation on ice for 30 minutes
» Heat shock at 42 °C for 45 seconds using a watér ba
* Incubation on ice for 2 minutes
* 960 pl Recovery Medium were added
* Incubation for 1 hour at 37 °C and 250 rpm in thekd
e 100 pl transformed cells were plated on LB kangdat

* Incubation over night at 37 °C in the dark

2.2.16 Amplification of the shotgun library and preparation for long term
storage

Amplification of the shotgun library was done usagnodified version of a method
described by Weis (2001).

Procedure and materials

» Each LB kan plate was flooded with 2 ml of LB mediu

» The colonies were rubbed off the agar using alsterbber policeman
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» The suspension of all plates was pooled into dete® ml tube resulting in
a total volume of 3,8 ml

* The suspension was mixed properly with 670 ullstgtiycerol so that a
final glycerol concentration of 15% was reached

* 500 pul of the suspension were transferred into fulrés and stored at
-80 °C

2.2.17 Restriction analysis

As the insert sites of the pGEM®-T Easy vector HrelpSMART-HCKan-vector
are both flanked by two EcoRI restriction siteseditgon with EcoRlI resulted in the
separation of vector and insert DNA. Subsequentosgagel electrophoresis offered

information about the presence and the size ointbert.

Procedure and materials
For 10 pl restriction reaction:
* 1 ul DNA (prepared using the QIAprep Spin Minipi€p from)
e 1 ul EcoRI (10 u/ul; Roche)
e 1 ul 10x SuRE/Cut Buffer H (Roche)
o 7 ulA. dest.

The restriction reaction was incubated at 37 °Qfbours using an Eppendorf
ThermoStatplus thermoblock.

10x SURE/Cut Buffer H: 0,5M Tris-HCI, 1M NaCl, 108irMgCl,, 10mM DTE;
pH 7,5 (at 37 °C);
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2.2.18 Sequencing

Sequencing was done by 4base-lab (Germany).

Primers used for sequencing:

M13-40: GGT AACGCCAGGGTTTTCC -3

M13-rev: CAG GAAGCAGCTATGAC-3

SL1: CAG TCC AGT TAC GCT GGA GTC-3

SR2: GGT CAG GTATGATTT AAATGG TCA GT-3’

36



2.2.19 List of suppliersof the used materials

A

Acetic acid

Acridinorange

Agar-Agar

Agarose

Ammonium acetate
Ampicillin solution (50 ng/ml)

Antimicrobial susceptibility test discs

Carl Roth GmbH + Co. KG
MERCK GesmbH
MERCK GesmbH
Promega GmbH
MERCK GesmbH
Carl Roth GmbH +0CKG
Carl Rad@mbH + Co. KG

C
Chloroform Carl Roth GmbH + Co. KG
Citifluor Christine Gropl

CLONESMART® HCKan Chemically
Competent Blunt Cloning Kit (SOLOSs)

Conical centrifuge tubes, 50 ml

D

Elektronenmikroskopie

Lucigen Coration
SPL Labware

DMSO (dimethyl sulfoxide; 10%)
DNA Terminator® End Repair Kit

E

Signrddrich Handels GmbH
Lucigen Corpouati

E.coli strain JIM109

EcoRI (10 u/ul;)

EDTA

Ethanol

Ethidium bromid solution (10mg/ml)

Promega GmbH

Roche Diagnostics GmbH
SigmaAldrich Handels GmbH
MERCK GesmbH

Carl Roth GmbHCo. KG



Filter, 0,02 um pore size
Filter, 0,05 um pore size
Filter, 0,1 um pore size
Filter, 0,2 um pore size
Formaldehyde

G

Whatman GmbH

Millipore GmbH

Costar

Whatman GmbH

Carl Roth GmbH + Co. KG

Generation Capture Column Kit
Gentra® Puregene® Yeast/Bact. Kit
GFX™ PCR DNA and Gel Band
Purification Kit

Glacial acetic acid

Glucose

Glycerol

GoTag® Green Master Mix (2X)
Guanidium thiocynate

QIAGEN GmbH
QIAGEN GmbH

GE Healthcare

Carl Roth GmbH + Co. KG
Fluka Chemie AG

Carl Roth GmbH + Co. KG
Promega GmbH
Signrddrich Handels GmbH

IPTG

(isopropylp-D-1-thiogalactopyranosidase)

Isoamyl alcohol

Isopropanol

K

Carl Roth GmbH + K.
Carl Roth GmbH + Co. KG
Fluka Chemie AG

Kanamycin solution (30 pg/ml)
KCI

M

Carl Roth GmbH + &
Carl Roth GmbH + Co. KG

Medium 514
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MgC|2

N

Carl Roth GmbH + Co. KG

N,N’-dimethylformamide
NacCl

P

Fisher Scientific
Carl Roth GmbH + Co. KG

Paraffin oil

PEG (polyethylene glycol) 3350
Pepton

PGEM®-T Easy vector (50 ng/ul)
Phenol

Primer aga gtt tga tcm tgg ctc ag-3’
Primer tac ggy tac ctt gtt acg act t-3’
Proteinase K (20 mg/ml 1x TE)

Q

Kwizda Pharma GmbH
Carl Roth GmbH @& €G

SERVA Electrophoresis GmbH

Promega GmbH

Carl Roth GmbH + Co. KG
VBC Biotéalstria)
VBC BidtqAustria)
Sigmddrich Handels GmbH

QIAprep Spin Miniprep Kit

Quick seal tubes

R

QIAGEN

Beckman Coulter GmbH

Rapid Ligation Buffer (2X)
REPLI-g Mini Kit
Rotilabo® syringe filters 0,45 pm

Rotilabo® syringe filters 0,22 um sterile

Rotilabo® syringe filters 0,22 um

S

Promega GmbH
QIAGEN
Carl Roth GmbHCo. KG
Carl R@mbH + Co. KG
Carl Roth GmbHCo. KG

Sarcosyl (10%)
SDS (sodium lauryl sulfate)
Sodium acetate

Sigmaldrich Handels GmbH
Carl Roth GmbH + K&
MERCK GesmbH
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SuRE/Cut Buffer H (10x) Roche Diagnostics GmbH
SYBRE®GOLD nucleic acid gel stain

(10000x in DMSO) Invitrogen GmbH
T

T4 DNA Ligase (3 u/ul) Promega GmbH

Tris Carl Roth GmbH + Co. KG
X

X-Gal Carl Roth GmbH + Co. KG
Y

Yeast extract Carl Roth GmbH + Co. KG
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2.3 Inslicowork

Sequence analysis was performed using the progrnaoisotide blast and blastx
(http://blast.ncbi.nim.nih.gov/Blast.cgi).
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3 Resaults

3.1 Growth Curve

In order to gather some information about the ghoettaracteristics k. kielensis
the optical density of culture GS1.15.C was obs#oxer 4 weeks. The growth curve is
shown in Fig 3. The typical growth phases (lag phagponential phase, stationary
phase, death phase) were not observed as ideakced with a pure culture.
Nevertheless the culture seemed to have enterexddtienary phase after ~100 hours and

not reached the death phase when the period ofvaiss ended.

Growth curve of culture GS1.15.C

P

©
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404 T
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=

2

Q
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time

0,0 T T T T T T

0 100 200 300 400 500 600

Fig 3 growth curve of culture GS1.15.C; time given in fgu
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3.2 Sizeand shape of A. kielensisand its VL Ps

Samples of liquid cultures and aliquots of VLP srspons were prepared for
examination under an electron microscope. Bacteeidd of culture GS1.2.B are shown
in Fig 4 A-D. Almost round electron dense incluskwdies which are supposed to be
precursors of VLPs are indicated by arrows. Ughted of these bodies (data not shown)
were found per bacterial cell and were about 80+85n diameter. The bacterial cells
varied in shape (see Fig 4 A vs. Fig 4 B-D) andensyout 550-1400 x 450-650 nm in

size.

Fig 4 A-D: thin section of culture GS1.2.B (289 h); electremsk bodies are indicated by arrows;
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VLPs of culture GS1.1.A (280 h) are shown in Fi§-B. The patrticles are about
80-155 x 100-200 nm in size.

Fig 5 A-C: thin sections of VLP suspension from culture GS1(280 h);
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3.3 Dispensation of bacterial aggregates

Samples were taken for epifluorescence microscapy £ach culture immediately
before the harvest of VLPs was started. It wasiome thatA. kielensisis an aggregate
forming bacterium. These aggregates were not obdemith all samples, varied in size

and often seemed to be coated by a structure ¢liéd oot be identified yet (see Fig 6).

Fig 6 epifluorescence micrographs of 10 pl sampleA. édelensis cultures pulled through 0,1 pm pore
sized filters and stained with acridinorange;GS1.9.D (425 h)B: GS1.10.C (449 h)Z: GS1.8.C (474 h);

We hypothesised that these aggregates would caridiscterial cells and VLPs
and that dispensation would lead to higher amooiht4_Ps during particle harvest and
subsequently to higher amounts of VLP DNA. This wase by sonication as described
in chapter 2.2.5.1. The parameters chosen for aboicwere suitable to dissolve the

observed aggregates (see Fig 7).

Fig 7 epifluorescence microcraphs of 10 pl sampleA. éfelensis culture GS1.13.D (474 h}: untreated;
B: sonicated twice for 30 sec at 100 W with 1 mirlrieak;
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3.4 Observationsduring VLP harvest

3.4.1 Bacteriapellet

The bacterial pellet varied in size, shape, stgtdlind colour depending on the age
of the culture and whether the culture had beercatad or not. Pellets from pooled
cultures GS1.7.C/D (2014 h), GS1.15.A/D (379 h) &%1.16.B/C (376 h) are shown in
Fig 8. One half of each pooled culture was sonét#tie other half not. Pellets from
sonicated cultures tended to be more stable whlletp from cultures that were not
sonicated tended to be slightly larger. But the sizthe pellet as well as the colour
composition varied most with age.

Fig 8 bacterial pelletsA: culture GS1.7.C/D (2014 hig: sonicated culture GS1.7.C/D (2014 &);culture
GS1.15.A/D (379 h)D: sonicated culture GS1.15.A/D (379 B}; culture GS1.16.B/C (376 hiy;
sonicated culture GS1.16.B/C (376 h);

34.2 VLP pellet

The VLP pellets varied as well in size and cologpehding on the age and
treatment of the culture prior to particle hargsita not shown). Sonication prior to
particle harvest resulted in pellets that weredaand more intense in colour.
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All test cultures showed a colourless pellet whilepellets from cultures derived
from the glycerol stock were at least slightly grgggmented. All test cultures and
cultures derived from the glycerol stock were growthe dark, but the preculture used
for the glycerol stock was grown in the light.

3.5 Test for antimicrobial activity of A. kielensisand its VL Ps

A. kielensis and its VLPs were tested for antagonistic actigmyinst
Saphylococcus aureus, Listeria monocytogenes, Bacillus subtilis, Bacillus cereus, Vibrio
cholerae andVibrio alginolyticus following the disc diffusion method as described i
chapter 2.2.7. The test was carried out severastinsing bacteria and products of
cultures of different ages. The cultures had nenlsonicated. The desired effect (clear
areas in the bacterial lawn around the chargest filiscs) was observed on
Staphylococcus aureus andListeria monocytogenes but varied depending on the used
kielensis culture. No effect was shown @&acillus subtilis, Bacillus cereus, Vibrio

cholerae andVibrio alginolyticus.

3.5.1 Antagonism against L. monocytogenes and S. aureus

Overnight cultures of. monocytogenes andS. aureus were grown in 5 ml LB
medium each and diluted until an OD of approxima@006 and 0,040 was reached
respectively. 100 ul of each diluted culture wededqr on 514+Y+P plates.

The following pooled cultures were used for the:tes
+ GS1.6.C/D (2251 h)
« GS1.7.C/D (2014 h)
« GS1.15.A/D (379 h)
« GS1.16.B/C (376 h)

The filters were charged with the following suspens and solutions:
» Filter 1: bacterial pellet resuspended in A. dest.

* Filter 2: sterile filtrate
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» Filter 3: VLP pellet resuspended in 1x TBT buffer

» Filter 4: supernatant obtained from the ultracé&ngation
» Filter 5: A. dest. (control for filter 1)

* Filter 6: 514+Y+P (control for filters 2 and 4)

» Filter 7: 1x TBT buffer (control for filter 3)

No effect was shown on any of the bacteria whenebi@cand products of culture
GS1.16.B/C (376 h) were used (data not shown).

Pictures of some plates are shown in and Fig 9=a;nd0. Unfortunately the

images did not always reflect the full degree @ef thserved effect.

An antimicrobial activity ofA. kielensis (filter 1) and the sterile filtrate (filter 2) was
observed againgt. monocytogenes when culture GS1.6.C/D (2251 h) was used (see Fig 9
A). When culture GS1.7.C/D (2014 h) was used chamgéhe lawn were only observed
around filter 1. Thereby the filter was surrountbgdoacteria (see Fig 9 B). These

bacteria did neither look lik&. kielensis nor like L. monocytogenes.

Fig 9 antagonistic activity againkt monocytogenes; changes in the lawn &f monocytogenes are
indicated by arrowsA: bacteria and products of culture GS1.6.C/D (225Bhpacteria and products of
culture GS1.7.C/D (2014 h);

The desired effect was observed®maureus around filter 1 and 2 when culture
GS1.6.C/D (2251 h) was used (see Fig 10 A). WhénreuGS1.15A/D (379 h) was used

an antibacterial effect was observed only aroulber$i 1 and 2 (see Fig 10 B) and with
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culture GS1.7.C/D (2014 h) no effect was observredrad any of the filters (data not
shown).

Fig 10 antagonistic activity again& aureus; changes in the lawn & aureus are indicated by arrows:
bacteria and products of culture GS1.6.C/D (225Bh}pacteria and products of culture GS1.15.A/D (379
h);

It must be said that also around some of the cbifiliers 5 (A. dest.), 6 (514+Y+P
medium) and 7 (TBT buffer) slight changes in therlavere observed. These filters
tended to weep when they were placed on the phieh was not observed with filters
1-4.

3.6 Test for cell-freeness of the VL P suspensions

To ensure that the obtained VLP suspensions weeedir bacterial cells, aliquots
were plated on 514+Y+P plates and prepared folugpdscence microscopy as well
(data not shown). Rare contaminations with badteells could always be correlated
with contaminations of the staining apparatus Ahdest. used during the staining
procedure or the solution chosen for resuspenditimeod/LP pellet. Microscopy further
revealed that the amount of VLPs varied dependmthe processed culture (data not
shown).
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3.7 Verification of A. kielensisvia PCR amplification and sequencing of
the 16SrDNA

To ensure that the cultivated bacteria belongetdspecied. kielensis, genomic
DNA was extracted from some cultures and usedrapltge for amplification of the
16S rRNA encoding region via PCR. The PCR prodwad purified by agarose gel
electrophoresis and cloned using the pGEM®-T Easyor system from Promega.
Sequencing was done by 4base-lab Germany. By Idasich it was verified that the

cultivated bacterium wah. kielensis (see chapter 3.10.1).

3.7.1 PCRresaults

PCR was performed using primers and parameterssasided in chapter 2.2.10 to
amplify the 16S rDNA ofA. kielensis. As expected the obtained fragments were about
1450 bp in length. The DNA bands were eluted froendel and used for cloning.

PCR results from cultures GS1.2.A and GS1.2.Clasevs in Fig 11 A. Genomic
DNA from both cultures was extracted following fhvtocol described in chapter 2.2.8.1
and was pooled. PCR results from cultures GS16%.6.B, GS1.7.A and GS1.7.B are
shown in Fig 11 B. From these cultures genomic DS extracted using a kit from
QIAGEN (see chapter 2.2.8.2). PCR was not sucdgsgierformed until the genomic
template DNA was processed for protein precipitatidich indicates that a compound

of the used elution buffer inhibited PCR. PCR prddware marked by arrows.
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Fig 11 PCR amplified 16S rDNA oA. kielensis; 1% agarose gel in 1x TAE buffer; 1KB: size mariebp;
arrows mark bands of PCR products and primer$2CR products 2A/2Qqooled, genomic DNA
extractedrom culture GS1.2.A and GS1.2.C used as tempBat®CR products 6A, 6B, 7A, 7B; genomic
DNA extracted from cultures GS1.6.A, GS1.6.B, GSA,. 15S1.7.B used as template;

3.7.2 Digestion of recombinant plasmidswith EcoRI

As the insert site of the pGEM®-T Easy vector éRed by two EcoRI restriction
sites digestion with this enzyme resulted in thmasation of vector and insert DNA.
Three DNA bands could be distinguished by agareselgctrophoresis indicating that
the 16S rDNA ofA. kielensis contains an EcoRl restriction site as well (seglR). The
~3000 bp long fragment represents the vector whéde-630 and the ~850 bp long
fragments represent the two parts of the restricteeit.
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Fig 12 digestion of recombinant plasmids with EcoRlI; 1%rage gel in 1x TAE buffer; 1KB: size marker
in bp; A: digested plasmids from clones 2A/C1E3;digested plasmids from clones 6A1-3, 6B1-3, 7A1-3
and 7B1-3;

3.8 Establishment of a method for DNA extraction from VL Ps

For DNA extraction several modified versions of fiietocols described in chapter
2.2.8.3 and 2.2.8.4 had been tested. Some wereeffmient than others and some were
entirely inapplicable.

