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Welcome to the 15t German Phage

Symposium

9-11 October 2017, University of Hohenheim, Stuttgart

Since their description as antimicrobial agents by
Felix d’Herelle in 1917 bacteriophages have been
in the worldwide focus of scientific, medical and
biotechnological developments either as antimicro-
bials to combat a wide variety of human, animal
and plant bacterial infections or as useful means of
removing bacterial contaminants in the food chain.
They have been useful tools for the detection of
DNA as carrier of genetic information and in the
early and recent developments of genetic enginee-
ring.

Recent gains in understanding on what is called
“active lysogeny” provide a first glimpse on what we
can expect, will be learned in the near future about
the actual role of phages in the evolution and their
contribution to the equilibrium within bacterial com-
munities in any kind of microbiomes.

The fast rise of multi-resistant bacteria in human
and veterinary medicine necessitate the urgent
search for alternatives to antibiotics or, at least,
supplementary approaches for treatment of bacteri-
al infections. Phage therapy has been accepted as
an effective antimicrobial procedure for many deca-
des in Eastern Europe. Before similar acceptance
is possible in the West several important scientific
questions and regulatory issues need to be
addressed and solved in a timely fashion.

Wolfgang Beyer
Scientific Director of the 1t German Phage Symposium

The German Phage Symposium, held for the first
time at the University of Hohenheim, aims to provi-
de old and young researchers moving into this
fascinating field of research the opportunity to
meet colleagues, find new partners for future colla-
borations and enable to discuss their data and opi-
nions in an open-minded atmosphere.

A special session will be held on Day 3 aiming to
discuss the opportunities for further promotion of
the German phage related research, so as to
embed it in the already existing international net-
works and how to overcome current obstacles hin-
dering a more future-oriented development in
Germany. The Panel Discussion ,Quo vadis, deut-
sche Bakteriophagenforschung?“ aims to bring
together different stakeholders, including compa-
nies, funding agencies and regulatory institutions
and to raise the general awareness of this extreme-
ly fast evolving social topic.

The organizers are certain they have designed an
appealing program within a pleasant framework.
We are looking forward meeting you at the
Symposium.

Katerina Potapova
Interim Managing Director
Hohenheim Research Center for Health Sciences
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SCIENTIFIC DIRECTOR

PD Dr. med. vet. habil. Wolfgang Beyer

University of Hohenheim

Institute of Animal Sciences, Department of Livestock Infectiology and
Environmental Hygiene

Our research is focused on the role of temperate phages in the live cycle (prevalence, persi-
stence, tenacity, virulence, resistence, and transfer) and of lytic phages in the control of patho-
genic members of Bacillus cereus sensu lato., in animals and the food chain. Active lysogeny and
the participation of phages in horizontal gene transfer drives the evolution of every microbial
community their hosts are part of. Topics of our research include phage regulated changes in
sporulation and biofilm formation as part of the organization of microbioms. Such features influ-
ence the persistence and survivability of the microorganisms in different ecosystems like soil and
(waste-)water.

SCIENTIFIC BOARD

Prof. Dr. rer. nat. Martin Hasselmann
University of Hohenheim
Institute of Animal Sciences, Department of Livestock Population Genomics

Prof. Dr. Martin Hasselmann is head of the Department of Livestock Population Genomics at the
Institute of Animal Science. His research interests focus on the natural variation and the evolu-
tionary processes which provide the basics of modified gene function, evolutionary innovations
and phenotypic differentiation among organisms. For more than 15 years, he is working on social
insects, mainly on honey bees, integrating in the last years especially the dynamics of bee-
associated pathogens and intestinal microbes.

Prof. Dr.-Ing. Jorg Hinrichs

University of Hohenheim

Institute of Food Science and Biotechnology, Department of Soft Matter
Science and Dairy Technology

Jorg Hinrichs leads the Department of Soft Matter Science and Dairy Technology at the
University of Hohenheim since 2001. The main research topics are innovative processes and
analytical tools, soft matter science of food, process and food safety. Some phages are highly
thermal resistant as we found and cause fermentation problems in cheese processing being
reinforced when whey products are recycled. Process safety research is addressed to minimize
phage risk by thermal and non-thermal processes in food and biotechnology.
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Prof. Dr. rer. nat. Andreas Kuhn
University of Hohenheim
Institute of Microbiology, Department of Microbiology

The YidC mediated membrane insertion of the major capsid proteins of bacteriophage M13 and
Pf3 are the major research projects in the last years. In addition, the head assembly of bacterio-
phage T4, in particular the initiation complex at the membrane involving gp20 is studied. Also,
the infection process and DNA ejection of T4 and T7 are studied at the molecular level.

PD Dr. rer. nat. habil Sebastian Leptihn
University of Hohenheim
Institute of Microbiology, Department of Microbiology

My research aims to understand phage proteins that insert into the host membrane where they
allow the translocation of molecules across the cellular envelope. We study the “ejectosome”
proteins of the T7 phage which form a translocation pore, allowing the release of the viral DNA
into the host’s cytosol. In addition, we investigate the fascinating molecular motor of filamentous
phages. This nano-machine assembles the phage in the inner membrane of the host. Our
methods range from in vivo assays to single-molecule techniques.

Dr. rer. nat. Horst Neve

Max Rubner-Institut

Federal Research Institute of Nutrition and Food, Kiel Department of
Microbiology and Biotechnology

Our main research activities are: Microbiology and genetics of lactic acid bacteria (LAB) with
emphasis on bacteriophage-host interactions, molecular identification and typing of LAB phages,
gene transfer mechanisms, transmission and scanning electron microscopic analysis of dairy
samples, bacteria and phages, gut phages, biocontrol phages.

Prof. Dr. Herbert Schmidt
University of Hohenheim
Institute of Food Science and Biotechnology, Department of Food
Microbiology and Hygiene

Our research focuses on lambdoid Shiga toxin-encoding and non-Shiga toxin-encoding propha-
ges from enterohemorrhagic E. coli (EHEC). We are in particular interested in the function of
bacteriophage genes not directly being involved in the bacteriophage replication cycle. Current
research support the hypothesis that such genes may be involved in competition and mainte-
nance of EHEC bacteria in the gut.




The oldest University in Stuttgart: the University of
Hohenheim is unique in its strong specialization.

Founded in 1818 after devastating famines, the Uni-
versity of Hohenheim is not only engaged in intensive
basic research but has traditionally also been commit-
ted to developing innovative solutions for some of
society‘s pressing problems. To do so, the University
of Hohenheim engages in a combination of scientific
disciplines that is unique among German universities.

Today, the University of Hohenheim is the leading
University in agricultural research and food sciences,
as well as strong and unparalleled in natural, social,
business, economic, and communication sciences.
The combination makes it possible to find solutions
for many global challenges.

For more information, visit
www.uni-hohenheim.de

Hohenheim Research Center for

Health Sciences

The Hohenheim Research Center for Health Sciences
provides a dynamic platform for researchers, lectur-
ers, young scientists and students dedicated to life
science and societal health topics and promotes
high-level research across several disciplines in
accordance with the modified ,One Health“ concept by
* joining expertise, e.g. in biology, immunology,
health care and medicine, agriculture and food
sciences, economics and social sciences
* building bridges between bench scientists, clinical
investigators, health researchers, business and
public stakeholders

¢ strengthening national and international research
networks for exchange and productive partner-
ships

* obtaining funds for integrated research projects
focusing on major scientific and societal topics,
including e.g. growth, development, demographic
change, lifestyle, nutrition, aging as well as their
social and economic impact.

For more information about the Research Center, visit
www.health.uni-hohenheim.de
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How to reach the venue SHMT

Public transportation

From Stuttgart Airport
From the arrival terminal’s building, turn to the right to reach the bus station in approximately 3 minutes.

Please follow the sign with the bus. Take bus 122 (direction ,Esslingen (N) ZOB®) to the stop ,Plieningen

Post“. There, on the other side of the street change to one of the busses 70 or 73 until ,Plieningen Garbe®.

Travel time: 25 minutes.

Alternative route:
Take the S2 or S3 in Terminal 1, on Level 1 and get off at Vaihingen. There, catch the tram U3 to Plienin-

gen. Travel time: 30 to 45 minutes.

From Stuttgart Railway Station
From the main station at Stuttgart take the tram U7 (Ostfildern) to the station ,Ruhbank”. Then change to

bus 70 (Plieningen) until the stop ,Plieningen Garbe®. Travel time: 30 minutes.

Alternative route:
Take the tram U5 (Leinfelden Bf), U6 (Fasanenhof) or U12 (Dirrlewang) to ,Méhringen Bahnhof*, and

change to the tram U3 to the end station ,Plieningen®. Travel time: 32 minutes.
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15T GERMAN PHAGE SYMPO

Program

MONDAY, 9 OCTOBER 2017 (DAY 1)

== REGISTRATION AND WELCOME

08:30
10:00

10:15

Registration

Introduction to the Symposium

Wolfgang Beyer, Conference Chair, University of Hohenheim, Germany

Welcome Address

Heinz Breer, Dean of the Faculty of Natural Sciences, University of Hohenheim, Germany

== SESSION 1:
Structure-Function Relationship

Chairs:
10:30

11:30

11:50

12:10

12:30

Chairs:
13:30

13:50

14:10

Dennis H. Bamford & Andreas Kuhn

Keynote: Structural organization of the viral universe

Dennis H. Bamford, University of Helsinki, Finland

Phage genomics and taxonomy — bringing order into chaos

Johannes Wittmann, Leibniz Institute DSMZ Braunschweig, Germany
Tectiviruses infecting members of the Bacillus cereus group

Jacques Mahillon, Université catholique de Louvain, Belgium

Singularities of bacteriophage T5 structure and infection mechanism
Pascale Boulanger, Institut de Biologie Intégrative de la Cellule, Paris, France

Lunch

Jacques Mahillon & Sebastian Leptihn

Genome replication and assembly of the bacteriophage SPP1 particle in vivo

Paulo Tavares, Institut de Biologie Intégrative de la Cellule, Paris, France

Filamentous phage assembly

Sebastian Leptihn, University of Hohenheim, Germany

Not a barrier but a key: How O-antigen specific bacteriophages exploit lipopolysaccharide
as an essential receptor to initiate infection of Gram-negative hosts

Stefanie Barbirz, University of Potsdam, Germany

== SESSION 2:
Host-Phage Interaction & Evolution of Microbial Communities - Part |

Chairs:
14:30

15:30

16:00

16:20

10

Stan Brouns & Herbert Schmidt
Keynote: From understanding CRISPR biology to CRISPR 2.0 applications
Stan Brouns, Delft University of Technology, The Netherlands

Coffee Break

The role of xenogeneic silencing in (pro-)phage-host interaction

Julia Frunzke, Forschungszentrum Jilich GmbH, Germany

Bacteriophages of Staphylococcus aureus and their impact on host evolution
Christiane Wolz, University of Tibingen, Germany
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16:40 Assess the role of viruses in contaminant biodegradation through metagenomics
Li Deng, Helmholtz Centre Minchen, Germany

17:00 Bacteriophages of Shiga toxin producing E. coli — small molecules with high impact
Herbert Schmidt, University of Hohenheim, Germany

== SESSION 3:

Clinical Applications - Part |

Chairs: Stan Brouns & Herbert Schmidt

17:20 Phage therapy: an alternative to antibiotics?
Hans-Peter Horz, Uniklinik RWTH Aachen, Germany

18:00 Poster Session & Reception

TUESDAY, 10 OCTOBER 2017 (DAY 2)

== SESSION 2 (continued):

Host-Phage Interaction & Evolution of Microbial Communities - Part Il

Chair: Wolfgang Beyer

09:00 Tripartite species interaction: How phage/bacteria co-evolution impacts the
virulence on an eukaryotic host
Heiko Liesegang, University of Gottingen, Germany

09:20 Elucidating phage-bacterium interactions that trigger changes in bacterial
composition and functional profile in the gut of older adults
Josué L. Castro-Mejia, University of Copenhagen, Denmark

== SESSION 3:
Clinical Applications - Part 1l
Chairs: Mzia Kutateladze & Martin Witzenrath
09:40 Keynote: Bacteriophages for treatment of infectious diseases
Mzia Kutateladze, G. Eliava Institute of Bacteriophages, Microbiology and Virology, Tbilisi, Georgia

10:40 Coffee Break

11:00 Phage therapy: From treating complications to targeting diseases
Andrzej Goérski, Bacteriophage Laboratory & Phage Therapy Center, Polish Academy of Sciences,
Wroclaw, Poland

11:20 Bacteriophage therapy in lung infections
Martin Witzenrath, Charité Berlin, Germany

11:40 European Project PHAGOBURN: The first randomized, single-blinded, multi-centric and
controlled clinical trial in Human Phage therapy: Design and objectives
Patrick Jault, Percy Military Hospital in Clamart, France

1"



== SESSION 3 (continued):
Clinical Applications - Part 1l continued

12:00

12:20

12:40

Phage therapy: History, working and use in clinical practice
Thomas Rose, Queen Astrid Military Hospital, Att. P.H.A.G.E., Brussels, Belgium

Efficiency of bacteriophage therapy in children with diarrheal diseases
Karaman Pagavan, Thilisi State Medical University, Republic of Georgia

Lunch

== SESSION 4:
Non-Clinical Applications

Chairs:

14:20

15:20

15:40

16:00

Chairs:

16:20

16:40

17:00

17:20

17:40

18:00

19:00

12

Jochen Klumpp & Martin Hasselmann

Keynote: From genomics to practical application: Molecular biology as

the basis for the use of phages in detection and control of bacteria

Jochen Klumpp, ETH Zirich, Switzerland

Application of lysines as an alternative to bacteriophages (Designer Lysine)
Wolfgang Mutter, HYpharm, Bernried am Starnberger See, Germany
Characterization of Campylobacter phages and their application

Stefan T. Hertwig, Federal Institute for Risk Assessment (BfR), Berlin, Germany

Coffee Break

Horst Neve & Jorg Hinrichs

Impact of phages in dairy industry

Horst Neve, Max Rubner-Institut, Kiel, Germany

Reduction of Campylobacter load in broiler chickens by using phage application
Sophie Kittler, University of Veterinary Medicine Hanover, Germany

Bacteriophage application in honeybees infected with Paenibacillus larvae
Hannes Beims, Lower Saxony State Office for Consumer Protection and Food Safety, Institute for
Apiculture Celle, Germany

Characterization and applications of bacteriophage-derived peptidoglycan
hydrolase enzymes targeting MRSA and antibiotic resistant Clostridium difficile
Aidan Coffey, Cork Institute of Technology, Ireland

Carrier systems for phages to supplement food systems

Jorg Hinrichs & Meike Samtlebe, University of Hohenheim, Germany

Poster Session

Dinner (Speakers & sponsors only)
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== SESSION 5:

Practical Applications and Regulations

Chairs: Christine Rohde & Harald Briissow

09:00 Phage therapy in diarrhea patients — experiences from studies in Bangladesh
Harald Brissow, Nestlé Lausanne, Switzerland

09:20 Phages to combat Listeria and Salmonella
Steven Hagens, Micreos BV, Wageningen, The Netherlands

09:40 Pros and cons of phage applications
Christine Rohde, Leibniz Institute DSMZ, Braunschweig, Germany

10:00 Coffee Break
10:30 Panel Discussion

== QUO VADIS, DEUTSCHE BAKTERIOPHAGEN-FORSCHUNG? (IN GERMAN)
Moderators: Christine Rohde & Wolfgang Beyer

> Dr. Isabelle Bekeredjian-Ding, Paul-Ehrlich-Institut (PEI), Langen

> Dr. Brigitte Brake, Federal Institute for Drugs and Medical Devices (BfArM), Bonn

> Dr. Anne Endmann, VDI/VDE Innovation + Technik GmbH, Berlin

> Prof. Dr. Andreas Kuhn, University of Hohenheim, Stuttgart

> Dr. Hansjorg Lehnherr, Phage Technology Center (PTC) GmbH, Bdnen

» Dr. Wolfgang Mutter, HYpharm GmbH, Bernried am Starnberger See

> Dr. Christine Rohde, Leibniz Institute DSMZ, Braunschweig

== SESSION 6:
11:30 Small-Group Workshops

13:00 End of the Symposium

CONTACT

Scientific Director | PD Dr. Wolfgang Beyer
Institute of Animal Science, University of Hohenheim
Phone: +49 (0)711 459 22429, wolfgang.beyer@uni-hohenheim.de

Symposium Office | Dr. Yvonne Hagenlocher, Dr. Evelyn Fein & Dipl.-Biol. Jana Tinz
Research Center for Health Sciences, University of Hohenheim

Phone: +49 (0)711 459 24688, phage@uni-hohenheim.de

For Media | Florian Klebs
Department of Media & Marketing, University of Hohenheim
Phone: +49 (0)711 459 23289, presse@uni-hohenheim.de
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DENNIS H. BAMFORD

University of Helsinki, Department of Biological Sciences, Finland

Corresponding author: dennis.bamford@helsinki.fi

Viruses are the most abundant living entities in
the biosphere outnumbering their host organisms
by one to two orders of magnitude. It is concei-
vable that they cause the highest selective pres-
sure their hosts encounter. As obligate parasites
viruses are dependent on their hosts but their
origins seem to deviate from that of cellular life.

What are the possible structural principles to
build viruses is an open question. However,
structural studies on virus capsids and coat pro-
tein folds propose that there are only a limited
number of ways to construct a virion. This limit-
ation most probably is based on the limited pro-
tein fold space. Consequently, relatedness of vi-
ruses is not connected to the type of cells they
infect and the same architectural principle of the
capsid has been observed in viruses infecting
bacteria as well as humans. Using the viral cap-

sid architecture, it is possible to group viruses to
several structural lineages that may have existed
before the three cellular domains of life (bacte-
ria, archaea and eukarya) were separated. This
would mean that viruses are ancient and that
early cells were already infected with many diffe-
rent types of viruses proposing that the origin of
viruses is polyphyletic opposing to the monophy-
letic origin of cellular life.

We have addressed these issues by obtaining
atomic level information on virion structures as
well as organizing global expeditions to collect
environmental samples for isolation of novel vi-
ruses. By combining these approaches, it has
been possible to define structure based viral line-
ages giving more order to the entire virosphere.
The success is certainly due to the possibility to
combine structural virology to environmental one.
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K2 From understanding CRISPR biology to CRISPR 2.0 applications

STAN J.J. BROUNS

Department of Bionanoscience, Kavli Institute of Nanoscience, Delft University of Technology, The
Netherlands

Laboratory of Microbiology, Wageningen University, The Netherlands

Corresponding author: stanbrouns@gmail.com

The CRISPR immune system protects bacteria system leading to rapid co-evolution between host
and archaea from invading viruses and plasmids. and phage. All of these insights into the biology of
Immunity depends on protein complexes that use CRISPR have led to some of the most revolutionary
small RNA molecules to find matching viral or plas- molecular genetics tools to date, with Cas9 being
mid DNA. | will show how viruses escape immuni- the most well known example. | will highlight some
ty by mutating their DNA, and how a mechanism new CRISPR tools for genome engineering appro-
called priming takes care of these escaped viruses aches to edit genomes and to knockdown gene ex-
and will quickly update the memory of the immune  pression.

17
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MZIA KUTATELADZE

G. Eliava Institute of Bacteriophages, Microbiology and Virology, Tbilisi, Georgia

Corresponding author: kutateladze@pha.ge

G. Eliava Institute of Bacteriophages, Microbiolo-
gy and Virology, Tbilisi, Georgia is a well-known
center in the world for bacteriophage research
and application. The Institute was established in
1923 by Georgian microbiologist Prof. Giorgi Eli-
ava and French-Canadian Prof. Felix D’Herelle.
Historically, the Eliava Institute was performing
investigation in several directions, but phage re-
search and applications were the main focus of its
activity. Phage preparations elaborated and pro-
duced by the Eliava Institute have been success-
fully used in the entire Soviet Union and other
Socialist countries for treatment and prophylaxis
of various infectious diseases for decades.

Today, the Eliava Institute continues its activity in
selection and detailed studies of phages that are
active against various bacterial pathogens, in-
cluding multi-drug resistant bacteria. The strains
(human or animal isolates) are obtained from

different geographical zones; phages (commer-
cially available and from the Institute’s collection)
are being tested against the strains, and active
phages are selected for further characterization.
Main application of the Eliava phages is directed
for treatment and prophylaxis of human bacterial
diseases. Phages are successfully used to treat
acute, as well chronic infections caused by an-
tibiotic-resistant bacterial strains. Phage prepa-
rations are mainly used for treatment of urologic
problems, gynecological diseases, gastrointesti-
nal problems, skin and soft tissue diseases, re-
spiratory system diseases, and secondary infec-
tions in cystic fibrosis patients.

The author will present several case reports after
application of bacteriophages for treatment of va-
rious infectious complications.




K4 From genomics to practical application: molecular biology as the basis for
the use of phages in detection and control of bacteria

JOCHEN KLUMPP', MATTHEW DUNNE', JENNA DENYES', ROGER MARTI', MARIO HUPFELD', RI-
CARDO GUERRERO-FERREIRA?, YANNICK BORN?, LARS FIESELER?, PETR LEIMAN*, MARTIN J.

LOESSNER'

"ETH Zurich, Institute of Food, Nutrition and Health, Switzerland

2 EPFL, Institute of Physics of Biological Systems, Switzerland

3 ZHAW, School of Life Sciences and Facility Management, Switzerland

4University of Texas at Galveston, Department of Biochemistry & Molecular Biology, USA

Corresponding author: jochen.klumpp@hest.ethz.ch

Despite a century of bacteriophage application in
medicine and as biocontrol agent, our understan-
ding of the molecular details of the phage infecti-
on process is still very sketchy. Few model phages
have been studied in great detail, but the vast ma-
jority of potentially useful phage-encoded resour-
ces remain untapped in this respect.

In the current presentation, we will establish how
molecular- and structural biology investigation of
the phage infection process is instrumental for effi-
cient biotechnological application of these viruses.
With the 2nd and 3rd generation sequencing tech-
nologies, obtaining a complete genome sequen-
ce of a bacteriophage has never been easier. We
have started from genomic data to obtain better
knowledge of the structure and function of the pha-
ge adsorption and infection apparatus, and its in-
teraction with the host cell. We will highlight how
this data could be translated into practical applica-
tion of phages, using Salmonella phage S16 and
Listeria phage A511.

S16 is not only part of a phage preparation used
in food safety applications, but its tail fibers are
highly versatile and efficient detection agents for
Salmonella. Low-cost end-point detection assays
have been developed, which significantly improve
food safety.

