
Centennial 
Retrovirus 
Meeting

April 29 - May 4, 2010

Institute of Molecular 
Genetics, Prague, 
Czech Republic

FINAL PROGRAMME AND ABSTRACT BOOK

w w w . c r m 2 0 1 0 . o r g



1I N S T I T U T E  O F  M O L E C U L A R  G E N E T I C S ,  P R A G U E ,  C Z E C H  R E P U B L I C

Welcome Word  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 2

Organisers .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 3

Supporters and Exhibitors  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 4

General Information  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 5

Venue Information and Transportation .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 6

Meeting Programme .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 7

Guidelines to Chairs and Authors  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 12

Oral Presentations  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 13

Poster Presentations  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 30

List of Authors  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 60

List of Participants  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 63

Social Programme  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 68

Practical Information A-Z .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 69

Floorplan  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 73

W
elcome W

ord
Organisers

Supporters and 
Exhibitors

General information
Venue Information and 

Transportation
Meeting Programme

Guidelines to Chairs 
and Authors

Oral Presentations
Poster Presentations

List of Authors
List of Participants

Social Programme
Practical Information 

A-Z



2 C E N T E N N I A L  R E T R O V I R U S  M E E T I N G

Welcome Word
It has been approximately 100 years since the seminal discoveries of Ellerman and Bang (1908) and Peyton Rous 
(1911), which linked retroviruses to cancer in animals, an achievement for which Rous was eventually awarded a 
Nobel Prize. In the ensuing years, many equally important discoveries have emerged through the study of retroviruses, 
 including identification of oncogenes, insertional mutagenesis, the discovery of reverse-transcription and the AIDS virus. 
Many of these have also been accorded high recognition, including three additional Nobel Prizes. 

A significant number of the early milestones in retrovirus research represented the work of investigators in Europe 
(especially Prague), in addition to the United States and elsewhere. The study of these viruses and their retrotransposon 
cousins continues to illuminate our understanding of both normal and abnormal cellular functions as well as the basis of 
cellular, innate, and acquired immunity. Therefore, this ~ 100th anniversary of the discovery of oncogenic retroviruses has 
provided a most fitting occasion for an international conference focused on the latest insights gained from such studies 
as they relate to normal and disease processes and treatments.

This international conference has brought together approximately 180 scientists from 20 countries, who study diverse 
aspects of the biology of different retroviral and retrotransposon systems. Sharing their individual insights and specific 
expertise should not only serve to uncover some of the remaining gaps in our understanding, but may also highlight 
important basic principles and properties that are unique to these elements and their interactions with their hosts. This 
opportunity for exchanging ideas and knowledge has been made possible through the efforts of our Czech/US organizing 
Committee and has benefited from the generosity of several funding agencies and industrial sponsors, listed on the 
page 4. We expect that this meeting will stimulate research and international collaboration, contribute to our understand-
ing of the mechanisms of pathogenesis and, ultimately, lead to the formulation of new strategies for disease intervention. 
We thank all who participated in this special centennial celebration!

Ann Skalka
Jan Svoboda 
Rene Daniel
Jiri Hejnar
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Organisers

Organising committee
Rene Daniel
Thomas Jefferson University
Philadelphia, USA
rene.daniel@jefferson.edu 

Anna Marie Skalka 
Fox Chase Cancer Center 
Philadelphia, USA
anna.skalka@fccc.edu 

Jiri Hejnar
Institute of Molecular Genetics
Prague, Czech Republic
hejnar@img.cas.cz 

Jan Svoboda
Institute of Molecular Genetics
Prague, Czech Republic 
svoboda@img.cas.cz 

Sarka Takacova
Secretary of the Meeting
Institute of Molecular Genetics 
Prague, Czech Republic
takac@img.cas.cz 

Meeting department
CZECH-IN s . r . o .
Professional Event & Congress Organiser

Prague Congress Centre
5. kvetna 65
140 21 Prague 4
Czech Republic 

Tel: +420 261 174 304
Fax: +420 261 174 307

Email: info@crm2010.org

On-site contact: +420 724 54 55 65
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Supporters and Exhibitors

This special conference was supported, in part, by generous contribution from 
the Office of AIDS research and by a grant (R13A1084343) from the National Institute 

of Allergy and Infectious Diseases, U.S. National Institutes of Health.
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General Information

Badges
Delegates and accompanying persons are kindly 
 requested to wear their name badges at all meetings and 
official functions. Please, be aware that the name badge 
needs to be presented at the entrance to the Institute 
campus each time. Otherwise, access cannot be granted.

Social Programme Vouchers
Every delegate will receive a voucher to the social activity 
at the registration desk. No voucher is needed for the 
Welcome reception. 

Proceedings
On the occasion of our meeting, Proceedings containing 
the extended version of the scientific presentations will 
be published in order to make the contents of the works 
presented accessible to a wider audience. This publication 
will be sent to be indexed in Conference Proceedings 
 Citation Index by Thomson Reuters Philadelphia, 
formerly ISI. The Publisher is Medimond - International 
Proceedings (http://www.medimond.com). In the following 
weeks, the Publisher will send the Authors the necessary 
instructions to join the publication.

Language
The official language of the Meeting is English. 
No  simultaneous translations will be available.

Computer Area and Internet 
Access
The internet corner is located in Poster area 2. Wireless 
internet connection (Wi-Fi) is available inside the 
conference venue free of charge.

Liability and Insurance
The organisers of the Meeting will not assume any 
responsibility whatsoever for damage or injury to 
persons or property during the Meeting. Participants are 
recommended to arrange for their personal travel and 
health insurance.

Restrictions
Please, be advised that no audio-video equipment, 
cameras, or any other type of recording devices are 
allowed in the meeting room or poster sessions.

Changes to the Scientific 
and Social Programme
The organisers reserve the right to adjust or change 
the Scientific Programme and /or the Social Programme 
as, if and when necessary.

Registration Desk
Is located inside the new building of the Institute of 
Molecular Genetics. Please, follow the signs carefully. 
Our staff will be ready to assist you with your onsite 
registration and any delegate query.

Opening hours are as follows:
Thursday, April 29, 2010 14:30 – 20:00
Friday, April 30, 2010 07:45 – 18:00
Saturday, May 1, 2010 08:00 – 18:00
Sunday, May 2, 2010 08:30 – 12:00
Monday, May 3, 2010 08:30 – 17:00 

Exhibition
Exhibition is held at Entrance Foyer / Poster area 1 from 
Thursday April 29 till Monday May 3.

Exhibitors:
• BioTech
• Schoeller
• Sigma - Aldrich

Message Board
You can post information or notes to other delegates on 
our message board located next to the registration desk.

Group Photo
All delegates are kindly requested to gather on the second 
day of the meeting (April 30) at 1:30 pm in the catering 
area and follow the instructions of the staff. Your personal 
copy will be available to be picked up at the registration 
desk during following days.
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Address
Institute of Molecular Genetics AS CR, v.v.i.
Vídeňská 1083
Prague 4

Shuttle bus service
Transfers during the meeting to venue and back are provided to participants staying in Hotels Panorama and ILF free 
of charge. 

Please, find the time table below: 

 Hotels 
Date Panorama ILF Return Remark

Thursday, April 29 15:30 15:40 – 15:45 20:00 
Friday, April 30 07:40 07:50 – 07:55 18:00 
Saturday, May 1 07:40 07:50 – 07:55 17:45
Sunday, May 2 08:10 08:20 – 08:25 12:45 *)
Monday, May 3 08:10 08:20 – 08:25 15:45 

*) will continue to Grand Tour of Prague     

Public transport
Take the bus 193 from metro station “Budějovická“ line C to the terminal station “Ústavy akademie věd“ and follow 
the signs to the Institute of Molecular Genetics, Academy of Sciences of the Czech Republic, building F in the campus.

Parking
All delegates arriving by a personal vehicle are kindly asked to park in front of the main gate to the campus in 
“K  Výzkumným ústavům” street. For parking availability inside the campus, please, ask at the registration desk.

Venue Information and Transportation
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Meeting Programme

Day 1 – Thursday, April 29
Arrival of conferees, registration, Welcome reception

Session 1
Welcoming and Opening Remarks
Chairman: Jan Svoboda

04:30 - 05:00 pm Jan Svoboda, Institute of Molecular Genetics, Prague
Background and perspectives 

05:00 - 06:00 pm David Baltimore, California Institute of Technology, Pasadena
Keynote lecture 

06:00 pm Welcome reception 

Day 2 – Friday, April 30

Session 2
Action at the Cell Surface
Chairmen: John A.T. Young, Benjamin K. Chen

08:30 - 09:00 am  John A.T. Young, Salk Institute, La Jolla
Cellular factor involvement in retroviral replication 

09:00 - 09:30 am  Benjamin K. Chen, Mount Sinai School of Medicine, New York
Spread of HIV through T cell virological synapses 

09:30 - 09:45 am  Paul Jolicoeur, Clinical Research Institute of Montreal
Pathogenesis of HIV-1 Nef in thymocytes 

09:45 - 10:00 am  Michaela Rumlová, Institute of Organic Chemistry and Biochemistry, Prague
Analysis of N-terminus of NC protein of M-PMV: its role in the particle assembly 

10:00 - 10:30 am  Coffee break 

Session 3
Identification of Essential Host Cell Factors
Chairmen: Stephen P. Goff, Alan N. Engelmam

10:30 - 11:00 am  Stephen P. Goff, Columbia University, New York
HIV-1 interactions with host proteins 

11:00 - 11:30 am  Alan N. Engelmam, Dana-Farber Cancer Institute, Boston
HIV-1 preintegration complex function and host cell factors 

11:30 - 11:45 am  Peter Cherepanov, Imperial College London
Structural basis for retroviral pre-integration complex assembly and strand transfer 
inhibitor action 

11:45 - 12:00 am  C. Martin Stoltzfus, University of Iowa, Iowa City
Defective HIV-1 Gag localization and assembly under conditions of excessive viral 
RNA splicing 

12:00 - 01:30 pm  Lunch and poster viewing 
01:30 - 02:00 pm Group photo
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Session 4
Insights from Studies of Intracellular Trafficking
Chairmen: Thomas J. Hope, Paul Bieniasz

02:00 - 02:30 pm  Thomas J. Hope, Northwestern University, Chicago
Cell biology of intracellular HIV 

02:30 - 03:00 pm  Paul Bieniasz, Aaron Diamond AIDS Research Center, Rockefeller University, New York
Visualizing HIV-1 virion genesis 

03:00 - 03:15 pm  Eric Hunter, Emory University School of Medicine, Atlanta
The role of microtubule and actin cytoskeletal networks in the intracellular transport 
of the Mason-Pfizer monkey virus capsids 

03:15 - 03:30 pm  Paul Spearman, Emory University School of Medicine, Atlanta
Tetherin endocytosis and HIV replication in human macrophages 

03:30 - 04:00 pm  Coffee break 

Session 5
Retroviruses and Retroelements as Agents of Genome Rearrangement
Chairmen: Suzanne B. Sandmeyer, Haig H. Kazazian

04:00 - 04:30 pm  Suzanne B. Sandmeyer, University of California Irvine
Adaptive targeting by retrotransposons as a force for genomic remodeling 

04:30 - 05:00 pm  Haig H. Kazazian, Jr, University of Pennsylvania, Philadelphia
High-throughput sequencing reveals extensive variation in human-specific L1 content 
in individual human genomes 

05:00 - 05:15 pm  René Daniel, Thomas Jefferson University, Philadelphia
HIV-1 integration site preferences in pluripotent stem cells 

05:15 - 07:00 pm  Poster session 
07:00 - 09:30 pm  Cocktail party for invited speakers and guests, Villa Lanna 

Day 3 – Saturday, May 1

Session 6 
Retrovirus Evolution
Chairmen: John Coffin, Paul M. Sharp

08:30 - 09:00 am  John Coffin, Tufts University, Boston
Evolution of the Alpharetrovirus-receptor interaction 

09:00 - 09:30 am  Paul M. Sharp, University of Edinburgh
The evolution of HIV-1 and the origin of AIDS 

09:30 - 09:45 am  Naomi Rosenberg, Tufts University, Boston
v-onc gene containing retroviruses and target cell specificity: insights revealed by 
Abelson virus 

09:45 - 10:00 am  Kirsten Hanke, Robert Koch Institute, Berlin
Staufen-1 interacts with the HERV-K Rec protein affecting viral RNA transport and 
assembly processes 

10:00 - 10:30 am  Coffee break 
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Session 7
Retroviral Vectors and Retrovirus Persistence
Chairmen: Stephen H. Hughes, Ashley T. Haase

10:30 - 11:00 am  Stephen H. Hughes, National Cancer Institute, Frederick
Lens epithelium derived growth factor (LEDGF) fusion proteins that redirect HIV-1 
DNA integration 

11:00 - 11:30 am  Ashley T. Haase, University of Minnesota, Minneapolis
Retrovirus and lentivirus persistence and reservoirs from visna virus to HIV-1 

11:30 - 11:45 am  Mikulas Popovic, Institute of Human Virology, Baltimore
Host cells for human retroviruses: lessons from infection of mammalian cells with 
avian sarcoma virus 

11:45 - 02:00 pm  Lunch and poster viewing 

Session 8 
Cellular Defenses
Chairmen: Michael Malim, Jonathan Stoye

02:00 - 02:30 pm  Michael Malim, King´s College London
Cellular APOBEC3 proteins and HIV-1 Vif 

02:30 - 03:00 pm  Jonathan Stoye, National Institute for Medical Research, London
Capsid binding restriction factors 

03:00 - 03:15 pm Jeremy Luban, University of Geneva
TRIM5 is a retroviral capsid-specific receptor that contributes to the antiviral state 

03:15 - 03:30 pm  Maik Blissenbach, Ruhr University Bochum
Nuclear RNA export and packaging functions of HIV-1 Rev revisit 

03:30 - 04:00 pm  Coffee break 

Session 9
Epigenetic Effects on Retroviral Gene Expression
Chairmen: Richard A. Katz, David M. Margolis 

04:00 - 04:30 pm  Richard A. Katz, Fox Chase Cancer Center, Philadelphia
Identification of host factors that initiate and maintain retroviral epigenetic silencing 

04:30 - 05:00 pm  David M. Margolis, University of Northern Carolina, Chapel Hill
Epigenetic regulation of the HIV promoter and approaches to persistent retroviral 
infection 

05:00 - 05:15 pm  Jiri Hejnar, Institute of Molecular Genetics, Prague
CpG methylation and transcriptional suppression of endogenous retroviruses and 
retroviral vectors 

05:15 - 07:00 pm  Poster session 
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Day 4 – Sunday, May 2

Session 10
Mechanisms of Disease
Chairmen: Peter K. Vogt, Robin A. Weiss

09:00 - 09:30 am  Peter K. Vogt, Scripps Research Institute, La Jolla
Oncogenic mutations in PI3K: genetic and mechanistic considerations 

09:30 - 10:00 am  Robin A. Weiss, University College London
Transmissible cancer cells 

10:00 - 10:15 am  Karen Beemon, Johns Hopkins University, Baltimore
Avian leukosis virus oncogenesis involves integrations that activate oncogenes, 
microRNA-155, and TERT 

10:15 - 10:45 am  Coffee break 

Session 11
Roles of Innate and Adapted Defenses in Infections by Retroviruses 
Chairmen: Francis W. Ruscetti, Malcolm A. Martin

10:45 - 11:15 am  Francis W. Ruscetti, National Institutes of Health, Bethesda
Cell-free HTLV-1-infection of plasmacytoid and myeloid dendritic cells in vitro: 
pathogenic considerations of in vivo infection of dendritic cells 

11:15 - 11:45 am  Malcolm A. Martin, National Institutes of Health, NIAID, Bethesda
HIV 1 acquisition: SIV and SHIV models of acute primate lentivirus infections in 
macaque monkeys 

11:45 - 12:00 pm  Kim J. Hasenkrug, National Institutes of Health, Rocky Mountain Laboratories, Hamilton
Adaptive immune responses to Friend virus infection in mice 

12:00 - 12:15 pm  Paula Pitha-Rowe, Johns Hopkins University, Baltimore
The role of innate antiviral response in HIV-1 infection 

12:15 - 12:45 pm  Sandwich lunch 
12:45 - 05:00 pm  Tour of Prague/Free afternoon 

Day 5 – Monday, May 3

Session 12
Anti-viral Strategies: Drugs and Vaccines 
Chairman: Eric De Clercq

09:00 - 09:30 am  Gary J. Nabel, National Institutes of Health, Bethesda
Rational design of envelope surface identifies broadly neutralizing human 
monoclonal antibodies to HIV-1 