When using the Gentra® Puregene® Yeast/Bact. KEIhfQIAGEN no VLP DNA
was obtained when the original protocol for DNArektion from gram negative bacteria
was followed. The original protocol demanded resuaspon of the VLP pellet in Cell
Lysis Solution, but only if the VLPs were suspendeell Suspension Solution first,
DNA could be extracted from some of the culturescaxding to the handbook supplied
with kit Cell Suspension Solution was only requifedisolation of DNA from gram
positive bacteria or yeast.

Agarose gel electrophoresis revealed that the rddaLP DNA was about 40 kbp in

length but varied in size as well as in the amafim@NA (see Fig 13 and Fig 14)
depending on the processed culture.
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Fig 13 shows VLP DNA of test cultures A2 (474 hilakB (331 h). The cultures
had not been sonicated. The amount of VLP DNA ftbenolder culture A2 was
significantly higher than that from culture A3. Agently also the length of the extracted
DNA differed between the two cultures and was estad to be about 40-80 kbp.

1KB A"' A3
W ] L i " .

estimated length

40-80kbp

|’I

Fig 13 size fractionation of VLP DNA from test cultures ARd A3 using 0,5% agarose gel in 1x TBE
buffer; VLP DNA was extracted following protocoMiithout subsequent protein precipitation; 1KB: size
marker in bp; A2: VLP DNA extracted from test cutA2 (474 h); A3: VLP DNA extracted from test
culture A3 (331 h);

VLP DNA from cultures GS1.4.C (639 h) and GS1.53B4 h) was extracted
following protocol 2 and was about the same siz# (kbp), whereby DNA from culture
GS1.5.B seemed to be slightly larger. The signéme 5B (DNA from VLPs of the
younger culture) was stronger than that in laneAldtlitionally a strong signal at 2-4 kb
was observed with lane 5B and a weak one with 4&heas well as in the slots of both

lanes (see Fig 14).
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Fig 14 size fractionation of VLP DNA from cultures GS1.4a46d GS1.5.B using 1% agarose gel in 1x
TAE buffer; VLP DNA was extracted following protdc®; MR: size marker in bp; 4C: VLP DNA from
culture GS1.4.C (639 h); 5B: VLP DNA from cultur&sG.5.B (304 h);

In general DNA extraction was more often succesafial yielded in higher
amounts of DNA when the cultures had been sonidagéale the harvest of VLPs was
started (see Fig 15). Cultures GS1.7.C and GShddbeen pooled and one half was
sonicated and one not before the harvest of pastivhs started. The same was done with
cultures GS1.15.A and GS1.15.D and with cultured . &&B and GS1.16.C. From VLPs
of the pooled cultures GS1.7.C/D and GS1.15.A/D Dédald only be extracted when
the cultures had been sonicated. From VLPs of ttodep culture GS1.16.B/C DNA was

extracted no matter whether it was sonicated ar not
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Fig 15 size fractionation of VLP DNA from different cultes using 0,5% agarose gel in 1x TAE buffer;
VLP DNA was extracted following protocol 2; 1KB, GBize markers in bp; s: cultures had been
sonicated; 3Ds: VLP DNA from culture GS1.3.D (2894 7CD and 7CDs: VLP DNA from the pooled
culture GS1.7.C/D (2014 h); 12Ds: VLP DNA from cu# GS1.12.D (983 h); 14Cs: VLP DNA from
culture GS1.14.C (718 h), 15AD and 15ADs: VLP DNArm culture GS1.15.A/D (379 h); 16BC and
16BCs: VLP DNA from culture GS1.16B/C (376 h); 164$P DNA from culture GS1.16.D (381 h);

All cultures of which VLPs were either processelibleing protocol 1 with
subsequent protein precipitation or following prub2 are enlisted in table 2. Cultures
are assorted according to their age. It is indctateblue when the DNA extraction was

successful. It is indicated by +/- whether theunds had been sonicated or not.
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Culture Age SonicationProtocol Culture Age SonicationProtocol
GS1.5.B 304 - 2 GS1.2.C | 473 - 2
GS1.9.A 352 - 1 GS1.10.B| 473 - 1
GS1.9.B 352 + 1 GS1.10.D | 473 + 1
GS1.16.B/q 376 + 1 GS1.8.C 474 - 2
GS1.16.B/Q 376 - 1 GS1.8.D | 474 + 2
GS1.15.A/00 379 + 1 GS1.13.C| 474 - 1
GS1.15.A/D 379 - 1 GS1.13.D| 474 + 1
GS1.16.D| 381 + 1 GS1.4.C | 639 - 2
GS1.9.C 425 - 1 GS1.5.C | 663 - 2
GS1.9.D 425 + 1 GS1.5.D | 663 - 2
GS1.10.A | 449 - 1 GS1.14.C| 718 + 1
GS1.10.C| 449 + 1 GS1.7.C/D| 2014 - 1
GS1.12.A | 450 - 1 GS1.7.C/D| 2014 + 1
GS1.12.B| 450 + 1 GS1.6.C/D| 2251 - 1
GS1.13.A| 450 - 1 GS1.6.C/D| 2251 1
GS1.13.B 450 + 1 GS1.3.D | 2854 1
GSl1l.2.C 473 - 1

Table 2 DNA extraction from VLPs; 200 ml of each but ondtere were processed either following
protocol 1 with subsequent protein precipitatiodadlowing protocol 2; with culture GS1.2.C 100 mére
processed following protocol 1 and 100 ml followimgtocol 2; it is indicated in blue when VLP DNA
extraction was successful; it is indicated by Hiether the culture had been sonicated or not;

3.9 Shotgun library construction

As the DNA amount was limited, DNA extracted frorhR& of a 473 h culture
(GS1.2.C) was amplified via the REPLI-g Mini Kibfn QIAGEN (see Fig 16) and used
for the construction of a shotgun library. The gjuat library was prepared for long term
storage as described in chapter 2.2.16.
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Fig 16 size fractionation of amplified VLP DNA using 1%agse gel in 1x TAE buffer; MR: size marker
in bp; A: VLP DNA extracted from culture GS1.2.C (473 h;d&C) following protocol 2B: amplified
VLP DNA from culture GS1.2.C (lane 2Ca);

The amplified VLP DNA was sheared randomly by satian (see chapter 2.2.5.2)
and prepared for blunt end cloning as describedhapter 2.2.13. Afterwards the DNA
was purified and size fractionated via agarosestpeitrophoresis (see Fig 17). Fragments
between ~1000 and ~5000 bp were eluted from thargkkloned using the
CLONESMART® HCKan Chemically Competent Blunt ClogiKit (SOLOs) from
Lucigen® Corporation.
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Fig 17 size fractionation of sheared, end repaired VLP DNfagarose gel electrophoresis using 1%
agarose gel in 1x TAE buffer; 1KB: size marker py bed rectangle marks DNA band that was eluteghfro
the gel and used as insert DNA for cloning;

3.9.1 Theshotgun library

The first attempt to construct a shotgun libramsiged in an insufficient amount of
clones (46 clones). Hence, the remaining end regand purified DNA (23,5 ul), which
had been stored at -20 °C, was concentrated visngeg@5 °C) until a volume of 6,5 pl
was reached. Then the ligation into the pSMART-H@GKactor was repeated as
described in chapter 2.2.15.2.1. Transformation @fmemically competeri.cloni cells
was performed twice. Once as described in chap?et22.2 using 1 pl of the fresh
ligation reaction and once using 3 pl. Each trams&tion reaction was plated on three
LB kan plates using 320 ul transformed cells foe pfate. The plates were incubated
overnight at 37 °C in the dark.

The transformation using 3 pl ligation reactionlgsl in significantly more clones
than the one using 1 pl. Therefore the plates fitwari'3 pl transformation” were
processed for amplification and long term storage (Chapter 2.2.16). Each of these
three plates contained ~1295 colonies, consequémglgonstruction of the shotgun
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library had yielded in a total of ~3890 clones. é®eng that the average insert size was
about 2000 bp all clones of the shotgun librarytamna total of 7780000 bp.

3.9.2 Digestion of recombinant plasmids from clones of the shotgun library

Recombinant plasmids of 43 clones of the shotdunary were digested with
EcoRI. Digestion resulted in separation of the @eEXNA from the insert DNA. Results
are shown in Fig 18. The used vector ()SMART-HCKantor) was 1788 bp in length.
The average insert DNA fragment varied in size fapproximately 1500 to 5000 bp. A

few smaller inserts were also obtained.
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Fig 18 digestion of recombinant plasmids from 43 clonethefVLP DNA library; 1% agarose gel in 1x
TAE buffer; 1KB: size marker in bp;

3.10 Sequence Analysis

Sequencing was done by 4base-lab Germany.
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3.10.1 16SrDNA

Five clones (2AC3, 6A3, 6B1, 7A3, 7B1) were proeekfor sequencing and the
obtained sequences analysed using the progranmbksequences were positively
identified as belonging to the speckeskielensis as all of them made a top match with
kielensis cloneSE79 (AY771772.1) with an e value of 0,0.

The e value (expect value) resembles the numbitofvhich can be expected to
be obtained by chance when searching a databaspanficular size. It describes the
random background noise. The more significant tagchy the lower the e value is.

Below the alignment of the consensus sequence bfcibnes with the sequence of

A. kidensis clone SE79 is shown:

Consensus sequence of clones 2AC3, 6A3, 6Bl, 7A3 and 7Bl
Sequence of cl one SE79

1 AACGAACGCT GGCGECAGECT TAACACAT GCAAGT CGAACGGT CTCT TCGGAGGCAGI GGCAGACGEG 68
1 AACGAACGCT GGCGECAGCCT TAACACAT GCAAGT CGAACGGT CTCT TCGGAGGCAGT GGCAGACGEG 68

69 TGAGTAACCCGT GGGAATATACCTATCAGT ACGGAACAACAGT TGGAAACGACTGCTAATACCGTATA 136
69  TGAGIAACGCGTGCGAATATACCTATCAGTACGGAACAACAGT TGGAAACGACTGCTAATACCGTATA 136

137 CGCCCTTCGCGGEGEGAAAGATTTATTGCTGATAGAT TAGCCCGCGT TAGATTAGCTAGT TGGTGGGGTAA 204
137 CGCCCTTCGCGEGEGAAAGATTTATTGCTGATAGAT TAGCCCGCGT TAGATTAGCTAGI TGGTGGEGGTAA 204

205 AGGCCTACCAAGGCGACGATCTATAGCT GGTETGAGAGGAT GATCAGCCACACTGGGACTGAGACACG 272
205 AGGCCTACCAAGGCGACGATCTATAGCTGGTTTGAGAGGATGATCAGCCACACT GGGACTGAGACACG 272

273 GCCCAGACTCCTACGGGAGGCAGCAGT GGGGAATAT TGGACAAT GGCCGAAAGCCTGATCCAGCCATG 340
273 GCCCAGACTCCTACGGGAGGCAGCAGT GGGGAATAT TGGACAAT GGGCGAAAGCCTGATCCAGCCATG 340

341 CCGCGTGIGTGATGAAGGCCTTAGGGT TGTAAAGCACT TTCAACGGT GAAGATAATGACGGTAACCGT 408
341 CCGCGTGIGTGATGAAGGCCTTAGGGT TGTAAAGCACT TTCAACGGT GAAGATAATGACGGTAACCGT 408

409 AGAAGAAGCCCCGGECTAACTTCGT GCCAGCAGCCGCGGTAATACGAAGGEEECTAGCGT TGTTCGGAA 476
409 AGAAGAAGCCCCGGCTAACT TCGT GCCAGCAGCCGCGGTAATACGAAGEEEECTAGCGTTGTTCGGAA 476

477 TTACTGEGECGTAAAGCGCACGT AGCCGGAT TGAT CAGT TAGAGGT GAAAT CCCAGGGECTCAACCCTGG 544
477 TTACTGGEGECGTAAAGCGCACGT AGCCGGAT TGATCAGT TAGAGGT GAAAT CCCAGGGECTCAACCCTGG 544

545 AACTCGCCTTTAATACTGICAGI CTAGAGATCGAGAGAGGT GAGTGGAATTCCGAGT GTAGAGGTGAAA 612
545 AACTGCCTTTAATACTGTCAGT CTAGAGATCGAGAGAGGT GAGTGGAATTCCGAGT GTAGAGGTGAAA 612

613 TTCGTAGATATTCGGAGGAACACCAGT GEGCGAAGGECGECT CACTGGCTCGATACTGACGCTGAGGTGC 680
613 TTCGTAGATATTCGGAGGAACACCAGT GGCGAAGGECGECT CACTGECTCGATACTGACGCTGAGGTGC 680

681 GAAAGCGT GGGGAGCAAACAGGATTAGATACCCTGGTAGT CCACGCCGTAAACGATGGAAGCTAGCCG 748
681 GAAAGCGT GGGGAGCAAACAGGATTAGATACCCT GGTAGT CCACGCCGT AAACGATGGAAGCTAGCCG 748

749 TCGGGCAGTATACTGITCGGT GGCGCAGI TAACGCAT TAAGCT TCCCGCCTGGGGAGTACGGTCCCAA 816
749 TCGGGCAGTATACTGITCGGT GGCGCAGT TAACGCATTAAGCT TCCCGCCTGEEGAGTACGGTCCCAA 816

817 GATTAAAACT CAAAGGAAT TGACGGGEEGECCCGCACAAGCGGT GGAGCATGTI GGTTTAATTCGAAGCAA 884
817 GATTAAAACTCAAAGGAAT TGACGGEGEEGECCCGCACAAGCGGT GGAGCATGT GGTTTAATTCGAAGCAA 884
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885 CGCGCAGAACCTTACCAGCCCT TGACATACCGAT CGCGGTATCTGGAGACAGATACITTCAGT TAGEC 952
885 CGCGCAGAACCTTACCAGCCCT TGACATACCGAT CCCGGTATCTGGAGACAGATACCTTCAGT TAGEC 952

953 TGGATCGGATACAGGTGCTGCATGECTGI CGTCAGCTCGT GTCGTGAGATGT TGGGTTAAGTCCCGCA 1020
953 TGGATCGGATACAGGTGCTGCATGGECTGICGTCAGCTCGTGTCGTGAGATGT TGEGT TAAGTCCCGCA 1020

1021 ACGAGCGCAACCCTCGCCTTTAGI TGCCAGCATTAAGI TGEGECACT CTAGAGGGACTGCCGGTGATAA 1088
1021 ACGAGCGCAACCCTCGCCTTTAGI TGCCAGCATTAAGI TGEGCACTCTAGAGGGACTGCCGGTGATAA 1088

1089 GCCGGAGGAAGGT GGCGATGACGT CAAGT CCTCATGGECCCT TACGGGCTGGECTACACACGTCCTACA 1156
1089 GCCGGAGGAAGGT GECGATGACGT CAAGT CCTCATGGECCCT TACGGGCTGEECTACACACGTGCTACA 1156

1157 ATGGTGGT GACAGT GGGCAGCGAGACGGCAACGT CGAGCTAATCTCCAAAAACCATCTCAGTTCGGAT 1224
1157 ATGGTGGT GACAGT GGGCAGCGAGACGGECAACGT CGAGCTAATCTCCAAAAACCATCTCAGTTCGGAT 1224

1225 TGGGGTCTGCAACT CGACCCCATGAAGT TGGAATCGCTAGT AATCGT GGATCAGCATGCCACGGTGAA 1292
1225 TGGGGTCTGCAACTCGACCCCATGAAGT TGGAATCGCTAGT AATCGT GGATCAGCATGCCACGGTGAA 1292

1293 TACGITCCCGGEGECCTTGTACACACCGCCCGT CACACCATGCGAGI TGGT TCTACCCGAAGGTCCTGTG 1360
1293 TACGTTCCCGGGECCT TGTACACACCGCCCGT CACACCATGGEGAGT TGGTTCTACCCGAAGGTGCTGTG 1360

1361 CTAACCGCAAGGAGGCAGGCAACCACGGTAGGGTICAGCGACTGGEEGTG 1408
1361 CTAACCGCAAGGAGGCAGGCAACCACGGTAGGGTCAGCGACTGECEGTG 1408

3.10.2 VLP DNA

Some of the clones of the shotgun library were ggeed for sequencing in order to
become a first insight into the nature of the VLRA) especially to determine whether
the origin is bacterial or viral. Sequences angtizlaesults of insert DNA from these
clones are enlisted. The best result accordintgte value is given below the sequence as

well as the e value itself.