We also studied Listeria phage A511 as a model
organism for a large family of SPO1-related phages
from different foodborne and/or human pathogenic
bacteria. We successfully resolved the structure of
the distal tail apparatus in atomic detail, and de-
duced important information for fine-tuning the in-
fection process, which can also be applied to other
SPO1-related phages.

Lastly, another case illustrating the importance of
molecular biology and genetics for phage applicati-
on will be made based on Erwinia amylovora phage
Y2, which was recently engineered as efficient bi-
ocontrol agent against fire blight in apple and pear
trees. Y2 also serves as an efficient and low-cost
detection agent for Erwinia.

1T GERMAN i
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JOHANNES WITTMANN

Leibniz Institute DSMZ — German Collection of Microorganisms and Cell Cultures, Braunschweig, Germany

Corresponding author: jow12@dsmz.de

The Leibniz Institute DSMZ is a governmentally
supported institution of the German public ser-
vices and performs front-line basic and applied
research. Phages for pathogenic hosts are not
only our main collection focus but also in the
center of our scientific interest: Phages against
the ESKAPE pathogens came into our focus and
intensified phage genomics being both, challen-
ge and routine, represents the state-of-the-art
methodology that can be used to shed light on
the rich unknown genetic potential of the pha-
ge biodiversity. The DSMZ aims at contributing
to evolution research, phage application, phage
genomics and taxonomy generating further co-
operative activities and contributions including
those for ICTV. The Bacterial and Archaeal Vi-
ruses Subcommittee (BAVS) within the ICTV is
currently holding the responsibility of classifying

new prokaryotic viruses. By creating and submit-
ting new proposals (TaxoProps), bacterial virus
taxonomy is currently undergoing a number of
changes since the discovery of bacteriophages
in the early 20th century. First classifications
were made based on morphology discovered by
electron microscopy and/or nucleic acid content
resulting in the three families Myoviridae, Sipho-
viridae, and Podoviridae in the order Caudovira-
les. Since new sequencing techniques improved
the number of publically available bacteriophage
sequences, there was urgent need for new ge-
nome and proteome-based tools using those in-
formation in order to classify phages. Benefiting
from those tools, 14 subfamilies, 204 genera, and
873 species were included in the 2015 taxonomy
release, since the 8th Report of ICTV.
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02 Tectiviruses infecting members of the Bacillus cereus group

JACQUES MAHILLON, ANNIKA GILLIS

Université Catholique de Louvain, Laboratory of Food and Environmental Microbiology, Louvain-la-Neu-

ve, Belgium

Corresponding author: jacques.mahillon@uclouvain.be

Tectiviridae is a rare phage family of non-enve-
loped tail-less phages, with a double-layer capsid
that contains a ~15 kb linear dsDNA located within
a lipid-containing membrane. Since tectiviruses
are, so far, the only phages infecting the Bacillus
cereus group able to behave as linear plasmids
during their lysogenic cycle [1]. it is important to
assess the potential contribution of this type of ele-
ments to the genetic diversity of their hosts and to
understand the selective pressures experienced
by the bacteria when facing these phages. This
work focuses on characterizing the interactions
between tectiviruses and the B. cereus group,
mainly by assessing their occurrence, genetic di-
versity and addressing the question of whether or
not temperate tectiviruses influence their hosts’
life traits. Screening of a worldwide collection of B.
cereus s.l. strains and propagation tests indicated
that tectiviruses occurred in less than 3 % of the
bacterial isolates. Analysis of the tectiviruses host
range showed that no simple relationship could be

established between the infection patterns of the-
se phages and their diversity. However, the data
revealed that tectiviruses in the B. cereus group
clustered into two major groups: the ones infecting
Bacillus anthracis and those isolated from other B.
cereus group members. Interesting tectiviral plas-
mid-related molecules with recombinant characte-
ristics were also discovered by analyses of whole
genome sequences. Additionally, it was found that
tectiviral lysogeny had a significant influence on
the bacterial growth, sporulation rate, biofilm for-
mation, and swarming motility of their Bacillus thu-
ringiensis host [2], all of which are traits involved
in the survival and colonization of this bacterium
in different environmental habitats. Overall, these
findings provide evidence that not only tectiviruses
are more diverse than previously thought, but they
also have ecological roles in the already complex
life cycle of B. thuringiensis and kin.

1. Gillis A, Mahillon J. Phages preying on Bacillus anthracis, Bacillus cereus, and Bacillus thuringiensis: past, present and fu-

ture. Viruses. 2014;6:2623-72.

2. Gillis A, Mahillon J. Influence of GIL01 and GIL16 tectiviral lysogeny on bacterial growth, biofilm formation, and swarming

motility of Bacillus thuringiensis. Appl Environ Microbiol. 2014;80:620-30.
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The Escherichia coli phage T5 has long been
regarded as a fascinating phage because of its
uniqgue mechanism of infection. T5 uses a two-
step mechanism to deliver its 121 kb DNA into the
host. After binding to its receptor FhuA, only 8 %
of the genome enters the cell before the transfer
temporarily stops. During the pause, expressi-
on of the pre-early genes encoded by this short
DNA fragment has devastating effects on the
host: the bacterial chromosome is degraded and
the defense systems are inactivated. After a few
minutes, T5 DNA transfer resumes allowing entry
of the complete genome, and the expression of
the middle and late genes of T5 is activated for
phage production. Although this atypical mode of
infection was described 60 years ago, very little
is known about the molecular and cellular me-
chanisms that control the two-step DNA transfer
and host takeover.

Ourinvestigations into the structure of the T5 pha-
ge particle identified the tail-tip proteins forming
the “cell-puncturing” device, which perforates

the host envelope to enable DNA delivery. More-
over, our in vitro studies showed that binding of
T5 to purified FhuA, in bulk or reconstituted into
liposomes, results in complete DNA release with
no pause. Thus the two-step transfer observed
in vivo results from tightly regulated interactions
between phage and host factors.

The sequencing of T5 and T5-related genomes
revealed that only few of the pre-early genes are
conserved and two genes, A1 and A2 were shown
to be essential for infection. Both genes are re-
quired for resuming and completing phage DNA
transfer and additionally, A1 controls the massive
degradation of the host chromosome. We have
recently characterized the structural and functio-
nal properties of the unusual and multitasking A1
protein, which is a manganese-dependent DNA-
se involved in the regulation of the phage DNA
transfer.




04 Genome replication and assembly of the bacteriophage SPP1 particle in vivo
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Tailed bacteriophages deliver their DNA naked to
the cytoplasm of bacteria. Early genes expression
leads to a fast takeover of host functions and viral
genome replication. Assembly of virions follows
to yield hundreds of infectious viral particles wit-
hin 30-60 min in optimal conditions. The molecu-
lar mechanisms of phage DNA replication and vi-
rion assembly were extensively studied. However,
much less is known how these processes are setup
in the host cell with concomitant hijacking of bacte-
rial resources and remodeling of the cytoplasmic
space. We will describe studies on the temporal
and spatial program of the viral replicon and pha-

ge particles assembly pathways in Bacillus subtilis
cells infected with bacteriophage SPP1. SPP1 DNA
replication is shown to occur in a defined focus
where the host replisome is massively recruited.
SPP1 procapsids partially co-localize with the pha-
ge replication factory but particles that packaged
DNA rapidly accumulate in spatially distinct foci
(warehouses).

SPP1 infection thus leads to a major remodeling
of the host cytoplasm to optimize, most likely, the
efficiency of phage multiplication.
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In contrast to lytic phages, filamentous phages
are assembled in the inner membrane and secre-
ted across the bacterial envelope without Killing
the host. Filamentous phages code for mem-
brane-embedded proteins that allow the assem-
bly and extrusion of the phage across the host
cell wall. We characterized the M13 phage pro-
tein gp1 found in the inner membrane of the host
and identified Walker A and B motifs with a con-
served lysine in the Walker A motif (K14), and a
glutamic and aspartic acid in the Walker B motif
(D88, E89). Both, Walker A and Walker B, are
essential for phage production. The crucial role

of these key residues suggested that gp1 might
represent a molecular motor driving phage as-
sembly via the hydrolysis of ATP.

To confirm the findings and to characterize the
membrane protein complex in vitro, we expres-
sed and purified gp1. Even in absence of other
phage proteins or phage DNA, gp1 hydrolyses
ATP in vitro. Using electron microscopy, we could
further demonstrate that gp1 and gp11, a N-ter-
minally truncated internal start product of genel,
form a complex with a ring-like structure in the
host membrane. Here, we present a model how
filamentous phages are assembled.
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O6 Not a barrier but a key: How O-antigen specific bacteriophages exploit lipopoly-
saccharide as an essential receptor to initiate infection of Gram-negative hosts
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Tailed bacteriophages that infect gram-negative
bacteria have to overcome the rigid barrier of lipo-
polysaccharide (LPS). The biochemistry of these
early events in the infection cycle is not well under-
stood, especially how host cell recognition is linked
to conformational rearrangements in the tail that
initiate particle opening. Whereas in many phages
binding to an outer membrane protein receptor trig-
gers release of the capsid contents, for O-antigen
specific phages it is sufficient to contact the LPS
[1]. We have established in vitro analyses of parti-
cle opening with a set of model bacteriophages in-
fecting Salmonella spp. of O-serogroup Typhimuri-

1. Andres D, Hanke C, Baxa U, Seul A, Barbirz S, Seckler R. Tailspike interactions with lipopolysaccharide effect DNA ejection

um [1-3]. These phages use their tailspike proteins
to hydrolyze the O-antigen polysaccharide [4]. This
step is a prerequisite for proper membrane attach-
ment; accordingly they only infect smooth strains
but not rough species lacking the O-antigen. We
therefore propose a general infection model for
O-antigen specific phages where a host specific
O-antigen contact is linked to subsequent steps in-
itiated by the inherent properties of the LPS outer
membrane heterobilayer.

from phage P22 particles in vitro. J Biol Chem 2010;285: 36768-75.

2. Broeker et al. Dettilon tailspike - one tool of myovirus Det7’s swiss army knife to infect a broad host range. 2017. Manuscript in

preparation.

3. Andres D, Roske Y, Doering C, Heinemann U, Seckler R, Barbirz S. Tail morphology controls DNA release in two Salmonella

phages with one lipopolysaccharide receptor recognition system. Mol Microbiol 2012;83: 1244-53.

4. Broeker NK, Andres D, Kang Y, Gohlke U, Schmidt A, Kunstmann S, Santer M, Barbirz S. Complex carbohydrate recognition

by proteins: Fundamental insights from bacteriophage cell adhesion systems. Perspectives in Science 2017;11: 45-52.



28

EUGEN PFEIFER, MAX HUNNEFELD, JULIA FRUNZKE
Forschungszentrum Julich, Institute of Bio- and Geosciences IBG-1: Biotechnology, Germany

Corresponding author: j.frunzke@fz-juelich.de

In their prophage state, temperate bacterio-
phages are able to maintain a long-term asso-
ciation with their bacterial host. The acquisition
of foreign DNA allows for beneficial mutual in-
teractions but also bears a risk to the host po-
tentially causing cell death by the expression of
toxic phage genes. Hence, the integration of pro-
phage elements into the genome and into host
regulatory circuits requires a stringent regulati-
on. The genome of the Gram-positive soil bacte-
rium Corynebacterium glutamicum ATCC 13032
contains three prophages (CGP1-3). Among tho-
se, the large, cryptic prophage element CGP3
covers almost 6 % of the entire genome and is
still inducible [1]. In recent studies we identi-
fied the small nucleoid-associated protein CgpS
(Lsr2 homolog), which was shown to act as an
essential silencer of cryptic prophage elements
in C. glutamicum [2]. ChAP-Seq experiments in
combination with EMSA studies revealed that

CgpS binds to AT-rich DNA and represses gene
expression of mainly horizontally acquired geno-
mic regions. Counteraction of CgpS activity by
overexpression of the N-terminal oligomerization
domain resulted in a severe growth defect and
a highly increased frequency of CGP3 inducti-
on leading to cell death. Beyond their role in the
control of gene expression, recent preliminary
data suggested an even broader function in chro-
mosome organization and replication. As revea-
led by bioinformatics analysis CgpS homologs
are found in almost all actinobacterial species
but, remarkably, also in the genomes of several
actinobacteriophages and prophages. Whereas
sequence conservation is low, the highly conser-
ved secondary structure highlights the ancient
function of these proteins in (pro-)phage-host in-
teraction.

1. Helfric, S, Pfeifer E, Kramer C, Sachs CC, Wiechert W, Kohlheyer D, N6h K, Frunzke J. Live cell imaging of SOS and propha-
ge dynamics in isogenic bacterial populations. Mol Microbiol 2015;98: 636-50.

2. Pfeifer E, Hiinnefeld M, Popa O, Polen T, Kohlheyer D, Baumgart M, Frunzke J. Silencing of cryptic prophages in Coryne-

bacterium glutamicum. Nucleic Acids Res 2016;44: 10117-31.




08 Bacteriophages of Staphylococcus aureus and their impact on host evolution
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In Staphylococci horizontal gene transfer and spe-
cies evolution are tightly linked to the activity of
bacteriophages. Temperate Staphylococcus au-
reus phages can code for a variety of staphylococ-
cal virulence factors which are important for the
success of certain S. aureus strains. For instance,
Sa-2 phages harbour genes encoding Panton-Va-
lentine leukocidin which is associated with strains
causing hard to treat superficial wound infections
(especially community-associated Methicillin resi-
stant S. aureus strains). Sa3-bacteriophages are
present in 90 % of all S. aureus isolates of hu-
man origin: They integrate into the hlb-gene and
therefore prevent the production of B-hemolysin.
They provide genes coding for immune-evasion
factors which are all highly human host specific
and subsequently increase the pathogenicity of the
lysogenized bacteria. However, during chronic lung

infections in cystic fibrosis patients these phages
are highly mobile. These phages are meanwhile
rarely found in S. aureus strains of animal origin.
There is limited knowledge about the molecular
mechanisms involved in the integration and exci-
sion of temperate phages and also how other mo-
bile genetic elements interfere with the biology of
these phages. To this end, we established molecu-
lar tools to analyse the molecular basis for strain
specific phage transfer. We could show that the
bacterial strain background has a high impact on
phage gene expression and phage biology. Dee-
per insights into phage biology will be beneficial for
the understanding of bacterial evolution and host
adaptation.
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Viral communities are emerging as fundamen-
tal drivers of ecosystems by profoundly shaping
microbial populations and processes that go bey-
ond mortality and gene transfer to also include
direct manipulation of metabolic pathways inte-
gral to host-cell function. Consequently, bioge-
ochemical processes in microbial ecosystems
and their potential for novel niche adaptation in
response to changing environmental conditions
can be understood only when this large dynamic
gene pool carried by lytic and temporary viruses
is recognized. However, little is known about this
gene pool in groundwater ecosystem, especially
in the contaminated groundwater.

The newly founded Emmy Noether project aims
to elaborate a new perspective, the viral-driven
degradation. We present here a powerful toolkit
— from the concentration and purification of viral
particles to the amplification of the resulting DNA
for sequencing preparation — for studying env-

ironmental virus communities in the ‘omics’ era.
In addition, “Viral-Tagging” is a high-throughput
method to link wild viruses to specific host cells
for screening and sequencing, thus allow for
much greater access to the tagged viral commu-
nity to study virus-host interactions in complex
communities. We are equipped to study viral
ecology by quantitatively linking objectively de-
fined environmental viral populations, and their
genomes, to their hosts, thus can better elucidate
the processes that drive the population structure
of virus and their host in nature. Using these new
tools, we are currently studying the viral commu-
nity in the contaminated groundwater, and our
ultimate goal is to underline the mechanism of
how viruses impacting contaminants degradation
through (i) horizontally transfer host metabolic
genes related to contaminant degradation, and
(ii) specifically lysing key bacterial degraders.




010 Bacteriophages of Shiga toxin producing E. coli — small molecules with
high impact
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Enterohemorrhagic Escherichia coli (EHEC) are
the causative agents of hemorrhagic colitis and
the hemolytic-uremic syndrome (HUS). The major
pathogenicity factor of EHEC is the production of
one or more Shiga toxins (Stx). Stx are general-
ly encoded in the genome of lamboid prophages,
which are integrated into distinct positions in the
respective EHEC chromosome. Besides these Stx-
phages, further non-Stx-encoding lambdoid pro-
phages are present in the EHEC chromosomes in
varying numbers. The foodborne EHEC O157:H7
strain EDL933 harbors 7-10 lamboid prophages,
two them encoding Stx1 and Stx2. The stx genes
are located in the lambdoid prophages in distinct
positions close to the antiterminator Q in the late
transcribed region. Upon induction of the pro-
phages, stx is cotranscribed with the late transcri-
bed phage genes.

In early studies, we could show that in many EHEC
strains, a large open reading frame is located in
3’-direction close to the stx genes. These lar-
ge open reading frames are homologues to the
chromosomal nanS gene, which is present in the
most pathogenic and apathogenic E. coli strains.

NanS is an esterase, cleaving an acetyl resi-
due from 5-N-acetyl-9-O-acetyl-neuraminic acid
(Neu5,9Ac2). The remaining Neu5Ac can then be
used as a carbon source.

Bioinformatic analysis has shown that in the chro-
mosome of different EHEC strains large and varying
numbers of nanS homologs are present, which we
have designated nanS-p, a number of which have
already been demonstrated to function as este-
rases. Growth experiments with E. coli O157:H7
strain EDL933 and isogenic mutants demonstrated
that by using these enzymes, the strains are capa-
ble to grow well on Neu5,9Ac2, but mutants with
deletion of all seven nanS-p alleles did not.

We hypothesize that multiple prophage-located
nanS-p genes represent a mobile gene pool, ensu-
ring the substrate utilization and therefore growth
and maintenance of the infecting population in the
large intestine where the mucus layer is thick and
has a great turnover rate. Therefore, Stx- and non
Stx-prophages of EHEC should be considered as a
pathogenic principle of such EHEC strains causing
serious diseases.
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The potential of phages as alternatives to anti-
biotics (AB) against multi-drug resistant bacteria
(MDR) is a matter of intensive debate. However,
the breakthrough of phages as being officially
accepted to fight human infectious diseases still
faces many hurdles. Apart from conventional
phage therapy there exist a number of anti-bacte-
rial strategies involving phages or products en-
coded by them. This includes preventive appro-
aches, such as removal of bacterial pathogens
from critical hospital surfaces prior to the event
of a nosocomial infection, the suppression of ho-
rizontal transfer of AB-resistance genes across
bacterial species or even phage-mediated rever-
sal of antibiotic resistance. The question whether
or not phages are genuine alternatives to antibi-
otics thus cannot be answered in general terms
as to some extent phages may help overcome the

crisis with antibiotics rather than replacing them.
For instance, in our ongoing studies we obser-
ve remarkable synergisms with phage and AB
against bacteria which otherwise are resistant
against the AB alone. Hence the combinations
of different antibacterial agents may represent
the clue for successful future approaches. The-
se data along with a variation of other promising
concepts making use of phage biological proper-
ties will be presented, particularly in the light of
the emerging view of the overall presence and
protective effect of naturally occurring phages
within the human microbiome. Lastly, in order to
realize human phage therapy in future it is also
important to disentangle true concerns associ-
ated with phages from biased skepticism which
often accompanies the discussion about the pros
and cons of phage application.
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the virulence on an eukaryotic host
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The virulence of bacterial parasites is often asso-
ciated with temperent phages that act as hyper-
parasites. By integrating into the bacterial geno-
me as prophage the virus can introduce virulence
factors (lysogenic conversion). Prophages can as
well enter the lytic cycle and thereby kill the bacte-
rial parasite. Thus phages can increase and as
well decrease the pathogenicity in such a triparti-
te system. Not many systematic investigations on
the phage induced virulence balance have been
conducted due to the inherent complexity of the
system. Here we present a study on the question
how bacterial resistance on phages impacts the
virulence on a eukaryotic host. We used a model
system consisting of Vibrio Phages and Vibrio algi-
nolyticus as phage/bacterial parasites and pipe fish
(Sygnatus typhle) as host.

According to their resistance to phages we iden-
tified three classes of Bacteria highly susceptible
(hs), intermediate susceptible (is) and resistant (r).
We experimentally challenged pipefish with isola-
tes of the different classes and investigated them

on their impact on the viability, the fecundity and
the survival of the fish. While the Vibrio counts on
the fish did not differ on the different strains the
gene expression of the fish clearly showed strain
specific patterns. By challenging a culture of HS
strains with phage solutions under co-evolutionary
conditions immediately resistant mutants emerge.
Bacteria with a phage susceptible phenotype show
an increased virulence on their host fish. Under
appropriate conditions phage resistant less virulent
parasites evolve. Hyperparasitism is thus an im-
portant factor for the virulence of bacterial patho-
gens.

Currently in detail comparative genome analysis of
the evolved bacterial and viral genome is perfor-
med. Genome analysis of the phages, the bacte-
rial pathogens and the evolved resistant strains
will reveal the genotypes under selection that are
responsible for the acquired phage resistance as
well as for the modified virulence on the eukaryotic
host.
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013 Elucidating phage-bacterium interactions that triggers changes in bacte-
rial composition and functional profile in the gut of older adults
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Changes in the composition of the gut microbio-
me (GM) or dysbiosis are linked to a number of
intestinal and extra-intestinal disorders, including
age-related impairments associated with the me-
tabolic syndrome. Several environmental factors
may contribute to imbalances in GM composition,
including diet, drugs and antibiotics administrati-
on and enteric pathogens. Less is known about
the impact of the virome on the GM composition,
its functionality and interactions with age-related
comorbidities in older adults. Here, co-abundance
correlation analysis on metagenome-sequencing
of fecal concentrated-preparations of free virions
and 16s-rRNA high-throughput sequencing de-
monstrated a large number of phage-bacterium

interactions based on the core members (75 %
ubiquity) from both microbial components. Stri-
kingly, as a function of phage attack, the fluctua-
tions in bacterial abundance resulted in dramatic
variations in their global metabolic potential and
interactions with host renal function, a condition
that may rise from a cluster of risk factors as-
sociated with the metabolic syndrome. Together,
our data demonstrate that members of the gut
virome are able to trigger dysbiosis, entangling
viral implications associated with age-related co-
morbidities.