09:30 - 10:00 am  Ronald C. Desroisiers, New England Primate Center, Southborough
Overcoming, or circumventing, the barriers to an AIDS vaccine 

10:00 - 10:30 am  Coffee break 
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Session 13
Trends in Retroviral Therapy 
Chairman: Ronald C. Desroisiers

10:30 - 11:00 am  Erik De Clercq, Rega Institute for Medical Research, Leuven
Prospects of anti-HIV therapy 

11:00 - 11:30 am  Leonid Margolis, National Institutes of Health, NICHD, Bethesda
Exploiting coinfecting microbes to suppress HIV-1 infection 

11:30 - 11:45 am  Karin Moelling, University of Zurich
HIV suicide through viral RNase H 

11:45 - 12:00 pm  Michael Katzman, Penn State College of Medicine, Hershey
A novel antiviral strategy of stimulating integrase's nonspecific nuclease activity to 
damage retroviral DNA 

12:00 - 12:15 pm  Duane Grandgenett, Saint Louis University
HIV-1 integrase: Concerted DNA integration and identification of a new major 
integrase-raltegravir-single DNA complex 

12:15 - 02:00 pm  Lunch and poster viewing 

Session 14
Meeting Wind-up
Chairman: Anna M. Skalka

02:00 - 02:30 pm  Françoise Barré-Sinoussi, Institute Pasteur, Paris
History and future of basic science in human retroviruses 

02:30 - 03:00 pm  Stephen P. Goff, Columbia University, New York
Summary observations 

03:00 - 03:30 pm  Anna M. Skalka, Fox Chase Cancer Center, Philadelphia
Closing remarks 

05:00 - 09:00 pm  Farewell dinner at the Grand Monastery Restaurant 

Day 6 – Tuesday, May 4

Departure

W
elcome W

ord
Organisers

Supporters and 
Exhibitors

General information
Venue Information and 

Transportation
Meeting Programme

Guidelines to Chairs 
and Authors

Oral Presentations
Poster Presentations

List of Authors
List of Participants

Social Programme
Practical Information 

A-Z



12 C E N T E N N I A L  R E T R O V I R U S  M E E T I N G

Speakers’ preview room
Speakers’ preview room is located next to the registration area of the venue. All technical equipment will be available for 
final checking of your presentation. To avoid any problems it is strongly recommended that you check the compatibility 
of your presentation with the conference projection system. Our technical staff will be glad to assist you. It is essential 
for the smooth running of the conference that all speakers hand in their presentations at least 30 minutes prior to 
the beginning of their session. To avoid delays caused by switching computers at the platform, booting-up computers and 
potential compatibility problems, the Organising Committee has made available to speakers the standard A/V system 
used in the convention sector. There will be a master computer in the auditorium to ensure smooth transition between 
speakers and appropriate audiovisual technical support; the Organisers request that speakers do not plan connecting 
their laptop to the conference centre projector. 

Speakers’ preview room opening hours:
Thursday, April 29, 2010 14:30 – 20:00
Friday, April 30, 2010 07:45 – 18:00
Saturday, May 1, 2010 08:00 – 18:00
Sunday, May 2, 2010 08:30 – 12:45
Monday, May 3, 2010 08:30 – 14:00 

Presentation format
The computers used for projection are: PC with Windows 98/2000/XP/Vista/7, PowerPoint 2007 and MacPro with 
Mac OS X 10.6 Snow Leopard, PowerPoint 2008, KeyNote’09. Please, do not forget to bring the movies used in 
the presentation in separate files (not only the *.ppt or *.pptx file).

Time keeping
Chairmen have the responsibility to introduce speakers, to lead the discussion and to ensure that the time schedule is 
observed. It is suggested that Chairmen should show some tolerance for minor delays with the presentations and /or 
discussions, but on the other hand, they should be strict in not allowing major changes from the basis time schedule. 
As a rough guideline, a 5-minute drift in one presentation can be accommodated, but more than that should be 
absolutely avoided in order not to penalize other authors and/or presentations. Please, try to meet your session Chairs 
at least 15 minutes before the session starts. 

Poster presentation
Poster boards are installed in the Entrance Foyer / Poster area 1 and in Poster area 2. 
All presenting posters have to be hanged on a board labelled by the corresponding poster number. 
Posters numbers P01 to P28 are located in Poster area 1 and numbers P29 to P69 in Poster area 2 . Please refer 
to the floorplan . 
Additional fixing material is available at the registration desk.
Please, note that all posters have to be removed by the end of the conference on May 3 evening, otherwise they 
will be destroyed after the event! 

Guidelines to Chairs and Authors 



13I N S T I T U T E  O F  M O L E C U L A R  G E N E T I C S ,  P R A G U E ,  C Z E C H  R E P U B L I C

L01
Cellular factor involvement in retroviral replication
J. A.T. Young
Salk Institute, La Jolla, CA, USA
A new paradigm in development of antivirals is targeting the functions of cellular factors that influence virus replication. 
Toward this goal we are using genetic approaches to identify the repertoire of cellular factors important for the replication 
of retroviruses and other viruses. The strategies employed include insertional mutagenesis and genome-wide siRNA 
screens combined with bioinformatic approaches. Using these methods we have identified a number of factors that 
either positively or negatively impact retroviral infection. These factors include ZASC1 which is a novel transcriptional 
activator of HIV-1 and MLV. We have also defined a role for the cellular sulfonation pathway in regulating retroviral gene 
expression at a step that appears to be coincident with provirus establishment. Moreover, the sulfonation pathway has 
also been implicated in activating latent HIV-1 gene expression. Our progress in these areas will be discussed.

L02
Spread of HIV through T cell virological synapses
B. K. Chen1, A. D. Portillo1, B. Dale1, J. Tripodi2, A. LeBlanc2, V. Najfeld2, D. N. Levy3

1 Division of Infectious Diseases, Department of Medicine, Immunology Institute, Mount Sinai School of Medicine, 
New York, USA

2 Tumor Cytogenetics, Mount Sinai School of Medicine, New York, NY
3 Basic Science and Craniofacial Biology, New York University College of Dentistry, New York, NY
HIV can infect cells through a cell-free intermediate or can be directly passed from an infected cell to an uninfected 
cell through virus-induced cell-cell adhesions called virological synapses. We have studied the formation of virological 
synapses using live confocal fluorescence microscopy to examine how this mode of viral spread differs from conventional 
cell-free models of viral infection. We find that that a non-fusogenic interaction between Env and CD4 molecules at 
the surface of the infected and uninfected cells drives synapse formation. When engaged in synapses, T cells bind to 
one another stably and transfer HIV without releasing it to the extracellular milieu. After the cells bind on another, we 
observe that the viral Gag protein is recruited to the cell-cell interface where assembly and budding occur. We then 
observed an efficient endocytic process that results in the internalization of nascent viral particles into the recipient cell. 
These internalized particles are competent for viral membrane fusion, which occurs from within target cell endosomes. 
Because a large quantity of virus is transferred through virological synapses, this route of infection leads to high rates 
of simultaneous infection by multiple proviral copies. From these studies, we conclude that cell-cell infection provides 
a mechanism by which HIV may increase its genetic diversity by transmitting multiple genetic copies per infection event. 
We propose that cell-to-cell infection may support the accumulation of genetic mutations by complementing deleterious 
mutations through coinheritance with non-mutant sequences.

L03
Pathogenesis of HIV-1 Nef in thymocytes
P. Jolicoeur, P. Chrobak, M.M. Rahim, J. Guertin, E. Priceputu, N. Bouchard, Z. Hanna
Clinical Research Institute of Montreal, Molecular Biology, Montréal, Québec, Canada
Nef-deleted HIV-1 or SIV are significantly less pathogenic than wild-type viruses in humans and macaques respectively, 
indicating that Nef harbors a major determinant of virulence. Previous work in our laboratory has shown that this is 
also the case in transgenic (Tg) mice. Indeed, Tg mice expressing Nef in relevant target cells, through the regulatory 
sequences of the human CD4 gene, develop a disease very similar to human AIDS. In particular, these Tg mice show 
severe thymic atrophy with preferential depletion of thymic and peripheral CD4+ T cells. Further analysis of thymocytes 
in these Tg mice revealed that Nef affects thymic T cells at three independent stages: at the double-negative (DN) CD4-

CD8- to double positive (DP) (CD4+CD8+) stage, at the DP stage and at the DP to single-positive (SP) (CD4+CD8-) stage, 
by mechanisms apparently largely independent. In particular, we found that Nef impairs both selection and lineage 
commitment of SP CD4+ T cells. To model thymic reconstitution following HAART therapy, we generated a Nef-inducible 
Tg mouse model in which Nef-expression can be modulated with doxycycline in drinking water. The characteristics of this 
model and the fate of OFF-Nef thymocytes following earlier exposure to Nef (ON-Nef thymocytes) will be described.

Our data reveal that Nef has developed an elaborate strategy to impair Tg CD4+ T cells at several stages of their 
maturation. Considering that Nef interacts in thymocytes with molecules (lck, PAK2, etc.) well conserved between mouse 
and human, these results are likely to be relevant for the action of Nef in human thymocytes as well.
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L04
Analysis of N-terminus of nucleocapsid protein of M-PMV:  
its role in the particle assembly
M. Rumlova1, K. Bohmova1, J. Stokrova1, T. Ruml2, I. Pichova1

1 Institute of Organic Chemistry and Biochemistry Czech Academy of Sciences, Biochemistry, Prague 6, Czech Republic
2 Institute of Chemical Technology, Biochemistry and Microbiology, Prague 6, Czech Republic
Retroviral assembly is driven by interactions of several specific domains of the Gag polyprotein localized mainly within 
capsid protein (CA), spacer peptide (SP), and nucleocapsid protein (NC). We study the contribution of NC to the 
oligomerization of CA leading to the assembly of Mason-Pfizer monkey virus (M-PMV) dProCANC. Analyzing in vitro 
assembly of a series of substitution and deletion mutants of dProCANC we identified a “spacer-like” sequence (NC15) 
at the M-PMV NC N-terminus. This NC15 domain is indispensable for the assembly and cannot be substituted with 
dimerizing or trimerizing domains of GCN4 or CREB proteins. Even though the M-PMV NC15 occupies in Gag polyprotein 
analogous position as HIV-1 or RSV spacer peptides it could not be replaced by the HIV SP1 sequence. However, the 
M-PMV NC15 is not sufficient for inducing of virus like particle assembly when fused to the dProCA and this fusion protein 
dProCANC15 must be followed by a short peptide that is rich in basic residues. This region can be either specific, i.e. 
derived from the downstream NC sequence, or non-specific positively charged peptide.

In summary, we report here a novel M-PMV spacer-like domain that is functionally similar to other retroviral spacer 
peptides and contributes to the assembly of immature-like particles.

L05
HIV-1 Interactions with host proteins
S. Goff1, S. Valente1, G. Gilmartin2, K. Venkataraman2

1 HHMI/Columbia University, Biochemistry and Mol. Biophysics, New York, USA
2 University of Vermont, Microbiology and Molecular Genetics, Burlington VT, USA
To identify host factors critical for virus replication, we have developed genetic selections for virus-resistant mutant cells. 
We have used the selections to screen cDNA expression libraries for genes or gene fragments whose products interfere 
with HIV-1 vector transduction. We have characterized two such protein fragments: the N-terminal 86 residues of the 
heterogeneous nuclear ribonuclear protein U (N86-hnRNPU), and the N-terminal 91 residues of the eukaryotic initiation 
factor 3 subunit f (N91-eIF3f). The hnRNPU fragment specifically targeted the 3’ long terminal region (3’LTR) in the viral 
mRNA and blocked the cytoplasmic accumulation of HIV-1 mRNAs. The results suggest the existence of previously 
unappreciated machinery needed by HIV-1 for the nuclear export or stability of viral mRNAs that can be specifically 
blocked by this interfering gene.

Overexpression of N91-eIF3f or full-length eIF3f severely restricted the replication of the virus, again targeting the 3’ end 
of the viral mRNA. Proviruses were formed normally but viral mRNA levels were reduced in the nucleus and cytoplasm. 
Restoration of viral gene expression was achieved upon addition of a heterologous polyadenylation signal downstream 
from the 3’ LTR. We show that cleavage, rather than polyadenylation, at the 3’ end of HIV-1 mRNAs is reduced in the 
presence of N91-eIF3f and eIF3f in vitro. Additionally, in the absence of endogenous eIF3f, the N91-eIF3f fragment is 
unable to restrict the virus. A possible mechanism by which N91-eIF3f inhibits HIV mRNA 3’ processing was suggested 
by the observation that eIF3f interacts with CDK11 and with the SR protein 9G8. We propose that abnormal eIF3f levels 
interfere with 9G8’s normal role in HIV-1 pre-mRNA 3’ end processing.

L06
HIV-1 preintegration complex function and host cell factors
A. Engelman1, M. Shun1, L. Krishnan1, K. Matreyek1, I. Oztop1, K. Lee2, S. Hare3, V. KewalRamani2, P. Cherepanov3

1 Dana-Farber Cancer Institute, Cancer Immunology and AIDS, Boston, USA
2 National Cancer Institute, HIV Drug Resistance Program, Frederick, USA
3 Imperial College London, Division of Medicine, London, United Kingdom
The viral integrase (IN) enzyme and cDNA substrate made by reverse transcription are the key components of the high 
molecular weight preintegration complex (PIC) that crosses the nuclear membrane en route to cellular chromatin for 
IN-mediated integration. PICs moreover differentially target chromatin during integration: gammaretroviruses like Moloney 
murine leukemia virus (MoMLV) prefer transcriptional start sites, whereas lentiviruses like HIV-1 favor to integrate along 
the bodies of active genes. Interactions with host cell factors influence PIC trafficking from the cytoplasm to the nucleus 
as well as the distribution of integration within chromatin. We and others identified the chromatin-associated protein lens-
epithelium-derived growth factor (LEDGF) p75 as a dominant IN-binding factor in human cells, and studies based on 
mouse knockout cells clarified LEDGFp75 as a key mediator of gene-tropic lentiviral integration. Protein interaction and 
structural biology studies pinpointed the parts of LEDGFp75 and HIV-1 IN that interact with each other, defining a cleft in 
the dimer interface within the IN catalytic core domain as a potential target for small molecule development to inhibit the 
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interaction. Recent genome-wide RNA interference screens identified numerous so-called HIV-1 dependency factors, 
including the karyopherin beta protein transportin 3 (TNPO3) and various components of the nuclear pore complex like 
nuceloporin (NUP) 153 and 358. Chimera viruses containing parts of HIV-1 and MoMLV, the latter of which does not rely 
on TNPO3 for its replication, mapped the dominant viral determinant of TNPO3 dependency to the HIV-1 capsid (CA) 
protein. More recent studies have identified CA mutations that render HIV-1 insensitive to TNPO3, NUP153, or NUP358 
knockdown, supporting a dominant role for the CA protein in mediating HIV-1 nuclear import.

L07
Structural basis for retroviral pre-integration complex assembly and strand 
transfer inhibitor action
S. Hare1, S.S. Gupta1, E. Valkov1, A. Engelman2, P. Cherepanov1

1 Imperial College London, Medicine, London, United Kingdom
2 Dana-Farber Cancer Institute, Cancer Immunology and AIDS, Boston, USA
A retrovirus must integrate a DNA replica of its genome into a host cell chromosome as an obligatory step of its lifecycle. 
This process is orchestrated by integrase (IN), an enzyme that tightly binds both termini of linear viral DNA and inserts 
them into host genomic DNA (1,2). The structure of full-length retroviral IN either as a separate protein or in complex with 
DNA has been lacking. Furthermore, although clinically useful inhibitors of HIV IN strand transfer activity were developed, 
their mechanism of action remained speculative.

Following comparative in vitro analyses of a range of retroviral IN proteins we identified Prototype Foamy Virus (PFV) 
IN as a very promising model for structural studies. Most remarkably, the recombinant enzyme is highly proficient in 
carrying out coordinated strand transfer of pairs of viral DNA ends, faithfully reproducing retroviral integration in vitro (3). 
Moreover, we showed that PFV IN is sensitive to clinical HIV IN strand transfer inhibitors (3). Using short double-stranded 
oligonucleotides that mimic viral DNA ends and full-length wild type PFV IN we were able to reconstitute and crystallize 
the functional nucleoprotein complex (4). The structure, currently refined to 2.9 A resolution, reveals the organization of 
the retroviral intasome comprising an IN tetramer tightly associated with a pair of viral DNA ends. All three canonical 
IN structural domains are involved in extensive protein-DNA and protein-protein interactions. The viral DNA termini 
are partially melted, and the 3’-OH group of the invariant CA dinucleotide at each end is involved in the coordination 
of a metal ion cofactor. Binding of strand transfer inhibitors Raltegravir and Elvitegravir displaces the reactive 3’ viral 
DNA end from the active site, disarming the viral nucleoprotein complex. These findings elucidate the structural basis of 
retroviral DNA integration and the mode of action of clinical integrase inhibitors.