Clonel

ATGAATCAGCTTGATTCGTAACTTCGAATTTAGTAAACCT TCAATTTTAGT TAACGTAAAGTAAATTTTTAA
AAAATGT TCAATATACGAGT AAAAAGGEGCTGT TTTAT TGAAGAGT GGAGTAAAATTTATCACTGCGCTTACT
TTCTTCT TGCGEEEECGAGCT TTCCCCAGI TCAAGCGCAAACACCCGACATAT TATGACCCCGAATGGCGCATC
ACTGCACCTTCATTAGCGGGEGT TGCCACGTCTTCGGT TTTTAACAAGCCTTGATTTCCCACCGT TCAATTTT
GCTGACGCCAATAAAAAACCAACCCECTTTAATGTGGATTTAGCT CGCGCGATTTGCACTGAACTCAAGATA
TCAGCGAAATGT GAAATTCAAGCATTGCCT TGGECAGACCT TGAACCCGCGCT TGAAGCGCGACGCGGTGAG
GCGATTATTGCGEGCACAGCAAT TACAGCCGAAAAACGT GCTACTTACAATTTGAGCCATACGCTATTTTAAG
TTTCCGGCACGCTTTATTGCCAATAAAAGCGCCGAAGAAT TAT CGGNNNNNNNNNNNNNCGCAGGAAAAAAG
AATGCGCCCAAAAATATCGATGAAAATAAT TTACCAT GGGAGAGAT TGATTAGCCAGCGCCGT GATTTAAGCG
CGCCCGTCATTTCTGCGCGCTCCAGCT TTGGCGACCATAATTCATAAAT CGCCAT TGCGGTGAAGATGCTCA
AAAAAGCT GCAAGT CTAATGGTCGCTTCTGACACGGCTTTATTCCTTATTTTTCAAACCCTTTTCCGATATT
TCACCTACTGATTGCAAATCACAAGGT GT TGAATATATGGECCCCGTGT TTGT GCTAGCCATGTGT TTGECGG
CAATCTCAATCCTTTTGAGGCGT TCGCACGCGCCATTGT TACGCAGT TCTGATATTGECCCTTCTCATTCCG
GCAACGAT GCGEGTAGGAAAT CGCGCAGT TTCAAACCTAGGAATTTTAACAT GAGT GCCAATCCGECTTTGCC
TATTCTTGATATAACACCAGCAGCTAT TGAAGCCGCCAAGGT GAGCAAGGCT TGECCGT TTGAAGAGECECG
GAAGATAACAAAGCGT TTTGAGAAAACAGGT TTTCCAGAAACTGTTCTTTTCGAAACAGGECTATGGCCCATC
CGGCTTGCCGCACAT TGGAACAT TCCGAGAAGT CGCGECGCACCACAATGGTACGCACAGCGT TCCGICTTTT
GACTGAAGATAAAGT CGCGACAAAACTCATCTGCTTTTCTGATGATATACGAATCTCTGA
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NNNNNNN: not determined region of about 1250 bp (accordiniipé results of the
restriction digestion)

Left region:extracellular solute-binding protein family 3; 28;

Right region:Lysil t-RNA Synthetase; 7e-33;

Clone 3

AATGATTCAGCTTGATTCGT TCGCCAATTGCTCTACCTGCTAGT TGT TCCGAT GCAGCAGCAAGGCCGTAAA
AAAATAT GAGGATACGAAAAAGAAATTTAGCAATATTGCAT TCGCTGCCAGCGT TACCGT TCCCATATTGEC
ACCAAGCCGCGCAAACAGT GAGAAT GCGAT CAAAAGAGCGAAAGAACGGATCATGATGT CGCGATTGACATT
GAGCATTTTGAGCAAAGACGATCGGTCCAGAACTTCCTTCCATGT TGGT TTTTGECT TTGATCAAACCCACG
CCATAGCCAGATAAAAGAGCCGAGCGCCACCGT CGCTTCTGCGATCACT GTGCCCCAAGCAACGCCCACAAT
GI'TCCATTCAAGCACAAGGCCAAGCACGACTGATAAAGCGATGT TTAAGCCATTAACGACAGACTGGACACC
TAAGCTTGCCATTCCTCTGI TTTGGECCCAGCAGCGT TCCAAGAATTGCATAATTTATCAGACTAAAGEECGEC
CCCTAAAAAACGAAT TGCCATATAGGT CGT TGCAGCGT CACGCACACCGT TTTCAGGACTAATCCAATATAG
TCCCAGT TCGCGAAT GAAAGGCGAAAGCGECAGAACCAGCACACCAAT CATTTGCAGCGGTAATAATAGCGC
GCCCAGAACCAAGCT TTGI TGCT CACGCT CAT CGCCCCCGCCCCAAGGECCT GTGCGACAAACCCNNNNNNN
NNNNNNATGATCCGTTCTTTCGCTCTTTGATCGGCAATTCTCACTGT TTGCGCGEECT TGGT GCCAATATGEG
AACGGT AAACCCT GECAGCGAATCCAATATTCCTAAAATTTCTTTTTCGTATCCTCATATTTTTTAGACGEC
CTTGCTGCTGCATCGGAACAACT AGCAGGT AGAGCAAT TGECGT GGGECT CGCGT TCTGCCCT GTGECAAGCG
ATCAAAAAATCATGCCGCCTTTGGTTTTGCATTATCCTTTTTCGCAGCGGTGCTTTTGT TGGT TTTTGGAGAT
CAATTTATTGATATGATGACGACAGCT GAAGAT GTGCGGATCAT TGCGAAAACATATTTACCT TGEGECAEECG
GCGTATTGCATGATCTGGGTGTCTATCCGATTTCACT GGCAAGGTATTTGCTTGGTGAGCTGGAATTGGITT
CAAGT GAGT GGAAAGCT GCCCCCAAT GGCGT CAACAAGT CAGCGACACT CCATTTAAAAT CCGGCGCTATGC
CCATTACGATCAATGT GCCCTTTGEGCCAGAACAGGGTAACACATTTGACATAT AT GCCGAAAAAGGAGCEC
TGCGGATTGATCGGCATTTCT TGCGCACGGAT TCAGCAGCCAT CTGGCATGGCGCTCAAAGCCATTTACCCC
CAGCAAGCGGCGECTTCATAAATCGT CTTCGAAATAAATTTTCT TTGCAAGGCGGAACACGCAAAACATTTG
CGCGGCAAAGT CACGGGCT TAATTTTCAAGCT GCAGCAT T TCAGGCT GCGCT CGGGCAAAAAT TACCCGAAC
ATGCAGT GATGCCACT TGAT GAAAGCGCAGAGGT TTTACACATCATCGAGACGAATCTCCAGATT

NNNNNNN: not determined region of about 1000 bp (accordmiipé results of the
restriction digestion);

Left region, right region: Part (Frame -3, 1e-46) anghrt 2(Frame+1, 4e-5):
Sodium:dicarboxylate symporter:Multi antimicrob&dtrusion protein MatE;

When the right region was blasted separately amditly part 3was found:
oxidoreductase domain-containing protein; 2e-16;

Clone5

GITCAGCTTGATTCGT GCCGT GATCAACAGCCT TCGCGCTGT CAAAAAATTGCTAATTCGT TTGAAGCCAAG
CGTAGGCCAGT GGCTGAGGCGCTGECT TTGT TTTACCCCAAACAAT TATCCGCAAACT TCTGCGCTTTACAG
CGCCGEECAEECTTTCGCAAAT TCGCCGCT TTTAACGGECCGCGCACCGCCATGTCTTGGT GCTGCGCATTATAC
ATTTGACCGATATAAAT CGCACGGECCCGT CGCGATAAT TTTATCGTAGGGCCAATAAAAAGAT GGGCACTAT
TCCGGTATGATTAAATCATACT TTCTGATAAAATAAGT TCT GAGAGGAT GAAT CGAT GGATAAGAGAACAAT
CAGCCTACCCGATGAGCATGCGECCTATATTGACCAGAAAGT GAGT TCTGGCGATTACCCTTCTGCGAGCGA
GGTTGTGCGT GCAGGACT TCGCGCAT TGCAAGAACGT GACCGECGCCGT TGAAAACT GGCTACACCAACAGGT
TGCCCCTGCCTATGACGCGAT GATGCAAGACCCATCCCGTGGECT TTCTGCCAAATCTGTGT TTGATGAAAT
CCGCGCCCATCACAATGAAAAAACCAAAGGCCCAGCGT GAAACAACGCACCGTAGAAT TTGCGCCAGAAGCA
AGCGCCGATCTATTCGCGCTCTATGATTGGAT TAGCGT GAAAGCCAGCCCTGCTGT TGCAATGGGATATATC
GAGCGCATTGAGACCTATTGCAATGAAAT CGACT TTGCAT CGGAGCGCGECCAAAT GCGCAATGATAT CCGT
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TCAGTCTGCGCATTGT CGGGT TTGACAGAGAAT TCCCCT CACT CAGT TGCGGCTAACGCGCAAAT GCGCGAA
GCCTCACATTTCTCCTCCGCAGCGGCAGAGAAA

Part 341-58(of 897): putative addiction module antidote piot€opG/Arc/Metd
family; 1e-20;

Clone6

TGTGAATCAGCT TGATTCGT GCCGT GATCAACAGCCT TCGCGECTGT CAAAAAATTCCTAATTCGT TTGAAGC
GGCEGTAGECCAGT GGCTGAGGCGCTGECTTTGI TTTACCAT TAAAAATATCCGCAAACT TCTGCGCTTTAC
AGCGCCEECGECTTTTCAAATTCCTCTTTTAACTTTATTTCTCTCTTTNNNNNNNNNNNNNGGGTGEGCTTT
CTGCCAAATCTGTGI TTGATGAAAT CCGCGCCCAT CACAAT GAAAAAACCAAAGGCCCAGCGT GAAACAACG
CACCGTAGAAT TTGCGCCAGAAGCAAGCGGCGATCTATTCCCGCTCTATGAT TGGAT TAGCGT GAAAGCCAG
CCCTGCTGTTGCAATGGGATATATCGAGCGCAT TGAGACCTATTGCAATGAATTCGACT TTGCATCGGAGCG
CGGCCAAATGCGCAATGATATCCGT TCAGGT CTGCGCATTGT CGGGT TTGACAGAGAATTCCCCTCACTCAG
TTGCGECTAACGCGCAAAT GCGCGAAGCCT CACAT TCCT CTCCCGCAAGCGGECAGAGGAAAAT CAGCGCTCC
CTATCTCTCCCCT TGT GGGAGAGAAAGCGAAAACT TGEECT TGGECT TGCCAAGT CCTTAGT TTTGCCAAGAG
AGCGGATATAACGCCCCTCTCCGT CATCCTATGGCTTGACCATAGGATCCATTCCGTGAAGT TCACT TGGGT
GITTTTTCTTGAAGAATGATACAGGACGAATCTCTGAT

NNNNNNN: not determined region of about 1800 bp (accordintipé¢ results of the
restriction digestion);

Right region:plasmid stabilization system; 7e-11;

Clone7

GATCTAGAGATTCGT CGATGATGCCT TGT TGCAAAAGCCACGAATTTTTGT GGACAGCT TTGAAACGACAGT
CGAGCATATTGGTGAATTGATAATACCGCT TGCGT CEEECGCTATTGAGCGCAGT GCCGTGCTCGGTGATTT
CTATGATCTGGTAACAAGCAGCGT CGEECGECAATCTAAAGAT GAGAT CACCGT TTTCAAAAAT GECGECEG
CGCGCATCTCGATCTGATGGT CGCAGACCCGAAT CTGGAAAGCGATCGAATTAAGCTGGT GCTGACTACATTTG
CGCAGCGAAAAT GCGACAGT GTCGGAATTGAAAT TATCGCAAAAGCTAGGT GTTGT CATCGACAGT CATGCT
CTGTCGGTATTCCGCGCATAACT TGECGGTAGT CTAATCAATAGATAAGGGCAGGCTTTTTATTCAAAACAA
GCCCGCCCTTAATTTTTAAATGTCGT TAAATTACGCTTTTGCACCGATGATCATGACTTCAACCATATAATC
CGATGI TACCAGGCGCGAT TCGATACACGCGCGT GCTGECAEGEGT TTTTCGNNNNNNNNNNNNNGATCCTCCC
CCTTTTTGTACCCCCCCCGGAAT CGT CCACACT CCCGCCCAGCCCCCCCT TCCCGCGECGT CTACCAATTCCA
CCAGAGGGEGCACATAGATCAACGAATCAAGCTGAACACA

NNNNNNN: not determined region of about 4300 bp (accordiniipé results of the
restriction digestion);

Left region:ornithine cyclodeaminase/mu-crystallin; 3e-21;

Clone8

CGTCTAGAGATTCGT CCGCGCATACCACCGAGT TGAGATGT GCTAT GAGGCAGGECCAACAGGT TATGGACT
GTATCGCCAGATTACGGECGTI TTGEGT TTTCCTGT TGCGT GGT TGCCCCGT CCCTGAT CCCGATGCGT TCAGG
TGAACGGATAAAAACT GACAGCCGT GATGCGAT GCGT CTGGCGCGCCT TCTAAGEGECGEEGGAATTAACACC
AGT TTGGEGTACCCGAT GAGACCCACGAGGCCATGCGAGAT TTGGT GCGEGECACGCGAAAGT GCCGCTGAAGA
TCAGCGCCACAAACGCCAGT TGATTTCGGECCTTTCTCCTGCGCCAT GGT CGAAT TTATCACCGACCCAAGAC
ATGGACAATGCGT TATCGCCGGT GGCTACAACAACAGT CCTTTGATCACCCT GCGCAACAGATCGCTTTACA
GGAAATGATTATGGCCGAGCGT CACGCT GTCGAACGT GT TGCCCGACTAACCGACGGTATCGAACAGT TAAT
TCCAAATTGGCAAT TGCGACCCGT TGT TGATGCAT TACAAGCACT GCCCGGT GT TGCGCTGATCAGT GCTGT
TACATTTATGGCTGAGATTGECGATGT TCCGCCGATTTGAAAAT CCCCGCAAGT TGATGCCCTATTTGEECTT
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GGTACCCAGT GAGTATTCCACGGGT CAGACGACCAAACGT GGCGEGATCACCAAAGCT GGCAAT TCTAGEGT
CCGGCGCACGCT GGT GGAGGGAGCT TGGACATAT CGGT TTCCAGCGCGAGT CGGCGAAAGGAAGCT CTACGT
CCTGCAAAAACT ACCGCCT GAGATACAGGACAT CGCT TGGAAGGCACAAT CAAGGCT GACAGCGCGATATCG
GCGGECTTAGCCAGCGCGGTAAGAAGAAGACAGT GATAACAACGGCAAT CGCCCGAGAAATGTCAGCATTCAT
GTGCGATATTGCCCGAAGGACAAT GCCAGT GCCTTAGCCGGT CCAACCT TTCACGCCT AT TGGCGGGAACGA
GATCACGGCAGGGEGAATAT CCGACATCGCTTTGT GGCCAACAT AAGT TGACGCCCGATGTAAGACAGGAATA
GCCCCGAGACGCACATGCGGT CATGCGGTATCCAATCCGCGTATCAGAGT TTGT TAACCGACGT CTTCAGAT
CTCGTTCCCACCAAT GT GCGCCACAGT AACGT TGAAACCCGCCAGCGEGT GCTTTGACGCGCATAAATCATT
GACAAAAGACAT CAGAGCGAT GCGECGAT CACACGGT CTCGGCATAAT TCCACGGCAATAACGCGT CTACAT
TAGATTGCTTATGACCGT TCACAAT GGCT GT GAGCGT GGCAGT TAGGTAAGCT TGAGGATCGATTGCATTGA
GACGAATCAAGCTGATTCACA

Part 32-964of 1389): transposase 1S116/1S110/1S902; 3e-136;

Clone9

TTCTGAGATTCGT CCCCCCCAT GAAGAGCGCGCCAAT CGACACGCCGGACACGACACCATACAGCACCAAAG
GAAT GGAT GGCGGAAT GATCGGCCCAAT CACACCT GAT GCGGECTACGACT GCGGCAGAAAAT GATGCGT CGT
ATCCACGGCGCT TCATCATAGGCCCCCCCAT GAAGAGCGCGCCAAT CGACACGCCGGACACGACACCATACA
GCACCAAAGGAAT GGAT GECGGAAT GAT CGGCCCAAT CACACCT GATGCGGCTACGACT GCGECAGAAAAT G
ATCGCGT CGTATCCACGGCGCT TCATCATAGGCCCCCCCCAT GAAGAGCGCGCCAAT CGACACCGCCGGACACG
ACACCATACAGCACCAAAGGAAT GGAT GCCGGAAT GAT CGECCCAATCACACCT GATGCGGCTACGACTGCG
GCAGAAAAT GATGCGT CGT AT CCACGGECGCT TCATCATAGGCCCCCCCAT GAAGAGCGCGCCAAT CGACACG
CCGGACACGACACCATACAGCACCAAAGGAAT GGAT GECGGAAT GAT CGGCCCAAT CACACCT GATGCGECT
ACGACT GCGGCAGAAAAT GATGCGT CGT AT CCACGGECGCT TCAT CATAGGCCCCCCCAT GAAGAGCGCGCCA
ATCGACACGCCGGACACGACACCATACAGCACCAAAGGAAT GGAT GGCGGAAT GATCGGECCCAATCACACCT
GATGCGCCTACGACT GCGECAGAAAAT GATGCGT CGT AT CCACGGECGCT TCATCATAGGCCCCCCCATGAAG
AGCGCGCCAAT CGACACGCCGGACACGACACCATACAGCACCAAAGGAAT GGAT GGCGGAAT GATCGGCCCA
ATCACACCT GAT GCGGCTACGACT GCGGCAGAAAAT GAT GCGT CGTATCCACGGCGCTTCATCATAGGECCCC
CCCAT GAAGAGCGCGCCAAT CGACACGCCGGACACGACACCATACAGCACCAAAGGAAT GGATGECGGAATG
ATCGGCCCAAT CACACCT GATGCGGECTACGACT GCACCAGAAAAT GATGCGT CGTATCCACGECGCTTCATC
ATAGGCCCCCCCCAT GAAGAGCGCGCCAAT CGACACGCCGGACACGACACCATACAGCACCAAAGGAAT GGA
TGGCGGAAT GAT CGGCCCAAT CACACCT GAT GCGECTACGACT GCGECAGAAAAT GATGCGT CGTATCCACG
GCGCTTCATCATAGGCCCCCCCAT GAAGAGCGCGCCAAT CGACACGCCGGACACGACACCATACAGCACCAA
AGGAAT GGATGGCGGAAT GATCGGCCCAAT CACACCT GATGCGGECT ACGACT GCGECAGAAAATGATGECGTC
GTATCCACGGCGCTTCATCATAGGECCCCCCCAT GAAGAGCGCGCCAAT CGACACGCCGGACACGACACCATA
CAGCACCAAAGGAAT GGATGGAACGAATCAAGCTGAATTC