014 Phage therapy: from treating complications to targeting diseases
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The increasing antimicrobial resistance (AMR) is
believed to be one of the greatest challenges of
medicine and society today, exacerbated by the cri-
sis in the search for new antibiotics. At the recent
UN General Assembly (21 Sept 2016) WHO Direc-
tor General compared AMR to “a slow motion tsun-
ami” and added: “Doctors facing patients will have
to say, sorry, there is nothing | can do for you”. This
crisis has revived interest in the potential use of
phages — bacterial viruses — to combat AMR.

In 2005, a unit has been established at our Institute
which has been carrying out phage treatment as ex-
perimental therapy (compassionate use, expanded
access) in line with the current administrative, legis-
lative and ethical requirements. Our laboratory and
clinical data derived from that unit strongly suggest
that phage therapy may be a safe and efficacious
treatment in this clinical setting and good results
can be achieved in as many as 40 % of cases that
had been previously unsuccessfully treated with

antibiotics. Antibody responses to phage treatment
vary depending on the route of phage administrati-
on, are low in patients receiving phage orally and do
not necessarily adversely affect therapy outcome.
Experimental studies in mice indicate that phage
and their proteins do not induce cytokines and may
downregulate reactive oxygen species production.
Similar findings have been noted in patients on
phage therapy. Our data thus suggest that phage
therapy — in addition to its well known antibacterial
action may also have anti-inflammatory and immu-
nomodulatory activities which may also be useful
in clinical medicine. As we have recently pointed
out while phage therapy today combats infections it
has potential for evolving from merely a treatment
for complications to targeting diseases [1]. What is
more, our data support the notion that phages may
have immunomodulatory functions which may have
important clinical implications [2].

1. Gorski A, Miedzybrodzki R, Weber-Dgbrowska B, Fortuna W, Letkiewicz S, Rogéz P, Jonczyk-Matysiak E, Dgbrowska K,
Majewska J, Borysowski J. Phage therapy: Combating infections with potential for evolving from merely a treatment for compli-
cations to targeting diseases. Front Microbiol 2016; doi 10.3389/fmicb.2016.01515.

2. Gorski A, Dabrowska K, Miedzybrodzki R, Weber-Dabrowska B, tusiak-Szelachowska M, Johczyk-Matysiak E, Borysowski J.
Phages and immunomodulation. Fut Microbiol 2017; doi 10.2217/fmb-2017-0049.
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The emergence of multidrug-resistant (MDR)
bacteria is a great challenge for modern medi-
cine. The rise of new resistance mechanisms
is alarming, and MDR bacteria are spreading
globally. Nosocomial pneumonia is increasingly
caused by MDR bacteria, for which therapeutic
options are lacking. Rediscovery of phage the-
rapy may be a solution to the increasing failure
of antibiotics. The advantage of phage-based
therapy in treating lung infections was shown
experimentally with bacteriophage endolysins,
including Cpl-1. The inhalative or intraperitoneal
application of Cpl-1 was a save and efficient the-
rapy in severe pneumococcal pneumonia in mice.
Whereas S. pneumoniae is the major cause of
community-acquired pneumonia, A. baumannii is
a common cause of nosocomial infections, most-
ly hospital-acquired pneumonia, and frequently
possesses resistance against broad-spectrum
antibiotics. Mice, infected with A. baumannii and
treated with a purified phage preparation intratra-
cheally, showed significantly reduced bacterial
load in bronchoalveolar lavage fluid and lung as

well as a significantly improved clinical outcome
and lung permeability. Neither cellular nor humo-
ral unwanted effects of phages were observed.
These data further support the concept of deve-
loping a phage-based therapy against pulmonary
A. baumannii infections.

In addition, chronic lung diseases are uprising and
complicated by airway infections. Patients suffe-
ring from pre-impaired lungs are often chronical-
ly infected with P. aeruginosa, especially patients
with cystic fibrosis or “non-CF” bronchiectasis.
A funding application was submitted to the Ger-
man Federal Ministry of Education and Research
(BMBF) in 2017 to realize development of a pha-
ge preparation approvable in Germany and the
EU and a clinical trial to test safety, tolerability
and efficacy in healthy volunteers and patients
with chronic pulmonary P. aeruginosa infecti-
on. After receiving notification about a positive
evaluation, the project partners now aim at esta-
blishing phages as therapeutic agent for P. aeru-
ginosa infections.




016 European Project PHAGOBURN: The first randomized, single blinded,
multi centric and controlled clinical trial in Human Phage therapy: Design and
objectives.
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Antibiotic resistance has become in few years a
major public health issue. WHO estimates that by
2050 infectious diseases will be the leading cause
of death worldwide. Despite many policies of pru-
dent use of antibiotics, the incidence of infection
by MDR bacteria is still increasing. Therefore, it
becomes necessary to find innovative therapeutic
alternatives.

PHAGOBURN aimed to asses two objectives, first
the efficacy of a cocktail of bacteriophages to re-
duce the bacterial burden on human burn wounds
infected by Pseudomonas aeruginosa in compari-
son with a control group treated by Silver Sulfa-
diazine, the second to observe the safety of the
cocktail.

The project was sponsored by PHERECYDES
PHARMA a French Small-Medium Entreprise. The
European Commission grated the project for 3.8
Millions Euros. The French Military Health Service
oversaw coordination of the project.

Cocktails were developed in research and develop-

ment by Pherecydes-Pharma, the bio-production in
GMP environment was operated by CLEAN-CELLS
(France) and inspected by the French Medicine
Agency (ANSM).

Eleven investigator centers in Europe were invol-
ved in the clinical trial, 3 in Belgium, 1 in Switzer-
land and 7 in France. The first patient was included
in July 2015 and the last in December 2016. The
duration of the project was 3 years but benefited of
two extensions time to a total length of 48 months.
In July 2017, the analyses of the final results are
still in progress. The initial target of 110 patients
was not reachable for several reasons. Elaborating
and operating a full process of a first bio-producti-
on chain and its quality control and the validation
by a national regulation agency took 24 months.

PHAGOBURN opens the way for further multi cen-
tric controlled randomized studies in several fields
from research and development of new cocktails
to all infectious diseases in human and veterinary
medicine.
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Felix d’'Herelle, one of the discoverers of bacteri-
ophages was the first to propose “Phagetherapy”
already in the early 20th century. It was further
developed and used in medical practice in all the
previous Soviet Republics till now. In the Western
world however antibiotics were developed and
Phagetherapy was almost forgotten.

Today, seen the antibiotic resistance problematic
worldwide, Phagetherapy is back in the picture
as a potential complementary or alternative
approach in the fight against multi drug resistant
infectious bacteria.

The main problem is a lack of evidence based
studies in accordance to modern standards as
well as the lack of an adapted regulatory frame.
So initiating studies in humans in accordance to
actual ethical regulatory and scientific standards
is difficult. Phagetherapy is applied today in Eu-
rope under the Helsinki Declaration, which is not

a final solution for common clinical application
neither for progressing the scientific way.
Although these difficulties several groups setup
studies, while the idea of using phages as anti-
bacterials has already reached the stage of ap-
plications in the food and agrobio industry. The
application in the clinic is imminent at least at
the stage of clinical studies which are urgently
needed in the fight against bacterial infections.
We initiated a clinical safety study in burn pati-
ents approved by a leading medical ethical com-
mittee and published the method for preparing
the Phagetherapy cocktail in use as well as the
ways to approach it in the regulatory context.
We want to present some different cases of our
clinical daily work in which the use of Phagethe-
rapy cocktail, used under the Helsinki formula,
has shown its benefit.




018 Efficiency of Bacteriophage Therapy in Children with Diarrheal Diseases

KARAMAN PAGAVA', RATI GOLIJASHVILI?Z, SOPO GHOLADZE?, NANA JAPARASHVILI?, EKATE-

RINE CHKHARTISHVILI

' Thilisi State Medical University, Pediatrics, Georgia

2Biochimpharm JSC, Georgia
Corresponding author: kpagava@yahoo.com

The emergence of antimicrobial resistance be-
comes a critical problem in modern medicine.
Bacteriophage Therapy (BT) is considered as
one of the best tools allowing decreasing es-
sentially the usage of antibiotics. The paucity of
appropriately conducted, placebo-controlled cli-
nical trials is interfering the implementation of BT
in clinical praxis.

Aim of the study: carrying out the clinical trial on
BT of diarrheal diseases in children.

Methods. A double-blind randomized place-
bo-controlled clinical trial was performed in 71
hospitalized children (6 months to 6 years old)
with diarrhea. 37 patients had moderate diarrhea
(moderate intoxication, fever 37.5-39 °C, calpro-
tectin positive — 12/37, bacteriological culture
positive - 0/9), 34 - severe diarrhea (severe in-
toxication, fever 39-40 °C, calprotectin positive
— 33/34, bacteriological culture positive — 16/24).
Duration of stay in the hospital and improvement
of the integrative index of severity in 48 hours

after the beginning of bacteriophage/placebo tre-
atment were compared. 36 patients received tre-
atment according to guidelines plus placebo, 35
- instead of placebo received polyvalent bacte-
riophage SEPTAPHAGE manufactured by BIO-
CHIMPHARM JSC. Duration of stay in the hos-
pital and improvement of the integrative index of
severity in 48 hours after the beginning of bacte-
riophage/placebo treatment were compared.
Results. BT significantly shortened duration of
stay in the hospital (on average for 1.91£0.6 days);
prevented deterioration of the clinical course of
disease (especially in case of positive test on cal-
protectin) and switching to the antibiotic therapy
if it was not administered according to the gu-
idelines on admission; improved the integrative
index of severity by 39.2+5.7 degree.
Conclusions. BT with SEPTAPHAGE improved
clinical course of diarrhea in hospitalized child-
ren aged from 6 months to 6 years.

1ST GERMAN ==
PHAGE SYMPOSIUM

PaANe Wz

39



40

019 Application of lysines as an alternative to bacteriophages (Designer
Lysine)

WOLFGANG MUTTER
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To escape from their bacterial host phages pro-
duce a lytic enzyme (lysine) which is able in the
late stage of replication to destabilize the bacte-
rial cell wall. Finally, due to the intracellular pres-
sure, the bacteria is destroyed and the phages
escape into the extracellular environment.

In the case of gram-positive bacteria, the lysine
is able to destabilize the bacterial cell-wall also
from the outside. In this case lysines could be
used for selective elimination of certain bacteria.
The lysines normally consist of two protein do-
mains: one responsible for specific binding to the
bacteria (CBD = cell binding domain), the other
domain contains the enzymatic activity (EAD =
enzymatic active domain) which is able to cut
between amino acid and sugar residues. The
molecular weight of the proteins is between 20
and 40 kD.

Due to their activity, lysines could be used as an
alternative antimicrobial. They are as efficient
as antibiotics, have a comparable MIC and work
much faster. However, they could not be used for
in vivo application as they are immunogenic and
the immune system generates anti-lysine antibo-
dies.

The application on surfaces (skin, gut) is possi-
ble, requiring that the proteins have to be optimi-
zed regarding stability and expression rate.

One lysine-molecule (HY-133) which is directed
against Staphylococcus aureus is currently in
GMP production; clinical phase | trials are plan-
ned for 2019.




020 Characterization of Campylobacter phages and their application

STEFAN T. HERTWIG

German Federal Institute for Risk Assessment, Berlin, Germany

Corresponding author: Stefan.Hertwig@bfr.bund.de

Campylobacter is an important foodborne patho-
gen worldwide. The genus comprises 25 species
of which the thermophilic C. jejuni and C. coli
are the most common causes of acute bacterial
enteritis. Human infections occur mainly by the
consumption of undercooked poultry. Virulent
phages are a promising tool to reduce patho-
genic bacteria along the food chain. Though,
whereas lytic phages have already been used
to reduce the numbers of Campylobacter in chi-
cken, only little is known about the genetics of
these phages. The analysis of Campylobacter
phage DNA is hampered by unusual DNA modifi-
cations. According to their genome size estima-
ted by PFGE, Campylobacter phages have been
allocated to three groups, of which group Il (180
kb) und group IIl (140 kb) are the most common.
We isolated six group Il and five group Il phages
from the environment and from food samples, all
of them belong to the family Myoviridae. While
group Il phages lysed strains of C. jejuni and C.

coli, group Ill phages exclusively infected C. je-
juni. However, group |l phages generally lysed
more C. jejuni strains than group Il phages. In ad-
dition, the in vitro kinetics of cell lysis diverged in
the two groups, probably caused by the different
burst size of the phages. Restriction analyses
and Southern hybridization revealed a close re-
lationship of phages belonging to each group. By
contrast, group Il and group lll showed almost
no DNA homology. We sequenced one group
Il (CP21) and one group IlIl (CP81) phage. Both
phages are distantly related to T4-like phages.
No virulence-associated genes were detected on
the genomes. The genome of group Il phages is
composed of large modules separated by long
DNA repeats, which may be arranged different-
ly. On the basis of the genome organization two
subgroups of group Il phages exhibiting different
host ranges were assigned.

1T GERMAN i
PHAGE SYMPOSIUM
PaANe Wz

41



42

HORST NEVE

Max Rubner-Institut, Federal Research Institute of Nutrition and Food, Department of Microbiology and

Biotechnology, Kiel, Germany
Corresponding author: Horst.Neve@mri.bund.de

All fermentation processes in dairies rely on ac-
tively growing lactic acid bacteria as starter cul-
tures. However, bacteriophages infecting these
cultures may cause serious fermentation delays
or even complete failures. Lactococcus lactis
and Streptococcus thermophilus are prominent
bacteria used in mesophilic and thermophilic
starter cultures and can be attacked by a broad
range of diverse phage populations. For L. /actis,
10 different phage groups are currently known,
and many lactococcal strains do also contain
prophages that can be released as temperate
phages either spontaneously, or by induction
with mitomycin C. New S. thermophilus phage
populations have recently been identified as hy-
brid phages with genome regions derived from
lactococcal and from S. thermophilus phages.
Phages attacking flavor-producing Leuconostoc
strains are also common in dairies.

Lactococcal phages of the widespread 936 group
may possess intrinsic high thermal stabilities,

and pasteurization of raw milk is therefore not a
hurdle for these phage derivatives. Recycling of
whey or whey components (contaminated by ther-
mo-resistant phages) in subsequent fermentation
processes requires non-thermal treatments for
minimizing phage titers, e.g. by membrane fil-
tration. Phages of L. lactis, S. thermophilus and
of dairy Leuconostoc strains are also present in
high titers in spray-dried whey powders, and a re-
markable long-term stability has been shown for
lactococcal phages in such samples which were
stored for several years. Lactococcal phages of
the 936 group are clearly dominating in whey and
whey powder samples. This, however, may not
be the case for raw milk samples where non-936
lactococcal phages were frequently detected in
titers of 10 — 10 plaque-forming units per ml.
Hence, raw milk can also be considered as a re-
servoir of new atypical phage populations.




022 Reduction of Campylobacter load in broiler chickens by using phage
application

SOPHIE KITTLER!, SAMUEL FISCHER?, GERHARD GLUNDER?

' University of Veterinary Medicine Hannover, Reseach Center for Emerging Infections and Zoonoses
(R1Z), Institute of Food Quality and Food Safety, Hannover, Germany

2 University of Veterinary Medicine Hannover, Clinic for Poultry, Hannover, Germany

Corresponding author: Sophie.Kittler@tiho-hannover.de

Campylobacteriosis is the most common bacte-
rial food-borne zoonosis in Europe. Campy-
lobacter spp. are commensals in the avian gut
and can contaminate broiler meat during slaugh-
ter. Risk assessments consider the reduction of
Campylobacter in primary production to be most
beneficial for human health. The aim of this study
was to gain more detailed knowledge about the
potential of bacteriophages in reducing Campylo-
bacter colonization of broilers. A phage cocktail
of four phages for Campylobacter reduction was
tested in three in vivo trials under experimental
conditions and in commercial broiler houses du-
ring the first field trials using phage application
against Campylobacter. Significant reductions of
Campylobacter counts were detected in all trials
under experimental conditions and in two field
trials. Reductions of up to log10 3.2 CFU in Cam-
pylobacterload at slaughter were detected in one
field trial and one day after phage application,
Campylobacter counts of one experimental group
were reduced under the detection limit (< 50

CFU/g, P=0.0140) in fecal samples. Subsequent-
ly, the susceptibility to phage infection of the
Campylobacter population in samples of all trials
was determined by examining ten re-isolates per
sample. Resistance analyses of isolates deriving
from the in vivo trials under experimental condi-
tions revealed that if a resistant or less suscep-
tible Campylobacter subpopulation was present,
levels of Campylobacter colonization were still
reduced compared to phage free control birds.
We could show for the first time that resistances
of Campylobacter against phages stabilized at
a low level after an initial increase. Resistance
analyses of Campylobacter isolates from the field
trials indicate that a phage susceptible C. jejuni
subpopulation with increased motility and GGT
activity could overgrow a non- susceptible subpo-
pulation in the presence of phages. Considering
our findings, we believe that phage bio-control
could play a promising role in combating Campy-
lobacter at farm level and thus in reducing human
campylobacteriosis.
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023 Bacteriophage application in honeybees infected with Paenibacillus Ilar-
vae

HANNES BEIMS
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The American Foulbrood (AFB) is caused by the
Gram-positive bacterium Paenibacillus larvae. Lar-
vae of honeybees (Apis mellifera) are infected by
incorporation of spores of this pathogen. Spores
germinate in the midgut and kill the host by using
different virulence mechanisms. After the Kkilling
of the host, the entomopathogen starts to digest
the larvae. In a last step of the infection cycle the
residues, called foulbrood scale, consisting main-
ly of P. larvae-spores, are removed and spread by
the bees. In order to prevent antibiotic residues in
honey it is not allowed to treat infected bee colonies
with antibiotics in Germany. In case of an infection
colonies have to be sanitized by laborious treat-
ments. A possible alternative to these treatments
might be the phage therapy.

P. larvae-specific bacteriophages were isolated
from environmental samples and thoroughly cha-
racterized. The bacteriolytic activity of the phages
was shown in plaque assays. Furthermore, the
growth inhibition was shown against all four geno-
types of P. larvae (ERIC | — IV) and 40 field isolates
of the genotypes ERIC | and Il in growth experi-
ments. /In vivo bioexposure assays showed that the
feeding of bee larvae with these bacteriophages
has no negative effect on the development of the
brood. Moreover, the mortality of the bee larvae,
infected with P. larvae ERIC | and Il was reduced
by the application of the phages.

Taken together these results demonstrated the po-
tential of phage therapy as an effective biological
treatment strategy against AFB.




024 Characterization and applications of bacteriophage-derived peptidogly-
can hydrolase enzymes targeting MRSA and antibiotic resistant Clostridium
difficile

AIDAN COFFEY
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Corresponding author: aidan.coffey@cit.ie

Staphylococcus aureus is a major cause of in-
fection in humans and animals causing a wide
variety of conditions from local inflammations
to fatal sepsis. The bacterium is commonly mul-
ti-drug resistant and thus many front-line anti-
biotics have been rendered practically useless
for treating human infections. Bacteriophages
(phages) are viruses that are natural predators of
bactéria [1]. We sequenced the genomes of three
anti-staphylococcal phages, and then cloned the
genes for the different peptidoglycan-degrading
hydrolases, enzymes that degrade the bacterial
cell wall during phage infection of bacterial cells.
One of the enzymes, a phage endolysin was
found to have a modular organisation with three
domains, a cysteine/histidine-dependent amido
hydrolase peptidase (CHAPk), an amidase, and
thirdly a cell-wall binding domain [2, 3]. The latter
facilitates attachment of the enzyme to the bacte-
rial cell wall, while former two domains catalyse
the degradation of the peptidoglycan, mediating
rapid bacterial cell death. Deletion analysis of the
enzyme showed that full lytic activity against live

antibiotic-resistant staphylococci was retained
when the endolysin was truncated to its CHAPk
(peptidase) domain. The enzyme was purified by
ion-exchange chromatography and characteri-
zed in detail including a high-resolution crystal
structure obtained as native crystals diffracted
to a maximum resolution of 1.8 A. Addition of
the enzyme to a turbid bacterial MRSA culture
resulted in rapid elimination of turbidity. The pep-
tidase was used in in vivo studies in mouse mo-
dels where it successfully eliminated MRSA col-
onization in animals without adverse effects; and
furthermore, ex vivo studies confirmed a low im-
munogenicity [2]. In a parallel approach, an ac-
tive amidase endolysin was also cloned from the
genome of a Clostridium difficile bacteriophage
CD6356 and subjected to similar analysis. This
enzyme has been cloned and expressed in a gut
bacterium with the aim of delivering the agent to
the site of Clostridium difficile infections.

1. O’Flaherty S, Ross RP, & Coffey A. Bacteriophage and their lysins for elimination of infectious bacteria. FEMS Microbiol Rev

2009;33: 801-819.

2. Keary R, Sanz-Gaitero M, van Raaij MJ, O’Mahony J, Fenton M, McAuliffe O, Hill C, Ross RP & Coffey A. Characterization of
a Bacteriophage-derived Murein Peptidase for Elimination of Antibiotic Resistant Staphylococcus aureus. Curr Protein Pept Sci

2015;17:183-190.

3. Fenton M, Casey PG, Hill C, Gahan CGM, Ross RP, McAuliffe O, O’'Mahony J, Maher F, & Coffey A. The truncated phage
lysin CHAPKk eliminates Staphylococcus aureus in the nares of mice. Bioengineered Bugs 2010;1: 1-4.
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Interest in the use of bacteriophages as
antibacterial agents is nowadays increasing.
One area where bacteriophages are particularly
important and where they used as nonmedical
application is in food processing. Phages reveal
a number of valuable properties, as they are i)
ubiquitous in the environment, ii) can be easily
isolated and propagated and iii) have specific
host ranges. The human gut contains about 10"
individual phage particles. However, little is known
about the gut phageome and the impact on gut
microbiota, health and diseases. It is obvious that
phages may modulate the human gut microbiota.
They can therefore indirectly influence the natural
microbiota and maintain its balance. However,
the targeted application of phages in the human
gastrointestinal tract faces numerous challenges,
i.e., their limited host ranges, bacterial resistances
to phages, manufacturing issues, delivery systems
and sensitivity to gastrointestinal conditions.

Our hypothesis is that phages that are specifically
integrated into food matrixes may shape and
modulate the microbiota associated with the human

gastrointestinal tract. Hence, a preliminary research
study aimed at encapsulating phages to improve
their viability under gastrointestinal acid conditions
and, hence, delivering them to the intestine in active
form. Lactococcus lactis phages were selected as
a simple model system. The effects of different
encapsulation techniques, gastrointestinal pH and
enzymes were investigated in in vitro experiments
simulating human digestive conditions. The data
obtained indicated that - in comparison to free
phages - encapsulated phages are not inactivated
during their transit of the stomach. Furthermore,
under simulated intestine conditions, an effective
release of phages from the capsules was achieved.
In a subsequent study, the stability of encapsulated
and non-encapsulated phages was analyzed in a
dynamic in vitro gastrointestinal model simulating
conditions of the human upper gastrointestinal
tract. First results of this study will be presented
and discussed.