References:
1. Craigie, R. in Mobile DNA II (editors: N. L. Craig, R. Craigie, M. Gellert, & A. M. Lambowitz) 613-630  

(ASM Press, 2002).
2. Lewinski, M. K. & Bushman, F. D. Retroviral DNA integration-mechanism and consequences. Adv. Genet. 55, 147-181. 

(2005).
3. Valkov, E., Gupta, S. S., Hare, S., Helander, A., Roversi, P., McClure, M. & Cherepanov, P. Functional and structural 

characterization of the integrase from the prototype foamy virus. Nucleic Acids Res. 37, 243-255 (2009).
4. Hare, S., Gupta, S. S., Valkov, E., Engelman, A. & Cherepanov, P. Retroviral intasome assembly and inhibition of DNA 

strand transfer. Nature, in press, doi:10.1038/nature08784 (2010).

L08
Defective HIV-1 Gag localization and assembly under conditions of excessive 
viral RNA splicing
C.M. Stoltzfus, D. Mandal
The University of Iowa, Microbiology, Iowa City IA, USA
Approximately half or the HIV-1 primary RNA transcripts are processed to completely and incomplely spliced mRNA 
species. The remaining primary transcripts remain unspliced and are transported to the cytoplasm by a Rev-dependent 
pathway to serve as mRNA for Gag and Pol proteins and as genomic RNA for progeny virions. We have previously 
reported that some HIV-1 variants with mutated splicing regulatory elements demonstrate an excessive splicing (ES) 
phenotype which is characterized by increased levels of spliced viral mRNA and decreased levels of unspliced RNA as 
well as striking decreases in virus production. We further show that the ES phenotype can be induced by expressing 
mutated U1 snRNAs with increased binding affinity targeted to several regions of the viral genome. Surprisingly, ES also 
results in an inhibition of HIV-1 assembly and Gag processing. We show that Gag produced by one HIV-1 ES variant 
mutated in 5‘ss D2, 50 nt downstream from the vif 3‘ss A1, is primarily localized in the cytoplasm whereas wild-type Gag 
is primarily localized at the plasma membrane. Gag processing and plasma membrane localization of mutant virus Gag 
can be restored by co-expression of wild-type HIV-1 but not HIV-1 Gag alone. Mutations of the HIV-1 RNA packaging 
sequences result in reduced complementation. These results suggest that Gag translated from unspliced RNA produced 
under conditions of ES is defective for Gag assembly. The results further suggest that co-packaging of ES and wild-type 
RNA is necessary for the rescue of ES Gag assembly.
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L09
Cell Biology of intracellular HIV
T. J. Hope

Department of Cell and Molecular Biology, Feinberg School of Medicine, Northwestern University, Chicago, USA

After fusion, the conical capsid of HIV enters the cytoplasm and begins a journey to its final destination, the nucleus. 
Along the way it must reverse transcribe, uncoat, traffic into the nucleus and avoid restriction factors. We now have 
a series of tools that allow this entire process to be visualized. In the cytoplasm we have recently identified two cellular 
factors that appear to play a role in HIV trafficking on microtubules. DNAL1 function is required for the efficient nuclear 
localization of HIV and MAP4 appears to be required for efficient reverse transcription. Using a recently developed 
system that utilizes a GFP tagged integrase protein we have been able to study the behavior of HIV complexes in 
the nucleus. This analysis reveals that the HIV PIC traffics in the nucleus in a salutatory manner. This movement is 
decreased by the inhibition of actin function by latrunculin B and by the depletion of ATP. This observation suggests that 
the HIV PIC is actively trafficked in the nucleus. The use of cell biology and imaging approaches continue to provide 
novel insights into the trafficking of HIV in the target cell.

L10
Visualizing HIV-1 virion genesis
P. Bieniasz1, N. Jouvenet2, S. Simon3

1 HHMI/Aaron Diamond AIDS Research Center Rockefeller University, Laboratory of Retrovirology, New York, USA
2 Aaron Diamond AIDS Research Center, Laboratory of Retrovirology, New York, USA
3 Rockefeller University, Laboratory of Cellular Biophysics, New York, USA
Because the direct observation of the genesis of individual virions has not previously been achieved, basic parameters 
associated with retrovirus assembly, such as kinetics and subcellular location, have been either unknown or 
controversial. We developed techniques, based on total internal fluorescence microscopy and fluorescently tagged Gag 
proteins, that enable the genesis of individual HIV-1 particles in living cells to be visualized and quantitatively described. 
We have also devised approaches to simultaneously image individual HIV-1 genomes and assembling particles.

In the absence of viral proteins, HIV-1 genomes were highly dynamic in the cytoplasm moving in and out of the proximity 
of the plasma membrane. Conversely, when Gag was expressed, RNA molecules docked at the plasma membrane 
and moved slowly in the plane of the membrane for several minutes. Thereafter, the lateral movement of HIV genomes 
ceased as Gag protein began to assemble around them. Typically, approximately 4 to 5 minutes elapsed between the 
docking of viral genomes at the plasma membrane and detection of a nascent VLP which, typically, assembled over 
a further 5-6 minutes. Viral genomes did not dock at the membrane when their packaging signals were mutated, or when 
the Gag protein was not myristoylated. In the presence of a Gag mutant that retained membrane- and RNA-binding 
activities but could not assemble into particles, the viral RNA docked at the membrane but continued to move laterally 
and then often dissociated from the membrane some minutes later.

Overall, our results demonstrate that a small number of Gag molecules recruit viral genomes to the plasma membrane, 
forming a complex that nucleates the assembly of complete virions. These approaches allow a previously unobserved 
view of the genesis of individual virions and the determination of parameters of viral assembly that are inaccessible with 
conventional techniques.

L11
The role of microtubule and actin cytoskeletal networks in the intracellular 
transport of the Mason-Pfizer monkey virus capsids
J. Clark1, L. Pereira1, P. Grznarova2, P. Spearman1, T. Ruml2, E. Hunter1

1 Emory Vaccine Center, Emory University, Atlanta, USA
2 Institute of Chemical Technology, Prague, Czech Republic
Mason-Pfizer monkey virus (M-PMV) undergoes membrane envelopment of capsids that have been pre-assembled 
in the pericentriolar region of the cytoplasm. Efficient transport of these capsids to the cell membrane is dependent 
on a functional vesicular trafficking pathway and the envelope glycoprotein (Env). The precise function of cytoskeletal 
components in M-PMV capsid transport is poorly understood. Microtubules (MT) and actin filaments were therefore 
evaluated for their importance in capsid transport and release using a combination of pulse-chase assays and live cell 
microscopy. In M-PMV-infected CMMT cells, pulse-chase assays revealed that the kinetics of virus production in the 
presence of nocodazole was delayed by approximately 1 hour compared to that of the untreated control, whereas actin 
disruption with cytochalasin D had minimal effects. Live cell imaging showed that following MT disruption, an initial 
drastic reduction in the rate of linear movement of capsids containing GFP-tagged Gag occurred, followed by a recovery 
in their velocities over the next 2 hours. While MT disruption had transient effects on capsid transport and release, 
the effects on Env were notably different with nocodazole treatment leading to decreased Env incorporation in released 
virions.
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Preliminary live cell imaging data also suggests distinct effects on Env versus Gag velocities following MT disruption, with 
Env-containing vesicles exhibiting minimal recovery in movement after nocodazole treatment. These results collectively 
argue that MT appear to function as the primary cytoskeletal network for efficient capsid transport, but that capsids can 
switch to an alternate, unidentified pathway in the absence of MT.

L12
Tetherin endocytosis and HIV replication in human macrophages
P. Spearman, H. Chu, J.J. Wang, L. Ding, J. Hammonds
Emory University and Children‘s Healthcare of Atlanta, Pediatrics, Atlanta, USA
The assembly of HIV in human macrophages differs from that seen in T lymphocytes or epithelial cell lines. Large 
collections of intracellular viral particles are prominent in macrophages, and it has been proposed that particle assembly 
and budding occur within these intracellular compartments. Despite the presence of typical markers of late endosomes, 
this compartment has been variously characterized as being a modified plasma membrane compartment, separate from 
endosomes, or as a modified late endosomal compartment into which particles bud. Tetherin is a cell surface molecule 
that retains HIV particles on the plasma membrane following viral budding, and is counteracted by Vpu. Here we 
describe a potential role for tetherin in the formation of the intracellular virus-containing compartment in macrophages. 
Human monocyte-derived macrophages were infected with HIV-1 BaL, and the subcellular location of tetherin examined 
by confocal microscopy. We found intense colocalization between the virus-containing intracellular compartment and 
tetherin. A second tetherin-positive compartment in the macrophage corresponded to the trans-Golgi network (TGN). 
Tetherin colocalized extensively with CD81 and CD9 in macrophages, and only with CD63 upon infection with HIV. 
Electron microscopic analysis revealed that the virus-containing intracellular compartments were largely inaccessible to 
staining with a plasma membrane marker (cationized ferritin). Next, we examined the endocytosis of tetherin by pulse-
labeling cell surface tetherin. Tetherin was rapidly internalized into the virus-containing compartment of macrophages. 
These data suggest that the viral compartments in human macrophages are part of the endocytic pathway, and are 
highly enriched in tetherin. The rapid endocytosis of tetherin, together with its known ability to retain HIV particles, and its 
co-enrichment in the intracellular endosomes with HIV further suggests that it plays a role in sequestering virus in these 
intracellular sites.

L13
Adaptive targeting by retrotransposons as a force for genomic remodeling
S. Sandmeyer, K. Nguyen, X. Qi
University of California Irvine, Biological Chemistry, Irvine, USA
Long terminal repeat retrotransposons are structurally similar to retroviruses, but are distinguished by greater insertion 
site bias. Comparison of integrase domains between these elements and retroviruses shows that the carboxyl-terminal 
region is extended in the case elements of at least some elements that display strong insertion-site bias. In fungi, such 
elements target both RNA Pol III and Pol II promoter regions. In Saccharomycyes copia-like and gypsy-like classes 
of elements have independently evolved the means to target genes transcribed by RNA Pol III, leading to islands of 
retrotransposons or long terminal repeats upstream of these genes. The gypsy-like element Ty3 targets the transcription 
initiation sites of genes transcribed by RNA Pol III. In vivo TFIIIC has been shown to affect the orientation of insertions. 
However, in vitro, two subunits of TFIIIB, Brf1 and TBP, or a fusion protein that combines key domains required for 
transcription, is sufficient to mediate strand transfer of duplex oligonucleotide substrates representing the ends of Ty3 
cDNA. Mapping of interactions between the Ty3 integrase carboxyl-terminal domain and a position within Brf1 supports 
a model in which the integrase docks on the transcription complex using contacts similar to a subset of those used by 
RNA Pol III itself. High throughput sequence analysis of insertion sites suggests that Ty3 is highly specific for RNA Pol 
III transcription initiation sites. However, ends of genomic Ty3 long terminal repeats constitute a subset of insertion 
sites and another subset of sites are at positions not yet reported to be transcribed by RNA Pol III. Although RNA Pol 
III-transcribed genes were previously described to be relatively uniformly bound by RNA Pol III transcription factors, 
the number of sequences recovered for some sites, even within a specific gene family, was three orders of magnitude 
greater than for other sites, suggesting that there are gross differences among Pol III transcription initiation sites in 
targeting activity. We hypothesize that long distance chromosomal features together with primary sequences of targets 
and transcription factor binding contribute to insertion site use. Pol III transcribed genes, which are distributed in yeast, 
are repressive to Pol II transcription. Thus, this targeting mechanism not only restricts potentially disruptive insertions 
into Pol II-transcribed genes, but also attenuates the repressive effects of Pol III genes on expression of neighboring 
non-retroelement genes.
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L14
High-throughput sequencing reveals extensive variation in human-specific L1 
content in individual human genomes
A. D. Ewing, H. H. Kazazian, Jr.
University of Pennsylvania, Department of Genetics, Philadelphia, USA
High-throughput sequencing has enabled groundbreaking studies in human genetics and genomics. Using 
this technology, we devised a technique to determine the insertion sites of virtually all members of a particular 
retrotransposon family in any genome. Here we applied this technique to human-specific LINE-1 (L1Hs) elements. 
Using diagnostic nucleotides, we were able to locate the ~800 L1Hs copies corresponding specifically to the pre-Ta, 
Ta-0, and Ta-1 L1Hs subfamilies, with over 90% of sequenced reads corresponding to human-specific elements. We find 
that any two individual genomes differ at an average of 285 sites with respect to L1 insertion presence or absence. In 
total, we have assayed 25 individuals, 15 of which are unrelated, at 1139 sites including 772 shared with the reference 
genome and 367 non-reference L1 insertions. We show that L1Hs profiles recapitulate genetic ancestry, and determine 
the chromosomal distribution of these elements. Using these data, we estimate that the rate of L1 retrotransposition in 
humans is between 1/95 and 1/270 births, and the number of dimorphic L1 elements in the human population with gene 
frequencies .05 is between 3,000 and 10,000. Because we can also detect somatic L1 insertions, this technique should 
allow us to determine the extent of L1 retrotransposition in various cancers and other inherited disease.

L15
HIV-1 integration site preferences in pluripotent stem cells
R. Daniel, J. Markham, A. Ndoye, K. Geary, D. Alverado, R. Silvers, J. Smith
Thomas Jefferson University, Medicine, Philadelphia, USA
HIV-1-based vectors are widely used in gene therapy. In somatic cells, these vectors mainly integrate within genes. 
However, no distinct integration site preferences were observed with regard to large chromosomal regions. Recent 
emergence of induced pluripotent stem (iPS) cells, similar to embryonic stem (ES) cells, raised a question about 
where integration occurs in these cells. Nuclei and chromatin of iPS and ES cells differ from somatic cells in epigenetic 
modifications, a lack of lamin A/C, and expression of stem cell-specific genes. We investigated the effects of these 
factors on integration site preferences by analyzing integration patterns in ES-like NCCIT cells. We show that over 30% 
of integrations occur in the vicinity of telomeres. We have analyzed integration sites in various somatic cells, as reported 
by other groups, and observed that this integration pattern is unique to NCCIT cells, and does not appear to be controlled 
by LEDGF/p75. However, our preliminary data suggest that the integration near chromosomal ends could be due to 
a lack of lamin A/C. Our experiments thus identify a novel factor, which controls integration site selection.

L16
Evolution of the Alpharetrovirus-receptor interaction
J. Coffin, D. Negusse, R. Gomila
Tufts University, Molecular Biology and Microbiology, Boston, USA
Two genera of retroviruses – alpha and gamma – are unique among viruses in the large variety of receptors used for entry 
by otherwise very closely related viruses, reflecting an ongoing evolutionary back and forth, or “arms race” between virus 
and host. In ALV, receptor binding specificity is primarily determined by two hypervariable regions in the SU portion of the 
Env protein, hr1 and hr2, which differ by about 50 amino acids from one subgroup to another. To address the evolution 
of these differences, we selected ALV variants with altered host range by passaging a virus of subgroup B on a mixture 
of permissive (chicken) and nonpermissive (quail) cells. After about 35 passages, a mutation, L154S in the middle of hr1, 
arose, which allowed the virus to infect a wide range of avian and mammalian cells, including quail, human, macaque, 
dog, cat, and rodent cells. This mutant was highly cytopathic, and was much less susceptible to superinfection resistance, 
yet it was unaltered in its receptor binding ability: More recently, we have found that virus selected by repeated passage 
on chicken cells alone has the same property due to a mutation, D156Y, two amino acids away. Furthermore a number of 
other amino acid changes in the same part of hr1 confer a similar phenotype both to subgroup B and subgroup C virus. 
Thus any of a large number of mutations in the middle of hr1 can confer receptor-independent entry. We hypothesize that 
such a mutation may represent the first step in the evolutionary pathway from use of one receptor to another.

To test the hypothesis that these mutations permit receptor-independent fusion and entry, we used a TM conformation 
assay, in which the refolding of TM into the triple and 6-helix conformations is assessed by the formation of SDS-resistant 
TM trimers. We found that wild-type virus yielded trimer forms only after treatment with soluble receptor and low pH, 
whereas the two mutants underwent extensive rearrangement in the presence of low pH alone.