Part 12-561part 352-108@ndpart 1118-1447of 1480): GK25652 [Drosophila
willistoni]; 3e-22;

Clone 10

TCCGCTGACATTAAAGCTGATCAGT CTTTTGACAAAAAT GAAAGGCT TGCGCGGAACGCCCT TCGACCCATT
TGGCCCGAGT GAAGAGCGT AAAGCGGAACGT GCTTTAATTACGCAATATGAGCAGGATATTGAACTGGTTTT
GAATAACCTTGATTCTGCGCCTGCACACATAGCGCTGECECTCTTTTATCATCGGT TGATCAGGT GCGGEECTT
TGGTCCTGT CAAAGAT GAAGCGCGGGECAGCT CATGATAAGAGACGGCAAGACCTCTTGAACCAGATCAATAA
GCCTGAGATCAGCAAGAT TGCGCCTGAATGATCTAGCCTCCACATTTTGCGT TCTGTGACCCCTTGITTTTT
TGAGITGCATCAACATCGATTAATTCGGTGT TGATGCCTTTGI TTGT GGCTGAAACGAATCAAGCTGATTCAT
CAGG

Part 2-2940f 436): indolepyruvate ferredoxin oxidoreductabe;18;
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Clone 11

ATCAAGAGAATTCGT TGATGCAGCCAT TCGCACCGT GCTTAGT CAGGCATTGT CACGT GCTGGGTATGATGT
TCGCTTAACGTCGAATGCCTCAACT TTATGGECGT TGGEGT GECT GAAGGT GAAGGCGACTGCGTGATCAGT GA
TGTGGTTATGCCGGATGAAAATCTATTTGATCT TCTGCCGCGCATGAAAAAAAT GCGCCCAGAT CTGCCGGT
TATTGTCATGAGT GCGCAAAACACAT TTAT GACGGCGAT CAGAGCT TCTGAAAACGGCGCCTATGAATATCT
TCCAAAGCCGT TTGACCT TGTAGAGCT CACT GCGAT TAT TGAGCGT GCGCT ACAGGAAGCGCGECGCAAACC
GACTGATAGCAAGAGT GCT GT GGCAGAAAAAGAT GAAGCCAT GCCCCTTGT TGECCGCT CGCCAGCGATGCA
GGAGATATACCGTGI TTTGECGCGECATGATGCAGT CTGATCTCACGGT TTTGAT CAATGGCGAATCAGGAAC
CGGCAAAGAGT TGGT TGCGECGT GCCCTGCATGAATAT GGCAAGCGCAAAAAGGCECCCGT TTGT TGCGATCAA
TATGGCAGCTATCCCGCGCGATTTGATTGAGT CTGAGCT TTTCGGT CATGAAAAAGGGECATTTACTGECGC
CCATAGCCGT GCCACAGGCCGGT TTGAACAAGCGGAAAATGECACT TTGT TTCT TGATGAAAT CGGT GACAT
GCCTATGGATGCGCAAACGCGT TTGT TGCGT GT'GCT TCAGCAGGGECGAATATACGACGGT TGECGGACGCAC
ACCGATCAAAACAAAT GTGCGTAT TGT GACCGCGACGAAT AAAGAGCT GCGTAGCCTTATCAAT CAAGGECT
GITTCGCGAAGACTTATATTATCGCTTGAATGT TGT TCCGCTGCGCATACCGCCT TTGCGTGAACGTGTTCA
GGATATTCCTGATCTGGT CAGCCATTTCTTGAAGAAAGT TCAAGAAGAAGGGECT TGAAGAAAAGATATTATT
GCCGGATGCGATTGAGGCACT TTTGCATCACT CT TGGECCGEECAAT GT GCGT GAACT TGAAAATCTGGTTCG
CAGATTGGCAGCGT TGTATCCGCAAGATGAAATAACAGCCGATATCATTTCATCTGAACT TCAAGACCCTGA
TAATCATAATTTGCCAGACATCGGT CACGT TGAAAACGGTAAAAATAT CACCAT CCCGCAAGCGGTTGAATT
AAATATGCCAAAAATATTTCAATCATCAACGAATCAAGCTGAATCA

Part 17-124%of 1269): nitrogen regulation protein NtrC; 2e-170

Clone 12

ATTCAGCTTGATTCGI TAAACGGT GCCTGTCTTAGCACCT TGATACTCATTTAAAT CAAAACAGTAGCECCGA
TATGAAAACAT TAACGCATCTTCAGCGACT GGAAGCT GAAAGCATACACAT TATGCGCGAGGT CGTGGCTGA
GGTTGAAAATCCAGT CATGATGTATTCCATCGGCAAGGAT TCGGECGGTGATGT TACAT TTGGCGCTAAAAGC
CTTTTATCCATCACGCCCGCCATTTCCCCTACTGCATGT TGATACGACATGGAAGT TTCAGGAAATGTATAA
GI'TCCGCGATAAAGT CGCTCAAAAGACAGGCATGGAGCT TTTAACGCACACGAACCCAGATGGEGT TAGAGCA
GGGECGT TGECCCGT TCTCGCATGECT CGECGGET CCATACCGACAT TAT GAAAACGCAGGECGCTCAAGCAGEC
TTTGGATCATTATAAGI TTGATGCGGECT TT TGGECGGT GCGCGECCGCGACGAAGAAAAGT CCCGT GCAAAAGA
ACGCATCTTTTCGI TCCCCACAGCAGACCACCCGATGGT TCTTGGTCTGCGATTGAGT TTAGAAACTAGACTG
ATTTAGCTGCCTCCTTTTAATGGT TTTTGACAAGAGT AGAACGT AAAATAGCCCAAAGCCTTATCCTCAATT
ATGAGAACAGGECT TTGGGT TGAATGT CGT TTAGCCAT CGAAAGGT GGGAGT TGTACT TTTACCATGT TGAAT
TGCGGT TATCTTTTTGCCGGECCAGT AT TCGCAGT ACAGCAAAGGAAAACGACAGAAT CGCCAACATAAGAGC
GATCAGCTGAAAGATTCGACTTGAAGGCGT TCAATGT CCGTAATGCCATATGT GCGGT GAATATTGGCAGT G
ATAATTCAAGACCCTCATTGACGCT TTGCAGGT TTGAAATTGCACCAAATTTAGAAAAATTTCCTCCACTGT
GGCATCTTGAAAGCT GTTAAGT TCCTTGCAAGCAGCGGT TCAAGATTAAATTGTATGGGGT TGTATGTGAAA
ATAGTGAAAAATGTACT TGATATCGCTTGCTGGT TTGGATAGT CACAACT CCAGT TGGEGEGT GTAGCCAAGCG
GTAAGGCAACCCTTTTTGGTAGCGT GTACCGAAGGT TCGAATCCTTCCACCCCAGCCAAATTTATTTCTTCC
CCATTGCTCCTTAGTAGAAAAAACATATGGT CTCCCAAGAGACT TTAGAAAATGTGTTTTCATTTTTCTGGC
GCTGTAGACCTAGTAAAATAATTGCGATATCCGECGECTCTTCATTGACT TGAAGT GTCGATGGACGAATCT
CAGA

Part 83-54Xof 1300): sulphate adenylyltransferase subunite268;

Clone 13

ATTCAGCTTGATTCGT CTTGI GGCCAAACAGACAGAT TCAACCCACCT GCCCT TCTCCCGCT TGCGGEGAGAA
GGTGGATACGAGT GGTAACGAGT AGACGGAT GAGGGGEGACAGAGAAT TCCCCTCACCCAGT TGCGECTAACG
CGCAAAT GCGCGAAGCCT CACAT CCCT CT CCCGCAGGCGEGAGAGGAAAAAGGAT CGCCCGT TCGCGCAGEG
TTTATATTTGCCTTGT GGCCAAACAGACAGAT TCAACCCACCTGCCCT TCTCCCGCT TGCGEGAGAAGGT GG
ATACGAGT GGTAACGAGT AGACGGAT GAGGGEGACAGAGAAT TCCCCT CACCCAGT TGCGECTAACGCGCAA
ATGCCGCGAAGCCTCACATCCCT CT CCCGCAGCCGCEGAGAGGAAAAAGGAT CGCCCGT TCGCECAGCGT TTAT
ATTTGCCTTGI GGCCAAACAGACAGAT TCAACCCACCT GCCCT TCT CCCCCT TECGEGAGAAGGT GGATACG
AGT GGTAACGAGT AGACGGAT GAGGGEGGACAGAGAAT TCCCCT CACCCAGT TGCGECTAACGCGCAAATGCG
CGAAAGCCT CACNNNNNNNNNNNNNAAGT GGCCAAACAGACAGAT TCAACCCACCTGCCCTTCTCCCGCTTG
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CGCGAGAAGGT GGATACGAGT GGTAACGAGT AGACGGAT GAGGGEGACAGAGAATTCCCCTCACCCAGT TGC
GGCTAACGCGCAAAT GCGCGAAGCCT CACAT CCCT CT CCCGCAGGCGGGAGAGGAAAAAGGATCECCCGT TC
GCGCAGGGTTTATATTTGCCT TGT GGCCAAACAGACAGAT TCAACCCACCTGCCCT TCTCCCGCT TGCGEGA
GAAGGT GGATACGAGT GGT AACGAGT AGACGGAT GAGGGGEGACAGAGAAT TCCCCTCACCCAGT TGCGGECTA
ACGCGCAAAT GCGCGAAGCCT CACT TCCCT CT CCCCCAGGCGEEGAGAGGAAAAAGGAT CGCCCGT TCGCGCA
GGGTTTATATTGGACGAATCTCAGAT

NNNNNNN: the length of this not determined region cannog¢stenated according to
the results of the restriction digestion with Ecdietause it contains repetitive section
which contain a EcoRI site; digestion with anotéezyme is needed;

Left region, right regionhypothetical protein LOC749915 [Pan troglodyt®s:05;

Clone 16

ATTCTGGAGATTCGT CGACAGAGCCTCTGCTGCACCCAAACTTTTATTTTTTGCATCTGCTTCATTTTAAGC
CGAGTAATTTCTGCTTTTAGATCGCCGATGAGT TCTTTCAAAT CGCCGACGGAAAGCTCATCAATCTTTTGG
CCCAGCTGATAAGCCTTTTTTCTCTTAGGT TCGITTTCGTCGT CAAACATGATGT TATCCTCACTTTTAAAA
ACTGT CGTAAGAT TAAACT CGCCACAAT GCGGT GCCAAGT GAATAAGCATGT GACT AAAAGGAAGAT GCGAT
GACCAATACAAAAAAGAT GACGECAGTAGAAAT CACT GAGCCGGEGT GGT CCAAAAGCGCTGAGT GTTTGCAA
ACCCGATAAACCGCAGCCTGCATCTCATGAAATATTGATTGAGGT GAGGEGECCGCAGECGT GAACCGECCTGA
CGTGT TGCAACGTATGGGGECECT TAT CCGCCGCCAAAGGGCCCAT CAGACCT TCCGEEECCTAGAGGT CGCAGG
TATTGT TGAAGCGGT TGECGAGGATGI TACGCGCT TTCGT GTGEGT GAT TCGGT TTGCGCGCTCACT GCCGG
TGGCGEECTATGCTCAATATGT CAGCGT GGATGAGGGTAGCGT TTTGCCTGI GCCTGCGEGT TTAACAATGAC
GCAGGCCGCTGECTCTGCCTGAAACCTTCTTTACCGT TTGGCACAATGT TTTCGAGCGT GECGGT TTGCGCAA
AGCCGAGGTCTTTCTTGTGCATGGT GGAACCT CTGGCATCEECACGACCCGCTATCCAACT GGCCAAAGCGAT
TGGCGECGATCGT CATCACGACT GT TGECT CGGCT GAAAAAGCAGAAGCATGCAAAAAACT TGGTGCTGATCA
TGTCATTTCATACCGCGACGAAGATTTTGI GTCTGT CGT CAAACAGGT AACGGACGEGATTTGCGT TTTAAT
GTCTGTATTTTAACAGGAATAAACAGCGCAAAAAAAGAGAGCCGCAAAAGCGGECTCTTGAAGATATACAGSEG
GAGGCGT CAAACAAAGCCAAAGCCTTGATTGAGT TCGAATAAATCCGAACAAAATGGT TAATATCTTATAAG
GGTTAATATGGCGT TAGCGCAGGCAATCATTTTTTTTTAGGCCCGI TCAGCTTTTGAACAGAGCCTCTGCTG
CACCCAAACTTTTATACGAATCAAGCTGAATCAT

Part 303-9940of 1186):NAD(P)H quinone oxidoreductase, PIG3; 3e-79;

Clone 17

CGAGAGATTCGTCGCTCGCCTATCTTCGATGCGCT TTCAAAACAT TTTGGCAATCATATGCCAGAGATAACA
TCGAGCCT GECCGECGGT ATGGT TGECAAT GCAGGECGT TATCAAAT CAGAAGT TGT GAACCGATCCACTCCAC
AAGGATCACAATCTCGCTGCTTGT TCATCGTAAGGTGCATTCTTGCCTTCTTTTCAAGCGACATCGT TCTGA
CGCCGGAAAATCCGGTATTTGATTTTGAGGAT TGGCCTAATGGCAACTGCACGTATTATCGACTTCTTCAAC
ACACGTAACCCTGCAACACCATGCTTGGT TGTTGACCT TGATGT TGT CGCCGACAACT TCACAAAATTCCGEC
CGCGCGCTTCCCCTATCTAAAATCTTCTATGGEGEGT TAAAGCAAACCCT GCGCCAGAAAT CCTGCGCCTCCTT
GCTGATATGGGECTCTTCATTCGATTGCCCTTCTGT TGT TGAAAT CGAAAT GGCACT TGAAGCT GGT GCGACG
CCTGACCGTATTTCATACGGCAACACAAT TAAAAAAGAGCGCGATAT TGCTGCAGCT TTTGCGCATGGECGT T
TCCATGT TTGCCGT TGACT GCGAAGTAGAAGT TGAAAAAAT TGCCCGECGCTGCACCTGECTCACGTGTATTC
TGCCGCATTCTGACAGAT GGCGAAGGECGCT GAATGECCGECT TTCTCGCAAATTTGECTGCGTGCCTGAAATG
GCAACAGATGT GCTTAAACACGCCGT TGCGCTTGECCTCGI TGCACATGGCATTTCATTCCATGT CGECTCT
CAATGACGACAGT TGACGCTTGGGACTTACCT CTTTCGCATGCACGCACGATTTTCGATGCGATGGECTAAAG
CTGGCGTACAGI TGAAAAT GGTCAATATGGGCGGTGGTTTTCCAACGCCCTATTTGAAAGACATACCAACAG
CAGAAGCCTATGECTCGECTATCTTCGATGCGCTTTCAAAACATTTTGCCAATCATATGCCAGAGACAATCA
TCGAGCCT GECCECGGTATGGT TGCCAATGCAGECGT TATCAAATCAGAAGT TGT GAACCGATCCACTCCAC
AAGGATCACAATCTCGCTGCTTGT TCATCGTAAGGTGCATTCTTGCCTTCTTTTCAAGCGACATCGT TCTGA
CGCCCGAAAATCCGGTATTTGATTTTGAGGAT TGECCTAATGGCAACTGCACGTATTATCGACTTCTTCAAC
ACACGTAACCCTGCAACACCATGCTTGGT TGT TGACCT TGATGT TGT CGCCGACAACT TCACAAAATTCCGEC
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CGCGCGCTTCCCCTATCTAAAATCTTCTATGCGGT TAAAACAAACCCT GCGCCAGAAAT CCTGCGCCTCCTT
GCTGATATGGCCTCTTCATACGAATCAAGCTGATTCATTG

Part 17-21715e-19),part 345-614 (7e-111)part 614-115%7e-111) anghart 1281-1370
(0,58) of 1408: putative ornithine, DAP, or argimidecarboxylase protein;

Clone 18

CCCTGATGATTCAGCT TGAT TCGT GCCGT GATCAACAGCGCT TCGCGCTGTCAAAAAATTCCTAATTCGTTTG
AAGCCAAGCGTAGGCCAGT GCCTGAGECCCTGCECTTTGT TTTACCCCAAACAAT TATCCGCAAACT TCTGCG
CTTTACAGCGGECGGECGEECTTTCGCAAAT TCGCCGCT TTTAACGGECCGCGCACCGCCATGT CTTGGT GCTGCG
CATTATACATTTGACCGATATAAATCGCACGGECCCGT CCCGATAATTTTATCGT AGGGCCAATAAAAAGATG
GCCACTATTCCGGTATGATTAAATCATACT TTCTGATAAAATAAGT TCTGAGAGGAT GAATCGATGGATAAN
NNNNNNNNNNNNGGAAAAT CAGCCCTCCCTATCTCTCCCCT TGT GGGAGAGAAAGCGAAAACT TGEECT TGS
CTAGCCAAGT CCTTAGT TTTGGCAAGGGAGGGEGATATAACGCCGCTCTCCGT CATCCTATGECTTGACCATA
GGATCCATTCCGTGAAGI TCACTTGGGTGITTTTTCTTGAAGAATGATTACAGGACGAATCTCTTGAATCGC

NNNNNNN: not determined region of about 250 bp (accordinpéoresults of the
restriction digestion);

Left region, right region were blasted separately;

Left region:unnamed protein product; 4,1;

Right region:conserved hypothetical protein, HTH_MerR-SF superily; 3,2;