026 Phage therapy in diarrhea patients — experiences from studies in
Bangladesh

HARALD BRUSSOW
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Antibiotic resistance is rising in important bacterial
pathogens. Phage therapy (PT) is a potential
alternative. T4-like coliphages, a Russian coliphage
product (total dose of 109 phages) or placebo was
orally given to Bangladeshi children. Children were
hospitalized at the International Center for Diarrheal
Diseases Research in Dhaka for acute bacterial
diarrhea. Sixty per cent of the children suffered
from a microbiologically proven E. coli diarrhea;
the most frequent diagnosis was enterotoxigenic
E. coli (ETEC) infections. Other bacterial co-
pathogens were detected. Half of the patients
contained phage-susceptible E. coli colonies in the
stool. No adverse events attributable to oral phage
application were observed. Fecal coliphage titer
was increased in treated over control children. Titer
increases were weaker for T4 phages than for the
Russian cocktail, containing many different phage
types by metagenome analysis. Overall, the titers
did not reflect substantial in vivo intestinal phage
replication. Notably, E. coli represented less than

5 % of fecal bacteria. Stool ETEC titers showed only
a short-lived peak and were with an average titer of
10%/g stool close to the replication threshold for T4
phage. An interim analysis after the enroliment of
120 patients showed no amelioration in quantitative
diarrhea parameter by PT over placebo. All patients
received standard care (oral rehydration and zinc
supplements). Stool microbiota was characterized
by an overgrowth with commensal streptococci
during the acute phase of diarrhea. Streptococcal
abundance correlated with quantitative diarrhea
outcome, but genome sequencing did not identify
virulence genes. Subsequent screening of
diarrhea patients revealed that antibiotic-treated
malnourished diarrhea patients showed an
expansion of fecal E. coli. E. coliabundance in these
patients was inversely related to the abundance
of E. coli Myovirus phAPECS8, suggesting in vivo
amplification of endogeneous coliphages when
intestinal E. coli crosses a concentration threshold.
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Bacteriophages are a novel tool in food-safety.
Not all phages are suitable for bio-control and
criteria that need to be met will be discussed on
the basis of two examples, a single phage pro-
duct against Listeria and a two phage cocktail
effective against Salmonella. Laboratory data
demonstrating the efficacy of phages will be dis-
cussed. Food manufacturers need to comply with
rules governing the presence of these pathogens
in food and the possibilities of integrating phages
into these frameworks will be shown. The issue of

resistance will be addressed. It will be shown that
phages cannot mask bad hygiene and that phage
use certainly cannot replace hygiene in any way.
Lastly, the transition from laboratory bench and
the challenges thereof will be discussed, from a
simple application such as in smeared cheeses
to treatment of composite foodstuffs. This will
show both possibilities as well as limitations of
using phages as bio-control agents in food ma-
nufacture.
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Pros and cons of phage applications should not
only be discussed in comparison to antibiotics butin
broader context. Nature is an inexhaustible resour-
ce of bacteriophages (phages) for most bacteria,
phage use is appreciated where bacteria are un-
wanted. Phages are stable survivalists co-evolving
with bacterial hosts and keeping natural balances,
also in our microbiome. As the antibiotic multidrug
resistance (MDR) crisis is a serious global problem,
phages as biological alternatives are increasingly
well-received. If a phage preparation is fully cha-
racterized, purified and targets a specific bacteri-
al isolate, it may be used as tailor-made medicine
without side-effects. Phages are self-controlling
dependent on their bacterial hosts’ presence. Pha-
ge therapy could be re-introduced in the western
world more straightforward especially targeting the
most frequent ESKAPE bacteria. This should not
only be considered in ICUs or when multimorbidity
becomes life-threatening but also more routinely to
avoid antibiotics. But, tailor-made phage therapy
only becomes realistic if a model licensing pathway

for phage preparations is defined, accepted and
streamlined by the authorities, optimally across na-
tional borders. Phage use doesn’t mean products
but a flexible concept reacting to specific infec-
tions. Monophage preparations or mixtures may be
adapted to enlarge host spectra. Phages will pro-
bably be comparably lower-priced. Nevertheless,
like all other medication, phage application should
be farseeingly careful. Phages cannot replace
antibiotics, both should complement each other.
Knowledge on phage biology and phage-host inter-
action accumulated as demonstrated by impressive
numbers of international publications. Why doesn’t
reality keep pace with scientific progress? Apart
from the licensing pathway and unquestionable dif-
ficulties in IP protection, infrastructures are yet to
be established: phage banks, pharmaceutical pro-
duction facilities, diagnostic laboratories and hos-
pitals conversant with phage use. It is necessary to
discuss on broad level and with the EMA how pha-
ge application can be regulated efficiently whilst
clinical trials should be granted.
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Thanks to increasing genomic data, the import-
ance of bacteriophages is highlighted in hori-
zontal gene transfer (HGT). Bacterial genomes
typically harbor multiple prophages carrying a
wide range of genes that potentially provide new
abilities. On one hand, these genetic elements
may be selected because they confer an ecologi-
cal advantage, such as new virulence factors or
adaptive traits [1]. On the other hand, uncontrol-
led expression of prophage genes could be detri-
mental. Thus, genome evolution by HGT requires
a precise equilibrium between the repression and
expression of newly acquired genes.

Salmonella enterica serovar Typhimurium is a
primary enteric pathogen. Usually, S. enterica
strains possess 4-5 functional prophages and
prophage genes make up ca. 30 % of the pool of
accessory genes [1]. Of note, some prophages
are known to provide virulence factors to the host
[2]. Our goal is to identify general strategies,
other than phage repressor based, that are used

to maintain prophages in the host genome. In this
context, we have previously shown that the tran-
scription terminator Rho is involved in prophage
maintenance in E. coli [3].

A combination of targeted (mutants of major tran-
scription regulators) and global (transcriptomics)
approaches will help to identify (i) which host fac-
tors are involved in prophage maintenance and
(ii) how pleiotropic regulators act on prophage
gene expression and excision process in Salmo-
nella. To do so, we have already tested various
regulator mutants using multiplex and quantita-
tive PCR. These preliminary results have shown
that prophage maintenance is linked to both gene
silencing and cell metabolism. Understanding
how the host prevents prophage induction and
controls the lysogenic conversion will give a clue
on the mechanisms involved in cooptation and
co-evolution of prophages and their host.

1. Bobay LM, Rocha EP, Touchon M. The adaptation of temperate bacteriophages to their host genomes. Mol Biol Evol.

2013;30:737-51.

2. Figueroa-Bossi N1, Bossi L. Inducible prophages contribute to Salmonella virulence in mice. Mol Microbiol. 1999;33:167-76.

3. Menouni R, Champ S, Espinosa L, Boudvillain M, Ansaldi M. Transcription termination controls prophage maintenance in
Escherichia coli genomes. Proc Natl Acad Sci U S A. 2013;110:14414-9.




P2 Phage-host interactions: what have we learned from studying
Campylobacter phages

LONE BRONSTED, MARTINE HOLST SGRENSEN, Y. EMRE GENCAY
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Campylobacter jejuni remains to be the leading
cause of bacterial foodborne illness in the western
world and is seriously affecting child health and
mortality in developing countries. Campylobacter
phages are members of the Myoviridae and belong
to the two genera of the Eucampyvirinae subfamily;
Cp220virus and Cp8virus. Using our large phage
collection, we showed that Campylobacter phages
are either dependent on CPS or motile flagella for
infection. Interestingly, the receptor type depen-
dency correlated with the phage genus; Cp220virus
are dependent on motile flagella, whereas Cp8virus
rely on CPS for infection. While the actual receptor
for flagelloptropic phages is under investigation,
further analysis of the CPS-dependent phage F336
identified the MeOPN modification of GalfNAc pre-
sent in the capsular polysaccharide (CPS) as a

phage receptor in strain NCTC11168. This lead to
the hypothesis that MeOPN is a common receptor
for all CPS-dependent phages. To test this, we de-
leted the only MeOPN transferase gene in strain
NCTC12662 sensitive to all our CPS-dependent
phages. By HR-MAS NMR we showed that the
mutant is deficient of MeOPN of the CPS and se-
ven phages did not form any plaques on this strain.
On the other hand, 33 phages infected the mutant,
although at a lower efficiency compared to the wild
type. To investigate the phage diversity further
and identify receptor-binding proteins all our CPS
phages are currently being sequenced using Pac-
Bio. Nevertheless, all our CPS-dependent phages
were affected by the lack of MeOPN, indicating the
vast importance of this unique surface modification
for phage infection of C. jejuni.
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P3 Different morphologies show common themes: How bacteriophages con-
quer the LPS-barrier of Gram-negatives

NINA BROKER', MAREIKE MEYER', YVETTE ROSKE2, UDO HEINEMANN?, STEFANIE BARBIRZ'
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Bacteriophages of Gram-negatives encounter a
membrane environment that is dominated by the
complex properties of the LPS glycolipid mole-
cule. Many phages exclusively infect hosts with
LPS carrying long O-antigen polysaccharide.
These O-antigen specific phages are equipped
with tailspike proteins (TSP) which recognize
and cleave the O-antigen. However, the role
of this initial step for the subsequent events in
the infection cycle is not well understood. We
have previously shown that the enzymatic acti-
vity of phage TSP as well as a sufficient length
of O-antigen chains in LPS is a prerequisite for
successful DNA-ejection in podovirus P22 and
siphovirus 9NA. In order to further analyze the
molecular trigger for in vitro particle opening we
have analyzed viunalikevirus Det7. We found that

a swiss army knife-like equipment of cell surface
recognizing TSP enables myovirus Det7 to infect
a broad host range. Thus, we could measure ti-
me-resolved in vitro DNA release in the presence
of LPS preparations from different hosts. One of
these hosts is S. anatum. We have isolated and
structurally characterized Det7s TSP specific for
Salmonella anatum. Our experiments emphasize
that TSP-LPS recognition are a prerequisite for
DNA release in the myovirus Det7. We found the
size of LPS-aggregates in solution to be crucial
for successful DNA-ejection in vitro, supporting
the hypothesis that a membrane contact is suffi-
cient to trigger particle opening.




P4 MSV, a novel archaeal lytic virus targeting Methanosarcina strains
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A novel archaeal lytic virus targeting species of
the genus Methanosarcina was isolated using Me-
thanosarcina mazei strain G61 as host. Due to its
spherical morphology the virus was designated
Methanosarcina spherical virus (MSV). Molecular
analysis demonstrated that MSV contains double
stranded linear DNA with a genome size of 10,567
bp containing 22 open reading frames (ORFs) all
oriented in the same direction. Functions were
predicted for some of these ORFs, i. e. like DNA
polymerase, ATPase, DNA-binding protein, as well
as envelope (structural) proteins. MSV-derived
spacers in CRISPR loci were detected in several
published Methanosarcina draft genomes using bi-
oinformatic tools, revealing the potential PAM motif
(TTA/T). Transcription and expression of several
predicted viral ORFs were validated by RT-PCR,
PAGE analysis and mass spectrometry. Analysis

of core lipids by APCI mass spectrometry sho-
wed that MSV and M. mazei both contain archaeol
and glycerol dialkyl glycerol tetraether without cy-
clopentane moiety (GDGT-0). The MSV host ran-
ge is limited to Methanosarcina strains growing as
single cells (M. mazei, M. bakeri and M. soligelidi).
In contrast, strains growing as sarcina-like agg-
regates were apparently protected from infection.
Heterogeneity related to morphology phases in M.
mazei cultures allowed acquisition of resistance to
MSYV after challenge by growing as sarcina-like ag-
gregates. CRISPR/Cas mediated resistance was
excluded since neither of the two CRISPR arrays
showed MSV-derived spacer acquisition. Based on
these findings, we propose that changing the mor-
phology from single cells to sarcina-like aggregates
upon rearrangement of the envelope structure pre-
vents infection and subsequent lysis by MSV.
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P5 Thermophilic bacteriophage Aeribacillus pallidus AP45 isolated from the
Valley of Geysers from Kamchatka peninsula
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Bacterial communities of extremal biotopes were
investigated more intensively recent years, than
bacteriophages specific to bacteria from these
habitats were studied.

Thermophilic bacteriophage AP45 and its host
bacterium Aeribacillus pallidus CEMTC 656 were
isolated from soil samples the Valley of Geysers
from Kamchatka peninsula. According electron
microscopy phage was identified as Siphoviridae
family member. NGS-sequencing revealed pha-
ge genome with the length 51606bp. AP45 ge-
nome [KX965989] contained 74 putative ORFs,
encoding recombinases and DNA-metabolism
proteins, lysin, structural phage proteins, and 41
hypothetical ORFs, that had no similarity with Ge-
nBank Database sequences. Structural proteins

of phage AP45 demonstrated similarity with se-
quences of thermophilic phage D6E [GU568037].
Non-structural proteins were similar to
sequences, encoded by genomes of thermophilic
bacteria belonging Bacillaceae family.

The optimal growth temperature for host strain
Aeribacillus pallidus CEMTC 656 was 55-65 °C,
and phage production was maximal at this tem-
perature. Phage AP45 was thermostable at 55-
65 °C and kept viable at 95 °C for more 2 hours.

Thereby, a novel thermophilic bacteriophage
AP45, specific to Aeribacillus pallidus was inve-
stigated.
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P6 Novel phage isolates infecting Bacillus
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Phages are considered as virus of bacteria. They
infect their host and take over its metabolism for re-
production (lytic cycle), or silently integrate into its
genome and become prophages (lysogenic cycle).
Members of the genus Bacillus includes a range of
versatile species of particular interest.

Genomic analysis of genomes of the genus revea-
led that prophages represent a major source of
species specific genes and thus are contributing
to the evolution of the strains. On the other hand,
lytic phages of Bacillus can be used to suppress
pathogenic strains within an infection, which is of
significant importance due to the current antibiotic
crisis. However, lysogenic prophages can switch to
the lytic cycle within a growing culture and thereby
erase most of the vegetative cells. Induced phage
lysis is a disaster within biotechnological producti-
on systems.

Here we present new virus isolates infecting strains
of Bacillus subtilis, thuringiensis, amylolicifaciens
and megaterium. Morphological investigation using
transmission electron microscopy revealed parti-
cles with a head tail morphology belonging to the
Myoviridae, Siphoviridae and Podoviridae families.
Genomes of all isolates were sequenced and their
genomic content and structure were investigated.

The data we present here will help expand the
knowledge of Bacillus related phages and in turn
lead to a greater understanding of these organisms
and their genomics, which promises better metho-
ds to either fight virulent Bacilli as well as to protect
biotechnological production systems.
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P7 Complete genome sequences of bacteriophages Sole and Sato expand the
view of the genetic diversity found in the family Tectiviridae
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Bacteriophages are an important repository of
genetic diversity and source of unexplored ge-
nes. In the particular case of tectiviruses infec-
ting the Bacillus cereus group, these bacterio-
phages represent part of the bacterial mobilome
and they are, so far, the only ones able to behave
as linear plasmids during their lysogenic cycle.
Recently, several novel tectiviruses have been
found infecting diverse strains belonging to this
bacterial lineage (1, 2). Among them, partial DNA
sequencing of tectiviruses Sole and Sato, iso-
lated from B. cereus sensu lato and emetic B.
cereus strains, respectively, uncovered a highly
variable region potentially involved in lysogeny
maintenance (1). Here, we analyze the complete
genome sequences of bacteriophages Sole and
Sato. The genome of Sole spans 14,445 bp with
28 putative CDSs, whereas the one of Sato has
14,852 bp comprising 31 putative CDSs. DNA
sequence identity comparisons of Sato and Sole
against Bacillus virus Bam35 (reference tectivi-

rus) indicated 86 and 89 % sequence identity,
respectively. Additionally, phylogenetic analyses
and genome alignments suggested that both
isolates represent novel tectivirus species. Hen-
ce, tectiviruses in Gram-positive bacteria have
shown to be more diverse than those infecting
Gram-negative bacteria, as the latter ones dis-
play a very high level of sequence identity. In
an effort to assess the host range of Sole and
Sato against emetic B. cereus and Bacillus cyto-
toxicus, two species involved in food poisoning
outbreaks, 50 strains of each species devoid of
tectiviral-like elements were tested. The results
showed that Sole and Sato have a narrow host
range, only infecting particular strains. Overall,
genome sequencing and comparative analysis
of tectiviruses Sole and Sato have expanded the
view of the genomic diversity occurring in plas-
midial prophages found in members of the B. ce-
reus group.

1. Jalasvuori M, Palmu S, Gillis A, Kokko H, Mabhillon J, Bamford JKH, Fornelos N. Identification of five novel tectiviruses in Ba-

cillus strains: analysis of a highly variable region generating genetic diversity. Res Microbiol. 2013; 164:118-126.

2. Gillis A, Mahillon J. Prevalence, genetic diversity and host range of tectiviruses among members of the Bacillus cereus group.

Appl Environ Microbiol. 2014; 80:4138-4152.
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P8 Defining a core genome for the herpesvirales and elucidating their evolu-
tionary relationship with the caudovirales

JUAN SEBASTIAN ANDRADE MARTINEZ, ALEJANDRO REYES
Universidad de los Andes, Biological Sciences, Bogota, Colombia
Corresponding author: js.andrade10@uniandes.edu.co

The order Herpesvirales encompasses a great
variety of important and widely distributed human
pathogens, including the Varicella-Zoster virus,
Human Cytomegalovirus and Epstein-Barr virus.
During the last decades, similarities in the viral
cycle and the structure of some of their proteins
with those of the tailed phages have brought spe-
culation regarding the existence of an evolutionary
relationship between the two clades. To evaluate
such hypothesis, we used over 700 Herpesvira-
les and 2000 Caudovirales genomes downloaded
from the NCBI genome and nucleotide databases,
which were first de-replicated both at the nucleoti-
de and amino acid level. Following this, they were
screened for the presence/absence of clusters of
orthologous viral proteins, and a dendrogram was
constructed based on their compositional simila-
rities. The results obtained strongly suggest that
the Herpesvirales are indeed the closest viral or-
der with eukaryote hosts to the Caudovirales, and

allows putting forth hypotheses concerning the spe-
cific details of such relationship (i.e. whether they
are sister clades or one stems from a minor clade
within the other). Moreover, the identification of clu-
sters that were abundant amongst the Herpesvira-
les made it possible to propose a Core Genome for
the entire order, composed of 5 proteins, including
the ATPase subunit of the DNA-packaging termina-
se, the only one with previously verified conserva-
tion in this clade. The fact that a phylogenetic tree
constructed with sequences derived from the clu-
sters associated to these proteins describes with
fidelity the general architecture of the Herpesvira-
les strongly endorses the proposed Core Genome.
Overall, this work simultaneously provides import-
ant results supporting the long-held hypothesis that
the two orders are evolutionary related and contri-
butes to the understanding of the evolutionary hi-
story of the Herpesvirales themselves.
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Phage T5 infects Escherichia coli and injects its
genome in an original two-step mechanism: in
the First Step Transfer (FST), only 8 % of the pha-
ge DNA enters the host cell. The transfer pauses
then for several minutes before DNA entry re-
sumes to completion (Second Step Transfer,
SST). The FST is accompanied by a very rapid
and massive destruction of bacterial DNA (50 %
decrease in labeled DNA within 4 min of infecti-
on). The identity of the phage T5 nuclease has
remained elusive for sixty years, as none of the
phage proteins encoded on the FST-DNA resem-
ble known nucleases. However, A1, a gene car-
ried by FST-DNA, appears to control host DNA
degradation as well as the SST. In this study we
investigated the role of the 62 kDa protein A1 in
DNA degradation in vitro and in the bacterial cell.

In the C-terminal half of A1, we identified sever-
al motifs that are conserved in a large family of
metallophosphatases including the DNA repair

and recombination nucleases Mre11/SBcD/gp46.
Purified A1 exhibited manganese-dependent
DNase activity on linear or plasmid DNA in vitro,
suggesting that A1 is a Mn-dependent nuclease.
Using fluorescence microcopy of E. coli cells, we
observed a rapid decrease in bacterial DNA sta-
ining with DAPI upon ectopic expression of Af.
Moreover, we frequently saw the formation of a
focus of fluorescence, suggesting a dramatic re-
organization of the bacterial nucleoid. Mutations
in putative catalytic amino-acid residues abolis-
hed nuclease activity in vitro as well as in vivo.
Taken together, our results indicate that A1 is the
long elusive early-encoded DNase of phage T5.
Interestingly, T5 phage DNA is not modified and
is sensitive to A1 in vitro. How the DNase activity
of A1 is regulated to control the SST without dige-
sting the T5 genome remains to be elucidated.




P10 A membrane-embedded molecular motor drives filamentous phage
assembly
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Corresponding author: belinda.loh@uni-hohenheim.de

In contrast to lytic phages, filamentous phages are
assembled in the inner membrane and secreted
across the bacterial envelope without killing the
host. The genome of filamentous phages codes
for membrane proteins that are thought to facilitate
the assembly and extrusion of the phage across
the host cell wall. We characterized the M13 phage
morphogenesis protein gp1 found in the inner mem-
brane of the host using both, in vivo and in vitro
methods. We identified Walker A and B motifs with
a conserved lysine in the Walker A motif (K14), and
a glutamic and aspartic acid in the Walker B mo-

tif (D88, E89) and showed that these residues are
essential for assembly. For the in vitro characteriz-
ation of the membrane protein complex, we expres-
sed and purified gp1 and analyzed structure and
function of this fascinating molecular motor. Here,
we present the formation of a pore-like structure
by the gene | products gp1 and the internal open
reading frame gp11, a N-terminally truncate of gp1.
The cytoplasmic domain of gp1, which is lacking in
gp11, displays ATPase activity which is likely to be
the driving force for the process of phage assem-
bly.
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Ochrobactrum and Brucella are closely related
bacteria that, however, live in different habitats
and diverge regarding their pathogenic proper-
ties. Only little is known about mobile genetic
elements in these genera which might be im-
portant for survival and virulence. Previous stu-
dies on Brucella lysogeny indicated that active
phages are rare in this genus. In this work tempe-
rate phages of Ochrobactrum were investigated
for the first time. In silico analyses disclosed nu-
merous prophages in published Ochrobactrum
genomes. Induction experiments showed that
Ochrobactrum prophages can be induced by vari-
ous stress factors and that some strains released
phage particles even under non-induced condi-
tions. Sixty percent of lysates prepared from 125
strains revealed lytic activity. The host range and
DNA similarities of 19 phages belonging to the
families Myoviridae, Siphoviridae or Podoviridae

were determined suggesting that they are highly
diverse. Some phages showed relationship to
the temperate B. inopinata phage BiPB01. The
genomic sequences of the myovirus POA1180
(41,655 bp) and podovirus POI1126 (60,065 bp)
were analysed. Phage POA1180 is very similar
to a prophage recently identified in a Brucella
strain isolated from an exotic frog. The POA1180
genome contains genes, which may confer re-
sistance to chromate and the ability to take up
sulfate. Phage POI1126 is related to podoviruses
of Sinorhizobium meliloti, Erwinia pyrifoliae and
Burkholderia cenocepacia and almost identical to
an unnamed plasmid of the O. intermedium strain
LMG 3301. Further experiments revealed that the
POI1126 prophage indeed replicates as plasmid.
The data demonstrate that mobile genetic ele-
ments are common in Ochrobactrum.