We conclude that ALV can readily mutate to a form that is capable of receptor-independent fusion and entry. The location 
of the key mutations implies that the central region of hr1 provides a critical contact for sensing receptor binding and 
rearrangement. We propose that these mutations reflect a specific process that these viruses have evolved to allow 
further evolution when it is necessary to find a new receptor for entry.
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L17
The evolution of HIV-1 and the origin of AIDS
P. M. Sharp
Institute of Evolutionary Biology, University of Edinburgh, UK
The major cause of AIDS is Human immunodeficiency virus type 1 (HIV1). We have been using evolutionary 
comparisons to trace (i) the origin(s) of HIV-1, and (ii) the origin(s) of AIDS. The closest relatives of HIV-1 are SIVs 
found infecting chimpanzees (Pan troglodytes troglodytes) and gorillas (Gorilla gorilla gorilla) in west central Africa. 
Phylogenetic analyses have revealed the origins of HIV-1: chimpanzees were the original hosts of this clade of viruses, 
four groups of HIV-1 have arisen by independent cross-species transmissions to humans, and one or two of those 
transmissions may have been via gorillas. However, SIVs are primarily monkey viruses: more than 30 species of African 
monkeys are infected with their own, species-specific, SIV and in at least some host species the infection seems 
nonpathogenic. Chimpanzees have acquired SIV from monkeys more recently, and we have found that SIV infection 
causes CD4+ T-cell depletion and increases mortality in wild chimpanzees. Thus the origin of AIDS is more ancient than 
the origin of HIV-1, and we are trying to trace the genetic changes involved.

L18
v-onc gene containing retroviruses and target cell specificity:  
insights revealed by Abelson virus
N. Rosenberg, B. Stuart
Tufts University School of Medicine, Sackler School of Graduate Biomedical Sciences, Boston, USA
Abelson murine leukemia virus (Ab-MLV), like many v-onc gene containing retroviruses, arose in a single animal infected 
with a replicating retrovirus. As a consequence of v-abl gene capture, the virus retained the ability to infect many cell 
types but was typically able to transform only a highly restricted subset related to developing B cells. The protein tyrosine 
kinase activity of the v-Abl protein encoded by the virus is essential for transformation, but obvious clues that reveal the 
mechanisms underlying the target have remained elusive. However, the ability of viral signals to mimic developmental 
pathways critical for normal B cell development has been proposed as an important factor involved in the emergence of 
the virus from its original host. The IL7 pathway, a signaling cascade triggered when IL7 interacts with the IL7 receptor, 
activating JAK-STAT is one such pathway and leads to the hypothesis that v-Abl signaling and targeting reflects the 
ability of the oncoprotein to mimic this signaling. To explore this idea, we examined Ab-MLV interaction with B lineage 
cells that develop in the absence of IL7 signaling. Our results reveal that transformants can be isolated, but also that 
the target cells are compromised in susceptibility, in large part because they are highly resistant to infection. Thus, Ab-
MLV and its propensity to transform B cell precursors likely reflects both the impact of virus signals on cellular growth and 
differentiation and the physiological state of potential target cells.

L19
Staufen-1 interacts with the HERV-K Rec protein affecting viral RNA transport 
and assembly processes
K. Hanke, R. Kurth, N. Bannert
Robert Koch-Institut, ZBS 4, Berlin, Germany
The Rec protein of the human endogenous retrovirus-K is a functional homolog of the Rev/Rex proteins of HIV/HTLV. 
Rec binds selectively to viral RNAs in the nucleus and enhances their transport into the cytoplasm. It can be assumed 
that Rec has to interact with several host proteins to fulfill its function as a shuttle protein that utilizes the CRM-1 
pathway. Applying the YTH-technique we could identify Staufen-1 as a new Rec-interacting protein. Staufen-1 shuttles 
themselves cellular mRNAs containing double stranded binding motifs from the nucleus to ribosomes and is incorporated 
into HIV-1 particles by interacting with the Gag-polyprotein. Recent studies describe a role of Staufen-1 during HIV-1 
Gag assembly and genomic RNA packaging. The Rec-interacting region has been determined by pull down assays and 
a significant enhancement of viral mRNA transport by overexpression of Staufen-1 can be demonstrated in a luciferase-
based reporter assay. Immunofluorescence experiments under stressed conditions implicate the transport of Rec/
Staufen-1/RNA complexes into stress granules and their association to APOBEC3G. Our findings contribute to the 
understanding of Rec and related viral proteins as nucleocytoplasmic shuttle factors and underline their potential role in 
the regulation of viral RNA translation and packaging.
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L20
Lens epithelium derived growth factor (LEDGF) fusion proteins that redirect 
HIV-1 DNA integration
A. L. Ferris1, X. Wu2, Ch. M. Hughes3, C. Stewart2, S. Smith1, T. A. Milne3, G. G. Wang3, M.-Ch. Shun4, C. D. Allis3, 
A. Engelman4, S. H. Hughes1

1 HIV Drug Resistance Program, NCI-Frederick, Frederick, USA
2 Laboratory of Molecular Technology, SAIC-Frederick, NCI-Frederick, Frederick, USA
3 Laboratory of Chromatin Biology, The Rockefeller University, New York, USA
4 Department of Cancer Immunology and AIDS, Dana-Farber Cancer Institute, Boston, USA
We and others have shown that fusion proteins in which the PWWP domain and AT hooks of LEDGF are replaced by 
other chromatin binding domains redirect HIV-1 integration. There are two reasons to continue to pursue this technology 
1) to control the specificity of integration for safer gene therapy 2) to understand the binding specificity and distribution of 
chromatin binding proteins. We have prepared several new LEDGF fusions that alter the integration pattern of HIV DNA 
in KO mouse cells that lack normal LEDGF. We previously showed that a PHD finger from ING2 (which binds H3K4Me3) 
fused to the integrase binding domain of LEDGF preferentially directs integrations near the transcriptional start sites

(TSSs) of expressed genes. We now show that a PHD finger from JARID1a (which also binds H3K4Me3), causes 
a similar distribution and, with some interesting exceptions, favors integrations in the same genes. In contrast, a fusion 
with a domain from MLL containing both a PHD finger that binds H3K4Me3 and an atypical bromodomain, directs 
integrations near the TSS of a very different group of expressed genes than the ING2 and JARID1a PHD finger fusions. 
We reported the distribution of integrations directed by the chromodomain of HP1a. We now show that a fusion with 
the chromodomain from Cbx7, which recognizes a related set of histone modifications, directs a pattern of integration 
that is distinct from the HP1a fusion. These new data extend our previous work and show that a combination of domains 
with different chromatin binding specificity can lead to novel patterns of integration, a result that holds promise both for 
gene therapy and for the study of the specificity of chromatin binding proteins.

L21
Retrovirus and lentivirus persistence and reservoirs from visna virus to HIV-1
A. Haase
Department of Microbiology, University of Minnesota, Minneapolis, USA
In my presentation I will focus on mechanisms of retrovirus persistence and reservoirs from the perspectives of 
the lentivirus genus and in vivo analyses. Beginning with early work on the prototypic lentivirus visna, I will describe 
the lysogeny on a grand scale and Trojan Horse hypotheses that attribute virus persistence and spread in the face of 
host defenses to cells that harbor proviruses in a largely transcriptionally silent state. I will then review the parallels for 
the primate lentiviruses SIV and HIV-1 where covertly infected cells are a mechanism both for persistence and, in the 
case of HIV-1, a mechanism to escape eradication by current anti-retroviral therapy. For the primate lentiviruses I will 
also describe in detail the cellular and anatomic sanctuaries in lymphoid tissues in which these viruses persist, and then 
conclude with a discussion of special features of the gut as a reservoir, and how understanding these special features 
might be exploited in more fully suppressing viral replication.

L22
Host cells for human retroviruses: lessons from infection of mammalian cells 
with avian sarcoma virus
M. Popovic
Institute of Human Virology, Baltimore, MD USA
The interaction and transformation of mammalian cells with Avian Sarcoma Viruses (ASV) has been extensively studied 
by retrovirologists in the former Czechoslovakia, in particular, by Jan Svoboda and his group in Prague. Studies of 
ASV-host cell interactions contributed significantly to our basic understanding of the replication of retroviruses via a DNA 
intermediate (provirus). These systems also contributed novel experimental approaches and methods that enabled rapid 
development of the field of human retrovirology. In large part, this was attributable to the comparative study of three 
types of host cells for ASV, chicken (the natural host), duck and rodent (a heterologous avian and mammalian) host 
cells. The methods for adaptation of ASV to non-natural host cells included cocultivation of the virus harboring chicken 
cells with heterologous hosts (e.g. rat or hamster cells) or exposure of these heterologous cells to concentrated cell-
free virus preparations with high multiplicity of infection (m.o.i). The ASV cell systems can serve as a model for how to 
proceed, experimentally, in situations where only miniscule amounts of a retrovirus are present. One of the most effective 
approaches is cocultivation of putative target cells with infected host cells, the method which enabled transmission 
and more efficient isolation of HTLV-I. These approaches were also successfully applied to the adaptation of HIV-1, 
a cytopathic retrovirus, for continuous high-level production in permanent human T-cell lines. The importance of optimal 
cell systems for detection and propagation of human retroviruses is further exemplified by recent work from S. Gartner and 
colleagues. They have identified a novel human cell that can be derived from normal peripheral blood, is highly susceptible 
to HIV-1 entry and replication, and exhibits pluripotency, a feature that can yield a spectrum of highly susceptible and 
permissive targets for viral infection. Infection of these cells with different viruses and viral vectors will be discussed.
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L23
Cellular APOBEC3 Proteins and HIV-1 Vif
M. Malim
Infectious Diseases, King‘s College London, London, United Kingdom
Like all viruses, HIV-1 exploits multiple cellular factors and pathways to promote virus replication. Conversely, recent 
research has established that cells encode various proteins, often called restriction factors, which potently inhibit HIV-1 
replication. The balance between these opposing forces, and the capacity of HIV-1 to exploit or evade them, establishes 
the replicative capacity of the virus and, ultimately, contributes to pathogenic outcome.

The APOBEC3 proteins are a family of cellular polynucleotide cytidine deaminases that have the capacity to edit 
cytidine to uridine, thereby altering the primary sequence of RNA or DNA. A subset of APOBEC3 proteins, most notably 
APOBEC3G and APOBEC3F, are known to inhibit HIV-1 infection. Wild type HIV-1 averts the anti-viral activities of these 
enzymes through the action of its Vif protein, which serves to recruit the cullin5-elonginB/C-Rbx ubiquitin ligase, resulting 
in the polyubiquitylation and degradation of APOBEC3 proteins.

This presentation will briefly summarise the work that led to the recognition of the anti-viral properties of APOBEC3 
proteins, and our current appreciation of the scope of restriction factor function as it pertains to retrovirus replication. 
In addition, recent studies will be described that address: 1) the molecular mechanism(s) of APOBEC3-mediated viral 
inhibition (including editing-dependent and -independent processes); 2) the biochemical attributes of APOBEC3G, 
including oligomerisation and RNA binding, that are important for function; 3) the structural basis for Vif function; and 4) 
the potential impact of APOBEC3 proteins on viral sequence diversification and evolution.

L24
Capsid binding restriction factors
J. Stoye
Division of Virology, National Institute for Medical Research, London, United Kingdom
Four naturally-occurring restriction factors (RFs), namely Fv1, TRIM5alpha, Trim5CypA1 and Trim5CypA2, that interact 
with the cores of incoming retroviruses shortly after cell entry, are known to have arisen during the course of vertebrate 
evolution. How RFs recognize, bind to and restrict their targets remains poorly understood. Genetic studies define 
a number of questions we would like to answer; but mechanistic insights lag behind because biochemical studies are 
complicated by the poor solubility of RFs in expression systems as well as the multimeric nature and low affinities of the 
interaction between RFs and their CA targets.

TRIM5 can recognize a wide range of CA molecules but at the same time capable of fine discrimination. For example, 
the tamarin TRIM5 molecule can recognize and restrict members of four different genera of retroviruses, including foamy 
viruses, (<10% amino acid identity) but is sensitive to the single amino acid change defining N- versus B-tropic MLV. 
Similarly, we have recently shown that Fv1, originally thought to restrict only MLV, is capable of recognizing retroviral 
genera other than gammaretroviruses.

Restriction by TRIM5 and Fv1 can be abrogated (saturated) by preinfection with a decoy virus capable of Gag cleavage 
but not by a protease negative mutant incapable of maturation. Further, they do not appear to interact with monomeric 
CA. Together, these findings imply that the target for restriction must be an assembled structure present on mature but 
not immature particles. Structural studies to look for such differences are under way.

L25
TRIM5 is a retroviral capsid-specific receptor that contributes to the antiviral 
state
J. Luban1, T. Pertel1, S. Hausmann1, J. Lascano1, M. Zufferey1, P. Uchil2
1 University of Geneva Faculty of Medicine, Microbiology and Molecular Medicine, Geneva, Switzerland
2 Yale University, Section of Microbial Pathogenesis, New Haven, USA
Immediately following retroviral invasion of the target cell cytoplasm, the capsid of retroviruses is engaged by TRIM5, 
a germ-line encoded host restriction factor. Recognition of the hexagonal capsid lattice requires either of two domains – 
PRY-SPRY or cyclophilin - depending upon the TRIM5 orthologue. Antiviral potency correlates with avidity for the capsid 
but the precise mechanism of restriction is unknown. Conditional requirement for the ring finger E3 ubiquitin ligase and b 
box protein-protein interaction domains, host cell-dependent activity, suppression by drugs that block signal transduction, 
and induction by interferon suggest that TRIM5 activity requires cellular cofactors and signal transduction, properties that 
are reminiscent of innate immune receptors for pathogen associated molecular patterns (PAMPS). Here we show that 
TRIM5 interaction with capsid triggers innate immune signaling and establishes a general state of viral resistance. We 
found that TRIM5 disruption rescued HIV-1, SIV, VSV, and NDV infection of macrophages from prior conditioning with 
TLR agonists, as effectively as disruption of IRF3. In a ring finger and b box-dependent manner, TRIM5 stimulated NFkB 
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and AP1 transcription, associated with TAK1, MEKK1, and TRAF2/6, promoted activating phosphorylation of downstream 
factors, and contributed to induction of endogenous IL6, Cox2, ISG54/56, and inflammatory chemokines. Challenge with 
retroviral capsids induced transcription of these inflammatory genes and established an antiviral state, the magnitude 
of which correlated with the avidity of the particular TRIM5-capsid combination. These findings suggest that TRIM5 is 
a pathogen associated molecular pattern receptor specific for the hexagonal retroviral capsid lattice and have important 
implications for the establishment of adaptive immune responses to HIV-1.

L26
Nuclear RNA export and packaging functions of HIV-1 rev revisited
M. Blißenbach, B. Grewe, B. Hoffmann, S. Brandt, K. Überla
Ruhr-University Bochum, Mol. and Med. Virology, Bochum, Germany
Although the viral Rev protein is necessary for HIV replication, its main function in the viral replication cycle has been 
controversial. Re-investigating the effect of Rev on the HIV-1 RNA distribution in various cell lines and primary cells 
revealed that Rev enhanced cytoplasmic levels of the unspliced HIV-1 RNA mostly 3- to 12-fold, while encapsidation of 
the RNA and viral infectivity could be stimulated more than 1000-fold. Although this clearly questions the general notion 
that the nuclear export of viral RNAs is the major function of Rev, mechanistically encapsidation seems to be linked 
to nuclear export, since the tethering of the nuclear export factor TAP to the HIV-1 RNA also enhanced encapsidation. 
Interference with the formation of an inhibitory ribonucleoprotein complex in the nucleus could lead to enhanced 
accessibility of the cytoplasmic HIV-1 RNA to translation and encapsidation. This might explain why Rev and tethered 
TAP exert the same pattern of pleiotropic effects.

L27
Identification of host factors that initiate and maintain retroviral epigenetic 
silencing
R. Katz, A. Poleshko, N. Shalginskikh, M. Einarson, A.M. Skalka
Fox Chase Cancer Center, Institute for Cancer Research, Philadelphia, USA
Epigenetic silencing of retroviral DNA may occur through either stochastic or active processes. Stochastic processes 
include integration site position effects, while active processes may reflect a cellular antiviral response. Although 
epigenetic silencing may indicate an antiviral activity, it also allows the establishment of latency. We have been 
investigating the mechanisms that underlie the rapid, and high frequency epigenetic silencing of avian sarcoma virus 
in human cells, using RCAS/RCAN vectors that encode GFP reporter genes under control of the LTR or heterologous 
promoters.