Clone 20

ATCACGCTTGATTCGT TTGGGAAGATAAGT ACCGT TATGT CATCGAACT TGGCAAAGCCATGGAGAACT TGAT
GAAGCGCAGCGGACAGCAGAAAACAAAGT AAATGECTGT GT TAGCCAAGT TTGGECTCGCGACATCCTGCACG
GATGAAGTCAAAAAAATCATTCATTTTGATGGECGCT TCTGATGCTCACATCGTGCGCGECCTCGT TGCGATT
ATGATCGCCGCTTTGI CTGATCGCCAAGCAAAAGATATCGTAGATTTTGATGCT GAAGGCT TGATGAAAAAT
TTAGGGCTTGATAGCCACCT G CGCCGCAACGT TCTAATGGT TTGCGT GCAAT GAT CGAGCGCATGAAGT CA
GACGCTAAAGCTGCCCTCGT TTAATACATTACATTTCTGGACGGTAATCTTCTTGT CCCCAAT GACGCGECT
TTGAAGATCGCGT TCTCACT TGEGECEEGT TATAGT GGCGT GCTAACATAGACAGCGCAGT TTTAAGCATAA
GITTTGCTGATCTTCECGECCATTCCCTCTCTCTTTCTATATCTTCCATTCCTTTTAAGAAACAACACACAT
CAAGT TCCTTGGEGT GAAATATCAAGAAACAGCT TGATCATGAAAAATGAGCT TCGCTCGTGCTTGTAAAAGA
TCATTGACAGT TCTCTTTTAGAGTATGT GGCGATCTAAAAGCTATTCAATGT TCTTGATGGT TGGATAAGT T
CATCCTTGCCAAGCAGGTTTTCTTTAATTTTATAAAGAAAATCAGTATTTTTGCGCGT GAGGGAATAAATAC
CTATTAAATAGGGATGAAATTAAT GTAGGAATATAGT CCTCACT ACGGAGGACT GAATGCTTAAGACCAAAG
CAATAAAACGAAATAATTATCTGAATGATTTTTTGCCATCAGCAGCT TCTAAACAGCGT GCTGAAGATCAGA
TATATACCCCTTTGI GCGAT TGT GCCGCCACT GTAAGT GCAGACT TACATATGGAGATTTGTGACGGTCTCA
TTGATATAATGGECCGCCCTTTTCAATGT TTCAGGGECGGCAAT TGCGT CACCGACGAATCTCCAGA

Part 67-378of 1073): hypothetical protein mlI7646, SufE sufaamily; 8e-28;part 398-
598 (of 1073): hypothetical protein; 2e-18;

Clone21

TTCCGAAGAATCAGCTTGATTCGT TTCGGAGCGCGECCAAAT GCGCAATGATATCCGT TCAGGT CTGCGCAT
TGTCGGGTTTGACAGAGAAT TCCCCT CACT CAGT TGCGGECTAACGCGCAAAT GCECGAAGCCTCACATTCCT
CTCCCGCAAGCGGECAGAGGAAAAT CAGCGCTCCCTATCTCTCCCCT TGT GGGAGAGAAAGCGAAAACT TGCEG
CTTGGECTTGCCAAGT CCTTAGI TTTGCCAAGAGAGGGEGATATAACGCCGECTCTCCGTCATCCTATGCCTTGA
CCATAGGATCCATTCCGTGAAGT TCACTTGGGTGI TTTTTCT TGAAGAATGATTACAGT GTCAGCATCACGG
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AATGGATCCCGCGACGT CGCAACGCT TGT CTTTGCT CGAAGGCCGAGGAT GACGGECAGGAT GGGCTGECCCCT
CCCTTCTCCCGCCT GCCGGGAGAAGEGEEGATACGAGT GGT AACGAGT AGACGGAT GAGGGCGT TCCGCATCAA
ATTCCCCTCACCCAGT TGCGGECTAACGCGCAAT GCCGCGAAGCCT CACATCCCT CTCCCGCAAGCGEGAGAGG
AAAGCACCAATCTTATCCACCCACCACAAAACACATTCACACT GCGGT GATGAACCGT ACCGCGAAAAACAT
TGCCATAGAGAAAAACCGCGECCGCGCTTTTGCGCCT CGT GCGGT GCTGGT TGATGATCGCCCCAATGT TAAG
CGCCAATCGECGT GCTGCCATGCCGGAT TGGGTAATGGEGT ATCGCGCATCATTTTCAAAGT CGAAAAGGCGEC
CTATTATTTGCAGATTGCT TCCGGCT TCATGCAAGCAAAGGAT TCCCTGCCCGT TGAGCCGCATGGACAAAT
AACAAT CAAGCCCGT GATCAACAGGCT TCGCCCTGTCAAAAAATTGCTAAT TCGT TTGAAGCCAAGCGTAGG
CCAGTGCCTGAGGCCCTGECTTTGT TTTACCCCAAACAATTATCCGCAAACT TCTGCGCT TTACAGCGECEG
CGCCTTTCGCAAATTCGCCCCT TTTAACGECCECCCACCGCCATGT CTTGGTGCTGCGCATTATACATTTGA
CCGATATAAAT CGCACGGECCCGT CGCGATAAT TTTATCGTAGGGCCAATAAAAAGAT GGGCACTAT TCCGGT
ATGATTAAATCATACTTTCTGATAAAATAAGT TCTGAGAGGAT GAAT CGATGGATAAGAGAACAAT CACGCCT
ACCCGATGAGCATGCGECCTATATTGACCAGAAAGT GAGT TCTGGCGAT TACGCT TCTGCGAGCGAGGT TGT
GCGTGCAGGACT TCCCGCATGCAAGAGACGAATCTCAGATCEC

Part 1028-1327of 1339): putative addiction module antidote pmot€oqgG/Arc/MetJ
family; 2e-06;

Clone 23

GCGAATCTGAGATTCGTCTCTTTACATTTCTCGTATCTTTGATGATTTGCGT TGGATTTGAGAATTCAAATC
CCGGECTTCCAATTTGT TGAAGAAGCT GAAT GECT CGGT GGCGGGECTAACCT ACCGT AT GGEGT GTGGACGGCA
TTTCAATGITGITTGTCATTTTGACAACCTTCTTGATGCCTTTCTGTATCCTTGCTGGCTGGGAGAGCGT TA
CCAAGCGTCTTAAAGCCTACATGATTGCTTTCCTTATTTTGGAAACACT CATGATCGECGTGTTTACTGCGC
TTGATATCGTGCTGI TCTATGICTTCTTTGAAGCGGEGCCT TTGGAAACGCGGT GACGCCTGCCTTATTGATG
GGT TTGGTCCCAACAATATCGCAGCGCGT GI TTCTGECCT CGCACAGCGT GCTGT GAAGGT TCAGACCGGAT
TTCTTTATCATTATGCGI TCGCCATGT TGATTGGTGI CGCTGCTCTCGT GACT TGGATTATGCTTGGAGGCA
TCCACTAATGGACGGTATGCCAATCCTCTCGECTCGTAACTTTCCTTCCTTTGGTI TGGTGT TCTTGTTATTCT
GITTATCAATGATGAAACAGAAGCGCGECAAAACCCAACGT TCEGATGGTCACGT TACTGACGACGATCTTTAC
ATTTCTCGTATCTTTGATGATTTGGGT TGGATTTGAGAATTCAAATCCCGGCTTCCAATTTGT TGAAGAAGC
TGAAT GGCT CGGT GECGEGECTAACCTACCGTATGEGT GTGGACGGCATTTCAATGI TGI TTGTCATTTTGAC
AACCTTCTTGATGCCTTTCTGTATCCT TGCT GGCT GGGAGAGCGT TACCAAGCGT CTTAAAGCCTACATGAT
TGCTTTCCTTATTTTGGAAACACTCATGATCGCCGTGI TTACTGCCCTTGATATCGTGCTGT TCTATGTCTT
CTTTGAAGCGGEECCT TTGGAAACGCGGT GACGECTGECT TATTGATGGGT TTGGT CCCAACAATATCGCAGC
GCGTGITTCTGGECCTCGCACAGCGT GCTGT GAAGGT TCAGACCGGATTTCTTTATCATTATGCGT TCGCCAT
GITGATTGGTGTCGCTGCTCTCGT GACT TGGATTATGCT TGGAGGCATCCACTAATGGACGGTATGCCAATC
CTCTCGCTCGTAACTTTCCTTCCTTGAACGAATCAAGCTGAATCAT

Part 21-1415e-41) andbart 512-952f 1198 (2e-59): proton-translocating NADH-

guinone oxidoreductase, chain M;

Clone 24

TCGCATGATTCAGCT TGATTCGT GCCGT GATCAACAGGCT TCGCGCTGT CAAAAAATTGCTAATTCGTTTCGA
AGCCAAGCGTAGCCCAGT GGCTGAGGCGCTGEECTTTGT TTTACCCCAAACAAT TATCCGCAAACTTCTGCGEC
TTTACAGCGECGEECGEECT TTCGCAAAT TCGCCCCT TTTAACGGECCGCGCACCCCCATGTCTTGGT GCTGCEC
ATTATACATTTGACCGATATAAAT CGCACGGECCCGT CGCGATAATTTTATCGT AGGGCCAATAAAAAGATGG
GCACTATTCCGGTATGATTAAATCATACTTTCTGATAAAATAAGT TCTGAGAGGATGAAT CGATGGATAAGA
GAACAATCAGCCTACCCGAT GAGCATGCGGCCTATATTGACCAGAAAGT GAGT TCTGECGATTACGCTTCTG
CGAGCGAGGT TGT GCGT GCAGGACT TCGCGCAT TGCAAGAACGT GACCGCGCCGT TGAAAACT GGCTACACC
AACAGGT TGCCCCTGCCTATGACGCGAT GATGCAAGACCCATCGCGTGGGCTTTCGCATGATTCAGCTTGAT
TCGTGCCGT GATCAACAGGCT TCGCCCT GTCAAAAAAT TGCTAATTCGT TTGAAGCCAAGCGTAGCCCAGT G
GCTGAGCCGCTGECTTTGT TTTACCCCAAACAAT TATCCGCAAACT TCTGCGCT TTACAGCGECGEGECAEECTT
TCGCAAATTCGCCCCTTTTAACGGCCGCGCACCGCCATGT CTTGGTGCTGCGCATTATACATTTGACCGATA
TAAATCGCACGGECCCGT CGCGATAAT T TTATCGTAGGGCCAATAAAAAGATGCGCACTATTCCGGTATGATT
AAATCATACTTTCTGATAAAATAAGT TCTGAGAGGATGAAT CGATGGATAAGAGAACAAT CAGCCTACCCGA
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TGAGCATGCGGCCTATATTGACCAGAAAGT GAGT TCTGGECGAT TACGCT TCTGCGAGCGAGGT TGTGCGTGC
AGGACT TCGCGCAT TGCAAGAACGT GACCGCGCCGT TGAAAACT GGCTACACCAACAGGT TGCCCCTGCCTA
TGACGCGATGATGCAAGACCCATCGCGTGEECTT

Part 348-5742e-19) anchart 905-11141e-18) of 1114: putative addiction module
antidote protein, CopG/Arc/MetJ family;

Clone 26

ATCACCTTGATTCGT TTGACTACCCGCTTGCACAAGGTGTATCTTTCGATATCTAAACTCTATATGGEECTTGG
CTTTTAAAAGGCCAAGCCAGCT CAATCAGGAAAAACTGATGACTACCT TTTGTGCCTATATTATACGT CATG
GAATATGAGACAT TGGACGAAGCAAT CCATATGCAAAACGAT GTACCACAAGGCTTGTCGTCCTGTATCTTT
ACCCTCAACAT GCGT GAGGCGGAAACATTTTTATCAGCCACAGGGT CTGACT GCGGAAT TGCAAACGT CAAT
ATTGGCCCATCGGGT GCAGAAAT TGGCGEECGCAT T TGCECGGT GAAAAAGAAACAGGCGECGEECGT GAAACGC
GGTTCAGACGCATGGAAAGGT TACAT GCGGCGT CAGACCT CAACTGTCAATTATTCGGCTGAACTACCGCTT
GCACAAGGTGTATCTTTCGATATCTAAACT CTATATGGGECT TGECT TTTAAAAGGCCRASSVATCTCAATCA
KGAAAAACTGATGACTACCT TTTGTGNNNNNNNNNNNNNCCTATATTATACGT CATGGAATATGAGACATTG
GACGAAGCAATCCATATGCAAAACGATGTACCACAAGCCTTGTCGTCCTGTATCTTTACGCT CAACATGCGT
GAGGCGGAAACATTTTTATCAGCCACAGEGT CTGACT GCGGAAT TGCAAACGT CAATAT TGGCCCATCGEGT
GCAGAAAT TGGECGGECGCAT TTGECGGT GAAAAAGAAACAGGECGECGEECGT GAAAGCGEGT TCAGACGCATGG
AAAGGT TACATGCGECGT CAGACCT CAACT GTCAATTAT TCGECTGAACTACCGCT TGCACAAGGTGTATCT
TTCGATATCTAAACTCTATATGGGECT TGECT TTAAAAGGCCGACGAATCTC

NNNNNNN: not determined region of about 900 bp (accordintipéoresults of the
restriction digestion);
Left region(4e-39),right region(2e-28): aldehyde dehydrogenase family protein;

Clone 28

GCGGAATCTGAGATTCGT CCTGCATCCGT GCACCT TTGCGAAACGCTAGAAACT CTGCATTACATGCGT GAA
ATTGCCTATGATGGCTGGEGT TGCGTATGATGT AT TCACGCGT TCGGEGT GATAATGT TGAGGCAATTGCGT CA
ACATTTGAGATCATGGAAGATCTCGATTCTCTTCTTGATAAAAT TGGTAAGGACAAGATCCAGCAACTTATT
AAAGGT GGCCGT CCTCAGAACACT TATCGTGATTTGATCAAGGECGT TACTATGAAAATAGGACTTGGAACT T
ATTGCTTCCGI TGGT CAAT CGGGCACAAAGAT CGT GT GCCCGAAAAACCAATGACAGCGATGGATGT TTTAG
ATTTTGGTATTTCTGAAGGT TGCGCTGT TGTGCAATAT GCGGACAATCTGCCGT TAGATAAACTATCCATTG
AAGAAAT TGATGCGCT GECT GAAAAGGCGCGT CAACACAATGTGATTTTGGAGCTGEGCACACAGTCTTTTG
ATGCGGAACAAGTI TCGTGTGTATTTGGATATTGCCAAACGGAT TAACGCTCCCATTTTACGCATAGCGCT GG
ACGCGTGAAGATGCCECGACT TCTATAGAGGAT TTGECGEGECTGCATTTCGECCACT GCT TGCTACT GCGCGEG
AAATTGGT TGCAAGATCGCTATTGAAAACCACT TTAACTATCCATCCCAACGGATGGTGACATTACTTGAAG
CGGTCAATGACGATTGCCT TGGGGT CTGCCTCGATGT TGCAAAT TCGATTTGCGCAAAAGT TCTACATTCAC
TTTAATGACAAT GATCGCGGT GCCGAT TGCGATATGCT TCCTGCATCCGT GCACCT TTGGGAAACGCTAGAA
ACTCTGCATTACATGCGTGAAATTGGECTATGATGECTGEGT TGCGTATGATGTATTCACGCGT TCGGGT GAT
AATGT TGAGGCAATTGCGT CAACAT TTGAGATCATGGAAGATCTCGATTCTCTTCTTGATAAAATTGGT AAG
GACAAGATCCAGCAACTTATTAAAGGT GGCCGT CCTCAGAACACT TATCGT GATTTGATCAAGGCGI TACTA
TGAAAATAGGACTTGGAACT TATTGCT TCCGT TGGT CAAT CGGGCACAAAGAT CGT GT GCCCGAAAAACCAA
TGACAGCGATGGATGT TTTAGATTTTGGTATTTCTGAAGGT TGCCCTGI TGTGCAATATGCGGACAATCTGC
CGTTAGATAAACACGAATCAAGCTGAATCATAAAG

Part 267-77q2e-52) part 1080-122%2e-12) of 1259: hypothetical protein
OB2597_06015;
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Clone 29

GAGATTCGT CCTGCATCCGT GCACCT TTGGGAAACGCTAGAAACT CTGCATTACAT GCGT GAAATTGGCTAT
GATGCCTGGGT TGCGTATGATGTATTCACGCGT TCGEGTGATAATGT TGAGGCAATTGCGTCAACATTTGAG
ATCATGGAAGATCTCGATTCTCTTCTTGATAAAAT TGGT AAGGACAAGAT CCAGCAACTTATTAAAGGT GGC
CGTCCTCAGAACACTTATCGT GATTTGATCAAGGCGT TACTAT GAAAAT AGGNNNNNNNNNNNNNAAAAT GC
ATCTTGCATCCGT GCACCT TTGGGAAACGCTAGAAACT CTGCATTACAT GCGT GAAATTGGECTATGATGECT
GGGTTGCGTATGATGTATTCACGCGT TCGGGT GATAATGTTGAGGCAATTGCGT CAACATTTGAGATCATGG
AAGATCTCGATTCTCTTCTTGATAAAATTGGTAAGGACAAGAT CCAGCAACTTATTAAAGGTGECCGTICCTC
AGAACACTTATCGTGATTTGATCAAGCCGT TACTATGAAAATAGGACT TGGAACTTATTCCTTCCGI TGGTC
AATCGGGCACAAAGAT CGT GTGCCCGAAAAACCAAT GACAGCGATGGATGI TTTAGATTTTGGTATTTCTGA
AGGTTGCGCTGT TGTGCAATAT GCCGACAAT CTGCCGT TAGATAAACACGAATCAAGCTGA