P12 A novel strategy for exploitation of host RNase E activity by a marine cya-
nophage
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Previous studies have shown that infection of
Prochlorococcus MED4 by the cyanophage
P-SSP7 leads to increased transcript levels of
host endoribonuclease (RNase) E. However, it has
remained enigmatic if this is part of a host defen-
ce mechanism to degrade phage mRNA or if this
single-strand (ss)RNA-specific RNase is utilized by
the phage. Here we describe a hitherto unknown
means through which this cyanophage increases
expression of RNase E during phage infection and
concomitantly protects its own RNA from degrada-
tion. We identified two functionally different RNa-
se E mRNA variants, one of which is significant-
ly induced during phage infection. This transcript
lacks the 5’UTR, is considerably more stable than
the other transcript, and is likely responsible for

increased RNase E protein levels during infecti-
on. Furthermore, selective enrichment and in vivo
analysis of double-stranded (ds)RNA during infec-
tion revealed that phage antisense (as)RNAs se-
quester complementary mRNAs to form dsRNAs,
such that the phage protein-coding transcriptome
is nearly completely covered by asRNAs. In con-
trast, the host protein-coding transcriptome is only
partially covered by asRNAs. These data suggest
that P-SSP7 orchestrates degradation of host RNA
by increasing RNase E expression while masking
its own transcriptome from RNase E degradation in
dsRNA complexes. We propose that this combina-
tion of strategies contributes significantly to phage
progeny production.
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P13 E. faecalis uses quorum sensing to release prophages and differentially
regulate important steps of host-pathogen interactions
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The universal quorum sensing molecule auto-
inducer 2 (Al-2) is used by bacteria to regulate
group dynamic behaviors. Here we show that Al-2
controls dose-dependently different steps during
bacterial infection and release of prophages. An
Al-2-negative mutant Apfs did not produce en-
dogenous Al-2 but responded to exogenous Al-
2, forming strong biofilms at low (20 yM) Al-2
concentrations while dispersing biofilms at high
(100 pyM) Al-2 through the release of phages. At
low exogenous Al-2, biofilm formation was twice
as much compared to E. faecalis strains treated
with high Al-2. At low Al-2, bacteria were strongly
resistant to phagocytosis (39 % opsonic killing),
while 67 % of the bacteria were killed when tre-
ated with high Al-2. TNF-a secretion of macro-

phages activated by bacteria exposed to low
Al-2 was reduced by more than half compared to
bacteria treated with high Al-2. Conversely, high
Al-2 resulted in the induction of prophages which
lead to biofilm dispersal. Additionally, a strong
inflammatory response and strong binding to co-
lonic epithelial cells were observed. Adhesion of
bacteria to Caco-2 cells was significantly higher
at high Al-2 compared to bacteria treated with
low Al-2. We believe that Al-2 regulates expressi-
on of specific target genes (i.e. gls24-like protein
at 20 yM and prophages at 100 pyM) and allows
enterococci to differentially express and distri-
bute their virulence mechanisms through phages
during attachment, colonization, and infection.




P14 High-frequency plasmid transduction to phage-insensitive recipient
strains of Staphylococcus aureus
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Staphylococcus aureus is a major human and vete-
rinary pathogen causing local and systemic infec-
tions. The evolution of this pathogen does not only
take place in small steps through the accumulation
of point mutations, but primarily through the upta-
ke of foreign DNA by horizontal gene transfer. The
transfer of DNA in a bacterial population is carrying
through transformation, conjugation, and transduc-
tion. The primary driving forces in horizontal gene
transfer in staphylococci seems to be the transduc-
tion mediated by bacteriophages. For a transducti-
on to be effective, it is generally accepted that the
recipient strain should be susceptible to the trans-
ducing phage.

We demonstrated that the plasmid DNAs are ef-
fectively transduced into the recipient S. aureus
strains in spite of their insensitivity to the lytic ac-
tion of the transducing phage, provided that the-
se phages adsorb effectively to the bacterial cells.
The tetracycline and penicillinase plasmids were

transduced to insensitive laboratory and clinical
strains by bacteriophages ®29, ®52A and ®80a
as well as by prophage ®53 and naturally occurring
prophages induced from donor lysogenic strains.
The transduction frequencies from all experiments
ranged from 1.6x10-6 to 1.2x10-"". Comparable fre-
quencies of transduction were achieved in both
phage-sensitive and phage-insensitive recipient
strains.

We have demonstrated that the restriction of DNA
and lysogenic immunity which are responsible for
insensitivity of cells to phages may not be a barrier
to the transfer, maintenance and effective spread
of plasmids to a wider range of potential recipients
in the staphylococcal population even among diffe-
rent clonal clusters.

This work was supported by grants GP13-05069P,
NT16-29916A and QJ1510216.
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P15 Characterization of novel Staphylococcus sciuri bacteriophages partici-
paing in interspecies plasmid transduction, and packaging mecA gene
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Staphylococcus sciuri is a mostly animal-associ-
ated bacterial species, but its clinical relevance
for humans is increasing because it represents a
reservoir for the mecA gene encoding methicil-
lin-resistance in staphylococci. Although S. sci-
uri bacteriophages have not been characterized
in details yet, it is accepted, that they may be
involved in antimicrobial resistance gene transfer
in staphylococcal population.

Here we present two novel S. sciuri temperate
phages of Siphoviridae family designated ®575
and ®879. Their genomes and genomes of their
host strains were sequenced on the lon Torrent™
platform. Genomes of the phages are 42,203 and
41,491 bp long and encode 58 and 55 ORFs, re-
spectively, arranged in functional modules. Their
head-tail morphogenesis modules are similar to
those of Staphylococcus aureus ®13-like serog-
roup F phages, suggesting their common evolu-
tionary origin.

Genes that can enhance the virulence of the
bacterial host were identified in both phage ge-
nomes. Phage ®575 harbours genes for staphy-

lokinase and phospholipase that might enhance
the virulence of the bacterial hosts. In addition,
both of the phages package a homologue of
mecA gene that is a prerequisite for its lateral
transfer, which was proven by using real-time
PCR. The packaging frequency of the mecA part
of SCCmec was about three orders of magnitude
lower than that of the plasmid-borne aadD gene
from tetracycline and aminoglycoside pSTS7-like
resistance plasmids. Phage ®879 transduces
tetracycline and aminoglycoside pSTS7-like re-
sistance plasmids from its host to S. sciuri and
to S. aureus with a frequency of about 10,
Furthermore, both of the phages efficiently ad-
sorb on the cells of different staphylococcal spe-
cies supports the speculation of the interspecies
horizontal transfer of mobile elements or its parts
by phages.

This work was supported by grant s 16-29916A
and QJ1510216.
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P16 Isolation and characterization of bacteriophages from Bacillus anthracis
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Bacillus (B.) anthracis, the causing agent of an-
thrax mainly infects herbivores but is also a serious
threat for humans due to its potential as a biologi-
cal weapon [1]. Investigations of environmental and
animal B. anthracis isolates indicate that at least
20 % are stable infected with one or more bacte-
riophages [2]. The aim of this work was the iso-
lation and characterization of bacteriophages from
B. anthracis isolated from animals which died from
anthrax and environmental strains as well which
were collected in South Africa (SA) and Namibia
(AF). Several virulent isolates of the B. anthracis
strain collection were tested for spontaneous re-
lease of bacteriophages or by induction. For phe-
notypic analysis phages were stably introduced in
an avirulent recipient to form lysogens. Phage mor-
phology was determined via electron microscopy.
Specificity test with several species of the B. ce-
reus group was performed for identifying the bacte-
riophage host range. Further experiments were

1. WHO (2008). Anthrax in humans and animals. 4th edition.

carried out for investigation of any influence of the
phage onto the biology of B. anthracis - like biofilm
test and sporulation assay. So far 27 bacteriopha-
ge lysates were collected. All phages belong to the
order of Caudovirales, representing either Myovi-
ruses or Siphoviruses. Specificity tests resulted in
different infection capabilities for 17 species tested.
75 % of the phages enabled biofilm formation in
the experimental lysogens. 7 bacteriophages seem
to have an influence on sporulation capacity of the
tested lysogens. Additionally, phenotypic changes
in colony morphology were observed which were
attributable to stable phage infection.

In summary, our results indicate that i) bacterio-
phages are present in B. anthracis isolated directly
from the blood of dead animals and ii) such phages
may have an impact on the live cycle and survival
strategies of its host by active lysogeny [3,4].

2. Schuch R, Fischetti VA. The secret life of the Anthrax agent Bacillus anthracis: Bacteriophage-mediated ecological adaptions.

PLoS ONE. 2009;4: e6532.

3. Feiner R, Argov T, Rabinovich L, Sigal N, Borovok |, Herskovits AA. A new perspective on lysogeny: prophages as active
regulatory switches of bacteria. Nat Rev Microbiol. 2015;13:641-650.
4. Argov T, Azulay G, Pasechnek A, Stadnyuk O, Ran-Sapir S, Borovok I, Sigal N, Herskovits AA. Temperate bacteriophages as

regulators of host behavior. Current Opinion in Microbiology. 2017;38:81-87.
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Staphylococcus aureus possesses a set of viru-
lence factors necessary for infection of the hu-
man host some of which are encoded on bacteri-
ophages. Sa3-phages integrate into the h/b-gene
therefore leading to loss of 3-hemolysin produc-
tion but provide additional virulence genes to
their host bacterium. About 90 % of all S. aureus
strains of human origin carry these h/b-conver-
ting phages, whereas animal strains usually are
devoid of them. We aim is to investigate how the
bacterial host interferes with the biology of these
Sa3-phages, especially ®13. Phage cured deri-
vatives of S. aureus strain 8325 (8325-4, Clonal
complex 8) and of the Methicillin-resistant S. au-
reus strain MW2 (MW2c, Clonal complex 1) were
lysogenized with Sa3-bacteriophage ®13 car-
rying a kanamycin resistance cassette (®13Ka-
na). Phage induction was quantified using pha-

ge titering and qPCR to quantify integrated and
excised phage copies after induction with subin-
hibitory concentrations of Mitomycin C. In vitro
phage transfer was performed by co-culturing ly-
sogens with phage free recipients. Phage induc-
tion was significantly higher in MW2c compared
to 8325-4 background. Phage transfer was also
significantly higher in MW2c¢ background and oc-
curred without the need of induction by Mitomy-
cin C. Correct phage integration into the hib-gene
was proven by Multipex-PCR and pulsed-field gel
electrophoresis (PFGE). PFGE analysis followed
by Southern hybridization revealed concatemer
formation in the new lysogens. In summary, there
are strain specific differences regarding the in-
duction and lysogenization rate of ®13.




P18 Role of phages in Shewanella oneidensis MR-1 biofilm formation
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Prophages, the dormant form of temperate phages,
are found ubiquitously in bacterial genomes. While
it was previously believed that induction of these
are solely detrimental to bacteria, more recent stu-
dies have demonstrated it to be a possible com-
petitive advantage under certain conditions, aiding
the bacterial populations in colonization of surfa-
ces and increasing the pathogenicity towards their
host.

Shewanella oneidensis MR-1 harbors three pro-
phages: ASo, MuSol and MuSoll with MuSol being
cryptic. In this species, the prophages are required
for proper biofilm formation of S. oneidensis MR-1
by mediating cell lysis and consequential release
of extracellular DNA as crucial structural biofilm
matrix component. Further experiments on ASo de-
monstrated that induction and subsequent cell lysis

occur as a consequence of cell stress which is li-
kely induced by increased iron acquisition by a cel-
lular subpopulation during early biofilm formation.

In order to better understand timing and mechanism
of phage production, we introduced an additional
copy of the gene encoding the major capsid protein
fused to yfp into the prophage chromosome, yiel-
ding highly fluorescent but still active phage parti-
cles. By this, we are able to observe synthesis of
the phage particles starting with their construction
within the host cell, and, subsequent to cell lysis,
to track the phage particles’ spreading through the
surrounding to finally engage new host. Current ex-
periments use fluorescently labeled ASo as a tool
to further elucidate the interaction between bacteri-
ophages and their hosts in biofilm formation.
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P19 When more is not better: A generalist predator dampens the impact of a
phage and a predatory bacterium on their preferred prey and enables coexi-
stence
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The therapeutic use of bacteriophages to combat
bacterial pathogens in an agricultural, biotechno-
logical or even clinical context requires knowled-
ge about the ecological and evolutionary con-
sequences of microbial interactions in complex
systems. Natural, engineered and host-related
habitats usually harbour multiple micro-predator
and prey species whose direct and indirect in-
teractions are mostly understudied. In particular,
the combined effects of different predators and
their varying prey preference on prey removal are
not known. For instance, one may assume that
combining a phage with other potentially comple-
mentary predators would result in an increased
reduction of target prey species.

To better understand the effect of interspecies
interactions, combinations of micro-predators,
i.e. protists (generalists), predatory bacteria (se-
mi-specialists), and phages (specialists), and
bacterial prey were tracked over a 72-hour period

in miniature bioreactors. While specialist preda-
tors, e.g. the phage, alone drove their preferred
prey to extinction, the inclusion of a generalist
resulted in similar losses among the prey spe-
cies. Most importantly, presence of a generalist
predator basically neutralized the impact of the
phage and even enabled coexistence of all pre-
dators and prey.

The appearance of resistant prey strains and sub-
sequent coevolution of the specialist predators
implies that multitrophic communities are able
to persist and stabilize themselves. Interestingly,
coevolution was observed for the phage (and the
predatory bacterium) in the absence of additional
predators or prey species indicating that compe-
tition between predators might influence coevo-
lution dynamics.
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P20 Spatial distribution and dynamics of viral communities along a river as
revealed by metagenomic
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Rivers are vital aquatic habitats and networks in
the terrestrial environment acting as drainage
channels and carrying carbon and nutrients. Due
to the increasing impact from climate change and
human activities many rivers have been changing.

These impacts influence the population dynamics
and diversity of microorganisms. These micro-
organisms code important for many ecosystem
functions, such as nutrient cycling, mineralization
of organic matter or the purification of the habitat.
However, these microorganisms are strongly af-
fected by their “micro-predators”, such as viruses.
Prokaryotic viruses are a key factor for bacterial
mortality, drive diversification and evolution of their
bacterial hosts through gene transfer and are, via
lysis of microbes, important contributors to the
recycling of carbon and nutrients. Compared to
marine ecosystems, the composition and impact of
viral communities in freshwater environments still
remains largely unexplored.

In this study, we aimed to reveal the spatial dyna-
mics of viral communities in the Holtemme River

along a 40 km long section that starts in the Harz
Mountains and discharges in the Bode River. Water
was collected from thirteen sampling sites reflec-
ting specific influences, such as arriving tributari-
es, outlet of waste water treatment plants (WWTP),
areas of intense agriculture and restored river sec-
tions. Samples were analysed for the total number
of virus-like particles (VLP) and viral metageno-
mics.

The number of VLPs increased over the course
of the river exhibiting distinct peaks at areas im-
pacted by outlets of WWTP, ranging between 2x10°
and 102 VLP/ml. Metagenome data revealed a high
number of unknown sequences. Viral communities
were dominated by unclassified viruses and within
the virus sequences affiliated, members of Caudo-
virales and Microviridae. Few sequences belonged
to plant-, protist- and insect-infecting viruses. Hig-
hest diversity of viral sequences was found in ur-
ban areas. K-mer analysis showed no correlation of
virus community structure and course of the river.

71



72

P21 Estimation of ecological coherences between phages and metal resistant
Streptomyces from metal contaminated sites by genomics
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The continual increase in heavy metal contami-
nated soils asks for concepts for handling and re-
mediation. In this framework, microbially assisted
phytoremediation has been proposed to alter me-
tal bioavailability which can be applied to reduce
concentrations and toxic effects. A major group
of bacteria involved in this processes are aero-
bic, gram-positive and filamentous Streptomyces
species, a dominant group of soil bacteria speci-
fically enriched at metal containing sites. Their
growth, distribution and activity is influenced by
specific bacteriophages, making investigations
of major ecological influences of phages on the
diversity of soil microbial populations necessary
to evaluate the impact of streptomycetes on bio-
remediation approaches. In addition, phages are
the largest genetic pool on earth, and therefo-
re can be used as tools for genetic and biotech-
nological processes, especially since they are
naturally involved in horizontal gene transfer. In
consequence, streptophages (infecting species
of Streptomyces) may be active in distributing
important metal resistance genes such as met-
hallothioneins, chelators (e.g. siderophores) or

efflux transporters among Streptomyces species.
To better understand the processes active bet-
ween members of Streptomyces and their spe-
cific phages, the polyvalent phage S7, isolated
from compost, the narrow host range phage S3
from garden soil, and phage L44 from forest soil
were sequenced in addition to two metal resistant
Streptomyces strains E13 and P16B-1. In additi-
on, morphological investigations of the life cycle
and phage particles via TEM allowed a taxono-
mic classification of the streptophages. Structu-
ral genes have been identified by LC-MS.

Genetic manipulation of Streptomyces, e.g.
with a streptophage-Streptomyces transduction
system, is desired, opening up possibilities to in-
vestigate the ecological role in metal resistance
of streptomycetes. Our investigations are adding
to the understanding of the role of phages for soil
microbiology in general, as well as with specific
impact for metal contaminated site ecology, bi-
oremediation, and bioactive natural compounds.
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The relevance of phages for their hosts’ diversity,
ecology and evolution are now widely recogni-
zed and accepted. In addition, interest in the use
of phages to control potentially pathogenic (or in
some other way undesired) bacterial hosts has
again gained momentum not only in a medical
but also in an environmental and biotechnologi-
cal context. Most progress in the field of phage
ecology and diversity has been made in marine
systems, while terrestrial, freshwater or host-as-
sociated systems have been largely neglected so
far.

This “info-poster” aims to present the activities of
our group at the UFZ-Department of Environmen-
tal Microbiology in Leipzig to close this particular
gap. We will briefly summarize several research
activities and third-party funded projects which
seek to reveal the ecological and evolutionary

consequences of phage-bacteria interactions
on bacterial communities and their functions.
Experimental setups range from controlled lab-
systems to field sites, from short-term studies on
the arms race between phages and their hosts to
studies addressing the spatio-temporal dynamics
of phages.

The method tool box available in our group co-
vers classical as well as high-throughput sequen-
cing approaches: these include the isolation and
TEM-description of phages and their hosts from
diverse environments as well as the omic-me-
thods which provide insight into the genomes
of isolates or the metagenomes (i.e. viromes) in
distinct habitats. This brief overview will be con-
cluded with an outlook on planned activities fo-
cusing on host-associated phages and viromes.
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Here we report the complete genome sequence
and morphological characterization of the T5-like
siphovirus vB_YenP_phiR2-01 (in short phiR2-
01) infecting Yersinia enterocolitica, a zoonotic
food-borne pathogen causing yersiniosis in hu-
mans and animals. Bacteriophage phiR2-01 en-
codes for 152 open reading frames (ORFs) and
19 tRNA-molecules on its 122,696 bp-long dou-
ble-stranded DNA genome including 9,901 bp
terminal repeats. A total of 115 of the ORFs are
similar to genes of the well-characterized bacteri-
ophage T5, including all genes involved in phage
morphogenesis. The genome of phiR2-01 is mostly
syntenic to that of T5, and the major differences
between the genomes reside in areas with genes
encoding for hypothetical phiR2-01 proteins. Other
phages similar to phiR2-01 are the Salmonella

enterica serovar Typhimurium phage Stitch, the
Escherichia phage EPS7, the Salmonella phage
Shivani, the Escherichia phage vB_EcoS_FFH1,
the Enterobacteria phage DT57C and DT571/2, the
Escherichia phage AKFV33, and the Salmonella
phage SPC35. The host range of the phage is bro-
ad among Y. enterocolitica and it infects strains of
both pathogenic and non-pathogenic serotypes. It
does not infect strains of Y. pseudotuberculosis, Y.
nurmii, Y. pekkanenii, Y. mollaretii, Y. frederiksenii,
Y. intermedia, Y. ruckeri, Y. bercovieri, Y. kristense-
ni (except one strain), and Y. aleksiciae. The phage
also failed to infect Escherichia coli and Shigella
strains. Isolation of phage-resistant mutants from a
transposon-insertion library revealed that the pha-
ge receptor is the BtuB protein.




1ST GERMAN iza==7at
PHAGE SYMPOSIUM
PaANe Wz

P24 Efficacy of bacteriophage-antibiotic combinations against MRSA biofilm
in vitro evaluated by isothermal microcalorimetry

TAMTA TKHILAISHVILI, ANDREJ TRAMPUZ, MARIAGRAZIA DI LUCA
Charité — Universitatsmedizin Berlin, Berlin-Brandenburg Centrer for Regenerative Therapies, Germany
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Background: The potential application of phage
therapy for the control of bacterial biofilms has
received increasing attention as the resistance
to conventional antibiotics reduces treatment
options. This study was designed to assess the
synergistic antimicrobial effect of phages combi-
ned with antibiotics against MRSA biofilm in re-
al-time using a highly sensitive method measu-
ring growth-related heat production.