We show that epigenetic silencing proceeds through two steps: initiation and maintenance. Initiation appears to be an 
active process, whereby host factors engage the incoming viral DNA. We had previously discovered such an inhibitory 
role for the ubiquitous host protein Daxx, a transcriptional repressor. Daxx is now recognized to have broad antiviral 
roles, with repressive activities mediated via its binding partners, histone deacetylases (HDACs) and DNA methyl 
transferases (DNMTs). Our recent studies address the roles of these factors, and show that proviral DNA methylation 
occurs very rapidly, post-infection.

To identify the cellular factors that maintain long term silencing, we developed an siRNA-based screening approach, in 
which knockdown of specific silencing factors results in viral GFP reporter reactivation. We identified functional roles for 
DNMT3A, as well as the histone methyltransferases KMT1E and KMT5C, which place the H3K9me3 and H4K20me3 
repressive marks, respectively. Our results show that these histone repressive marks, as well as CpG DNA methylation 
are widespread over the integrated proviral DNA. Thus, the silenced proviral sequences display classical hallmarks 
of heterochomatin. We also identified a role for the histone chaperone CHAF1A, a factor previously implicated in the 
maintenance of silencing marks through S-phase. Repressive histone marks are coordinately lost after knockdown of 
either KMT1E or CHAF1A, confirming physical roles for these factors. Our current data suggest a model in which the 
silencing machinery is recruited to viral DNA to initiate and maintain a heterochromatic state.

This experimental system provides a robust approach to identifying epigenetic silencing factors. We have now employed 
a genome-wide siRNA screen to uncover novel silencing factors and networks in human cells.
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L28
Epigenetic regulation of the HIV promoter and approaches to persistent 
retroviral infection
D. M. Margolis
University of North Carolina, Chapel Hill, North Carolina, USA
Host and viral factors that regulate the expression of the human immunodeficiency virus type 1 (HIV-1) long terminal 
repeat (LTR) promoter have been studied since the recognition that HIV is the cause of the acquired immunodeficiency 
syndrome (AIDS). However, complex modifications of nucleosomes within chromatin, long recognized as an important 
mechanism of gene regulation, have been more recently recognized to contribute to the regulation of proviral expression. 
Histone modifications may alter the accessibility of DNA to specific activators or repressors, general transcription factors, 
and RNA polymerase, but also serve as platforms for the assembly of complexes that regulate gene expression.

Emerging of dynamic regulation of chromatin structure in the vicinity of the LTR promoter adds an additional level of 
complexity to the regulation of HIV expression. Current models suggest that the LTR shuttles rapidly between a highly 
transcriptional state, and one in which multiple obstacles impede efficient LTR expression. As current antiretroviral 
therapies appear to have reached clinical limit of effectiveness, persistent HIV infection consists largely of HIV proviral 
genomes in the quiescent state. A better understanding of the role of chromatin in the regulation of HIV expression could 
lead to much-needed therapies against this population of proviral genomes that are quiescent and persistent.

L29
CpG methylation and transcriptional suppression of endogenous retroviruses 
and retroviral vectors
J. Hejnar
Institute of Molecular Genetics, Academy of Sciences of the Czech Republic, Prague, Czech Republic
Epigenetic changes, i.e. DNA methylation and suppressive histone modifications, occur within retroviral promoter/
enhancer sequences in the process of transcriptional silencing. For example, Rous sarcoma virus integrated into the 
mammalian genome tends to be silenced and dense methylation of proviral DNA occurs concomitantly. In HIV-1-infected 
patients, the silent proviruses establish latent reservoirs and evade the host immune response. We show here that DNA 
methylation of HIV-1 LTR is a late event in this process not necessary for the initial transcriptional silencing but critical for 
the resistance of latent HIV-1 to reactivation stimuli.

Endogenous retroviruses and other LTR retrotransposons are efficiently silenced by epigentic marks and the expression 
profile correlates well with the methylation status of these endogenous loci.

LTR hypomethylation in various pathologies can lead to recognition and identification of those elements whose 
up-regulation is involved in pathogenicity. Exceptional cases of “domesticated” endogenous retroviruses, whose genes 
were adopted for cellular functions, display tight and tissue-specific regulation through epigenetic mechanisms. For 
example, transcription and correct splicing of ERVWE1 and ERVFRD loci, which encode functional and fusogenic 
envelope proteins, are restricted to the trophoblastic cells in human placenta, whereas in non-placental tissues their 
expression is suppressed.

Retroviral vectors used for the gene transfer and ultimately for gene therapy are exposed to the same down-regulatory 
mechanisms as the naturally occurring retroviruses. To ensure their long-term expression and therapeutic effect in most 
genomic locations, retroviral vectors can be equipped with anti-silencing signals and protected from epigenetic changes. 
We demonstrate this strategy on ASLV-based vectors modified in the 5´LTR by insertion of a CpG island core element. 
Clonal analysis of cells infected with this vector shows the protective capacity of this modification and defines the cellular 
DNA methyltransferases involved in ASLV silencing.

L30
Oncogenic mutations in PI3K: genetic and mechanistic considerations
P.K. Vogt, L. Zhao, J.R. Hart, M. Sun, P. Pavlickova, P. Hillmann, B. Hofmann, H. Jiang, M. Gymnopoulos
The Scripps Research Institute, Molecular and Experimental Medicine, La Jolla CA, USA
There are two principal mechanisms by which the cancer-specific hot spot mutations in PIK3CA, the gene encoding 
the catalytic subunit of PI3K, induce a gain of function. The helical domain mutations mimic activation by upstream receptor 
tyrosine kinase-initiated signals. The kinase domain mutation makes p110α independent of activation by Ras. This mutation 
also induces increased affinity of the enzyme for lipids which contributes to the enhanced kinase activity. The helical domain 
mutations of p110α are mirrored by the glioblastoma-derived mutations in PIK3R1, the gene encoding the regulatory 
subunit p85α of PI3K. The p85α mutations are clustered in the inter-SH2 domain of the protein. That domain is involved in 
an inhibitory interaction with p110α which is relieved by the mutations. In addition to the hot-spot mutations in p110α and the 
glioblastoma-derived mutations in p85α, there are numerous other naturally occurring and engineered mutations in p110 
and in p85. The effect of these mutations on PI3K signaling begins to shed light on oncogenic mechanisms.

This work was supported by grants from the National Cancer Institute.
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L31
Transmissible cancer cells
Weiss R.
Division of Infection & Immunity, University College London, UK
Background. When Peyton Rous transmitted his sarcoma between chickens in 1910, the best known model for 
experimental tumor passage was Sticker’s sarcoma of dogs. Also called canine venereal transmissible tumor (CTVT), 
this tumor was first described by Mstislav Novinsky in 1876. CTVT occurs naturally in many breeds of dog worldwide.

Objective. To determine the nature of the transmissible agent of CTVT.

Methods and Results. We have analysed CTVT using forensic DNA markers and have shown that the transmissible 
agent is not an oncogenic virus but is the tumor cell itself. The global spread of this tumor has resulted from the 
natural escape from the originally affected animal (probably a gray wolf) over 1000 years ago. Thus CTVT is by far 
the oldest known mammalian somatic cell clone and deep sequencing reveals multiple mutations and chromosome 
rearrangements. Recently another transmissible tumor has emerged in Tasmanian devils, which now threatens 
the survival of this endangered marsupial.

Conclusion. These parasitic cancers are providing intriguing models for evasion of immune rejection and for serial 
genetic changes in the tumor lineage.

L32
Avian leukosis virus oncogenesis involves integrations that activate oncogenes, 
microRNA-155, and TERT
K. Beemon, M. Bolisetty
Johns Hopkins University, Biology, BALTIMORE MD, USA
Avian leukosis viruses (ALV) induce clonal tumors in chickens by insertional mutagenesis, involving activation of 
oncogenes by viral promoters or enhancers. Viruses bearing mutations in a Negative Regulator of Splicing (NRS) 
sequence within gag lead to much earlier induction of B-cell lymphomas than wild type ALV. In these tumors, the provirus 
is often integrated in the myb locus, and a slightly truncated Myb is expressed from a spliced viral read-through construct. 
We have also observed many common integration sites in the telomerase reverse transcriptase (TERT) locus, in which 
the provirus is inserted in the TERT promoter/enhancer region in the opposite orientation. This suggests that TERT over-
expression is an early event in B-cell lymphoma induction, contrary to current models. ALV is not typically integrated 
into tumor suppressor genes in tumor cells. However, its activation of oncogenic microRNAs, such as miR-155 from the 
bic locus, may lead to repression of tumor suppressors. We have shown that expression of miR-155 is anti-apoptotic 
in CEFs infected with subgroup B ALVs. We have also described repression of JARID2 (Jumonji) by miR-155. JARID2 
over-expression leads to decreased cell proliferation; it can also promote retinoblastoma protein activity. Recently, 
JARID2 has been shown in many labs to regulate H3K27me3 methylation, through interactions with Polycomb group 
proteins, and to be necessary for differentiation of stem cells.

L33
Cell-free HTLV-1-infection of plasmacytoid and myeloid dendritic cells in vitro: 
pathogenic considerations of in vivo infection of dendritic cells
F. Ruscetti1, C. Petrow-Sadowski2, J. Janik3, Y. Huang1, D. Bertolette1, J. Morris3, T. Waldmann3, K. Jones2

1 Cancer and Inflammation Program, NCI-Frederick, Frederick, USA
2 Basic Science Program, SAIC-Frederick, Frederick, USA
3 Metabolism Branch, NCI, NIH, Bethesda, USA
In the last decade, it has become clear that many enveloped viruses including retroviruses use dendritic cells for rapid 
infection in the host. Cell-freevirions of Human T-lymphotropic virus type I (HTLV-1), the causative agent of acute 
T-cell leukemia (ATL), are poorly infectious in vitro for their primary target cells, CD4+ T cells. HTLV-1 can efficiently 
infect plasmacytoid dendritic cells (pDC) and myeloid dendritic cells (myDC) (Jones et al., Nat Med, 2008). Moreover, 
both types of DC exposed to HTLV-1, both prior to and after being productively infected, can rapidly, efficiently and 
reproducibly transfer virus to autologous primary CD4+ T cells. These primary T cells become chronically infected and 
generate interleukin-2-independent transformed cells. Both cell free and cell associated HTLV-1 infection used the same 
cell surface for viral entry. These studies indicated that DC play a central role in HTLV-1 transmission, dissemination and 
persistence in vivo.

Here, we show that pDC are infected with HTLV-1 in individuals with ATL. We have isolated pDC and malignant ATL cells 
from the peripheral blood of 12 patients with ATL and examined them for evidence of HTLV-1 infection. Characterization 
of HTLV-1 viral load by real-time PCR revealed that the proviral copy number in pDC was equal to or higher than that of 
CD4+ T cells isolated from the same individual, ranging from 14-32 copies/100 cells. Previous studies have demonstrated 
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that primary ATL cells express low or undetectable levels of HTLV-1 immediately after isolation, and that virus can be 
induced by in vitro culture. In the current study, we observed that this was true for pDC isolated from ATL patients as 
well: MA and Tax could not be detected immediately after isolation, but were expressed at high levels in the pDC within 
48 hours

In addition to altering the current paradigm concerning how HTLV-1 transmission occurs, these studies suggest that 
HTLV-1 infection of DC could explain the immuno-suppression associated with ATL. Consistent with this notion, it has 
previously been reported that pDCs from asymptomatic carriers are impaired in their ability to produce type I interferon 
and we have recently observed that this is true for pDC infected in vitro as well. Thus, pDC are an in vivo reservoir for 
HTLV-1 with implications for pathogenesis and therapy

L34
HIV 1 acquisition: SIV and SHIV models of acute primate lentivirus infections 
in macaque monkeys
M. Martin
National Institute of Health, National Institute of Allergy and Infectious Diseases, Bethesda MD, USA
Critical events occurring during the acute phase of HIV-1 infections affect virus acquisition and are logistically difficult 
to investigate in exposed individuals. We have used macaque models in conjunction with pathogenic SIVs and SHIVs 
to study the dynamics of virus replication and CD4+ T lymphocyte loss during the primary infection. The immediate cells 
targeted, their activation state, the kinetics of virus dissemination systemically, and the establishment of virus reservoirs 
will be discussed. Experiments assessing the control of acute SIV/SHIV infections, which show that the “window of 
opportunity” for intervention is extraordinarily short, will be presented. The role of recombination in vivo in accelerating 
the disease course in infected animals will also be described.

L35
Adaptive immune responses to friend virus infection in mice
K. J. Hasenkrug
Rocky Mountain Laboratories, NIAID, NIH, Hamilton, USA
Complex immune responses are required for natural recovery from Friend virus infection and for vaccine protection 
as well. The nature of these immune responses and some of the genetic factors controlling them will be discussed. 
In mice that mount strong natural immune responses to Friend virus infection, disease is resolved but infection remains 
persistent and can reactivate to later cause leukemia. Immune mechanisms of the control of chronic infections will also 
be discussed.

L36
The role of innate antiviral response in HIV-1 infection
P.M. Pitha1, A. Okumura2

1 Johns Hopkins University, Department of Biology, Baltimore, MD, USA
2 University of Pennsylavania, Pathobiology, Philadelphia, USA
The innate immune response has developed as a rapid and regulated defense mechanism in which the recognition of an 
invading pathogenic organism induces multiple signaling pathways, leading to the activation of transcription factors that 
control the expression of a diverse set of genes involved in the coordination of the immune responses. Antiviral cytokines 
(interferons-IFN), activated as an early response to infection, play an important role both in the outcome of the viral 
infection and in its virulence.

The activation of the a transcripton factor IRF-3 is critical for the initiation of the antiviral response; however the early 
steps of HIV-1 infection do not lead to the activation and nuclear translocation of IRF-3; instead, the relative levels of 
IRF-3 protein are decreased due to the ubiquitin associated proteosome degradation. The degradation is independent 
of HIV-1 replication and virion associated accessory proteins Vif and Vpr can independently degrade IRF-3. The null 
mutation of these two genes reduced the capacity of the HIV-1 virus to down modulate IRF-3 levels. The degradation 
was associated with Vif and Vpr mediated ubiquitination of IRF-3 and the N-terminal lysine residues were shown to play 
a critical role in the Vif- and Vpr-mediated degradation of IRF-3. These data implicate Vif and Vpr in the disruption of the 
initial antiviral response and point to the need of HIV-1 to circumvent the antiviral response during the very early phase 
of replication.

Type I IFN plays an important role in the attenuation of HIV-1 infection. Interferon enhances expression of cellular 
proteins that play important role in the intrinsic anti HIV-1 activity Thus expression of cytidine deaminase APOBEC3G, 
and Trim5, which show a potent anti HIV-1 activity is enhanced by Type I IFN. IFN was also found to inhibit assembly and 
release of HIV-1 virions. IFN enhances expression of plasma membrane proteins Bs-2 that traps the HIV-1 virions on the 
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plasma membrane and inhibits their release, while IFN induced ubiquitin like protein ISG15 inhibits assembly and release 
of HIV-1 virions, by inhibition of Gag and Tsg101 ubiquitination and disruption of the interaction of the Gag L domain with 
Tsg101.These data indicate that the innate antiviral response targets the cellular endosomal trafficking pathway used by 
HIV-1 to exit the cell as well as the final release of the virions from the membrane of infected cell.

L37
Rational design of envelope surface identifies broadly neutralizing human 
monoclonal antibodies to HIV-1
X. Wu,1* Z-Y. Yang,1* Y. Li,1* C-M. Hogerkorp,1 W. Schief,4 M. S. Seaman,5 T. Zhou,1 S. D. Schmidt,1 L. Wu,1 L. Xu,1 
N. Longo,1 K. McKee,1 S. O’Dell,1 M. K. Louder,1 D. Wycuff,1 Y. Feng,1 M. Nason,2 N. Doria-Rose,3 M. Connors,3 
P. D. Kwong,1 M. Roederer,1 R. T. Wyatt,1 J. R. Mascola1† and G. J. Nabel1†

1 Vaccine Research Center
2 Biostatistics Research Branch, Division of Clinical Research
3 Laboratory of Immunoregulation, National Institute of Allergy and Infectious Diseases, National Institutes of Health, 

Bethesda, USA
4 Department of Biochemistry, University of Washington, Seattle, USA
5 Beth Israel Deaconess Medical Center, Harvard Medical School, Boston, USA
Advances in our basic scientific understanding of the immune system and mechanisms of HIV pathogenesis have 
provided the tools to rationally design an effective vaccine for AIDS. Cross-reactive neutralizing antibodies (NAb) 
are found in the sera of many HIV-1 infected subjects, but the virologic basis of their neutralization remains poorly 
understood. We have used knowledge of HIV-1 Envelope (Env) structure to developed antigenically resurfaced 
glycoproteins specific for the structurally conserved site of CD4 receptor binding. These probes identified sera with 
such NAbs from infected donors and enabled the isolation of B cells that recognized the CD4-binding site (CD4bs). 
By expressing immunoglobulin genes from individual B cells, we identified three monoclonal antibodies, including a pair 
of somatic variants that neutralized over 90% of circulating HIV-1 isolates. Exceptionally broad HIV-1 neutralization 
can be achieved with individual antibodies targeted to the functionally conserved CD4bs of gp120, an insight critical to 
the development of an AIDS vaccine.