NNNNNNN: not determined region of about 2500 bp (accordingéaesults of the
restriction digestion);

Part 1 (7e-23), part @e-20) and part 3 (8e-13): putative xylose isomerase;

Clone 30

GCGGATCTGGAGATTCGT CCCGAGAGAATTTCTAAAAAGGAAAAT CCATGACAAACT TTACTAT TCACACGA
TTGAATCTGCACCT GAAGCAGGTAAGCCCCT TTTAGAAACATCACT TAAAAATAATGGTCCCATTCCAGGT T
TGCACGGCACCAT GGCAGATGCACCGCCATTGCTCGCAGCT TATAATTTCGCGCATCAGCAGT TCATGGCAA
CCTCAATGACTGATGAGGAGAAAACTGT CGT TTGGCAAACAATCAATGT TGAAAACAATTGTCATTACTGT G
TGCCTGCGCATACT GGAAT TGCGAAAAT GATGAAGAT CGATGATGCAATCACTGATGCT TTGCGCGATGAAA
CACCGCTTCCGACTGCCAAACT CGAAGCCT TGCGTACATTCACATTGGCTATGGT TCGTGACCCCGGT TTCG
TTGCTGAAGCCGATACTCAAGCCTTTTTAGATGCCGGT TTCACAGAAACGAACATCCTTGAAATCATTCTGG
GCGCTGCGCAAAAGCT GATGT CAAACTACACCAACCACT TTGCAAAAACGCCT GT TGACCAAGT GTTCCAAA
AGTTCGCTTGGEGAAAAGAAAACAGCAGT CGCGECTGAATAAT TGAAGCGCCGGAGT GTGTGATCGCTTCGEC
ACTTACCCCGACCAAGT GACACCTATCTGTGTGECGGGTGT TATGGT TTTTAGCCCTTCGCTTCTTGCGCTG
TTTTTCACCCGCTCTATGGTAATTGGTGCTTATGACACCTACCTCACTGTCCTATTTACAGCGAATGTGITC
ACACTGTTGT TTGAAATCAATGATTTGCATTTATGCCT TTGCGT GATCGT CGT GTTAT TAGACGCATCTGGA
GTGTATAATATGACCGACCCCTACGT AT TGATAT GT GNNNNNNNNNNNNNGAAAAT ACGGCAGCACGCCGAG
CAATCTGAGCAAT CGCGCCAGCAGAT GAAGGCACTGGGCGATAGCT TGGATTTGACT TTGCATGGACGGATG
ATTCCCGCATGCACAACACATTCAACACGCATCAATTGCT GCACT GGGCAGATACGCAAGECCGT CGCCACG
ATCTTAAAATGGECGCTGTTCACAGCTCATT TCACGGAT CAGCGCAACCTATCCGATGATAATGTGCTAGCTG
ATATAGCCGCTGAAAT CGGCT TGAACCGCGAAGAGGCT TTGCCTGI TCTTGAAGATCAGCCCTATGCAAATG
ACGT GCGCGCCGCCGAAACT TTTTGGCAACAACAGGGTATTTCAGGT GTGCCGGECCGT CGTGT TTGATCGCA
AACACCTTGTCACAGGT GCACAAGGCGT GGAAAACTACACGAATAT TCTGT CCCAAAT CCCAAAATTGAAAA
GITGACCCAT GGCCCGCGCTGCAAATTATGAT CGT GACGCCGCACT TGATGCGECCATGECTGTGITTTGEC
GCAAAGCCTACCACGCAACGT CGCTAAAAGAT TTGGAAGCGACACT TAGCAT GAAGCCGGGCAGTATATATG
CTGCATTCGAGAGCAAAGAAAACCT CTACCTCTTGGCGATAGAACGT TATTTCGAAACGT CACGCCAAGGGT
TTAGAGCAAAGATGATGCAGI TTGAGT CACCACT GGAAGGGT TGEGCCGCACAGT TTCAAAACTACGT TAGCC
TTGCGGATGCAGACCCGT CACGCCGATCTTGTATGT TGATGAAAACGCT TGTGGATACCAAAT CCACAGATC
CCAAAATTGCTGAAGCTTCACAGAAATATTTAGATCGT AT GT GCGCGGAGT TCGCAAAGACAAACGAATCAA
GCTGAATATCAGGA

NNNNNNN: not determined region of about 400 bp (accordintpéaesults of the
restriction digestion);

Left region:hypothetical protein Pcryo_0971; 1e-62;

Right region: dsba oxidoreductase; 6e-46;
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Clone 33

TCTGAGAATTCGT CCCCCCCAT GAAGAGCCCGCCAAT CGACACGCCGGACACGACACCATACAGCACCAAAG
GAATGGATGGCGCGAAT GATCGGCCCAAT CACACCT GATGCGGECTACGACT GCGCCAGAAAAT GATGCGT CGT
ATCCACGGCGCT TCATCAT AGGCCCCCCCAT GAAGAGCGCGECCAAT CGACACGCCGGACACGACACCATACA
GCACCAAAGGAAT GGAT GCCGGAAT GAT CGGCCCAAT CACACCT GATGCGECTACGACT GCGGCAGAAAATG
ATGCGT CGTATCCACGGCGCT TCATCATAGECCCCCCCCAT GAAGAGCGCGCCAAT CGACACGCCGGACACG
ACACCATACAGCACCAAAGGAAT GGAT GGCGGAAT GAT CGGCCCAAT CACACCT GATGCGGECTACGACT GCG
GCAGAAAATGATGCGT CGTATCCACGGECGCT TCATCATAGGCCCCCCCAT GAAGAGCGCGCCAATCGACACG
CCGGACACGACACCATACAGCACCAAAGGAAT GGAT GCCGGAAT GATCGECCCAAT CACACCT GATGCGECT
ACGACT GCGGCAGAAAAT GATGCGT CGTAT CCACGGECGCT TCAT CATAGGCCCCCCCAT GAAGAGCGCGCCA
ATCGACACGCCGGACACGACACCATACAGCACCAAAGGAAT GGAT GECGGAAT GAT CGGCCCAAT CACACCT
GATGCGCECTACGACT GCGGCAGAAAAT GATGCGT CGTATCCACGGCGCT TCATCATAGGCCCCCCCATGAGA
GCGCGCCATCGACACGCCGGACACGACACCATACAGCAT CAAAGAT GGAT GGCGGAT GAT NINNNNNNNNNNN
NCAAT CGACACGCCGACACGACACCATACAGCACCAAAGCGAAT GGAT GGCGGAAT GATCGGECCCAATCACA
CTTGATGCGGCTACGACT GCGGCAGAAAAT GATGCGT CGTATCCACGGECGCT TCATCATAGGCCCCCCCATG
AAGAGCGCGCCAAT CGACACGCCGGACACGACACCATACAGCACCAAAGGAAT GGATGECGGAATGATCGGEC
CCAATCACACCT GATGCGGECTACGACT GCGGCAGAAAAT GATGCGT CGTATCCACGGCCCTTCATCATAGEC
CCCCCCATGAAGAGCGCGCCAAT CGACACGCCGGACACGACACCATACAGCACCAAAGGAAT GGATGECGEA
ATGATCGGCCCAAT CACACCT GATGCGGECTACGACT GCCGGCAGAAAAT GATGCGT CGTATCCACGECECTTC
ATCATAGGCCCCCCCCATGAAGAGCGCGCCAAT CGACACGCCGEGACACGACACCATACAGCACCAAAGGAAT
GGATGGCGGAAT GAT CGGCCCAAT CACACCT GAT GCGECTACGACT GCGECAGAAAAT GATGCGT CGTATCC
ACGGCCGCTTCATCATAGGCCCCCCCAT GAAGAGCGCGCCAAT CGACACGCCGGACACGACACCATACAGCAC
CAAAGGAAT GGATGGCGGAAT GATCGGCCCAAT CACACCT GATGCGGECTACGACT GCGECAGAAAATGATGC
GI'CGTATCCACGGCCGCT TCATCATAGGCCCCCCCAT GAAGAGCGCGCCAAT CGACACGCCGGACACGACACC
ATACAGCACCAAAGGAAT GGATGGAACGAATCAAGCTGAT

NNNNNNN: not determined region of about 3200 bp (accordmiipé results of the
restriction digestion);

Left region, right regionhypothetical proteifpStrongylocentrus purpurafyse-18;

Clone 34

ATATTTCAGCTTGATTCGT GGATTGGATCCTGAAT TGGEGECCGT CGAATCACAAT TCAGEGECCCTCGTTTGEC
GAAGGCAACGCCGCTACCCACACCAT CCAGCCGECCGAGCATTATCCAGT TAAAT TTGACGATCAATGCACC
GICTCAGATTTTTGI GCGCCGACGT GGAT TGGATGCT GAAT TGGGECGGT CGAATCACAATTCAGGECCCTCG
TTTGECGAAGGCAACGCCGCTACCCACACCAT CCAGCCGEECCGAGCATTATCCAGI TAAATTTGACGATCAA
TGCACCGT CTCAGATTTTTGT GCGCGGACGT GGAT TGGAT GCT GAAT TGGGCGGT CGAAT CACAAT TCAGGG
CCCTCGITTGECGAAGGCAACGCCGCTACCCACACCAT CCAGCCGECCGAGCATTATCCAGI TAAATTTGAC
GATCAATGCACCGTCTCAGATTTTTGT GCGCGGACGT GGAT TGGAT GCT GAATTGGGECGGT CGAATCACAAT
TCAGGGCCCT CGT TTGECGAAGGCAACGCCGCT ACCCACACCAT CCAGCCGGCCGAGCATTATCCAGT TAAA
TTTGACGATCAATGCACCGT CTCAGATTTTTGI GCGCGGACGT GGAT TTGGAT GCTGAAT TGGGCGGT CGAA
TCACAAATTCAGGCCCCTCGT TTTGECGAAAGCAAACGCCCCCTACCCACACCATCCAGCCGGCCGAGCATT
AATCCAGI TAAATTTGACGATCAATGCACCGT CTTCAGATTTTTGT GCGCGGACGT GGAATTGGATGCTGAA
NNNNNNNNNNNNNGGT TGGAAT CACAAT TCAGGGCCCT CGT TTGECGAAGGECAACGCCGCT ACCCACACCAT
CCAGCCGGECCGAGCATTATCCAGT TAAATTTGACGAT CAATGCACCGT CTCAGATTTTTGT GCGCGGACGT G
GATTGGATGCT GAAT TGGECGGT CGAAT CACAAT TCAGGGECCCT CGT TTGECGAAGGCAACGCCGCTACCCA
CACCATCCAGCCGGCCGAGCATTATCCAGT TAAATTTGACGATCAATGCACCGT CTCAGATTTTTGI GCGCG
GACGT GGATTGGAT GCTGAAT TGGEGECGGT CGAAT CACAAT T CAGGGCCCT CGT TTGGCGAAGECAACGCCGC
TACCCACACCAT CCAGCCGGCCGAGCATTATCCAGT TAAATTTGACGATCAATGCACCGTCTCAGATTTTTG
TGCGCGCGACGT GGAT TGGATGCT GAAT TGGECGGT CGAAT CACAAT TCAGGGECCCT CGT TTGGCGAAGGCAA
CGCCGCTACCCACACCAT CCAGCCGECCGAGCATTATCCAGT TAAATTTGACGAT CAATGCACCGT CTCAGA
TTTTTGIGCCCGGACGT GGATTGGAT GCTGAATTGGGCGGT CGAAT CACAATCAGACGAATTCTC

NNNNNNN: not determined region of about 900 bp (accordintipéoresults of the
restriction digestion);
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Left region, right regionpart 1 (3e-12),part 2(1e-13),part 3 (1e-13) andbart 4(4e-13):
gramicidin S biosynthesis GrsT protein [AhrensiaRpA130]

Clone 36

CGATGATTCAGCTTGATTCGT TTGACTACCGCTTGCACAAGGTGTATCTTTCGATATCTAAACTCTATATGG
GCTTGGCTTTTAAAAGGCCAAGCCAGCT CAATCAGGAAAAACT GATGACTACCTTTTGTGCCTATATTATAC
GITCATGGAATATGAGACAT TGGACGAAGCAATCCATATGCAAAACGATGTACCACAAGCCTTGTCGTCCTGT
ATCTTTACGCT CAACATGCGT GAGGCGGAAACATTTTTAT CAGCCACAGGGT CTGACT GCGGAATTGCAAAC
GT CAATATTGGCCCAT CGGGT GCAGAAAT TGGECGGCGCAT TTGGECGGT GAAAAAGAAACAGGECEECEEECGT
GAAAGCGGT TCAGACGCAT GGAAAGGT TACATGCGGECGT CAGACCTCAACTGTCAATTATTCGGCTGAACTA
CCCCTTGCACAAGGTGTATCTTTCGATATCTAAACTCTATATGGGECT TGECT TTTAAAAGGCCAAGCCACGCT
CAATCAGGAAAAACTGATGACTACCTTTTGTGCCTATATTATACGT CATGGAATATGAGACATTGGACGAAG
CAATCCATATGCAAAACGATGTACCACAAGCCTTGTCGTCCTGTATCTTTACGCT CAACAT GCGT GAGECGG
AAACATTTTTATCAGCCACAGGGT CTGACTGCGGAAT TGCAAACGT CAATAT TGGCCCAT CGGGT GCAGAAA
TTGGECGGECCCATTTGECGGT GAAAAAGAAACAGGCGEECEEECGT GAAGCGGT TCAGACGCATGGAAAGSGT T
ACATGCGGCGTCAGACCTCAACTGTCAATTTAT TCGCCTGACTACGCT TGCACATGGTGTATCTTCGATATC
TAAACTCTATATGGGCT TGGCT TTNNNNNNNNNNNNNCTAGT CAAGTATTCGT CTGACT ACGCT GCACAAGT
GTATCTTCGATATCTAAACTCTATATGGGECTGCT TTAAAAGGCCAAGCCAGCT CAATCAGGAAAAACTGATG
ACTACCTTTTGTGCCTATATTATACGT CATGGAATAT GAGACAT TGGACGAAGCAAT CCATATGCAAAACGA
TGTACCACAAGCCTTGTCGTCCTGTATCTTTACGCT CAACAT GCGT GAGGCGGAAACATTTTTATCAGCCAC
AGGGT CTGACTGCGGAAT TGCAAACGT CAATAT TGGECCCAT CGGEGT GCAGAAAT TGECGECGCAT TTGECGEG
TGAAAAAGAAACAGGCGECEEECGT GAAAGCGGT TCAGACGCAT GGAAAGGT TACATGCGGECGT CAGACCTC
AACTGTCAATTATTCGCECTGAACTACCGCT TGCACAAGGTGTATCT TTCGATATCTAAACTCTATATGGECECT
TGGCTTTTAAAAGGCCAAGCCAGCT CAAT CAGGAAAAACTGATGACTACCTTTTGTGCCTATATTATACGTC
ATGGAATATGAGACAT TGGACGAAGCAAT CCATAT GCAAAACGATGTACCACAAGGCTTGTCGTCCTGTATC
TTTACGCTCAACATGCGT GAGGCCGGAAACAT TTTTATCAGCCACAGGGT CTGACTGCGGAATTGCAAACGTC
AATATTGGECCCATCGGEGT GCAGAAAT TGECGECGCAT T TGGECGGET GAAAAAGAAACAGGCGECGEECGT GAA
AGCGGT TCAGACGCATGGAAAGGT TACAT GCGGECGT CAGACCTCAACTGTCAATTATTCGGCTGAACTACCG
CTTGCACAAGGTGTATCTTTCGATATCTAAACT CTATATGGEGCT TGCCTTTAAAAGGECCGACGAATCTCAGA
TTCG

NNNNNNN: not determined region of about 3100 bp (accordintpé¢ results of the
restriction digestion);

Right region:aldehyde dehydrogenase family protein; 7e-39;

Clone 37

TCACCTTGATTCGTI TTGACCT GCGACCT TCAGGT TAT GAGCCT GACGAGCT ACCGEECT GCTCCATCCCECG
TCAATTGCTTACTTGAAGCGAT TGACGCTACCCT GACAGGT AAT TGCGAAGCAAAT ACCGAGAAGGEGECCCCG
TCATTACATCACCAATAAAGAACTGATGATGGTGTTCATCTTTGI TTATCAAAGT TGAACATACAAAAAAGC
CGCTGACCTTACACCATAAGT GAGGT AAGCGGECCTTAAATGTAATGT TTATATTGTAATGAGAATACATATT
GICCTTTGCAGACCT GGCAGCGACCTACT CTCCCGT GCCTTAAGACAAAGT ACCATCGECGCTGEGEECATTT
CACGGCCGT GT TCGGAAT GCGAACGGEGET GCAGCGACCCCGECCAT AACCACCAGGT CAGCAAAGGACAATATG
TAAGAAGCT GGTAAAGCAAAT T TGGCGCAGCCAAAAT GCGT TTAAGT CGGCAGT CAATTGCGTAGCAAATGA
CGAGAGACTTACTTTAAGT GTTGT TTTCACAAACGT GAATACAAGCAAT GAGAATGATGAAGT CGATCGAGC
TATTAGTAATGGTAAGCT TCATACCT TACGGTACT TCCACACCCCATCCTATCAACGT GGTGGTCTTCCACG
ACTCTCAGGGAATACTCGT TTTTAGGCTGGT TTCCCCCTTAGATGCCT TCAGCGGT TTATCCATTCCACACA
TAGCTACCCTGCAATGCT GCTGECGCAACAACAGGT CCACCAGT GGTGTGTCCATCCCGGTCCTCTCGTACT
AGGGACAGATCCTATCAATATTCCT ACACCCACGGECAGATAGGGACCGAACT GTCTCACGACGT TCTGAACC
CAACTCACGTACCGCTTTAAAT GGCGAACAGCCATACCCT TGGGACCT GCTCCAGCCCCAGGATGCGATGAG
TCGACAT CGAGGT GCCAAACAACCCCGT CGATATGGACT CT TGGEGEEGET CATCAGCCT GT TATCCCCGGCGT A
CCTTTTATCCGT TGAGCGATGGCCCT TCCACT CGGGACCACCGGATCACTATGACCGACT TTCGTCTCTGCT
CGACTTGI CAGT CTCGCAGT CAGGCGGEECT TATGCCAT TGCACT CGACGAACGATTTCCGACCGT TCTGAGC
CCACCATCGCGCGCCTCCGT TACTCTTTAGGAGGCGTATTGGT TTGEGTATTGGT TTTGCCTCTGCGATCCC
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GT TGCTAAGGCAGGCAAT TGCGCAGCAAAT GCCGAGAGCAGT TCAGGT TATGAGCT TAATGCAAAAAAGCCC
CTGATAAATCAGAGCCTTTAATGTACGAATCTC