Material/methods: Staphylococcus aureus spe-
cific phage Sb-1 with rifampin, fosfomycin, van-
comycin and daptomycin were tested against
MRSA (ATCC 43300). Biofilm was formed on po-
rous glass beads and incubated for 24 h at 37 °C
in brain-heart infusion. Then beads were washed
in sterile saline trice and incubated in fresh me-
dium containing sub-inhibitory bacteriophages
concentrations for 24 h. Antibiotics were exposed
simultaneously together with the phage or after
24 h phage treatment. After antimicrobial chal-
lenge, the beads where rinsed thrice and placed
in microcalorimetric ampoules. Viable bacteria in
biofilm were detected by measuring heat produc-

tion at 37 °C for 48 h.

Results: The minimum biofilm bactericidal con-
centration for all antimicrobials tested alone were
above reachable concentrations in clinical prac-
tice and ranged from 128 to 4096 ug/ml. Syner-
gistic activity against biofilm MRSA was observed
when bacteria were exposed to antibiotics only
after 24h phage treatment. Bacterial growth-rela-
ted heat was decreased by subinhibitory concen-
trations of antibiotics in combination with all titers
of Sb-1 (105, 104, 103, 102 pfu/ml), but complete
inhibition of heat production was showed with 10°
and 10* pfu/ml titers. High synergistic activities
were observed with all the tested combinations.
Conclusions: These findings indicate that syner-
gy of antibiotics and bacteriophage Sb-1 is signi-
ficantly more effective than the current treatment
of MRSA biofilm based on conventional antibiotic
alone. Therefore, bacteriophage-antibiotic syner-
gies have potential for improving the treatment of
implant-associated infections.
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P25 The lactococcal P335 phage TP901-1 requires the host-encoded Gtf41, a
putative glycosyltransferase, for early stages of infection
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Lactococcal phages are ubiquitous in the dairy en-
vironment. The most widely used bacterial species
in the dairy fermentation industry is Lactococcus
lactis which is susceptible to infection by lactococ-
cal phages. Phage infection of lactic acid bacteria
(LAB) starter and adjunct strains is a major con-
cern in the dairy industry as it negatively impacts
on the final product quality and production regimes
with significant associated economic implications.
Therefore, an improved understanding of the in-
teractions of these problematic phages and their
hosts is necessary for the construction of robust
starter cultures and/or the selection of rational
strain rotations/blends. Three Lactococcus lactis
subsp. cremoris 3107 derivatives known as E119,
E121 and E126 had previously been shown to have
obtained resistance against the lactococcal P335
phage TP901-1, while remaining sensitive to in-

fection by phage phiLC3. The genomes of the pa-
rent strain and the phage-resistant mutants were
sequenced and compared resulting in the identifi-
cation of several mutations that may have caused
TP901-1 resistance. Subsequent complementation
assays showed that the introduction of a plasmid
harbouring the gtf41 gene, which encodes a pre-
dicted oligosaccharide transferase, from L. lactis
3107 wild-type, which is mutated in E179 and E126
mutants, restored the phage sensitivity phenotype
of both mutants. Furthermore, the lysogenization
frequency increased from 10-* to 10 suggesting
improved DNA injection efficiency. Moreover, silen-
cing of gtf41 by an anti-sense mRNA interference
strategy was shown to interfere with infection by
phage TP901-1 in strain 3107. Therefore, gtf41 is
involved in the early stages of infection of the lacto-
coccal P335 phage TP901-1.




P26 Insights into bacteriophage — Salmonella coevolution
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The use of phages as alternatives to traditional
antibiotics is becoming increasingly attractive,
due to the rise and spread of antibiotic resistant
bacteria. Nevertheless, bacteria can develop re-
sistance to phages too. These adaptation stra-
tegies are much less known and need to be in-
vestigated to be able to use phages to control
pathogens in human and veterinary medicine as
well as in food production.

In this project, we studied the coevolution of an
environmental phage, S118, dependent on the
O-polysaccharide as bacterial receptor, and his
host, the Gram-negative foodborne pathogenic
bacterium, Salmonella typhimurium (Salmonel-
la enterica serovar Typhimurium LT2 prophage
cured). Salmonella resistance mechanisms were
investigated by transferring coevolved phages
and bacteria every 24 h, for 9 days. The expe-
riment was performed as 3 biological replicates
by inoculating 3 microcosms with 108 cfu/ml Sal-
monella cells and 108 pfu/ml phages. For each
transfer, 5 different colonies were isolated from

the coevolved Salmonella populations and their
resistance were tested against phages from each
transfer.

Our preliminary results showed: 1) the emergen-
ce of resistance to S118 phage already after 24
h; Il) transfer after transfer, the increasing rise
of Salmonella colonies completely resistant to all
phages both from past, present and future trans-
fers; Ill) the change of plaque morphology after
24 h in the evolution experiments and after 48
h in the coevolution; 1V) the reduced infectivity
(but not the extinction!) of evolved and coevolved
S118 against coevolved Salmonella.

Further insights about the evolved phages are
coming from the screening of a collection of Sal-
monella typhimurium mutant strains in the main
receptors (O-PS, flagellum, vitamin B membrane
transporter). Currently we investigate the resi-
stance mechanisms Salmonella evolved in so
short time by performing adsorption assays, stu-
dying the resistance to a collection of other Sal-
monella phages and whole genome sequencing.
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P27 Bacteriophage PMBT2 with lytic activity against multidrug-resistant
Enterococcus faecalis strains harbors a pseudo-metallo-R-lactamase
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A putative metallo-B-lactamase (MBL) gene
was identified in the genome of the virulent
Enterococcus faecalis phage PMBT2 isolated from
sewage. Homologous genes were reported to be
present in other Enterococcus phages, but not in
bacteria genomes. When cloned and expressed
in Escherichia coli, Lactococcus lactis and
Streptococcus thermophilus using two different
expression vectors, the gene product did not
mediate any resistance towards tested R-lactam
antibiotics and was consequently designated as
a pseudo-metallo-R-lactamase. Phage PMBT2

showed morphological characteristics of the
Siphoviridae family and specifically lysed multidrug
resistant E. faecalis strains. Its dsDNA genome
comprised 41 489 bp with a mol% G+C content of
34.7, encoding 68 putative open reading frames
(ORFs) and no tRNAs. It showed closest (90 %)
sequence similarity to that of E. faecalis phage
EfaCPT1. After verification that the phage genome
did not encode any toxin genes, PMBT2 fulfilled the
prerequisites to be used as a therapeutic agent for
the biocontrol of multidrug-resistant E. faecalis.




P28 Effective phages infecting Livestock-Associated Methicillin-Resistant
Staphylococcus aureus CC398 strains are found from pig faeces and environ-
ments
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Livestock-associated methicillin resistant Sta-
phylococcuss aureus (LA-MRSA) representing
clonal complex CC398 has emerged worldwide
during the last decade and can be found at espe-
cially in pigs. In Finland, carriage of LA-MRSA
CC398 has become more common in pigs as well
as in persons with occupational contacts to pigs;
especially among farmers and veterinarians.
LA-MRSA CC398 was found in 2.9 % of human
MRSA infections in Finland in 2016.

Phage therapy is a potential treatment for S. au-
reus infections and a reduction of MRSA CC398
in livestock might be achieved by application of
virulent phages. We have previously isolated
three S. aureus—specific phages (fPf-Sau02, fPf-
Sau03, and fPf-Sau04) from pig faeces from two
Finnish farms. We have shown that these phages
were not able to infect any of the human clinical
S. aureus strains tested, but rather infected 80 %
of the tested LA-MRSA strains. However, clonal
complexes, spa types, resistance phenotypes as

well as virulence and resistance gene profiles of
those strains were not known.

In the present study, a collection of MRSA strains
(N=16) originating from Finnish slaughter pigs
were screened for their genotypes as well as re-
sistance and virulence phenotypes. Altogether
four (25 %) methicillin susceptible (MSSA) and
12 (75 %) methicillin resistant (MRSA) strains
were detected. Of MRSA strains, a total of 8 (75
%) belonged to clonal complex CC398. The pre-
liminary results showed that phages fPf-Sau02,
fPf-Sau03, and fPf-Sau04 infected 7 out of 8 (88
%) of LA-MRSA strains belonging to CC398 and
only 1 (13 %) of those strains belonging to other
clonal complex than CC398. Two phages fPf-
Sau02 and fPf-Sau03 possessed broader phage
profile against CC398 strains than fPf-Sau04.
These preliminary findings suggest wide variati-
on of different MSSA and MRSA strains in Finnish
slaughter pigs and that effective phages infecting
these strains may be found from pig faeces and
environments.
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P29 A novel phage phiE72: an alternative therapeutic against Staphylococcus
epidermidis infection and a potential research tool
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Staphylococcus epidermidis is one of the most
common pathogens causing various types of noso-
comial infections in hospitals, mainly by forming bi-
ofilms on medical devices. Nowadays, the situation
of increasing number of S. epidermidis developed
resistance to antibiotics is calling for alternative
therapeutics. Besides, a novel research tool is also
expected since study of the pathogenicity of S. epi-
dermidis is limited due to genetic manipulation fai-
lure caused by strong genetic barrier mechanisms,
especially the clinical ones. Recently, we isolated
a new bacteriophage named phiE72 from a S. epi-
dermidis strain in an infected tooth of a clinical pa-
tient. Electron microscopy revealed characteristics
as bacteriophages of the Siphoviridae family. Pha-
ge infection assay using different bacterial spe-
cies showed that phiE72 has a narrow host range

and is specific to S. epidermidis. 1t showed a more
drastical decrease of turbidity of bacterial host cell
culture even compared to the widely studied antibi-
otic reagent member lytic polyvalent phage phiK.
PhiE72 remained stable at pH values between 5.0
and 8.0 and up to the temperature of 60 °C. PhiE72
also showed tolerance to chloroform. The fast and
strong lyse property, and specificity for S. epider-
midis indicates the novel phage phiE72 an attrac-
tive candidate for phage therapy or as a biofilm era-
dication agent against S. epidermidis. Moreover,
phiE72 can transduce plasmid DNA efficiently even
to strains refractory to electroporation. Therefore,
phiE72 might also become a valuable research tool
for plasmid transduction for S. epidermidis strains,
which are often difficult to transform.




P30 vB_SauM-fRuSau02, a Twort-like phage used for phage therapy
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Staphylococcus aureus is a commensal and pa-
thogenic bacterium that causes infections in hu-
mans and animals. It is a major cause of noso-
comial infections worldwide and WHO currently
regards antibiotic-resistant Staphylococcus au-
reus as one of the major concerns for public he-
alth. Due to increasing prevalence of multi-drug
resistance, alternative ways to eradicate the pa-
thogen are necessary. In this respect, polyvalent
Staphylococcal myoviruses have been demons-
trated to be excellent candidates for phage the-
rapy. Here we present the characterization of
bacteriophage vB_SauM-fRuSau02 (fRuSau02)
that was isolated from a commercial Staphy-
lococcus Bacteriophage cocktail produced by
Microgen. The genomic analysis revealed that
fRuSau02 is very closely related to phage MSAG,
possesses a large genome (148,464 bp) with ty-
pical modular organization and a low G+C (30.22
%) content and therefore can be classified as a

new virus among the genus Twortlikevirus. The
genome contains 236 predicted genes, four of
which were interrupted by insertion sequences.
Altogether 78 different structural and virion-as-
sociated proteins were identified from purified
phage particles by LC-MS/MS. The host range
of fRuSau02 was tested with 135 strains, inclu-
ding 51 and 54 S. aureus isolates from humans
and pigs, respectively, and 30 coagulase-nega-
tive Staphylococcus strains of human origin. All
clinical S. aureus strains were at least modera-
tely sensitive to the phage, in contrast to only
39 % of the pig strains being infected. Also some
strains of S. intermedius, S. lugdunensis, S. epi-
dermidis, S. haemolyticus, S. saprophyticus and
S. pseudointer were infected. We conclude that
fRuSau02, a successful phage therapy agent in
Russia, can serve as an alternative to antibiotic
therapies against S. aureus.
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P31 Use of bacteriophages for preventing methicillin resistant Staphylococcus
aureus biofilm formation
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Biofilms on both soft tissues and implants are cau-
sing persistent infections that are often difficult to
eradicate with the current antibiotic therapy. Bacte-
riophages have emerged as a promising alterna-
tive to antibiotic because of their high selectivity
and rapid bactericidal activity. Here, we investi-
gated the activity of lytic bacteriophages (Sb-1
and Pyo-bacteriophage) against planktonic and in
preventing biofilm formation of methicillin resistant
Staphylococcus aureus (MRSA).

Plaque-assay was used to test Sb-1 and Pyo-bacte-
riophage against MRSA ATCC 43300 and different
clinical strains of S. aureus. Increasing titers of both
phages (102 to 10® PFU/ml) were assayed against
planktonic MRSA (10® CFU/ml) and in preventing
biofilm formation (on porous glass beads) in BHI
using isothermal microcalorimetry. After microca-
lorimetry experiments, beads were sonicated and
pleated into BHI agar for colony counting. Confocal
laser scanning microscopy was used to evaluate
the presence of MRSA biofilm on glass bottom petri
dishes after co-incubation with phages.

Both Sb-1 and Pyo-phage exhibited lytic activity
against approximately the 75% S. aureus clinical
strains. Microcalorimetry measurement showed
that the highest titers of Sb-1 and Pyo-phage (10°
and 105 PFU/mI, respectively) were able to inhibit
planktonic growth of susceptible bacterial strains.
In biofilm prevention experiments, the heat produc-
tion was completely abolished in the presence of
10* Plaque-Forming-Units (PFUs)/ml of bacterio-
phages, with 102 PFUs/ml already inducing 50 %
reduction of MRSA heat production. Confocal laser
scanning microscopy analysis did not reveal the
presence of any adherent cells on the surface of
the glass bottom petri dish.

Sb-1 and Pyo-phage are active against S. aureus
clinical isolates and able to prevent MRSA biofilm
formation in vitro, suggesting that phage therapy
may be a promising approach for preventing device
colonization and controlling biofilms on surface.




P32 Isolation and production of Staphylococcus aureus lytic bacteriophages
displaying broad host range spectrum for multiple strain types including clini-
cal isolates: methodological challenges
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Staphyloccoccus aureus belongs to ESKAPE pa-
thogens causing significant problems in clinical
and community settings. Here we have isolated
a number of S. aureus lytic phages that could
serve as starting points for the development of
phage-based diagnostics and/or treatment ap-
plications. Success of our enrichment procedure
critically depended on the number of consecutive
enrichment rounds and on the choice of an appro-
priate host strain for the enrichment. Employing
either a restriction-modification (RM)-minus,
or an RM prophage-minus host strain, resulted
both in the isolation of phages from sewage wa-
ter. However, plaques obtained on the RM pro-
phage-minus strain were turbid and eventually
disappeared upon restreaking, possibly indica-
ting this strain might become lysogenic. By con-
trast, the RM-minus strain gave rise to plaques
that could reliably be proliferated. When testing
clinical isolates as possible target strains, only
few of these yielded plaques and this only after
three enrichment rounds. EM observations of the
filtrates confirmed presence of phages. When
subsequently testing host range specificity of the
phages against a battery of diverse S. aureus

strains, three different outcomes were observed
for target strains infected with a given phage: (1)
strains forming lytic zones and plaques upon se-
rial dilution of the filtrate; (2) strains forming lytic
zones but never individual plaques; (3) strains
forming neither lytic zones nor plaques. Evalua-
tion of host specificity of newly isolated phages
that trigger not only primary lysis but also reliably
proliferate further (group 1) and hence represent
the group of interest for application purposes,
yielded coverage rates of the tested strain bat-
tery of up to 83 %. On-going work focuses on
further characterization of new phages, striving
to obtain as broad as possible ranges of strain
specificity, and also on the determination of the
most appropriate host strain for a given phage,
allowing for its reliable and scalable production.

Sb-1 and Pyo-phage are active against S. aureus
clinical isolates and able to prevent MRSA biofilm
formation in vitro, suggesting that phage therapy
may be a promising approach for preventing device
colonization and controlling biofilms on surface.
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P33 Characterization of biology and genetics of newly isolated bacteriopha-
ges active against Proteus spp.
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Proteus bacteria, mostly P. mirabilis, are etiological
agents of intestinal and urinary tract infections and
can infect surgical wounds and contribute to dia-
betic foot ulcers. Proteus spp. can cause chronic
renal inflammation being one of the main causes
of catheter-associated urinary tract infections. Cli-
nical isolates of P. mirabilis often have multidrug
resistance that requires the development of novel
therapeutics for Proteus infections. Lytic bacterio-
phages could be a part of the combine antibacterial
therapy. However, studies on bacteriophages spe-
cific for Proteus spp. are rather limited and genome
sequences of only ten Proteus phages are avai-
lable in the GeneBank database. Of the available
Proteus phages, we have isolated and characte-
rized seven bacteriophages. Electron microscopy
and complete genome sequencing demonstrated
that bacteriophages PM16 and PM75 belong to the
genus Phikmvvirus, bacteriophages PM85, PM93,
and PM116, to the SP6virus, bacteriophage PM135

to the T5virus, while PM87 is unclassified member
of the Siphoviridae family. Genome sequences of
bacteriophages PM16, PM 75, and PM 135 de-
monstrated low nucleotide homology with sequen-
ces of other bacteriophages belonging to Phikm-
vvirus and Tbvirus genera, respectively, while the
genomes of PM85, PM93, and PM116 are differ
from each other but similar to the Proteus phage
genome presented in the GeneBank database. All
isolated phages were specific to various P. mira-
bilis strains, including clinical isolates. In addition,
bacteriophages PM116 and PM135 exhibited lytic
activity on P. wvulgaris strains. Phage adsorption,
burst size, and one-step growth experiments have
been carried out. Based on lytic activity, host range
and the occurrence of low phage resistance bacte-
riophages PM16, PM75, PM85, PM93, and PM116
could have a potential to be used as a part of thera-
peutics in the case of infections caused by P. mira-
bilis with multidrug resistance.




P34 Our experience in personalized phage therapy of patients with diabetic
ulcers
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Antibiotic-resistant bacteria become a global
threat now. A promising approach to solve the
problem is implementation of bacteriophages -
viruses that can destroy bacteria, but not able
to infect humans. Bacteriophages usually do not
cause side effects and are not toxic. Unlike anti-
biotics, bacteriophages are mostly species- and
strain-specific and therefore, do not disrupt the
normal human microbiome. In Russia, there are
approved phage preparations and cocktails, but
most of them were developed in the last century
and their characteristics do not meet recent re-
quirements. In addition, the main criterion for the
application of therapeutic bacteriophage should
be sensitivity of bacterial agent to the bacte-
riophage. This requires a fast and qualitative
microbiological analysis, rapid selection of the

appropriate therapeutic phage or a cocktail, and
microbiological control of treatment. In ICBFM
SB RAS, the approach to personalized imple-
mentation of phage therapy was developed and
tested. A number of original and unique bacteri-
ophages that are effective against a broad spec-
trum of bacteria were isolated and characterized.
Several new phage cocktails, including a unique
polyspecific cocktail containing bacteriophages
against 11 species of pathogenic and nosocomial
bacteria, were elaborated. Clinical data on per-
sonalized application of phage preparations for
the treatment of diabetic foot ulcers were analy-
zed. The use of phage therapy in the clinic provi-
ded the healing of most patients, whose diseases
were caused by resistant bacteria and previous
antibiotic therapy was unsuccessful.
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Chronic wounds: Prevalence of chronic skin condi-
tions, such as pressure ulcers, diabetic foot, also
burn injuries and other skin related infections is on
the rise. Worldwide, 15 million patients with access
to reasonable health care services are in need of
chronic wound treatment. This number will rise to
around 25 million patients in year 2025, deman-
ding bioactive wound care products that provide
efficient cure for chronic wounds, optimizing each
stage of the healing process.

Wound Healing: Wound healing is a dynamic and
complex process of tissue regeneration. It requires
a suitable environment to facilitate and speed up
the healing process.

The SicoCare solution: A dressing is a wound he-
aling biomaterial applied to a wound to accelerate
healing and protect the wound from further harm.
SicoCare is developing bioactive wound care
dressings, containing bacteriophages that act effi-
cientlyin curing extensive burn injuries and chronic
wounds. The first step will be to develop a smart
product with these advanced characteristics:
* automatic release of the antibacterial agent
(bacteriophage) as long as the infection exists
* pain relief through decreasing the frequency of

wound dressing renewal

* healing at a faster rate

* ,smart dressing“ with colour alteration, alerting
staff to change the dressing

* continuous moist environment

* elasticity / conformability

The company SicoCare is being established in

Portugal and Germany. It is presently in the “seed”

(first) stage of the startup. The research center will

be in Portugal:

* availability of highly skilled staff

* low labour cost

* strong venture capital participation, especially
in biotech

Marketing will focus on Germany

* innovative market

* large market for the product line

* very high health care standards

SicoCare is looking for:

* co-operation for EU- and German research
projects

* combined marketing efforts

* product development opportunities

* financing solutions, access to venture capital,
cross-participations



P36 Spontaneous mutants of staphylococcal polyvalent bacteriophages with
broad lytic host-range on Staphylococcus aureus strains are suitable for
phage therapy

JIRI DOSKAR', TIBOR BOTKA', RENATA KARPISKOVA?, IVANA KOLACKOVA?, IVANA MASLANO-
VA', VLADISLAVA RUZICKOVA', ROMAN PANTUCEK'
' Masaryk University, Dep.of Experimental Biology, Brno, Czech Republic

2 Veterinary Research Institute Brno, Czech Republic

Corresponding author: doskar@sci.muni.cz

Due to a high lytic activity and broad host range
towards Staphylococcus aureus strains, the poly-
valent Twort-like bacteriophages of genus Kayvi-
rus, family Myoviridae represented by phage 812
are already used for phage therapy in the Czech
Republic.

From this phage spontaneous mutants can be
isolated as rare plaques on resistant staphy-
lococcal strains. Recently 15 phage mutants
were characterized on genomic, proteomic and
structural level. We determined their lytic effect
on a set of 200 human and livestock-associated
MRSA isolates. Phage 812 or its mutants were
able to lyse 97 % of the MRSA livestock strains
and 86 % of human MRSA strains. The lytic ef-
fect is preserved also in phage cocktails, therefo-
re the novel mutants could be used for innovation
of recent phage preparations in order to increase
their effect on currently circulating strains.

To assess the safety of phage 812 mutants for
phage therapy, complete genome sequences
were determined and compared to the wild-type
phage 812. We have found that the mutants dif-
fer from the original genome mostly by short in-
dels. Mutations seem to affect the host range in
two ways: either interfere with adsorption genes
(tail-fibre) and lysis (endolysin), or affect sequen-
ces that are the target of bacterial defence me-
chanisms such as RM-systems or CRISCP-Cas.
Mutations do not induce lysogenic conversion
and transduction nor virulence factors producti-
on. Therefore, the mutants thus obtained can be
considered safe for phage therapy.