In other studies, we have continued to study basic mechanisms of pathogenesis of HIV and have recently made progress 
in defining the molecular basis for CD4 cell killing/depletion by HIV. The status of the rational immunogen design and 
novel therapeutic interventions that prevent HIV infection will be discussed.

L38
Overcoming, or circumventing, the barriers to an AIDS vaccine
R. C. Desrosiers
Harvard Medical School, New England Primate Research Center, Southborough, USA
The characteristics of HIV-1 infection and gaps in our knowledge make development of an effective AIDS vaccine 
extremely problematic. Obstacles include: the natural immune response to HIV does not prevent continuous viral 
replication; infection with one strain of HIV-1 does not routinely protect against superinfection by a different strain 
of HIV-1; the enormous extent of sequence variability among field strains of HIV-1; we do not know what constitutes 
a protective immune response. My laboratory is working on several avenues of investigation that are directed to 
overcoming some of these obstacles. We are working with R. Paul Johnson and David Evans in a HIVRAD program 
project grant to try to understand the key components of a protective immune response using live attenuated nef-deleted 
SIV. We are also using replication-competent, recombinant, persisting herpesviruses to see if the persisting immune 
responses that are engendered can match, or come close to matching, live attenuated SIV for the degree of protective 
efficacy against challenge by homologous WT SIV. Finally, we are pursuing an alternate approach that is intended to 
circumvent rather than overcome the obstacles: namely, use of viral vectors to deliver stable levels of potent broadly-
neutralizing antibodies.

L39
Prospects of anti-HIV therapy
E. De Clercq
Rega Institute for Medical Research, Department of Microbiology and Immunology, Leuven, Belgium
At present 25 compounds have been formally approved for anti-HIV therapy: the nucleoside reverse transcriptase 
inhibitors (NRTIs) zidovudine, didanosine, zalcitabine, stavudine, lamivudine, abacavir, and emtricitabine; the nucleotide 
reverse transcriptase inhibitor (NtRTI) tenofovir disoproxil fumarate (TDF); the non-nucleoside reverse transcriptase 
inhibitors (NNRTIs) nevirapine, delavirdine, efavirenz, and etravirine; the protease inhibitors (PIs) saquinavir, ritonavir, 
indinavir, nelfinavir, amprenavir, lopinavir, atazanavir, fosamprenavir, tipranavir, and darunavir; the fusion inhibitor 



27I N S T I T U T E  O F  M O L E C U L A R  G E N E T I C S ,  P R A G U E ,  C Z E C H  R E P U B L I C

enfuvirtide; the co-receptor inhibitor (CRI) maraviroc; and the integrase inhibitor (INI) raltegravir. At least three new 
compounds, the NNRTI rilpivirine, the CRI vicriviroc, and the INI elvitegravir, may soon be added to this list. These 
compounds should be administered in combination, so as to achieve the highest possible benefit, thereby minimizing 
the individual drug dosage levels (and therewith associated toxicity) and reducing the risk for drug resistance 
development. The only anti-HIV drug combination available nowadays as a single daily pill is Atripla®, consisting of 
300 mg TDF, 200 mg emtricitabine and 600 mg efavirenz. New single daily pill treatment regimens may be based on 
the combination of TDF and emtricitabine with either rilpivirine or elvitegravir (plus a booster thereof, GS-9350). The 
cornerstone in these fixed-dose drug combination regimens is TDF, the compound that originated from Prague, thanks to 
the pioneering work of Antonin Holý.

L40
Exploiting coinfecting microbes to suppress HIV-1 infection
L. Margolis
Eunice Kennedy-Shriver National Institute of Child Health and Human Development, (NICHD),  
National Institutes of Health, USA
Critical events in HIV disease occur in tissues which are often coinfected with other viruses. These viruses affect HIV 
infection. Deciphering mechanisms of their effects is important both for the basic knowledge of HIV pathogenesis and 
for developing new anti-HIV therapies. We investigated the mechanisms of these interactions in human tissues and on 
a way to intervene in them. To simulate HIV interactions with other viruses in vivo we developed a system of ex vivo 
human tissues (tonsillar, lymph node, gastro-intestinal and cervico-vaginal). Tissues were infected ex vivo with HIV-1 and 
other viruses and their replication was monitored.

Also, HIV interactions with other viruses in this system were mimicked by TLR ligands.

Various herpesviruses affect HIV replication in coinfected tissues and are affected by HIV. In particular some 
herpesviruses (e.g., CMV) replicate more efficiently in HIV-infected tissues. This effect is mediated, in part, by 
HIV-induced activation of infected and bystander T-cells in which CMV replicates more efficiently. Both HIV and 
herpesviruses trigger release of chemokines that modulate viral replication. Also, the effect of herpesviruses on HIV-1 is 
possibly mediated by their interactions with TLRs as TLR ligands affect HIV replication. These effects depend on the TLR 
and on the HIV-1 coreceptor tropism. Finally, the activity of herpesviruses can be used to generate anti-HIV compounds 
locally, as acyclovir phosphorylated by herpesviruses‘ kinases suppresses HIV replication in coinfected tissues. In 
conclusion, interactions between HIV and other viruses can be exploited and mimicked to develop new anti-HIV-1 
strategies.

L41
HIV suicide through viral RNase H
K. Moelling, J. Heinrich
University of Zurich, Gloriastr.32, CH 8006 Zurich, Switzerland
We identified the RNase H of retroviruses and HIV as an essential enzyme for retroviral replication. It is specific for 
cleavage of RNA in RNA-DNA hybrids and required for removal of the viral RNA genome during DNA synthesis (1,2). 
It is the only retroviral enzyme not yet targeted for by antiretroviral therapy. RT and RNase H resemble PAZ and PIWI 
for siRNA silencing (3). We are driving HIV into suicide by short dsDNA, which leads to anRNA-DNA substrate for the 
RNase H and cleavage of the RNA. This renders the particles non-infectious including HIV from patients and multi-drug-
resistant strains (4-6). In a mouse with the oncogenic Spleen Focus Forming Virus, SFFV, intravenous treatment reduced 
the virus load, disease progression or completely prevented infection (7). We also reduced the viral load in the blood of 
30 primary patients’ isolates by ex vivo treatment in more than 30% by 1000fold (8). Also the viral load in a mouse vagina 
can be significantly reduced (9). HuSCID mice are under study. The approach may prevent HIV infection during sexual or 
mother-to-child transmission or against multidrug-resistant viruses.

Also other viruses and cancer cells can be treated by activation cellular RNases H.
(1,2) Moelling et al., Nature (1971), EMBO (1988)
(3) CSH Symp.71 (2006);
(4,5) Jendis et al., ARHR(1996, 98);
(6) Matskevich et al., ARHR(2006); 
(7) Matzen et al., Nature Biotechnology (2007) 
(8) Heinrich et al J AIDS (2008), 
(9) Widmer et al Antiviral Res (2009 
(10) Noreen et al Oligonucleotides (2009).
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L42
A novel antiviral strategy of stimulating integrase‘s nonspecific nuclease 
activity to damage retroviral DNA
M. Katzman1, M. Sudol2, M. Tran3, J. Fritz3, G. Robertson3, V. Pirrone4, K. Lozenski4, F. Krebs4

1 Penn State College of Medicine/Hershey Medical Center, Medicine and Microbiology/Immunology, Hershey, USA
2 Penn State College of Medicine/Hershey Medical Center, Medicine, Hershey, USA
3 Penn State College of Medicine/Hershey Medical Center, Pharmacology, Hershey, USA
4 Drexel University College of Medicine, Microbiology and Immunology, Philadelphia, USA
In addition to activities needed to catalyze integration, retroviral integrases have a nonspecific endonuclease activity 
(J Virol 70:2598, 1996) that is enhanced by certain small compounds (J Biol Chem276:114, 2001). These facts suggest 
a novel antiviral strategy in which integrase is stimulated to damage viral DNA before integration occurs (with any 
damage to cellular DNA being limited to cells that had just been entered by the virus and thus also blocking infection). In 
fact, we have found that noncytotoxic concentrations of some integrase stimulator (IS) compounds inhibit the replication 
of Rous sarcoma virus and human immunodeficiency virus. To identify additional IS compounds that induce integrase 
to nick DNA nonspecifically, we obtained support from the NIH Microbicide Innovation Program (R21AI075929) and 
developed a nonradioactive assay that is suitable for high-throughput chemical screening (Anal Biochem 396:223, 2010). 
The assay uses a 49-mer oligonucleotide that is 5‘-labeled with a fluorophore, 3‘-tagged with a quencher, and designed 
to form a hairpin that mimics the radioactive double-stranded substrates in gel-based nicking assays. Reactions 
are conducted in 384-well plates, then analyzed on a real-time PCR machine after a single heat denaturation and 
subsequent cooling to a point between the melting temperatures of unnicked substrate and nicked products (no cycling 
is required). Under these conditions, unnicked DNA reforms the hairpin and quenches fluorescence, whereas completely 
nicked DNA yields a large signal. The assay was linear with time, stimulator concentration, and amount of integrase, 
and 20% concentrations of dimethylsulfoxide (the solvent for many chemical libraries) did not interfere with the results; 
it also had an excellent Z‘-factor and reliably detected known IS compounds. We are currently using this assay to screen 
a library of 50,000 drug-like chemicals to identify additional IS compounds for the novel antiviral strategy of stimulating 
integrase to destroy retroviral DNA.

L43
HIV-1 integrase: Concerted DNA integration and identification of a new major 
integrase-raltegravir-single DNA complex
D. Grandgenett, S. Bera, K. Pandey, A. Vora

Saint Louis University, Institute for Molecular Virology, St. Louis, USAIntegration of HIV-1 DNA into chromosomes by 
the viral integrase (IN) is essential for virus replication. After reverse transcription, a cytoplasmic preintegration complex 
is formed wherein IN processes two nucleotides from the 3’ OH blunt-ends of linear cDNA. Upon nuclear transport, 
IN inserts the two recessed cDNA ends into chromosomes via a concerted integration mechanism. IN juxtaposes two 
viral DNA ends forming the synaptic complex (SC), an intermediate in the concerted integration pathway in vitro. SC 
is inactivated by strand transfer inhibitors (STI) with an IC50 value of ~25 nM for inhibition of concerted integration. We 
detected a new major IN-single viral DNA-inhibitor complex on native agarose above 200 nM STI, termed inhibitor-single 
DNA (ISD) complex. IN dimers in the complex specifically bound to ~30 bp on U5 and U3 DNA ends. With Raltegravir, 
MK-2048, and diketo acid L-841,411, ~25 to 40% of the input DNA substrate was incorporated into the ISD complex. 
Formation of ISD varied with time, temperature, and inhibitor concentration. Most of the other seven STI investigated, 
including Elvitegravir, weakly produced ISD (≤ 5% of input DNA). Raltegravir-resistant IN mutant N155H weakly 
formed the ISD complex with Raltegravir at ~25% level of wt IN which correlates with the observed ~3-fold increase in 
the IC50 value for inhibition of concerted integration. In contrast, MK-2048 produced ~2.5 to 3-fold more ISD complex 
with IN mutant N155H than Raltegravir. The IC50 values for MK-2048 with wt IN and N155H are identical for inhibition 
of concerted integration. The ISD complex may be valuable in the biochemical evaluation of newly identified STI, 
investigating drug-resistant IN mutants, and atomic structural analysis.
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Action at the Cell Surface

P01
Functional and sequence variants of the XPR1 receptor for mouse xenotropic 
gammaretroviruses
Y. Yan1, Q. Liu1, C. Martin1, K. Wollenberg2, C.A. Kozak1

1 National Institute of Allergy and Infectious Diseases, Laboratory of Molecular Microbiology, Bethesda MD, USA
2 National Institute of Allergy and Infectious Diseases, Bioinformatics and Computational Biosciences Branch Office 

of Cyber Infrastructure and Computational Biology, Bethesda MD, USA
The evolutionary interactions between retroviruses and their receptors result in the appearance of novel viral envelope 
variants and host restrictions on entry. The mouse xenotropic/polytropic (X/P-MuLV) gammaretroviruses rely on the 
XPR1 cell surface receptor for entry into host cells, and polymorphic variants of this receptor have been identified in 
different rodent species. We used a panel of 7 X/P-MuLVs with 6 distinct tropisms in rodent cells to screen for infectivity 
on cells of mammals carrying sequence variants of XPR1. The X/P-MuLVs were tested in a single round infectivity assay 
and included 2 X-MuLVs, 2 P-MuLVs, 2 wild mouse isolates and XMRV, an X-MuLV-like virus that has been found in 
human prostate cancers and patients with chronic fatigue syndrome. We identified 11 tropisms defined by resistance 
to different combinations of these viruses. Most resistance patterns were recapitulated in hamster or mouse cells 
expressing cloned XPR1 genes, and sequence comparisons and mutational analysis identified residues critical for entry. 
We also show that XPR1 is under positive selection in rodents, and that one of the two residues under strong selection is 
critical for virus entry. We describe the distribution of the 4 known functional variants of mouse XPR1 in Mus species and 
identify a novel 5th XPR1 variant that is highly restrictive and has a widespread distribution in Eurasian mice that harbor 
X-MuLVs. These gammaretroviruses and their XPR1 receptor are thus highly functionally polymorphic, a consequence of 
the evolutionary pressures that favor both host resistance and virus escape mutants. This variation accounts for multiple 
naturally occurring virus resistance phenotypes and perhaps contributes to the widespread distribution of these viruses in 
rodent and non-rodent species.

P02
HTLV-I p8 protein promotes viral transmission via tunneling nanotubules
N. Van Prooyen1, H. Gold1, A. Vibeke2, O. Schwartz3, S. Lockett4, P. Gudla4, G. Franchini5
1 Johns Hopkins University, Baltimore, USA
2 NIH-NCI, Vaccine Branch, Bethesda, USA
3 NIH-NIAID, Biological Imaging, Bethesda, USA
4 NIH-NIC, Image Analysis Lab, Fredrick, USA
5 NIH-NIC, Vaccine Branch, Bethesda, USA
Human T-cell leukemia/lymphoma virus Type I (HTLV-1) causes a persistent infection in T-cells that can culminate with 
leukemia. HTLV-1 is transmitted through a cell-cell contact upon the formation of the virological synapse. However, 
the nature of the intercellular connections in HTLV-1 transmission remains unknown. HTLV-1 encodes a 12kD (p12) 
protein that increases T-cell proliferation and the truncated form, p8, that induces T-cell anergy. Here we reconcile 
this apparent paradox and found that the p8 increases T-cells contact and the number and length of Tunneling Nano-
Tubules (TNT), cellular conduits that establish a physical communication network among dendritic cells and T-cells, both 
targets of HTLV-I infection. Strikingly, p8 is rapidly transferred to neighboring cells through direct cell-cell contacts and 
TNT, which may prime surrounding T-cells for viral acquisition. The increase of cell-cell contact is explained in part by 
the clustering of LFA-1 adhesion molecule on the cell surface. Quantitative analysis revealed HTLV-1 p8 significantly 
increases transmission of the HTLV-1 virus to neighboring cells. The core (Gag) and Envelope proteins of HTLV-I and p8 
were visualized in the TNTs by confocal microscopy and live imaging. Electron microscopy demonstrated virus particles 
are associated with TNT formed following p8 expression. The ability of p8 to simultaneously induce T-cell anergy and 
cluster T-cells by TNT formation represents a novel and elegant example of virus adaptation in an immune competent 
host. This model identifies a novel viral target for intervention in HTLV-I infection.