Part 271-42¢of 1329): hypothetical protein; 2e-Bart 707-1147of 1329): cell wall-
associated hydrolase; 6e-66;

Clone 39

ATCTGGAGATTCGT CCCCATGCTGCCGTAGCGT CGAGCT TGAACCAATTGT CGATCTGCECTCAGATCAGCCAC
ATTTTGT GCGACACGCGGCT TATCGAAGAGGT TGCAGGCT TTGCGGECAGATAACAAACATGTAAAACATGTC
ATTGGCTTTGATGGCACAT CAAACCAT GAGGCAGAACT TGACCGACT TGCGCT TGAAAAGCCCGTTAAATTT
GATGCTGT GAAAACGGEGCCGTGATGATGT TGCATTACT CGGCTTTACAT CTGGCACGACAGGTAAGCCGAAA
GCCACCATGCATTTTCACCGTGATTTGCTGATGATTGCTGATGGATATGCAAAAGAGATTTTAGGTGT TGT G
CCAGACGATGTGI TTGTCGECTCACCECCTTTGECTTTCACATTTGECCT TGECGEECCTTACGATATTTCCG
CTGCGTTTTGGECGCAACCGCAACGCT GCTCGAAAAT GCCAGCCCGCCCAATATGATTGAGATCATTGAGAAG
TATAAGGCTACGGTCTGT TTTACTGCTCCAACGGCT TACCGGGCCATGT TGECGEGCGAT GGCAGAGGEGECECA
GATTTGI CCAGT TTGCGCGCGNNNNNNNNNNNNNGCT GT TTCTGCAGGCGAAACT TTGCCTGCCCCTGTCTA
CGAGGAATGGATTGCTAAAACT GGCAAACCGAT GCT TGACGGECAT CGGGECAACT GAGATGT TGCATATCTT
TATATCGAACCGCT TTGACGAT CAT CGCCCCGCAT GCACAGGT AAACCGGT CACAGGCTATGAAGCAAAAGT
AGT CGATGATGAGGGT AAT GAGGT GGCCGT CCGAACCGT AGGCCCCT TEECGGT TCGEEGACCAACT GGATG
TCGCTATATGGCCGATGATAGCCAGAGCAATTATGT TCAGAACGGCT GGAATAT CACCGGECGATAGI TTCAT
GATGGATGCTGAGGGATATTTGCATTTTGCCGCGCGCAAT GACGATATGATTAT TTCCAGCGGATACAATAT
TGCTGGACCAGAAGT TGAAGCAGCAT TGCTAGGGECACCCT GCGGTGCGTGAATGT GCTGT TATTGGGEGTCGC
AGATGAATCAAGAGGCTCGATAGT TCAAGCGCATATTGT TCTGAAT GAAGGACAAAAT GCAGATGATGCGCA
AATCAAACACCTACAAGAGCATGTAAAACAAACAAT TGCGCCGAACGAATCAAGCTGA

NNNNNNN: not determined region of about 200 bp (accordiniipéoresults of the
restriction digestion);

Left region, right regionbenzoate-coenzyme A ligase; 4e-177;

Clone 41

GAGATTCGT CCCCCCCAT GAAGAGCGCGCCAAT CGACACGCCGGACACGACACCATACAGCACCAAAGGAAT
GGATGGCGGAAT GAT CGGCCCAAT CACACCT GATGCGGECTACGACT GCGECAGAAAATGATGCGT CGTATCC
ACGGCCCTTCATCATAGGCCCCCCCAT GAAGAGCGCGCCAAT CGACACGCCGGACACGACACCATACAGCAC
CAAAGGAAT GGAT GGSGGAAT GATCGGCCCAAT CACACCT GATGCGGECTACSACT GCGECAGAAAATGATGC
GT CGTATCCACGGECCGCT TCATCATAGGCCCCCCCCVKRAARAGSGSGCCAWT CRACMCSCCGRACMCRACME
CWI ACAGCACCAAAGGAAKGGAT GGCGGAAT GAT CGECCCAAT CMCACCT GATGCGGCTACRACT GCGGCAR
AAAATGATGCGT CGTAT CCACGGECGCT TCATCATAGGCCCCCCCAT GAARAGCGCGCCAAT CGACACGCCGG
ACACGACACCATACAGCACCAAAGGAAT GGAT GGCGEGAAT GATCGGECCCAATCACACCTGATGCGECTACCGA
CTGCGGCAGAAAAT GATGCGT CGTATCCACGGECGCT TCATCATAGGCCCCCCCAT GAAGAGCGCGCCAATCG
ACACGCCGGACACGACACCATACAGCACCAAAGGAAT GGAT GGCGGAAW GATCGGECCCRATCACACCT GAT
GCGECTMCGACT GSSGCAGAAAAAT GATGCGT CGTATCCACGGCGCT TCAWCAT AGGCCCCCCCATGAAGAG
SSCGCCCAT CNNNNNNNNNNNNNCCCCCT ACCGCCCCAAAGCGAAGCGAGEEEGAATGAT TCGCCCAAT CCCC
CCTGATGGEGEGEGT TCGAAT GCGGCAGAAAAAGAT GGGT TGTAT TCCCGGEEGT TTATTAT TGGCCCCCCCCAT
GAAGAGCGCGCCAAT CGACACGCCGGACACGACACCATACAGCACCAAAGGAAT GGAT GGCCGAAT GATCGG
CCCAATCACACCT GATGCGECTACGACT GCGECAGAAAAT GATGCGT CGTAT CCACGGECGCTTCATCATAGG
CCCCCCCATGAAGAGCGCGCCAAT CGACACGCCGGACACGACACCATACAGCACCAAAGGAAT GGATGECEG
AATGAT CCGGCCCAAT CACACCT GATGCGEGECTACGACT GCGECAGAAAAT GATGCGT CGTATCCACGECCGCT T
CATCATAGGCCCCCCCAT GAAGAGCGCGCCAAT CGACACGCCGGACACGACACCATACAGCACCAAAGGAAT
GGATGGAACGAATCAAGCTGA

NNNNNNN: not determined region of about 200 bp (accordiniipéoresults of the
restriction digestion);
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Left region, right regionpart 1(0,016),part 2(0,11),part 3(5e-9): nascent polypeptide-
associated complex subunit alpha isoform a; [Hoapens];

Clone 42

TCAGCTTGATTCGITTGITCTTTGCGAACT CCGCGCACATACGATCTAAATATTTCTGT GAAGCTTCAGCAAT
TTTGEGATCTGTIGGATTTGGTATCCACAAGCGT TTTCATCAACATACAAGAT CGECGT GACGEGTCTGCATC
CGCAAGCCTAACGTAGT TTTGAAACT GTGCGECCAACCCTTCCAGT GGTGACTCAAACTGCATCATCTTTGC
TCTAAACCCTTGECGTGACGT TTCGAAATAACGT TCTATCGCCAAGAGGTAGAGGT TTTCTTTGCTCTCGAA
TGCAGCATATATACTGCCCGGECT TCATGCTAAGT GTCGCTTCCAAATCTTTTAGCGACGT TGCGT GGTAGCC
TTTGCGCCAAAACACAGCCAT GGCCGCAT CAAGT GCGECGT CACGATCATAATTTGCAGCGCGEGECCATGGEG
TCAACTTTTCAATTTTGCGATTTGGGACAGAATATTCGT GTAGT TTTCCACGCCT TGTGCACCT GTGACAAG
GI'GTTTGCGATCAAACACGACGGECCGECACACCTGAAATACCCTGT TGT TGCCAAAAAGT TTCGGECGECECG
CACGT CATTTGCATAGCGCTGATCTTCAAGAACAGCCAAAGCCTCTTTCGCGGT TCAAGCCGATTTCAGCGG
CTATATCAGCTAGCACATTATCATCGGATAGGT TGCGCTGATCCGT GAAATGAGCT GTGAAACAGCGCCATT
TTTAAGATCGTGGCGACGECCT TGCGTATCTGCCCAGT GCAGCAAT TGATGCGT GT TGAATGT GT TGT GCAT
GCGGGAATTCATCCCGT CCATGCAAAGT CAAAT CAAAGCT AT CGCCCAGNNNNNNNNNNNNNAT GCAAATCA
TTGATTTCAAACAACAGT GTGAACACATTCGCTGTAAATAGGACAGT GAGGTAGGT GTCATAAGCACCAATT
ACCATAGAGCGEGT GAAAAACAGCGCAAGAAGCGAAGGGCTAAAAACCAT AACACCCGCCACACAGATAGGT
GICACTTGGT CGEGGTAAGT GCCGAAGCGAT CACACACT CCEGCGCTTCAAT TAT TCAGCCGCGACTGCTGT
TTTCTTTTCCCAAGCGAACT TTTGGAACACT TGGT CAACAGGCGT TTTTGCAAAGT GGT TGGTGTAGTTTGA
CATCAGCTTTTGCGCAGCGCCCAGAATGATTTCAAGGATGT TCGT TTCTGT GAAACCGGCATCTAAAAAGCC
TTGAGTATCGGCT TCAGCAACGAAACCGCGGT CACGAACCATAGCCAATGT GAATGTACGCAAGGCTTCGAG
TTTGGECAGI CGGAAGCGGTGT TTCATCGCGCAAAGCAT CAGT GATTGCATCATCGATCTTCATCATTTTCGC
AATTCCAGTATGCGCAGGCACACAGTAATGACAATTGT TTTCAACATTGATTGT TTGCCAAACGACAGT TTT
CTCCTCATCAGT CATTGAGGT TGCCATGAACT GCTGAT GCGCGAAAT TATAAGCT GCGAGCAAT GGCGGTGC
ATCTGCCATGGT GCCGT GCAAACCTGGAATGCGACCATTATTTTTAAGT GATGT TTCTAAAAGCGGECTTACC
TGCTTCAGGTGCAGATTCAATCGTGTGAATAGTAAAGT TTGTCATGGATTTTCCTTTTTAGAAATCTTCTCG
GGACGAATC

NNNNNNN: not determined region of about 100 bp (accordiniipéoresults of the
restriction digestion);

Left region:hypothetical protein Pcryo_0971; 1e-62;

Right region:part 1:dsba oxidoreductase; 4e-22rt 2:putative TetR-family

transcriptional regulator; 5e-31;

Clone 43

TCAGCTTGATTCGI TTGATTCCGCAATGCGGECTAAGT TTTTGGAATTAGAATCAAAATGACTAAATCAGTTT
TTATTGACGGECGAGCACGGAACCACAGGECT TGCAAAT TGCAGAACGECT TGCTGCACGCGATGACATCAATC
TTTTGTCGCT TGCGAT GGAAGAT CGGCGCGACAAT GAAAAGCGAACAACAAT GCTGCGCGATGCTGATATTG
CGATTCTATGTTTACCCGAT GAT GCTGCGCGCGAAGCT GT TGCACT GGCTGAAGGT TCAGGCACACGGTTTA
TTGATGCGT CAACT GCGCACCGTATTGCAGATGECTGEGTCTATGGT TTTGCAGAAAGCGAGCCGEGEECCAGC
GCGAAAAAAT CATCCACGCCCAAAATGT TACTAACCCCEGECTGT TATTCAACAGGECGCGATTECCCTGECTGC
GI'CCCCTCACCTTAGCGGGT CTATTACCCAGCACT TATCCGGTGACGATAAATGCGGT TTCTGGCTATTCAG
GCGGECGEECAAGCAGAT GATTGCGCAGAT GGAAGAT GCTAAGCGT GATGACCCGATAAAGGCCCCTTATTTTG
CCTATGCGCTNNNNNNNNNNNNNGGCAGGCAAATCAGCCTTATTGCT TCCTTGGACAATTTGGEGCAAAGCCG
CATCAGGCGCAGCTGI TCAAAACCT CAACCT GATGCTTCAAGCCTAATTTAAGT GAGGCCGT GCGTGTGIGC
ACGGCCATCTTTTAGCGGT AGCGGCCCAACAAGCCCGCGECCAAT GCGCAACCCCAAATGCTAGAACTATAAA
CGCCAAGCCT TGGT GCACGAGT GCCCAATCCAGCT GAACCT CCGT TAGCAGCGT TGCAATACCAACAATCGC
CTGACCTATCACCAAGGACGAATCTCT
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NNNNNNN: not determined region of about 2300 bp (accordinidpé results of the
restriction digestion);

Left region, right regionN-acetyl-gamma-glutamyl-phosphate reductase [Adieesp.
R2A130]; 3e-52;

Most of the sequences determined so far were débakorigin. Three sequences -
namely the inserts of clone 9, clone 33 and cldnhe ghow homologies exclusively to a

eucaryotic protein.

A total of 35876 bases was sequenced.
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4 Discussion

4.1 Growth characteristicsof A. kielensis

4.1.1 Atypical growth curve

Continuous OD measurements were done over 4 wealanstruct a growth curve
of A. kielensis. The obtained curve (see Fig 3) did not showypeal growth phases —
lag phase, exponential phase, stationary phasdesatt phase — as ideally expected with
a bacterial pure culture. Instead discontinuouipgeand declining of the curve was

observed.

Schleheck et al (2009) observed the growtRsefidomonas aeruginosa PAO1 and
found that this strain grows in aggregates andedsgs upon starvation leading to an
increase in the optical density during starvatibage when the bacterial cell number is
already declining. Therefore OD measurements woatdllow distinguishing between
growth and starvation phase. Furthermore it wasthby Martens-Habbena and Sass
(2006) that OD measurements do not reflect theaacll number of a bacterial culture

if the observed bacteria formed aggregates orrifghas were present in the culture.

With A. kielensis cultures both the formation of aggregates angtbduction of
VLPs was observed by epifluorescence microscopghvimight explain the unusual
shape of the obtained growth curve. NeverthelesA.tkielensis culture seemed to have
entered the stationary phase at about 100 h ant hatve reached the death phase when

the period of observation ended.

4.1.2 Variationsin the size, shape, stability and colour composition of

bacterial pellets

The bacteria pellets & kielensis obtained during the process of VLP harvest
varied in size, shape, stability and colour comgasi(see Fig 8). These variations

depended both on the time of incubation of the ggsed bacterial culture and the
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circumstance whether the culture was sonicated®ddihe harvest of VLPs was started or

not.

First of all it has to be mentioned that the 514#PYmedium used for cultivation of
A. kielensis tended to flocculate and might contribute to tbmposition of the pellet as
well. That the size of the pellets varied with #ye of the processed culture was not
surprising as the cell number contained in the ggsed culture is expected to vary as

well.

No information was found on the influence of sotimaon the stability of bacterial
pellets. The presence of aggregates might leadte mstable pellets as they varied in
size and shape and might promote the formationiofoncavities inside the pellet which

increase its instability.

Varieties in the colour composition of the bactigpelets might be due to

metabolic changes during long term incubatioAdfielensis.

4.1.3 Pigmentation of VLP pellets

Although no pigmentation of the liquid cultures wadsserved, VLP pellets from.
kielensis cultures derived from the glycerol stock were fotm be at least slightly green
pigmented. Interestingly no pigmentation was foumth pellets from the four test
cultures. In this work all cultures were grown lre tdark except of the preculture which
was used for the glycerol stock. This leads toatbgumption that the exposure to light

might activate the expression of these pigments.

To date it has not been reported that the spécikglensis produces pigments. But
Allgaier et al (2003) reported that four straing=(D13, DFL-42, DFL- 43, DFL-44)
isolated from dinoflagellates and possessing tHeN?Pgenes were related to the species
A. kielensis. The PufLM genes encode for the photosyntheticti@a center subunits L
and M. Allgaier et al (2003) suggested that, altiobacteriochlorophyll a production
was not observed with the strains mentioned akibwaght be induced in most bacterial

strains possessing the PufLM genes, if the suitedielitions were found for incubation.
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Today the strains DFL-13, DFL-42 and DFL-44 aressified to the genuBhrensia

while strain DFL-43 is classified &#oeflea phototrophica DFL-43. Interestingly in a
later publication (Pradella et al 2004), which wased on results of the former
mentioned one (Allgaier et al 2003), the strain BFA.was described as producing
bacteriochlorophyll a. Analysis of the genome a$ train revealed that it possesses a
linear (~36 kbp) as well as a covalently closedudar plasmid (107 kbp) which both
could only be detected weakly by PFGE. The PfuLMeagewere located on the bacterial

chromosome and not on extrachromosomal elements.