Acknowledgement: Research was supported by
a grant of Ministry of Agriculture of the Czech
Republic No. QJ1510216.
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P37 Wax moth (Galleria mellonella) in vivo model exposes therapeutic potenti-

al of Shigella sonnei phage cocktails
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Ten percent of the global child deaths are caused
by diarrhoeal diseases during the first days of life.
Most of these deaths occur in the so-called deve-
loping countries, especially in the sub-Saharan
Africa and south Asia. Shigella ssp. and entero-
toxigenic Escherichia coli are the most common
etiological agents of these diseases. Continued
development of antibiotic resistance in pathogens
and the potential negative impact on the develop-
ment of the infant commensal microbiota are the
main drawbacks of antibiotic therapies. Bacterio-
phages (or phages) represent an alternative tool
which can be used to specifically treat various
bacterial infections, including diarrhoeal diseases.
In this study, we screened waste water samples for
the presence of phages and isolated 28 individual
phages infecting Shigella sonnei 53G. These 28

phages showed wide spectrum of infection against
ECOR library, covering almost all of the 72 E. coli
strains. Genome sequencing of 10 chosen phages
revealed three distinct groups of phages, with si-
gnificant diversity evident in the receptor binding
protein region of phages. These 10 phages have
been tested regarding their survivability in low pH.
The phages have been pooled together to create a
cocktail, which was tested in vivo using the Galleria
mellonella (wax moth) larvae model. A single dose
of the phage cocktail administered two hours be-
fore (prophylaxis model) or after (remedial model)
infection with E. coli ECOR62 successfully impro-
ved survival rate of the larvae. On the other hand,
the phage cocktail applied against a mixture of five
ECOR strains increased the larvae survival rate in
the prophylaxis model only.




P38 Microbiome and stable core virome after human fecal transfer
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We recently described the 4.5-year time course
of the enteric bacterial microbiota and virome of
a patient cured from recurrent Clostridium dif-
ficile infection (rCDI) by fecal microbiota trans-
plantation (FMT). We analyzed bacterial and viral
compositions donor using 16S rRNA gene and
metagenomic sequencing. The virome contained
dsDNA viruses, mainly Caudovirales phages. Un-
expectedly, sequences related to giant algae-in-
fecting Chlorella viruses were also identified. Our
findings indicated that intestinal viruses can be
implicated in the establishment of gut microbiota,
as phages and their host bacteria were frequent-
ly co-detected [1, 2]. Moreover, we found the
patient’s phage population to exhibit highly do-
nor-similar characteristics, which remained sta-
ble for up to 7 months. This was unexpected sin-
ce enteric viromes are normally highly variable,
assumed to influence the bacterial host commu-
nity and change with environmental conditions.

In contrast to the virome, the bacterial microbi-
ota varied indeed for more than seven months
with ongoing dysbiosis before it reached donor
similarity 4.5 years post-FMT [3, 4]. Our findings
that are based on sequence information and pro-
tein domain analysis seem to suggest that stable
phage properties correlate with successful FMT
better than the changing bacterial communities.
We speculate that we here preferentially detected
a stable core virome, which dominated over a va-
riable flexible virome that may have been too he-
terogeneous for experimental detection, or was
underrepresented in the databases. The virome
is possibly the determining factor in the compo-
sition of the gut microbiome and stool transfer.

It will be interesting to analyze whether the ente-
ric virome allows for predicting the clinical out-
come of FMT for rCDI and other diseases such
as inflammatory bowel disease or obesity.

1. Broecker F, Kube M, Klumpp J, Schuppler M, Biedermann L, Hecht J, Hombach M, Keller PM, Rogler G, Moelling K. Analysis

of the intestinal microbiome of a recovered Clostridium difficile patient after fecal transplantation. Digestion 2013;88(4): 243-51.

2. Broecker E, Klumpp J, Schuppler M, Russo G, Biedermann L, Hombach M, Rogler G, Moelling K. Long-term changes of

bacterial and viral compositions in the intestine of a recovered Clostridium difficile patient after fecal microbiota transplantation.

Cold Spring Harb Mol Case Stud 2016;2(1): a000448.

3. Broecker F, Russo G, Klumpp J, Moelling K. Stable core virome despite viable microbioame after fecal transfer. Gut Microbes

2017;8(3):214-20.

4. Moelling K, Broecker F. Fecal microbiota transplantation to fight Clostridium difficile infections and other intestinal diseases.

Bacteriophage 2016;6(4):e1251380.
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P39 Intratracheal application of a lytic phage against Acinetobacter baumannii
pneumonia in mice
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Chronic lung diseases are frequently complicated
by lung and airway infections. Today, increasing
number of multidrug-resistant bacteria, including
Acinetobacter baumannii, has given rise to seri-
ous concerns. High specificity of bacteriophages
for their bacterial hosts and their effectivity in lysis
make phage-therapy attractive to overcome this
problem. However, phages need to be properly
chosen and characterized according to scientific
state-of-the-art technology. For safe application,
preparations must be highly purified and free of en-
dotoxins.

This preclinical pilot study aims at determining the
efficacy, safety and tolerability of a phage prepara-
tion, in anticipation of a future clinical trial applying
aerosolized lytic phages against gram-negative
bacteria in patients with chronic airway infection.
The specific Phage Acibel004 [1] was produced
as high-titer suspension subjected to final proces-
sing including highly efficient multi-step depletion
of endotoxins by column affinity chromatography.
Mice were transnasally infected with A. bauman-

nii and 12 h p.i. treated with phage or solvent in-
tratracheally. Bacterial burdens in relevant organs
were determined. Leukocytes were differentiated,
clinical parameters measured and histopathologi-
cal analyses performed. Furthermore, presence of
vital phages was determined.

Phage application led to a significantly higher
survival rate. Treated mice recovered faster from
infection-associated loss in body temperature.
Furthermore, clinical outcome of phage-treated
mice was improved compared to solvent treatment.
Bacterial loads in lungs and BALF of the phage-tre-
ated group were significantly reduced by 48 h p.i.
Phages were detected in BALF, lungs and plasma
of the infected and treated mice. The numbers of
immune cells were unaffected by phage treatment.
No adverse effects were observed.

The current preclinical data further support the con-
cept of developing a phage-based therapy against
pulmonary A. baumannii infections.

1. Merabishvili M, Vandenheuvel D, Kropinski AM, Mast J, De Vos D, Verbeken G, Noben JP, Lavigne R, Vaneechoutte M, Pirnay
JP. Characterization of newly isolated lytic bacteriophages active against Acinetobacter baumannii. PLoS One. 2014;9:e104853.
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P40 Isolation and characterization of lytic bacteriophages from different sour-
ces active against bacteria associated with prosthetic joint infections
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In recent years, phage therapy has attracted at-
tention as a promising alternative treatment opti-
on for biofilm-associated infections. To establish
a successful phage therapy, access to a compre-
hensive stock of different phages covering a bro-
ad bacterial spectrum is crucial. Aim of this study
was to screen human and environmental sources
for presence of lytic phages of selected bacterial
strains.

Saliva samples and sewage water were screened
for presence of lytic phages active against 20 and
10 clinical strains of Staphylococcus aureus and
Escherichia coli, respectively, isolated from pati-
ents with prosthetic infections. A clinical isolate
of Pseudomonas aeruginosa, pan-drug resistant,
and laboratory strains of methicillin-resistant S.
aureus (MRSA) ATCC 43300 and E. coli ATCC
25922 were also tested. Detected phages were
isolated and lytic activity against host strains
was evaluated by crystal violet and isothermal
microcalorimetry. Phages were further characte-
rized by transmission electron microscopy.

Six bacteriophages specific for MRSA ATCC
43300 were isolated from saliva. Bacteriophages
for E. coli strains were isolated both from sewa-
ge water (n=3) and saliva samples (n=1), each
for one different clinical strain. Bacteriophages
active against pan-drug resistant P. aeruginosa
strain were found in both source (n=3). Morpho-
logical analysis performed by TEM revealed that
the isolated phages seem to belong to different
families. Treatment of bacterial host strains bio-
films with phages determined a considerable re-
duction of total biomass, up to 39 % and 84 % in
the case of MRSA and E. coli, respectively.

Both sewage and saliva samples provided bacte-
riophages specific against selected bacterial
strains associated with prosthetic joint infections.
Phages specific for E. coli are more distributed
and more common in screened samples com-
pared to MRSA-specific phages. Moreover, 24 h
phage treatment of E. coli and S. aureus biofilms
lead to a reduction, although a complete eradi-
cation was not observed in the tested conditions.
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Increasing antibiotic resistance is a significant
worldwide challenge, especially in medicine. The
development and spread of antibiotic resistance
has led to the emergence of multidrug- and even
pandrug-resistant bacteria. Complications related
to bacterial infection during cardiothoracic and va-
scular surgery are often very hard to treat due to
biofilm-mediated antibiotic tolerance. Bacteriopha-
ge therapy is a promising alternative for the pati-
ents who do not respond to conventional antibiotic
therapy. Phages can be used as ultima ratio the-
rapy within the framework of the article 37 of the
Declaration of Helsinki. We have successful expe-
rience with such application of personalized phage
preparations in 3 patients. Patient 1 had a chronic
mixed bacterial vascular graft infection of the aor-
tic arch complicated by pleural empyema. Patient 2

was under immunosuppression therapy after heart
transplantation and developed pan-resistant Kleb-
siella pneumoniae infection of lungs. Patient 3 had
chronic Staphylococcus aureus vascular graft in-
fection of the aortic arch. All the patients obtained
bacteriophages via both local and oral roots of ad-
ministration. Standard antibiotic therapy was also
continued. Eradication of the pathogenic bacteria
was microbiologically confirmed in the sites of in-
fection in all 3 cases. Patient 1 survived more than
2 months after phage therapy, but later died due
to new bacterial infection. Patients 2 and 3 were
discharged from our clinic without signs of infec-
tion. Patient 2 shows 9-months survival. Patient 3
shows 5-months survival, but is still under periodi-
cal PET-CT control.




P42 Fibrin glue as a local drug-delivery system for bacteriophages
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The aim of the present study was to evaluate
whether bacteriophages could be encorporated
in fibrin glue for prolonged, localized phage re-
lease. Purified bacteriophages in 0.9 % NaCl so-
lution were mixed ex tempore with the thrombin
component of a fibrin glue (Baxter Deutschland
GmbH). The initial titer of each phage was abo-
ve 1x10" pfu/ml. NaCl solution without bacterio-
phages was used as a negative control. The ad-
dition of the NaCl-bacteriophage solution to the
fibrin glue did not affect the mechanical proper-
ties of the glue. The kinetics of bacteriophage re-
lease from the fibrin glue was demonstrated with
the Pseudomonas aeruginosa phage PA5. Re-
lease of fibrin glue-incorporated bacteriophages
was compared to fibrin glue samples soaked in a
solution of PA5 phage and the same concentrati-
on. Fibrin glue samples were placed separately a

saline solution and incubated at 37 °C with con-
stant shaking. Phage titers in the saline soluti-
on were measured over time. After 4 days, fibrin
glue with incorporated bacteriophages released
more than 10 times higher phage titers compa-
red to fibrin glue soaked in bacteriophages. Peak
bacteriophage release was observed after com-
plete dissolving of the fibrin glue samples with in-
corporated phages. The kinetics of bacteriopha-
ge release belonging to different families, having
various virion sizes and host range activity will
be tested as well as in vitro efficacy of the pha-
ge-containing fibrin glue. Under the adequately
selected concentration and host range activity,
bacteriophages are likely to be a powerful anti-
bacterial addition to fibrin glue for treatment and
prevention of perioperative infections.
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P43 Staphylococcus phage SSP134 specific to a wide range of coagulase-

negative staphylococcus species
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Drug-resistant staphylococci are leading causes
of hospital-acquired infections. Recent vyears
coagulase-negative staphylococci (CoNS) became
causative infectious agents in human and domestic
animals.

The bacteriophage SSP134 was isolated from the
swab taken from the axillary area of the volunteer.
The host range of phage SSP134 was determined
using 175 strains of genus Staphylococcus from
Collection of extremophilic microorganisms and
type cultures of ICBFM SB RAS. Staphylococcus
strains were previously isolated from humans
and animals. Eightynine coagulase-positive
strains, including S. aureus, S. pseudintermedius/
intermedius, and eightysix coagulase-negative
strains were tested. It was revealed that phage
SSP134 was active against a range of 26 strains
including S. aureus, S. warneri, S. simulans, S.

epidermidis, S. haemolyticus, S. equorum, S.
capitis, and S. succinus strains. Thereby, SSP134
was a lytic phage that infected mostly coagulase-
negative staphylococci.

According electron microscopy phage SSP134
was classified as Podoviridae family member. NGS
sequencing revealed linear double-stranded DNA
genome with the size of 18275 bp. Genome analysis
of the sequence identified 20 potential ORFs. The
genome was submitted to GenBank (accession
number KY471386). According to phylogenetic
analysis of SSP134 genome and related sequences
from GenBank Database this phage was classified
as a member of genus P68virus.

Thus, phage SSP134 may be a potential candidate
for therapy of CoNS infections.




P44 The efficacy of Salmonella-specific bacteriophage in weaned piglets chal-
lenged with Salmonella typhimurium
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Salmonellosis which is mainly caused by Salmo-
nella (S.) typhimurium has been a constant pro-
blem in swine industry. Recently, excessive use
of antibiotics is being discouraged in livestock
industry because of an emerging crisis of anti-
microbial resistance. Bacteriophages which can
lysis specific bacteria are considered as alterna-
tive antimicrobial sources.

The healthy 3-weeks-piglets were randomly al-
located into 4 groups (NB-NC, NB-C, B-NC and
B-C). NB-NC was non-treatment group. B-NC
and B-C were fed with 1 g of S. typhimurium-spe-
cific bacteriophage (1x10® PFU/g, CTCBIO Co.,
Korea) per 1kg feed from 1st day. NB-C and B-C
were inoculated orally with 5ml of S. typhimuri-
um (1x10' CFU/ml) per one piglet on the 7th day.
Body weights and feed intakes were recorded
daily to calculate ADG and FCR. The severity of
diarrhea was checked daily and fecal samples
were collected at 0, 1, 3 and 7 dpi for quantitative

analysis of the antigen by real-time PCR. All ani-
mals were euthanized for necropsy on 14th day.
Intestine tissues (jejunum, ileum and colon) were
collected for quantitative analysis of the antigen
and H&E stain. V/C ratio (Villus height: crypt
depth) were measured by microscopic observa-
tion to evaluate intestinal integrity.

There were no significant differences between
the groups before the challenge during the peri-
od before the challenge. Otherwise, in the growth
performance and diarrhea, B-C was significantly
improved compared with NB-C after the challen-
ge. In quantitative analysis of the antigen, NB-C
was higher than B-C in fecal sample, and ileum
and colon, significantly. In V/C ratio, B-C was
higher than NB-C, significantly. Overall, feeding
supplemented with bacteriophages improved
growth performance and intestinal integrity by
reducing the level of infection.
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Escherichia coli is among the most common pa-
thogens in poultry and the causative agent of coli-
bacillosis. This frequent disease creates significant
economic losses and is commonly treated by anti-
biotics, which in turn promotes the selection of mul-
tidrug resistant (MDR) bacteria. A high incidence
of MDR bacteria is problematic not only for animal
health but also because of the potential for zoono-
tic transfer to humans through contaminated food.
Therefore, there is a high demand to develop new
strategies as alternatives to antibiotic therapies.
In accordance with the One Health concept that
was a leading theme during the 2016 World Health
Summit, which interfaces human, animal, and en-
vironmental health, this project aims to isolate and
characterize phages to fight E. coli infections in
broilers. As a proof of principle broilers will be tre-
ated prophylactically with a phage preparation and
infected artificially with a traceable strain to distin-
guish it from the commensal flora. If successful in

vivo, the use of a phage preparation could reduce
the application of antibiotics in livestock farming.
Thus far, we isolated phages from sewage (21
phages), surface water (4), manure (34), poultry
(18) respectivily horse dung (1), and hospital wa-
stewater (5). The characterization revealed a diver-
sity of morphotypes (77 % Myo-, 17 % Sipho-, and
6 % Podoviridae) and similarities in particular to
T4- and T5-like phages. Host range analyses were
performed by spot tests on 72 E. coli strains with
different resistance patterns.

We identified E28 as suitable strain for in vivo ex-
periments due to its kanamycin and potassium tel-
lurite resistances. 11 of the isolated phages infect
E28 with varying efficiency. In order to avoid the
development of phage resistance we composed a
mixture of virulent phages that differ in host covera-
ge, genotype, growth parameters, and inhibit the
growth of E28 in vitro.




P46 Phages application to control Pseudomonas aeruginosa contaminations
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Pseudomonas aeruginosa belongs to the group
of multidrugs resistant bacteria. This microor-
ganism is an opportunistic pathogen present in
some water network. Contaminations are often
located at terminal point-of-use, especially in
hospital and thermal institutes giving rise to sa-
nitary and economical risks. While, different pro-
cesses are routinely used to treat water outlets,
some contaminations remained persistent due to
the formation of biofilm. The penetration barrier
provided by biofilms exopolymers accumulation
around cells, preventing biocides action. In this
context, the research challenge is focused on the
development of an alternative treatment which
could be, in addition to existing methods, partici-
pate to P. aeruginosa biofilms elimination of this
kind of surfaces.

Bacteriophages are exclusively natural predators
viruses of bacteria. They are ubiquitous in the
environment allowing us to have a wide diversity
available. Study‘s aim will be to test the potential
efficiency of phages as biocontrol agent against
Pseudomonas aeruginosa.

Seven Pseudomonas aeruginosa strains inclu-
ded the reference strain PAO1 and environmental
strains were used to studied activity of 9 bacte-
riophages. Two phages have been isolated from
the environment with double layer plate method
and 7 others have been previously described.
Bacterial strains were cultivated in minimum me-
dium and efficiency of phages was studied on ex-
ponential culture, stationary phase or biofilm by
optical density (OD 600 nm) analysis and vPCR.
This study highlights the specificity of some
phages towards environmental strains of P. aeru-
ginosa studied. Bacteria susceptibility depends
of their physiological cells state (included plank-
tonic or sessile) but also of the phage titer used.
While phages can specifically reduce the popu-
lation of P. aeruginosa strain, resistance effects
can be observed and must be taken into account.
In this way, further investigations are needed to
optimize phages infection. One issue will be to
associate phages activity in one cocktail with
broad host range spectrum.
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P47 The use of Salmonella bacteriophages in bearded dragons: pilot study on
the application, passage time, effectivity, and reisolation
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Introduction

Reptile and Exotic Pets Associated Salmonellosis
(REPAS) in humans, e. g. caused by bearded dra-
gons, has been documented as zoonotic risk. This
pilot study aimed to provide information on the pos-
sible use of Salmonella phages in reptiles.

Material and Methods

Two Pogona vitticeps were used to establish an
effective application scheme and examine the
shedding period of specific phages, as well as the
bacterial flora following application. Stomach pH
was determined and drugs were tested to increase
the pH in order to allow phage passage into the
intestines. After application of an O1-Phage, feces
and swabs were collected for reisolation and exa-

mination for Salmonella serovars as well as accom-
panying intestinal flora.

Results

A regular stomach pH of 1-2 was found that could
be increased to 3 or 4 using buffer solutions.
Phages could successfully be reisolated from day
11 to at least 36 days after application. With the
phages used, no significant effect on the excretion
of Salmonella and no change in the intestinal flora
were determined.

Conclusion

Phages can successfully be applied to reptiles,
pass the intestines and be shed over a prolonged
period. Further research is necessary to determine
the effect to Salmonella shedding.
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Erwinia amylovora causes fire blight, a devasta-
ting disease of Rosaceae plants. Fire blight leads
to high economical losses in the global pome fru-
it industry every year. It can be reliably controlled
by antibiotics (mainly streptomycin). However, al-
ternatives are in demand due to the emergence
of resistant strains and regulatory restrictions.
Currently, detection of fire blight relies on immu-
nological, culture- or PCR-based methods. Weak
points of these methods are the lack of sensi-
tivity, low speed or the inability to discriminate
between live and dead bacteria. Owing to their
high host specificity, bacteriophages are promi-
sing alternatives for both control and detection of
bacteria. We have previously isolated and cha-
racterized E. amylovora phages and investigated
their ability to control bacterial growth. We ob-
served a synergistic effect between L1, a T7-like
podovirus, and the myovirus Y2. A depolymerase
enzyme encoded by L1 (Dpol1) is responsible

for the synergism. Dpol1 is part of the tail fibers
and it degrades the exopolysaccharide capsule
of E. amyolovora. To enhance biocontrol effica-
cy of Y2, we introduced a truncated version of
the depolymerase gene (dpoL1-C) into the geno-
me. The additional DNA had no adverse effects.
Y2::dpoL1-C showed a better control efficacy in
vitro than its parental phage and significantly re-
duced cell numbers of E. amylovora on detached
flowers. In addition, Y2 was genetically enginee-
red to create a bioluminescent reporter phage.
To do so, a luxAB gene fusion of Vibrio harveyi
was introduced into the genome of Y2. Infecti-
on of E. amylovora by Y2::luxAB induced the ex-
pression of luciferase, which enabled the rapid
detection of viable E. amylovora cells by means
of light-emission with a detection limit of 3.8 x 103
CFU/ml within 50 min.
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P49 Disposable phage-based electrochemical biosensors for Listeria monocy-
togenes
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Foodborne diseases represent a global public he-
alth challenge. A key challenge to determine the
safety of food and guarantee a high level of consu-
mer protection is the availability of fast, sensitive
and reliable methods to identify specific hazards
before they become a health problem. Gastrointe-
stinal disease caused by L. monocytogenes is rare
compared to other agents of foodborne iliness, but
invasive listeriosis can be very severe and has a
high fatality.

Electrochemical biosensors for bacterial cells de-
tection have attracted considerable interest due to
their low cost, high speed, simplicity and the ac-
curate and precise results they provide. The bio-
logical recognition element is a central point in
biosensor design. Lytic phage offer several possi-
bilities to develop label-free biosensors for bacte-
ria detection and it is possible to use them both as
highly selective receptors and as an agent to pro-

mote cell lysis thus offering a pool of biochemical
markers for detection of microorganisms.