Poster Presentations
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P03
Polymorphisms in ASLV receptor loci determine the decreased susceptibility to 
the virus infection and virus-induced tumorigenesis
J. Plachý1, M. Reinišová1, V. Stepanets1, K. Trejbalová1, J. Geryk1, J. Svoboda, M.J. Federspiel2, J. Hejnar1

1 Institute of Molecular Genetics, Academy of Sciences of the Czech Republic, Prague, Czech Republic
2 Molecular Medicine Program, Mayo Clinic College of Medicine, Rochester, MN, USA
Retrovirus infection begins with the interaction of the retroviral envelope glycoproteins with specific cell surface proteins that 
act as receptors. A proper envelope–receptor interaction initiates conformational changes in the viral surface glycoproteins 
that ultimately result in the fusion of viral and cellular membranes and entry of the viral core. The avian sarcoma and 
leukosis virus (ASLV) family of retroviruses contains five highly related envelope subgroups (A to E) thought to have 
evolved in the chicken population from a common viral ancestor. There are three genetic loci in chickens, tva, tvb, and 
tvc, that determine the susceptibility or resistance of cells to infection by the subgroup A to E ASLVs. Susceptibility to 
subgroups B, D, and E ASLVs is determined by the single tvb locus. The normal functions and ligands of the Tva, Tvb, and 
Tvc proteins in birds are unknown despite their clear relationship with the proteins of low-density lipoprotein receptor family, 
tumor necrosis factor receptor (TNFR) family, and mammalian butyrophilin family.
In inbred lines of chicken as well as in a captive population of red jungle fowl (Gallus gallus murghi), we have detected 
numerous genetic defects in all three receptor loci encoding altered receptor proteins and accounting for altered susceptibility 
to ASLVs. We describe here several mutant alleles of ASLV receptor loci and correlate the molecular defects with their 
decreased binding affinities, semi-resistant phenotypes, and low efficiency of ASLV-mediated tumorigenesis.
We hypothesize that such mutations, which reduce but do not eliminate the binding affinity of the mutant receptor for viral 
glycoproteins and keep the ability to interact with normal ligand(s), are common in host populations. This polymorphism in 
ASLV receptors might have provided a positive selective advantage in chicken populations.

Identification of Essential Host Cell Factors

P04
Serine residues in HIV-1 p6 are phosphorylated by PKC and regulate viral core 
assembly
F. Hahn1, J. Votteler1, L. Neumann1, S. Hahn1, K. Schmidt1, P. Rauch1, P. Henklein2, D. Ott3, N. Bannert4, U. Schubert1

1 Universitätsklinikum, Virologisches Institut, Erlangen, Germany
2 Institute of Biochemistry, Humboldt University, Berlin, Germany
3 National Cancer Institute, SAIC-Frederick Inc., Frederick, USA
4 Robert Koch-Institute, Elektronenmikroskopie, Berlin, Germany
The C-terminal p6 region of HIV-1 Gag facilitates virus egress by recruiting cellular factors to the budding sites, 
a multistep process that is regulated by the function of the two late (L-) assembly domains in p6. Previously, p6 has 
been characterized as the major phosphoprotein in HIV-1 particles. The MAP (mitogen-activated protein) kinase ERK-2 
(extracellular signal-regulated kinase-2) was shown to phosphorylate p6 at Thr-23, which was suggested to regulate 
to the L-domain function. We found that p6 is also modified by protein kinase C (PKC) in positions Ser-14, 25, and 40. 
Mutational analysis of these serines in HIV-1NL4-3 resulted in a impaired replication of Ser-40 mutant in T-cell lines and 
ex vivo cultivated human tonsillary tissue, while mutation of all three PKC-sites resulted in a total loss of the replication 
capacity. Intriguingly mutation PKC-sites does not affect virus release, while in contrast, mutation of Ser-40 and, more 
pronounced, of all PKC sites decreased infectivity of produced virions. It was further observed that the efficiency in final 
processing of capsid (CA) from p25 to p24 was dependent on the integrity of the PKC sites. This defect in CA processing 
finally led to an irregular morphology of the virus core and the formation of an electron dense extra core structure. 
Altogether these findings indicate a novel role of p6 that apart from L-domain mediated virus release, supports CA 
processing in a probably PKC dependent manner.

P05
A novel Gag-interacting factor, PDZD8, promotes retroviral infection
M.S. Henning1, D.S. Barry1, S.G. Morham2, S.P. Goff3, M.H. Naghavi1
1 University College Dublin, Centre for Research in Infectious Diseases, Belfield, Ireland
2 Myriad Pharmaceuticals Inc, Salt Lake City, Utah, USA
3 Columbia University, Department of Biochemistry and Molecular Biophysics, New York New York, USA
As human immunodeficiency virus type 1 (HIV-1) Gag plays a fundamental role in multiple stages of the viral life cycle 
we performed a yeast two-hybrid screen to identify cellular factors that could interact with HIV-1 Gag and isolated 
PDZD8. Although the biological function of PDZD8 is poorly understood, this protein belongs to a group of many 
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membrane associated proteins containing PDZ modular protein interaction domains, which have been shown to mediate 
assembly of multi-protein complexes involved in intracellular signaling events such as cytoskeletal organization and 
protein trafficking. We further confirmed the PDZD8-Gag interaction in a human microglia (CHME3) cell line stably 
overexpressing PDZD8 via co-immunoprecipitation. To test whether PDZD8 had any functional significance in viral 
replication, we challenged these cells with genetically marked retroviruses and found that PDZD8 overexpression 
increased HIV-1 infection. In agreement with this finding, underexpression of endogenous levels of PDZD8 via transient 
short-interfering RNA (siRNA) knockdown confirmed this pattern with a decrease in pseudotyped HIV-1 infection. 
Examination of viral DNA synthesis in CHME3 cells showed that PDZD8 overexpression promoted the initiation of 
reverse transcription, detected as a significant increase in the levels of the first detectable viral DNA. This early effect 
imposed by PDZD8 was found to be independent of the route of viral entry as PDZD8 overexpression also promoted 
infection by HIV-1 viruses pseudotyped with envelope proteins that enter the cell by various means (endocytosis or 
membrane fusion). Since PDZ domain-containing proteins have been shown to play a role in infection by several 
retroviruses we also tested the susceptibility of PDZD8 overexpressing CHME3 cells to infection by pseudotyped simian 
immunodeficiency virus and murine leukemia viruses, and found similar results. Taken together, our data identifies 
PDZD8 as a novel cellular factor that associates with the HIV-1 Gag protein and plays a positive role in the early 
post-entry events of the retroviral life cycle.

P06
The ESCRT-0 component HRS is required for HIV-1 Vpu-mediated BST2/Tetherin 
down-regulation
K. Janvier1, A. Pelchen–Matthews2, J.B. Renaud1, M. Caillet1, M. Marsh2, C. Berlioz-Torrent1

1 Institut Cochin, INSERM U1016 Université Paris Descartes CNRS (UMR 8104), Paris, France
2 MRC Laboratory for Molecular Cell Biology University College London, Cell Biology Unit, London, United Kingdom
The bone marrow stromal antigen 2 (BST2 also called CD317/HM1.24/tetherin) has been recently identified as a cellular 
restriction factor that impedes the release of fully assembled HIV-1 particles by physically tethering them to the plasma 
membrane of the producing cells. This restriction is counteracted by the accessory protein Vpu of HIV-1, which down-
regulates BST2 cell surface expression and targets the protein for degradation. The ubiquitin pathway as well as 
the integrity of the endosomal/lysosomal pathway were shown to be required for Vpu’s induced BST2 degradation, 
however the exact mechanisms leading to down-regulation of BST2 from the cell surface are not elucidated. Sorting of 
ubiquitylated proteins to lysosomes involves a family of proteins: the ESCRT (Endosomal Sorting Complexes Required 
for Transport) machinery, which sorts ubiquitylated target proteins to the multivesicular bodies (MVB) prior to delivery 
to lysosomes. Here, using siRNA transfection approach, we show that BST2 is sorted by the ESCRT machinery for 
lysosomal degradation. Furthermore, we demonstrated that the HRS protein of ESCRT-0, which plays a key role in the 
MVB formation and the recognition of the cargoes designed for degradation, promotes efficient release of HIV-1 particles 
and is required for Vpu-induced cell surface down-regulation and degradation of BST2. Alteration of HIV-1 release 
upon depletion of HRS did not result from a defect of Gag ability to recruit TSG101, a component of ESCRT-I required 
for the budding of HIV-1 particles. Depletion of HRS induced an accumulation of viral particles in extracellular clusters 
connected to the cell surface of the producer cells and in enlarged intracellular vacuoles, reminiscent of the phenotype 
observed upon infection of restrictive cells with Vpu-defective HIV-1. Our data suggest that Vpu’s antagonist action 
on BST2 involves the recognition of the restriction factor by the ESCRT machinery and its subsequent targeting to the 
MVB pathway en route for lysosomal degradation. Our results highlight an additional role for an ESCRT component, the 
protein HRS, in HIV–1 morphogenesis and provide further understanding of the mechanism by which Vpu counteracts 
the host cell restriction factor BST2 to favour HIV-1 dissemination.

P07
Functional analysis of potential phosphorylation sites in the p6 domain of HIV-1 
Gag
I. Morales1, B. Müller1, H.G. Kräusslich1

1 University Hospital Heidelberg, Infectious Diseases, Heidelberg, Germany
Retroviruses rely on host factors for many aspects of their replication cycle, including transcription of the integrated 
provirus, translation of viral mRNAs and posttranslational modifications of viral proteins. Phosphorylation is a major 
cellular posttranslational protein modification used by a number of enveloped viruses, playing an important role in their 
infectivity, uncoating, transcription, and replication processes.
There is evidence that several Human Immunodeficiency Virus type 1 (HIV-1) proteins, including structural and accessory 
proteins are phosphorylated. Previous studies conducted in our group identified the late domain-containing p6Gag protein 
of HIV-1 as the major phosphoprotein within purified HIV-1 virions. Moreover, p6 was observed to be phosphorylated 
at serine, threonine, and tyrosine residues in infected cells and finally, p6 was found to serve as a substrate for virion-
associated kinases. The current study aims to dissect the functional role of p6 phosphorylation during the different 
stages of the HIV-1 replication cycle. We are carrying out mutational analysis of predicted phosphorylation sites within 
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the p6Gag domain and testing their effect on HIV-1 release and infectivity. Our data indicates that single point mutations 
of a selected set of conserved serine and threonine residues do not seem to be essential for virus release and infectivity. 
This includes Thr23 of p6 which had been shown to be phosphorylated by Erk2 and had been reported to be functionally 
important for production of infectious HIV-1. We are currently extending this study to simultaneously test several 
predicted phosphorylation sites and to identify cumulative effects. Results will be presented.

P08
hRAD51 regulates the retroviral integration: new concept for inhibiting HIV-1 
infection
S. Desfarges1, O. Cosnefroy2, P. Lesbats2, E. Lecam3, P. Connell4, P. Sung5, M.L. Andreola2, V. Parissi2
1 Institute of Microbiology (IMUL), University Hospital Center and University of Lausanne, Lausanne, Switzerland
2 CNRS, UMR5234, Bordeaux, France
3 Laboratoire de Microscopie Cellulaire et Moléculaire, UMR8126 IGR, Villejuif, France
4 Department of Radiation and Cellular Oncology, University of Chicago, Chicago, USA
5 Department of Molecular Biophysics and Biochemistry, Yale University School of Medicine, Yale, USA
DNA double strand beaks arise during the normal life of the cell. In Eukaryotes, these deleterious events are repaired 
by homologous recombination (HR) and by non-homologous end-joining (NHEJ). Retroviral integration constitutes 
mutagenic events involving chromosmosic DNA cuts that involve the cellular DNA repair machinery for both cell defence 
or for accomplishing the stable integration of the viral genome. hRAD51 is a major component of the HR way. We 
previously showed that RAD51 can interact with HIV-1 integrase (IN) and down regulated its activity both in vitro and in 
a yeast model (Desfarges et al., NAR 2006). We report here that the hRAD51-mediated HR enhancement performed by, 
either overexpression of the human hRAD51, or by specific stimulation, using chemical compounds, led to the inhibition 
of the viral replication in human cells. Inhibition mechanism was identified in vitro and was shown to involves the IN 
displacement from its IN.DNA complex by hRAD51 nucleofilament formation leading to the dissociation of the active 
integration complex. Our data lead us to propose a new concept for HIV-1 inhibition by stimulating the hRAD51 mediated 
HR pathway. This concept has been validated here by the use of the RAD51 stimulatory molecule RS-1 enhancing 
the cellular endogenous recombination activity and inhibiting HIV-1 replication and integration in HIV-1 infected cells. 
Additional biochemical analyses also strongly suggest that hRAD51 could participate to the Post-Integration Reparation 
steps (PIR) by removing IN from its complex with the integrated DNA and releasing the integration site for the next repair 
stages. Therefore, hRAD51 could constitute a new integration cofactor regulating the stable insertion of the HIV genome 
into the host DNA and, thus, a new antiviral targets.

P09
In vitro integration into chromatin: functional coupling between HIV-1 integrase 
and chromatin remodelling factors
P. Lesbats1, Y. Botbol2, G. Chevereau3, C. Vaillant3, C. Calmels1, A. Arneodo3, M.L. Andreola1, M. Lavigne2, V. Parissi1
1 CNRS, UMR5234, Bordeaux, France
2 Pasteur Institute, Department of Structural Virology, Paris, France
3 Laboratoire Joliot Curie, ENS, Lyon, France
Establishment of a stable HIV-1 infection requires the efficient integration of the retroviral genome into the host cell DNA. 
The structure of the cellular chromatin is expected to affect the integration efficiency and selectivity but the molecular 
mechanism underlying this process has not been elucidated yet. Since this mechanism plays a major role for HIV-1 
pathogencity we further address this question. The use of an original chromatinized circular target DNA in in vitro 
concerted integration assays allowed us to show that the presence of stably associated nucleosomes strongly inhibits 
the full-site integration of the two viral ends without affecting the half-site integration. Sequencing of the integration loci 
indicated that this inhibition was due to the density and positioning of the nucleosomes on the target DNA and thus to its 
inaccessibility to integrase. Additionally, remodeling of the chromatinized template by the SWI/SNF complex, whose INI1 
major component interacts with IN, restored and redirected the full-site integration into the stable nucleosome region. 
This is the first evidence that chromatin is refractory for integration and that a functional coupling between chromatin 
remodeling and HIV-1 integration is required to overcome this barrier. Our results indicate a new pathway for modulating 
lentiviral integration efficiency and selectivity in the host genome and, thus, bring new information about the way 
the retroviral integration complexes interact with the cellular chromatin associated machinery.

W
elcome W

ord
Organisers

Supporters and 
Exhibitors

General information
Venue Information and 

Transportation
Meeting Programme

Guidelines to Chairs 
and Authors

Oral Presentations
Poster Presentations

List of Authors
List of Participants

Social Programme
Practical Information 

A-Z



34 C E N T E N N I A L  R E T R O V I R U S  M E E T I N G

P10
Interaction of the M-PMV matrix protein with phosphatidylinositol bisphosphate
J. Prchal1, J. Vlach1, T. Ruml1, R. Hrabal2
1 Institute of Chemical Technology Prague, Dep. of biochemistry and microbiology, Prague 6, Czech Republic
2 Institute of Chemical Technology Prague, NMR Laboratory, Prague 6, Czech Republic
Polyprotein Gag as a precursor of structural proteins plays a key role in formation and budding of retroviral particles. 
The N-terminal domain of Gag, the matrix protein (MA) interacts with the cytoplasmic membrane of infected cell through 
the bipartite signal that involves a cluster of basic residues and myristic acid which is covalently attached to the amino-
terminal glycine. In unbound state the myristate is seqestered in MA hydrophobic core. When Gag binds on cytoplasmic 
membrane, the myristate is released and anchors the MA on the membrane. This is called myristoyl switch. In HIV-1 MA 
the myristoyl switch is regulated by phosphatidylinositol-4,5-bisphosphate (PIP), which is a phospholipide and is a part 
of the cytoplasmic membrane. PIP binds on HIV-1 MA and triggers the release of myristoyl, one of its fatty acid chains 
interacts with MA, strengthening the binding on the membrane. Because PIP is also necessary for HIV-2 and MMLV 
MA`s binding, we believe that PIP plays an important role in the interaction of M-PMV MA with the membrane.
We have studied the interaction of PIP with MA using NMR spectroscopy and artificial liposomes. For NMR measurement 
we used soluble PIP whith C8 fatty acid chains. Upon titration of MA with an increasing concentration of PIP we observed 
changes of MA chemical shifts. Therefore, STD-NMR (saturation transfer difference) experiment was measured 
at different MA/PIP ratios.demonstrating that the major binding epitope is located on the fatty acid chains.. These 
experiments allowed us to prove that the interaction is specific and to calculate an approximate structure of the PIP-MA 
complex. We also prepared artificial liposomes from phosphatidilcholine with 10% of PIP and mixed them with MA. 
Bound MA was separated from the ubound molecules by ultracentrifugation.We have proven, that M-PMV MA interacts 
with PIP specifically and that the binding mode is copletely different from HIV-1 and HIV-2.
This work was supported by the Czech Ministry of Education 1M6837805002, MSM 6046137305 and ME 904.