Accounting for the relationship between the stranentioned above arhl
kielensis it might be that the pigmentation found with VL&four bacterium is as well
based on the presence of bacteriochlorophyll ahEuresearch is needed to determine

for sure which pigment is causing the green coldEP-pellet ofA. kielensis.

4.2 Electron microscopy

Electron microscopy revealed that VLPsfokielensis were about 80-155 x 100-
200 nm in size. No capsid like structures were olegke As for both bacteriophages and
GTAs the presence of a capsid is characteriste ¢hapters 1.2.1 and 1.2.2), we assumed

that it is very unlikely that VLPs @& kielensis do represent bacteriophages or GTAs.

It is more likely that our VLPs either representasunembrane vesicles (MVs; see
chapter 1.2.3) or constitute an entirely new phegrmon which has not been described

yet.

4.3 Test for antimicrobial activity of A. kielensisand itsVLPs

The test for antimicrobial activity &. kielensisand its VLPs was carried out
againstStaphyl ococcus aureus, Listeria monocytogenes, Bacillus subtilis, Bacillus cereus,
Vibrio cholerae andVibrio alginolyticus several times using bacteria and products from
A. kielensis cultures of various ages (379 h, 2014 h, 225bligwing the disc diffusion
method (see chapter 2.2.7). The desired effec@eas in the bacterial lawn around the

charged filter discs) was only observedSaureus andL. monocytogenes which are
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both gram positive bacteria, but notBrcereus andB. subtilis (gram positie) and the
gram negative bacter\ cholera andV. alginolyticus. In general the observed effect was
rather mild and there remains a slight chance(thatome cases) the changes in the lawn
represent artefacts.

The observed antibacterial effect depended onribeepsed culture and the product
used, indicating that the antimicrobial compoun@seanot expressed continuously
during the growth oA. kielensis. Bruhn et al (2005) found that various factorsuehced
the production of an antimicrobial compound by eteaum of theRoseobacter clade.

The antibacterial compound was found only with high densities — indicating that
guorum sensing might play a role in its productioand its presence was always
accompanied by a brownish pigment. Temperaturatiaarand salinity of the bacterial
cultures were crucial for the detection of the mitrobial compound. Therefore altering

the growth conditions oA. kielensis might have positive implications for further tests

The antimicrobial activity oA. kielensis and its VLPs was observed with the
bacterium itself and with the sterile filtrate mat with the VLP-free supernatant,
obtained from the ultracentrifugation and not witb concentrated VLP fraction. VLPs
of different bacteria — including. kielensis — have already been shown to exhibit a lethal
effect on the recipieri. coli strain AB1157. According to Chiura (1997) the esy@ of
the recipient bacterium to VLPs Af kielensis resulted in an efficiency of plating (EOP)
of ~17%. Therefore it was quite surprising thatefiect was observed around filters

charged with the concentrated VLP fraction. Thighmhihave several reasons.

First of all we had no possibility to determine ttmncentration of the used VLP
suspension. Chiura (1997) achieved a MOI (multityliof infection; the average number
of infectious agents per cell) of 0,22 when inculgathe recipient bacteriuni(coli
AB1157) with VLPs ofA. kielensis. It might be that the applied VLP concentratiorswa
too low. Especially regarding the fact that theéielensis cultures used for the test had
not been sonicated. As mentioned before sonicatasperformed to disperse bacterial
aggregates oA. kielensis, which we believe, to consist of bacterial celld &iLPs.
Therefore it might well be that a significant portiof the VLPs was captured in the

bacterial pellet and not contained in the used guspension. Sonication was not
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performed with cultures used for the antibactegat to ensure the integrity of the used
VLPs.

Furthermore Matsuyama et al (1986) found that tleeyction of membrane
vesicles withSerratia marcescens depended on the growth conditions of the bacterium
They observed the presence of extracellular vessaidy with cultures that were grown at
30 °C but not with cultures that were grown at 87 Unfortunately due to various
circumstances in our labratory it was not posdiblkeep the temperature and the
oxidative conditions of thA. kielensis cultures stable. They varied between 26-31 °C and
120-200 rpm. This might as well have impact on\th® production ofA. kielensis, the
success of VLP harvest and subsequently on theaaéirial test. The growth parameters
chosen in our laboratory for the cultivationffkielensis also differed from those chosen
by Chiura (1997: PPES Il medium, incubation at i@ and 25 °C for 100 h) and might
contribute to the different results according te lthal effect of VLPs oA. kielenesis.
Again altering the growth conditions might positywaffect the VLP production and
subsequently the success of the antibacterial test.

Another possibility is that the absence of theraitiobial effect of the VLP
fraction is due to the pathogenic bacteria seleftiethis test. Beveridge (1999) noted
that the lytic potency of outer membrane vesiclesther bacteria depended on the
peptidoglycan layer type of the recipient bactehithough we do not know for sure of
which type the envelope of our VLPs is, based estebn microscopy, it seems quite
plausible that it is derived from the outer memlerahthe producing gram negative
bacteria. Li et al (1998) isolated membrane vesiflem 15 different gram negative
bacterial strains and tested their lytic activigyaeast 17 gram negative and gram positive
bacteria with different cell wall composition. Thegnfirmed the importance of the
peptidoglycan chemotype and furthermore found ttatcapability of MVs to lyse other
bacteria is given, as long as the recipient baatesuffers from insufficient nutrition and
is growing poorly. As mentioned above no antibaataffect was observed on the two
gram negative straing cholera andV. alginolyticus. But considering the findings of
Beveridge (1999) and Li et al (1998) it might wadl thatA. kielensis and its products
would exhibit the desired effect on other gram iggebacteria which have not been
tested yet - particularly as a lethal effect hasaaly been shown on the gram negative
bacteriumk. coli AB1157 (Chiura 1997).
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In general the observed antimicrobial effect walsaramild and varied depending
on processeAd. kielensis culture and its products. Regarding the fact theigaificant
lethal effect of VLPs oA\. kielensis againstE. coli strain AB1157 has already been shown
(EOP of ~17%, Chiura 1997) it seems rather impldaghat the observed changes in the
lawns of the tested pathogenic bacteria representantefacts. Instead it seems more
conclusive that the protocol for the antibacteiesk requires optimization. The conducted
tests should be regarded as pre tests and theindis should be considered when
optimizing the protocol for further tests. Conclugli the growth conditions &. kielensis
cultures should be altered in order to increase&/ttfe production and the production of
antibacterial compound. The concentration of thé\itaction should be determined —
for example by electron microscopy — and if needetkased. Also the set of pathogenic
bacteria might be altered and standardizationaif ttultivation by preparation of a

glycerol stock might be useful.

Further studies are needed to determine the optigebf theA. kielensis culture,

at which it reaches its full antibacterial potehtia

44 VLP DNA

441 Extraction of VLP DNA

DNA extracted from VLPs oA. kielensis was on average about 40 kbp in length
although variations were observed (see Fig 13 apd4#). Therefore it exceeds by far the
average length of DNA encapsulated in so far deedrgene transfer agents (GTAS; see
chapter 1.2.2) which is typically < 14 kbp in lelngLang et Beatty 2007).

For DNA extracted from membrane vesicles (MVs; ceapter 1.2.3) of gram
negative bacteria in some cases no precise lesgfiven. MVs ofN. gonorrhoeae were
reported to harbour linear DNA molecules of unidfead length and circular plasmids
which were 4,2 kbp, 7,1 kbp and 36 kbp long (Dodheiral 1989). Even longer,
heterogenous chromosomal DNA was also found tesbecgated with MVs but
unfortunately their length was not given in the lmdsion by Dorward et al (1989).
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Yaron et al (2000) analysed the DNA content of DEA®gated MVs oE. coli O157:H7
via electron microscopy and found linear DNA, cleziplasmid DNA as well as large
rosette like structures. The length of the rodétgestructures had not been estimated by
Yaron et al (2000) but based on the electron mieqolgs shown they should be several
100 kbp long.

With some but not all samples (see Fig 14) an adit DNA fraction of about 2-4
kbp was observed. DNA fractions of various sizesaweund within membrane vesicles
of E. coli O157:H7 (Yaron et al 2000) amd gonorrhoeae (Dorward et al 1989). But in
both cases the smaller fractions resulted in disbands of a specific size during gel
electrophoreses and were believed to represent smtallar plasmids. The additional
DNA fraction of about 2-4 kbp might be due to thetake of degraded, extracellular
DNA which might be derived from lysed cells or sijmgue to DNA degraded by the
experimental conditions. Renelli et al (2004) repadrithat MVs ofP. aeruginosa PAO1
were able to take up exogenous DNA. The same vpastesl with MVs ofH. influenzae
andH. parainfluenzae (Kahn et al 1982).

In general VLP DNA extraction was more often sust@swvhen the processed
culture was sonicated before the harvest of VLPs started. As mentioned befdke
kielensis is an aggregate forming bacterium. We hypothedisaithese aggregates
consisted of bacterial cells as well as of VLPs tnad a significant portion of the VLPs
was not accessible for the particle harvest andesyuent DNA extraction, until these

aggregates were dispersed by sonication. The auataesults confirmed this hypothesis.

Nevertheless DNA extraction from VLPs of some ad$uwas not successful
although they had been sonicated. One possiblemaaght be that the VLP production
varied during the growth @ kielensis. As mentioned before it was shown for membrane
vesicles ofS. marcescens that they were only produced under certain gravetiditions,
namely, when the bacterium was grown at a cerémpéerature (Matsuyama et al 1986).
A glycerol stock was prepared, aliquoted and usedhbculation especially to ensure
standardized conditions of the grovnkielensis cultures. But unfortunately due to
various incidences in our laboratory it was neithessible to keep the temperature nor
the oxygenic conditions always constant. The caftwere grown at 26-31 °C and 120-

200 rpm. Both parameters are crucial for bactgriath. This might explain why with
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VLPs of some cultures DNA extraction was not susftésalthough the cultures had been
sonicated. And it might also explain why with VL&different cultures which were of
the same age and treated identically (sonicatestosonicated) DNA extraction was

once successful and once not.

Another explanation for this phenomenon would tz the VLPs were produced
constantly but that the content of the VLPs varkalling and Matthews (1999)
investigated membrane vesicledotoli O157:H7 and noted that the DNA content

within the vesicles varied, but they didn't furtlesiplain or discuss their observation.

4.4.2 Origin of VLP DNA

To determine the origin of the DNA encapsulatechwit.Ps ofA. kielensis some
clones of the VLP shot gun library (see chapte® 2)lwere sequenced. Analyses of the
obtained sequences using the program blastx reldséthe VLP DNA was of bacterial
origin, as no viral sequences were identified soTaree sequences, namely that of
clone 9, clone 33 and clone 41 could be identifis@ukaryotic ones, which makes future

research even more promising.

The fact that no viral DNA could be detected untilv once more underscores that
our VLPs do not represent phages. It has alreaey beown by electron microscopy that
no capsid like structures were associated with Vaf?s kielensis. But some dsDNA
phages, for example those belonging to the Plasmdagifamily (Ackermann 2003), do
not possess a capsid. Nevertheless our sequergulgsrexclude the possibility that the

examined VLPs represent such phages.

It is known, that the DNA of gene transfer age@3 As) is also of bacterial origin.
As described in chapter 1.2.2 GTAs are virus liggiples that only carry random pieces
of the bacterial donor genome. Their genome igivellyg small (< 14 kb; Lang et Beatty
2007) in contrast to the genomefkielensis VLPs (about 40 kbp). Furthermore the
described GTAs resemble small, tailed phagesruatste which was not observed with
our VLPs.
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Membrane vesicles (MVs) of some gram negative bactacludingN.
gonorrhoeae, P. aeruginosa PAO1 ancE. coli O157:H7, were reported to contain DNA
beside of proteins (Dorward et al 1989, Renelalé2004, Kolling and Matthews 1999,
Yaron et al 2000).

The DNA from membrane vesiclesBfcoli O157:H7 turned out to be very
heterogenous. Yaron et al (2000) demonstratedl@cren microscopy that they contain
linear DNA fragments, circular plasmids and largsette like structures and analyzed by

PCR that this vesicle DNA was of chromosomal, pldsamd even viral origin.

4.4.3 Conclusions

We found that the VLPs &. kielensis contain mostly large dsDNA molecules
(about 40 kbp) of bacterial and not of viral origifhree eucaryotic sequences could be
identified.

It is possible that the VLPs @&t kielensis represent a form of DNA containing
outer membrane vesicles but it is also possibleMh®&s constitute an entirely novel

phenomenon.

The VLPs ofA. kielensis could be correlated with an antimicrobial activtyvhich
components are responsable for this will show titeré research work.
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Abstract

The virus like particles (VLPs) of our interest aréor the most part — released by marine
bacteria by budding, They contain large dsDNA (520-kbp) molecules of unknown origin and
are capable to mediate gene transfer to the retipieoli AB1157. Furthermore VLPs of
different bacteria — including those Afkielensis — exhibited a significant lethal effect on the

recipient bacterium.

To gain a deeper insight into this so far only pudescribed and understood phenomenon,
we cultivated the marine bacterivdhrensia kielensis. We used a cell free fraction of its VLPs to
determine the origin of the DNA encapsulated witthi@se particles and to test whether VLPs

showed an antibacterial effect on different patimigybacteria.

A method for DNA extraction from VLPs was estabéidhrand the obtained DNA used to
construct a shotgun library. Partially sequenciengerled that the main fraction of the VLP DNA
of A. kidlensis was of bacterial and not of viral. These findimght have crucial implications on
the design of further research projects, espeamlthose which will focus on elucidating the
mechanisms underlying the capability of VLPs to rmgxlgene transfer or to induce an

antibacterial activity.

The test for antibacterial activity was carried seteral times againStaphylococcus
aureus, Listeria monocytogenes, Bacillus subtilis, Bacillus cereus, Vibrio cholera andVibrio
alginolyticus. A. kielensis cultures of different ages and their products wesed Antagonistic
activities were detected agaitsstaureus andL. monocytogenes but not against the other four
pathogenic bacteria. In general the observed effastonly mild and varied depending on e
kielensis culture used. Considering the fact that a sigguifi lethal effect has already been
observed againg. coli AB1157, we do believe that a comparably strongatfivill be shown

against other pathogenic bacteria which have nen bested yet.

Accounting for the rapid increase and spread abamic resistant bacteria, VLPs might be
of high medical and pharmaceutical significancthalgh their antibacterial effect against the so
far tested pathogenic bacteria was only mild. Farrthsearch will be needed to find out under
which parameters and against which bacteria VLS kielensis can exhibit the full extent of

their antibacterial potency.



Zusammenfassung

Die in dieser Arbeit untersuchten "virus like p&g® (VLPs) werden zum Grol3teil von
marinen Bakterien freigesetzt, ohne dabei die Yadlldes produzierenden Bakteriums zu
verursachen. Sie beinhalten lange doppelstrangife-Bolekile (~20-500 kbp) und sind in der
Lage, genetische Information atdcherichia coli AB1157 zu tbertragen. Weiters kdnnen diese
VLPs einen milden letalen Effekt auf das Rezipiahekterium ausiben.

Um einen tieferen Einblick in dieses bisher kaurscheiebene und verstandene Ph&dnomen
zu erlangen, haben wir das marine BakterAurkielensis, von dem wir wussten, dass es VLPs
produziert, kultiviert. Wir haben eine zellfreieaktion von VLPs verwendet, um die Herkunft der
in den Partikeln eingeschlossenen DNA zu bestimamehzu testen, ob sie eine antibakterielle
Wirkung auf verschiedene pathogene Bakterien ausiibe

Eine Methode zur DNA-Extraktion aus VLPs wurde é&abund die gewonnene DNA
eingesetzt, um eine "Shotgun Library" zu erstel@e. partielle Sequenzierung zeigte, dass die
Partikel-DNA bakteriellen und nicht viralen Urspgaist. Dieses Ergebnis wird entscheidenden
Einfluss auf das Design weiterer Forschungsprojelteen, vor allem auf jene, die es zum Ziel
haben werden, die Mechanismen aufzuklaren, aufrddiee-ahigkeit von VLPs zum Gentransfer
und ihrer moglichen antimikrobiellen Aktivitat bénu

Der Test auf antibakterielle Wirkung wurde mehngiade durchgefihrt. Dabei wurdeéh
kielensis Kulturen verschiedenen Alters und ihre Produkisveedet und gege®aphyl ococcus
aureus, Listeria monocytogenes, Bacillus subtilis, Bacillus cereus, Vibrio cholera undVibrio
alginolyticus getestet. Die antagonistische Aktivitat wurde gegenS. aureus undL.
monocytogenes beobachtet, aber nicht gegen die anderen vieogetten Bakterien. Im
Allgemeinen war der beobachtete Effekt nur schwaaggepragt und variierte abhéngig davon,
welcheA. kielensis Kultur verwendet wurde. Unter Berlicksichtigung @iatsache, dass ein
letaler Effekt bereits gegdn coli AB1157 beobachtet wurde, glauben wir, dass sich ei
vergleichbar starker Effekt auch bei anderen, bisbeh nicht getesteten pathogenen Bakterien

zeigen wird.

Bertlicksichtigt man die schnellen Zunahme und Véxbrg von antibiotika-resistenten
Bakterien, durften VLPs von hoher medizinischer phdrmazeutischer Bedeutung sein, obwohl
ihr antibakterieller Effekt gegen die bisher getemt Bakterien nur schwach ausgepragt war.
Weitere Forschung ist notwendig, um herauszufindgar welchen Bedingungen und gegen
welche Bakterien VLPs voA. kielensisihre volle antibakterielle Wirksamkeit entfaltennikien.
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