In this work, two types of label-free potentiomet-
ric biosensors for Listeria monocytogenes which
detected respectively the binding and the lysis
are presented. The biosensors were obtained by
coupling L. monocytogenes lytic phages with po-
lymeric membrane ion selective electrodes. A shift
in the measured potential difference was obser-
ved upon the phage-bacteria binding event. This
response is related to changes in the ion diffusi-
on layer provoked by this event. The lysis event
was detected monitoring the released intracellular
ions. The development of these biosensors using
phages and potentiometric detection with paper
based analytical devices provides rapid, reliable,
low-cost and easy to use devices for detection of
this pathogen.




P50 Application of bacteriophages in poultry
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Introduction: Food-borne pathogens are a ma- Materials and Methods: Experiments with egg
jor threat to food safety. Food animals are the laying chickens (laying hens) were carried out at
primary reservoir for the most food-borne pa- the poultry farm, near Tbilisi. 300 one-day old
thogens. The use and misuse of antimicrobials egg laying chickens were enrolled in this study.
in both humans and animals have given rise to Chickens of first group (100 chickens) were fed
the emergence of infectious bacteria displaying with combined food, free of antibiotics or other
resistance toward many, and in some cases all, antibacterial preparations (non-treated group).
effective antimicrobials. Widespread occurrence 100 chickens of second group were fed with
of multi resistance in various species of domestic same food as first group, but ,zoovetphage“ was
and wild animals represents a serious problem added to food every 2 days during 2 weeks, a to-
with regard to public health protection. Existence tal of 7 times. In the second group, 100 chickens
of such pathogens is problematic because of pos- were fed daily with food containing antibiotic te-
sible transmission of antibiotic-resistant bacteria tracycline.

from animals to humans through the food supply. Results: On day 30 from start of study none of
Bacteriophages are considered as an important chickens died in phage treated group, 15 chi-
alternative for biocontrol of such pathogens. ckens died from non-treated group and 6 chicken
Aim: The aim of our work was to study the effec- died (developed colibacteriosis) in the antibiotic
tiveness of polyvalent bacteriophage preparati- treated group. The effects of phage and antibiotic
on — “zoovetphage”, as an alternative remedy to treatment on eggs production and quality will be
prevent intestinal infections in poultry. The pre- studied later.

paration is produced on the base of Salmonella,

pathogenic E. coli and S. aureus phages.
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P51 Production of anti-bacteriophage antibodies for rapid detection of
Salmonella contamination in food by lateral flow immunoassay
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Non-typhoidal Salmonella (NTS) infection is a
major worldwide foodborne disease. Salmonella
serovars Typhimurium and Enteritidis are the ma-
jor causes of NTS. Infection in infants, elderly peo-
ple and immunocompromised hosts can develop
severe symptoms. Rapid detection of Salmonella
contamination in food samples is needed to reduce
risk of infection. The main goal of our study is to
combine the application of bacteriophage (phage)
to the lateral flow immunoassay for development
of a simple, rapid, and sensitive assay. To achieve
this goal, antibody specific to Salmonella bacterio-
phages is required.

Bacteriophage SE-W109, specifically infect Salmo-
nella enterica, were isolated by our group. High titer
of Salmonella bacteriophage SE-W109 was prepa-
red by double-layer plaque assay for immunizati-
on in rabbit. To evaluate the immune responses of
the injected antigen, blood samples from the rab-
bit were collected at regular intervals before each
injection and final bleeding. Anti-Salmonella pha-

ge antibody titer was evaluated by indirect ELISA
and the concentration was determined by Bradford
protein assay. Specificity of Salmonella phage SE-
W109 antibodies were determined by western blot
analysis against various foodborne pathogens.
After purification of anti-Salmonella phage SE-
W109 by ammonium sulfate precipitation, high titer
of anti-Salmonella phage SE-W109 antibodies was
obtained. The final concentration of antibodies was
1.04 mg/ml. Specificity of anti-Salmonella phage
SE-W109 was determined by Western blot analy-
sis. The result showed no cross-reaction against
other foodborne pathogens.

Anti-Salmonella phage SE-W109 antibodies were
successful developed. The antibodies have high
titer and show specificity against Salmonella SE-
W109 bacteriophage, no cross-reaction to other
foodborne pathogens. This generated polyclonal
antibody will be used for further development of la-
teral flow immunoassay strip to detect Salmonella
contamination in food samples.




P52 Raw milk — a reservoir for uncommon lactococcal bacteriophages
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Phages present in milk fermentation processes
can lead to continuous infections of lactic acid
bacteria used as starter cultures and can cau-
se fermentation delays, or even total failures
of fermentation batches. We have previously
shown that phages of Lactococcus lactis star-
ter strains may exhibit a remarkably high ther-
mal stability. Therefore, pasteurization of raw
milk will not severely affect the viability of these
thermo-resistant phages. Dairy phages can even
survive in high numbers in whey powders after
spray-drying. Raw milk might be a critical source
for new phages. However, data on the dissemi-
nation of dairy phages in raw milk are scarce.
It was reported earlier that lactococcal phages
were present in 10 % of raw milk samples, and
phages were detected in maximal titers of up to
104 plaque-forming units pfu/mL in raw milk.

In our study, we monitored 52 raw milk samples
from different farms in northern Germany. A re-
presentative set of Lactococcus lactis starter
culture isolates was used for phage monitoring.
Notably, phages were widespread in raw milk
and detected in 35 % of the raw milk samples.
Different phage titers were determined within a
wide range of less than 10" to unexpectedly high
numbers of 10% pfu/mL. Transmission electron
microscopic and DNA sequence analyses revea-
led that the majority of the raw milk phage popu-
lation did not belong to the common group of 936
phages that are usually present in dairy samples,
but were related to rarely found phage types.
Therefore, it could be concluded that raw milk
phages may not be regarded as a major source
of dairy phages which have adapted to industrial
milk fermentations.
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Introduction: In the past decades multiresistant
bacterial infection rate has been increased. E. coli
causes around 85 % of UTI (urinary tract infection),
especially biofilm producing strains make the treat-
ment more complex. Bacteriophages have a promi-
sing effect in bacterial biofilms, they are replicating
at the site of infection and produce substances that
degraded biofilm. There is a few information about
phage lytic activity in E. coli biofilms, especially in
ESBL (extended-spectrum beta-lactamase).

Aim: To evaluate bacteriophage lytic activity among
biofilm producing uropathogenic E. coli strains.

Material and methods: 45 E. coli strains were iso-
lated from patients with UTI, 3 E. coli reference
strains were used (ATCC - 33526, 35218, 25922).
Biofilm production was detected by using 96 well
microtiter plates. To determine biofilm production
optical density was measured with ELISA reader.
Biofilm production degree was calculated by each
strain mean optical density compared with negative
controls mean absorbance. Biofilm production was

classified as “no”, “weak”, “moderate” or “strong”

biofilm production. To evaluate bacteriophage lytic
activity, spot test method was used. Bacteriophage
lysate from “Piofag”, Mikrogen and 3 lytic E. coli
bacteriophages were used. Phage effect was iden-
tified by plaque method.

Results: Bacteriophage lytic activity among mode-
rate and strong biofilm producer strains was 86 %
(18 out of 21). Moderate biofilm producers were 12
(27 %), strong 9 (20 %), weak 23 (51 %), no pro-
ducer 1 (2 %) out of 45 E. coli strains. In ESBL
E. coli strains (n = 8) 4 were moderate and 1 was
strong biofilm producer. Bacteriophage lytic activity
among those strains was 4 out of 5.

Conclusions: E. coli clinical isolates produce mo-
derate and strong biofilms. Bacteriophages have a
great lytic activity among biofilm producer strains
as well ESBL E. coli biofilm producer strains. To
determine bacteriophage effect in established bio-
films, more studies should be done using different
methods, e. g. Calgary device.




P54 Asymmetric flow field flow fractionation — a novel virus purification
method to meet high purity standards of phage applications
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Safe and controlled use of phage therapy re-
quires viral preparations of high quantity and pu-
rity as well as preservation of viral integrity. To-
xins and impurities derived from the host bacteria
can cause uncontrolled inflammation reactions
and compromise the safety of the final preparati-
on. The traditional ultracentrifugation-based pu-
rification methods may induce aggregation and
lead to relatively low yields of infective viruses.
In addition, traditional methods are laborious and
time-consuming. Asymmetric flow field flow frac-
tionation (AF4) provides an attractive alternative
method for large scale virus purification being a
rapid and gentle separation method preserving
biological functionality.

We have optimized the AF4 conditions to be used
for the purification of prokaryotic viruses with
different morphologies, biochemical and -physi-
cal properties. Our results show that AF4 is well
suited for virus purification as monitored by high
recovery of infectious viruses and increased spe-
cific infectivity. Short analysis time (~50 min) and
high sample loads enabled us to use AF4 for pre-

parative scale purification of prokaryotic viruses.
Furthermore, we show that AF4 allows rapid re-
al-time analysis of progeny virus production in in-
fected cells. The data presented here is from the
purification of three different prokaryotic viruses:
an icosahedral tailed virus (Haloarcula vallismor-
tis tailed virus 1, HVTV-1), an icosahedral virus
with an inner lipid membrane (Enterobacteria
phage PRD1), and a spherical virus with an outer
lipid envelope (Pseudomonas phage ®6).

Direct AF4 purification from cell lysates resulted
in high yields of infectious viruses and high spe-
cific infectivities of virus containing fractions,
whereas host-derived contaminants were effi-
ciently removed. Consequently, AF4 provides a
one-step method to produce virus material from
crude cell lysates for biochemical and -physi-
cal characterization of prokaryotic viruses to be
used in applications with strict purity and safety
standards including potential therapeutic appli-
cations.
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P55 Characteristic of enterococcal bacteriophages produced in cells of impro-
ved phage propagation strains
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E. faecalis and E. faecium strains are among the
main causes of nosocomial infections, due to the
acquisition of antibiotic resistance, including the
resistance to vancomycin. Several bacteriophages
that infect E. faecalis or E. faecium are deposited
in the collection of L. Hirszfeld Institute of Immu-
nology and Experimental Therapy, PAS. Some of
them have been successfully used in experimen-
tal treatment of enterococcal infections. In general,
enterococcal phages propagate poorly in cells of
strains that are isolated as their hosts from among
clinical isolates. Typically, such strains grow slowly
in media without blood or other components of
animal origin. Additionally, they often contain pro-
phages — a source of contaminating temperate
phages in therapeutic phage preparations. To ob-
tain a host for the production of monoclonal pha-
ge preparations of high titer, lacking components
of animal origin, we selected an E. faecalis isolate
that was sensitive to over 10 phages, adapted it to
fast growth in Luria-Bertani medium and deprived

of prophages. The resulting strain retained the sen-
sitivity to the same phages from the collection as
its parent, but the titer of phages in the lysates ob-
tained was significantly higher. The high titer was
beneficial for the extension of the number of strains
infected to those that could not otherwise be in-
fected due to the low infection efficiency. All tested
phages appeared to be members of the Siphoviri-
dae family. Preliminary analysis of their genome re-
vealed that some of them are related to each other.
Surprisingly, an additional phage of 29 kb genome
(EF12¢29) accompanied larger phages in a few
phage preparations. It appeared to encode a potent
endolysin that, when modified, could be produced
in Escherichia coli cells and lysed dead as well as
living cells of certain Enterococcus sp strains.

Support: Project No.POIG 01.03.01-02-003/08;
statutory funds for the IBB, PAS




P56 Effects of milk viscosity on the accessibility of bacteriophages to their
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Bacteriophages represent one of the most ab-
undant biological populations in nature and are
defined as bacterial viruses that can kill specific
target bacteria. The use of bacteriophages as an
antibacterial agent was initiated in 1917, when
Felix d’'Herelle observed that bacteriophages
lyse bacteria. The discovery of penicillin in 1928
caused to prevent using of bacteriophages as an
antibacterial agent, however gaining resistance
of currently available antibiotics to pathogenic
bacteria reinforces bacteriophage applications
again. In recent years, studies on the use of
bacteriophages against pathogenic bacteria in
food products have been increasing. The bacteri-
ophage applications against the bacteria in food
products depends on numerous factors such as
phage concentration, accessibility to host bacte-

ria and environmental challenges (pH, tempera-
ture, water activity, viscosity etc.).

It is reported that bacteriophages can be used
against the pathogens. However, some milk com-
ponents are preventing the adsorption of phages
to their hosts. The aim of the present study is to
investigate the activity of dairy bacteriophages
as well as their accessibility to their host in milk
with different viscosities. For the investigations,
Lactococcus lactis phage P0O08 was used. Bacte-
riophage and host bacteria were inoculated into
reconstituted skim milk having different viscosi-
ties. The titers of bacteriophages and the enume-
ration of host bacteria were monitored over the
incubation period of 72 hours. The infectivity of
phage particles was determined. The first results
of this study will be presented and discussed.
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P57 Purification and characterization of the Listeriophage vB_LmoS_293
endolysin and tail fibre proteins and their potential applications against bio-
films of Listeria monocytogenes
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Listeria monocytogenes is a ubiquitous gram-po-
sitive bacterium that is a major concern for food
business operators because of its pathogenicity
and ability to form biofilms in food production en-
vironments. To date, a number of bacteriophages
against L. monocytogenes have been isolated and
some have been approved for use in food proces-
sing environments (ListShield and Listex). Listerio-
phage vB_LmoS_293, a Siphoviridae infecting L.
monocytogenes serotypes 4b and 4e, was previ-
ously isolated from mushroom compost. lts lyso-
genic nature excluded it as a biocontrol candidate
for in situ applications, however its proteins can be
studied for biocontrol purposes. In particular, en-
dolysins are proteins produced by bacteriophages
in the host cell, that are able to cleave one of the
five bonds of the peptidoglycan cell wall, thus allow-
ing release of progeny phage into the environment.
Gram-positive endolysins generally contain two or
more domains: one or more catalytic domains, of-
ten including an amidase domain and a cell wall

binding domain. Tail fibre proteins are components
of the phage tail, they also contain a cell binding
domain (CBD) also in addition to other hydrolases
that facilitate the injection of the nucleic acids into
the host cell. These tail fibre hydrolases could also
potentially display antimicrobial activity. In this stu-
dy, the Amidase domain of the vB_LmoS_293 en-
dolysin (225AA of the full length 339AA), the full-
length tail protein (377 AA), plus a fragment of the
tail protein similar to Lactococcus phage TP901-1
tripod base (239 AA) were produced recombinant-
ly for the purposes of purification and characteri-
zation. The genes encoding these peptides were
cloned into the expression vector, pCri8A and
transformed in E. coli, expressed and purified with
affinity chromatography. Activity against L. mono-
cytogenes cells and biofilms is currently being te-
sted and future work will lead to in situ experiments
in a pilot scale mushroom-producing facility.
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Salmonellosis is one of most common foodborne
diseases. Every year more than 100 million peo-
ple suffers from infections caused by Salmonella
rods all over the world, and about 90 thousand
cases ends with patient’s death. Main sources
of human infection are contaminated chicken
meat and eggs. In recent years, we observe a
rapid growth of bacterial resistance to antibiotics
commonly used to prevent Salmonella outbreaks
on poultry farms. Among those multiresistant
pathogens, there is Salmonella enterica subsp.
enterica serovar Heidelberg that is responsible
for outbreaks in countries such as United States
and United Kingdom in recent years. The aim of

this work was to analyze if bacteriophages can
be used to effectively eradicate S. enterica sero-
var Heidelberg. We have characterized growth
parameters of bacteriophages that were isolated
from environmental samples and are able to in-
fect S. enterica serovar Heidelberg. We have stu-
died phage ability to infect bacteria in different
growth conditions and we have also compared
efficiency of infection with a single phage with
multiple phages combined into cocktail. We hope
that our work will arouse an interest in phages as
potential mean of prevention against Salmonella
contamination of food products.
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Objectives: The aim of the work was to evaluate
the use of novel microfluidic and membrane based
techniques for encapsulation of purified (using ul-
trafiltration and ion exchange) bacteriophages in
stimuli responsive polymers (microparticles) and
liposomes (microparticles and nanoparticles) for
treating multi-drug resistant gastrointestinal infec-
tions.

Methods: Bacteriophage K (S. aureus, myovirus)
and Felix O1 (S. enterica, myovirus) were used in
the study. Phages were amplified using a Sartori-
us Biostat® operated in batch mode. Phages were
purified using centrifugation, ultrafiltration, anion
exchange chromatography and size exclusion chro-
matography to remove host cell proteins and DNA.
Results: We show that we can achieve significant
concentration of highly purified phages (~10'2 PFU/
ml) using downstream processing operations by re-
moving host cell proteins and host cell DNA. We
have proof-of-principle results demonstrating con-
trolled encapsulation of phages in pH responsive
polymeric microparticles and liposomal micro- and
nanoparticles using microfluidic and membrane
encapsulation techniques. Our approach allowed

precise control over phage loading per particle (i.e.
control over phage dose). We show how scalable
production of highly uniform micro- and nanopar-
ticles may be achieved using membrane emulsifi-
cation with control over particle size through ma-
nipulation of membrane shear and fluid properties.
Through changes to the formulation and the particle
size, we also demonstrate control over the release
dynamics (burst and sustained release formulati-
ons) of the phages in response to a pH or enzyme
trigger. We demonstrate that encapsulated phages
may be stored under refrigerated conditions follo-
wing drying by addition of disaccharides such as
trehalose as excipients.

Conclusions: We have demonstrated that novel
microfluidic and membrane based processes can
be successfully used to encapsulate phages in
stimuli responsive micro- and nanoparticles. The-
se systems would allow delivery of phages to the
gastrointestinal tract giving unprecedented control
over the phage dose and the release profile to treat
multi-drug resistant infections.
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The bacterial fish pathogen Flavobacterium psy-
chrophilum that occurs in two different colony
phenotypes, rough and smooth, is the causal
agent of Bacterial Cold Water Disease in fresh
water salmonid farms worldwide. This phenoty-
pic variation influences the adherence and bio-
film formation of the cells on inert surfaces. The
escalating problem with antibiotic resistance in
bacterial fish pathogens has led to increased in-
terest in the use of bacteriophages as treatment.
However, the effect of these bacteriophages
against biofilms of fish pathogens like F. psy-
chrophilum has achieved relatively little attenti-
on. The aim of this study was to test two lytic
(Siphoviridae) and two non-lytic (Podoviridae
and Myoviridae) bacteriophages on the develop-
ment of biofilms (immediately after the bacteri-

al cell adhesion) and on mature biofilms (after
biofilm formation) of smooth and rough F. psy-
chrophilum isolates. Experiments were done in
96-well microplates and biofilm production was
evaluated using the crystal violet staining proce-
dure. Our results showed that both lytic phages
significantly inhibited the development of biofilms
of all tested isolates, while the non-lytic phages
significantly decreased the biofilms. We suggest
that the disruption of the development of biofilms
was probably a combination of cell lysis by the
lytic phages and EPS degradation by the non-ly-
tic phages. In contrast, mature biofilms of both
smooth and rough isolates were only partly af-
fected by the bacteriophages, suggesting that F.
psychrophilum cells in biofiims seem to be partly
protected against lytic phages.
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Introduction: Phages are the most abundant or-
ganisms on the planet. Their life cycle consists
of infecting bacterial hosts and replicating inside
their cells. Attempts to use phages to our advan-
tage in fighting with antibiotic-resistant bacteria
already appeared and gain on importance due to
increasing reports of failing antibiotic-based the-
rapies.

In our study, we focused on natural occurrence
of phages in humans. Our preliminary data sug-
gests presence of bacteriophage DNA in human
circulation. Materials and methods: We carried
out massively parallel sequencing of total DNA
from plasma of healthy individuals and individuals
undergoing antiviral treatment. DNA fragments
which mapped to the human reference genome
(version hg38) were filtered. We assigned each
unmapped fragment a taxonomic label using me-
tagenomic classifier Clark. Taxonomic compo-

sition of samples was compared and visualized
using Krona graphs. We assembled filtered reads
using assembler specialized for assembly of viral
genomes called Savage.

Results: We identified presence of phage se-
quences in a small number of reads in studied
samples. In addition, we observed significant
drop in phage sequences in individuals undergo-
ing antiviral treatment. In the results, we present
breakdown of the identified phage data.
Conclusions: Preliminary data suggest presence
of phage DNA in circulating free nucleic acids.
We hypothesize that host immune system tole-
rates phages to assist in control and stabilizati-
on of microenvironment. More rigorous analysis
needs to be carried out and supportive experi-
ments are needed to confirm the finding as well
as to study our hypotheses.
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Despite multiple control measures in all steps of
the food production chain, outbreaks of foodbor-
ne diseases continue to be a constant concern
for the general public, the food industry, and
public health agencies. Shiga toxin-producing
Escherichia coli O157:H7 (STEC O157:H7) is
currently one of the major foodborne pathogens
in North America, associated with over 70,000
annual cases of illness in the U.S. alone. This
generates significant costs from hospitaliza-
tions, product recalls, destruction of suspected
products, temporary food facilities closures, and
loss of consumer trust. Healthy cattle are the
primary reservoir of STEC O157:H7 and, conse-
quently, of its bacteriophages. In the present stu-
dy, six bacteriophages previously isolated from
cattle fecal matter and able to infect and lyse

STEC 0157:H7 were characterized and asses-
sed as candidates for biocontrol and detection
applications in food products before delivery to
consumers. For each bacteriophage, host range
and lytic capability was determined against 30
STEC O157:H7 strains. More detailed infection
dynamics and virulence index were evaluated for
strains of particular interest. Moreover, bacte-
riophages were morphologically characterized
through transmission electron microscopy, and
size and digestion patterns of their respective
genomes were determined. This study provides
a framework for the identification and selection
of bacteriophages as biosanitation agents or bio-
sensors for STEC O157:H7.
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Panel Discussion — Participants

,Quo vadis, deutsche Bakteriophagenforschung?*

(in German language only)

Moderators:
Dr. Christine Rohde & PD Dr. Wolfgang Beyer

Dr. Isabelle Bekeredjian-Ding, Paul-Ehrlich-Institute (PEI), Langen

e Dr. Brigitte Brake, Federal Institute for Drugs and Medical Devices (BfArM), Bonn
* Dr. Anne Endmann, VDI/VDE Innovation + Technik GmbH, Berlin

* Prof. Dr. Andreas Kuhn, University of Hohenheim, Stuttgart

* Dr. Hansjorg Lehnherr, Phage Technology Center (PTC) GmbH, Bénen

* Dr. Wolfgang Mutter, HYpharm GmbH, Bernried am Starnberger See

e Dr. Christine Rohde, Leibniz Institute DSMZ, Braunschweig
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