P11
Novel host factors essential for HIV-1 replication: its importance in HIV-1 life 
cycle.
S. Rato1, S. Maia1, P.M. Brito1, L. Resende1, A. Ramos1, C.F. Pereira1, L.F. Moita2, J. Goncalves1

1 Faculdade de Farmácia Universidade de Lisboa, URIA-CPM IMM, Lisboa, Portugal
2 Instituto de Medicina Molecular, Cell Biology of the Immune System Unit, Lisboa, Portugal
Progression of HIV-1 infection is largely dependent on the interaction between the host system and the virus. 
Understanding cellular pathways and proteins involved in the multistep process of HIV-1 infection may result in 
the discovery of more adapted and effective therapeutic targets. Recently, a lot of efforts have being done to identify 
cellular proteins that assist HIV during its replication, using high-throughout screens with RNAi.
Previously, we have performed a short-hairpin-RNA (shRNA) screen against human kinases and phosphatases in 
Jurkat T cells in order to identify essential host factors for HIV-1 replication that do not affect cell viability. In this screen 
we identified 14 proteins which include kinases belonging to MAPK, JNK and ERK pathways, a phosphatase involved 
in pleiotropic cellular functions and proteins implicated in DNA repair.
In this present work, we focused on assessing the role of these proteins in the HIV-1 life cycle. We used individual 
shRNA clones that down-modulate expression of each protein and observed a dramatic inhibition of HIV-1 replication in 
all shRNA clones. Direct evaluation of different steps in HIV-1 replication has showed that the majority of proteins has 
a role in HIV-1 entry and/or uncoating but does not affect provirus integration. Moreover, when HIV-1 transcription was 
independently evaluated many of the studied proteins influenced significantly this step of HIV-1 replication besides its 
importance in HIV-1 entry. These results indicate a possible multifunctional role of these cellular proteins in HIV-1 life 
cycle. The influence of knock-down genes on signaling pathways of ERK and AKT were also evaluated in the context 
HIV-1 infection and differences in activation profiles were observed these pathways.
Moreover, due to the presence in the initial screen of kinases involved in DNA-repair, we also assessed the putative role 
of DNA-PK in HIV-1 replication and transcription.
This study brings new insights for the complex interplay of HIV-1/host cell, showing additional knowledge on cellular 
proteins and pathways that are essential for HIV-1 replication but non-important for cell viability and opens new 
possibilities for antiviral strategies.
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P12
HIV mRNA 3’ end processing -regulation by eIF3f, CDK11, and splice factor 9G8
G. Mousseau1, W. Bakeman1, G.M. Gilmartin2, K. Ventakaraman2, G. Arriagada3, S.P. Goff3, S. Valente1

1 The Scripps Research Institute, Infectology, Jupiter, USA
2 University of Vermont, Department of Microbiology and Molecular Genetics, Burlington, USA
3 Columbia University, Department of Biochemistry and Molecular Biophysics, New York, USA
By means of a genetic screen, we found that the N terminal portion of the eukaryotic Initiation factor 3 subunit f 
(N91-eIF3f) is a potent inhibitor of HIV-1 replication. Overexpression of N91-eIF3f or full-length eIF3f severely restricts 
replication of the virus, by specifically targeting the 3’ end of the viral mRNA. Proviruses are formed normally but viral 
mRNA levels are reduced in the nucleus and the cytoplasm. Restoration of viral gene expression can be achieved by 
addition of a heterologous polyadenylation signal downstream from the 3’ LTR.
The results suggest that eIF3f mediates this restriction of HIV-1 expression through the previously unsuspected 
involvement of a set of factors that includes eIF3f, the splice factor SR-protein 9G8 and the cyclin dependent kinase 
11 (CDK11). CDK11p110 only known substrates are eIF3f and 9G8. This last one seems to bind to a specific RNA 
sequence upstream of the HIV-1 poly(A) site. Mutation of this site abolished specific RNA/protein complex formation, and 
reduced the cleavage efficiency of the HIV-1 poly(A) site in vitro and in vivo. eIF3f may affect HIV-1 3’ end processing by 
modulating the sequence-specific recognition of the HIV-1 pre-mRNA by 9G8. We are presently investigating the role of 
the phosphorylation status of eIF3f as well as the role of the kinase activity of CDK11p110 in the observed restriction.
The 9G8 binding site is located in the nef coding region, just upstream of the polypurine track, and it is worth noting its 
extreme conservation among HIV-1 clades. Moreover, this site is present in the nef HIV-2 gene as well as in many other 
SIVs. This great conservation among retroviruses may reflect the 9G8 requirement for efficient coordination of splicing 
with cleavage in the RNA maturation process in the retrovirus life cycle.
HIV-2, although very similar to HIV-1, usually presents an attenuated HIV infection with lower plasma viral loads, a slower 
decline in CD4+ T cell number, longer symptomatic phase, and much lower transmission rates. The mild outcome of 
most HIV-2 infections could be explained by lower viral replication, enhanced immune control, or both. Proviral loads 
are similar between HIV-1 and HIV-2, however the lower viral mRNA accumulation in HIV-2 patients suggests a tighter 
transcriptional control. We are investigating whether the HIV-2 tighter mRNA expression involves 9G8. We will present 
data demonstrating the effect of mutations of the 9G8 site have on HIV-2 RNA expression.

P13
The role of Alix in Mason-Pfizer monkey virus budding
M. Wildova1, A. Habermann1, H.G. Kräusslich1

1 University Hospital Heidelberg, Virology, Heidelberg, Germany
Mason-Pfizer Monkey Virus (M-PMV) is a D-type retrovirus assembling capsids in the perinuclear region. Preassembled 
capsids are then transported to the plasma membrane, where they bud. Budding involves interactions between the viral 
structural polyprotein (Gag) and several cellular factors, mainly members of the Endosomal Sorting Complex Required 
for Transport (ESCRT) machinery. Different retroviruses make use of different ESCRT proteins. HIV-1 as a prototype 
C-type retrovirus, which buds concomitantly with assembly at the plasma membrane, uses Tsg-101 and Alix, whereas 
M-PMV was shown to depend mainly on ubiquitin ligases of the E3 family and partially on Tsg-101.
M-PMV release was analyzed by immunoblotting and electron microscopy following transfection of proviral plasmids 
into HeLa or HEK293T cells. The role of ESCRT factors was determined using siRNA knockdown or co-expression of 
wt proteins or domains of thereof. The phenotype was scored for wt M-PMV and for a variant with a C-type budding 
phenotype to determine whether ESCRT dependence is influenced by the budding phenotype.
Quantitative Western blots revealed that budding of M-PMV lacking functional late domains can be rescued by Alix and 
that Alix knock-down significantly impairs budding of mutants lacking ubiquitin ligases interacting domain. Alix was shown 
to be incorporated into wt and mutant M-PMV virions. No significant difference in the requirement for ESCRT factors 
was apparent when comparing D-type (wt) M-PMV with its C-type variant. Alix may play a role in the M-PMV life cycle 
concomitant with known budding factors, or can represent the rescue mechanism for M-PMV budding.
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Insights from Studies of Intracellular Trafficking

P14
Feline immunodeficiency virus budding: investigating the connections between 
viral and host proteins
C. Del Vecchio1, M. Celestino1, G. Palù A. Calistri1, C. Parolin2

1 University of Padova, Department of Histology Microbiology and Medical Biotechnologies, Padova, Italy
2 University of Padova, Department of Biology, Padova, Italy
Feline Immunodeficiency Virus (FIV) is a non-primate lentivirus that infects domestic cats and causes an AIDS-like 
syndrome that is reminiscent of the pathogenesis induced in humans by the human immunodeficiency virus type-1 
(HIV-1). Based on its similarity to HIV-1 in different molecular and biochemical properties, FIV represents an attractive 
model for the development of HIV vaccine, for studying the lentivirus biology and for the development of a safe lentiviral 
vector system for gene therapy. However, different aspects of the FIV life cycle remain not fully understood yet, in 
particular, the late phases. We focused our attention on particle release, specifically on the role of the structural FIV 
Gag protein in viral budding. Our recent studies demonstrated that, in contrast with HIV-1, FIV is strictly dependent for 
its budding on a PSAP-type L domain, irrespective of a functional viral protease. Moreover, we showed that TSG101 is 
the main cellular protein connecting FIV to the MVB pathway and that the ubiquitin ligase Nedd4-2s, a native isoform 
of Nedd4 with a truncated C2 domain, plays an essential role in FIV budding. Here we characterized i) the contribution 
of an LLDL motif, mapping in FIV Gag p2 downstream the essential PSAP L-domain, to viral egress and to cellular 
protein incorporation in virus like particles; ii) the molecular mechanism of Nedd4-2s involvement in FIV budding and iii) 
the role of MVB proteins in the final steps of FIV replication cycle. To this end, different FIV Gag mutant constructs were 
generated by site-specific mutagenesis and transfected in 293T cells along with different proteins belonging to the MVB 
pathways. The released particles were purified by sucrose cushions and analyzed by Western blotting. Our results may 
have profound impacts for the use of FIV as model for studying HIV pathogenesis and therapy and also contributes to 
clarify cellular mechanisms either shared or highly divergent between FIV and HIV-1.

P15
A dynamic system for studying interactions of M-PMV Gag with viral and 
cellular components
J. Clark1, L. Pereira1, P. Grznarova2, N. Tsurutani3, P. Spearman3, T. Ruml2, E. Hunter1

1 Emory University, Emory Vaccine Center, Atlanta, USA
2 Institute of Chemical Technology, Biochemistry and Microbiology, Prague, Czech Republic
3 Emory University, Pediatrics, Atlanta, USA
The mechanism by which retroviral Gag molecules are transported through the cytoplasm to the site of budding is 
still a poorly understood process. Previous studies with Mason-Pfizer Monkey Virus (M-PMV) have shown that the 
pericentriolar region of the cell is the site of assembly of immature viral capsids, and that these capsids are trafficked 
out of this region to the plasma membrane site of budding. These studies have also suggested a role for the cellular 
vesicular transport system as well as the viral Env glycoprotein for efficient transport and release. In order to further 
elucidate the role of these host and viral components, we have constructed Gag-GFP and Env-Cherry fusions that are 
able to be visualized in live cells. Using these constructs, we have observed that Gag molecules travel through the cell 
in a manner consistent with microtubular transport, and that these mobile capsids colocalize with Env glycoproteins. 
Capsids that are not associated with Env show very little lateral movement. By employing lipid labeling, we have 
confirmed that wild-type M-PMV capsids are not associated with larger intracellular vesicles, while mutant capsids 
that bud directly into endosomal vesicles can be observed both on the surface and interior of such vesicles. Given 
the co-localization of Gag and Env, we hypothesize that intracellular transport involves co-transport of Gag on smaller 
 Env-enriched vesicles via microtubules. Thus, by using fluorescently tagged viral proteins and lipid dye-labeled vesicles, 
we have been able to identify key components of retroviral intracellular trafficking in a dynamic system.
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P16
Structural analysis of budding-defective Mason-Pfitzer monkey virus matrix 
protein
M. Dolezal1, J. Prchal2, J. Vlach3, M. Rumlova1, E. Hunter4, I. Pichova1, T. Ruml2, R. Hrabal3
1 Institute of Organic Chemistry and Biochemistry Czech Academy of Sciences, Department of Biochemistry 

and Molecular Biology, 166 28 Prague, Czech Republic
2 Institute of Chemical Technology Prague, Department of Biochemistry and Microbiology, 166 28 Prague, 

Czech Republic
3 Institute of Chemical Technology Prague, Laboratory of NMR spectroscopy, 166 28 Prague, Czech Republic
4 Emory Vaccine Center, Yerkers National Primate Research Center, Atlanta, USA
The matrix protein (MA) plays a critical role throughout the retroviral life cycle, especially during the late phase. One of 
the roles of the Mason-Pfizer monkey virus (M-PMV) MA is to mediate binding of immature viral particles to the plasma 
membrane of the host cell. The myristoyl that is cotranslationally attached to the N-terminus of the MA plays a critical 
role during this process. The myristoyl is probably sequestered within the hydrophobic cavity of the MA and during the 
interaction of a viral particle with the plasma membrane is exposed and inserted into the plasma membrane enabling 
the early stage of a budding process.
The Y28F/Y67F double mutation of the MA blocks the process of budding and causes accumulation of viral particles 
at the inner site of the plasma membrane. This phenotype is explained by enhanced binding of the myristoyl within 
the hydrophobic cavity due to tyrosine to phenylalanine mutation resulting in defect of the myristoyl switch function 
(Stansell et al,2004).
Our work is focused on the determination of the structure of the Y28F/Y67F mutant of M-PMV MA using NMR 
spectroscopy. Detailed knowledge of the three-dimensional structure of the Y28F/Y67F mutant would allow us to 
understand the change of the retroviral particle morphogenesis at the molecular level.
A comparison of the structures of the Y28F/Y67F mutant and the wild-type MA shows that the mutation does not alter 
the overall structure of the protein but the structure of the hydrophobic cavity.
We can assume that due to these changes, the myristoyl is hold within the cavity more strongly than in the case 
of the wild-type. Consequently the burried myristate can not adopt the exposed conformation needed for the interaction 
with the plasma membrane.. Our results support the hypothesis that the defect of the Y28F/Y67F viral particles in 
budding process is caused by enhanced binding of myristoyl within the hydrophobic cavity of the MA.
E. Stansell, E. Tytler, M.R. Walter et al. An early stage of Mason-Pfizer monkey virus budding is regulated by 
the hydrophobicity of the Gag matrix domain core. J. Virol., 78:5023-5031, 2004.

P17
Intracellular transport of retroviral envelope glycoproteins and their interaction 
with a structural polyprotein Gag
P. Grznarova1, J. Lipov1, J. Rainey2, E. Hunter2, T. Ruml1
1 Institute of Chemical Technology Prague, Department of biochemistry and microbiology, Prague 6, Czech Republic
2 Emory University, Emory Vaccine Center at Yerkes National Primate Research Center, Atlanta, USA
The late phase of Mason-Pfizer monkey virus life cycle, during which it assembles capsids within a cytoplasm of 
an infected cell, is accompanied by the interaction of Gag with the envelope glycoprotein (Env). Env is synthesized 
on the rough ER and is transported through Golgi to the plasma membrane. It is then endocytosed from the plasma 
membrane and transported through the endosomal pathway to the recycling endosome. Gag, synthesized on free 
polysomes, is transported to the assembly site at the microtubule-organizing center (MTOC) in the pericentriolar region 
via interactions with dynein motors. The transport of assembled particles from the MTOC to the plasma membrane likely 
involves an interaction of the N- terminal matrix region of Gag with the cytoplasmic domain (CD) of Env exposed on 
the surface of transport vesicles.
Several mutants of basic amino acids in matrix protein (K16A, K20A, K16A/K20A) bud into intracellular vesicles. Only 
30% of such capsids were released from the cell but they were as infectious as the wild type consistent with Env being 
incorporated. It was observed that three amino acids (I18, Y22, L25) in the CD of the Env transmembrane subunit are 
essential for incorporation of Env into virions. One of them (isoleucine 18) may be involved in direct interactions with 
immature capsids.
To observe the intracellular transport of both Env and Gag in the context of such mutants in both genes, constructs for 
the expression of Env (wild type, mutants) fused with cherry fluorescent protein and constructs for expression of Gag 
(wild type, mutants) fused with green fluorescent protein (GFP) were prepared. The level of expression and processing 
of viral proteins originating from all the constructs was verified by pulse chase experiments in 293T cells. The mutant 
phenotypes will be compared with those of the wild type and colocalization of viral proteins with markers of endosomal 
pathway elements will be presented.
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This project was supported by grants of Czech Ministry of Education 1M6837805002, MSM 514 6046137305, ME 904, 
Grant Agency of AS CR KAN200100801, KAN208240651.

P18
Strategies of MMTV for nucleo-cytoplasmic transport of viral RNAs
M. Müllner1, B. Salmons2, W. Günzburg1, C. Hohenadl1, S. Indik1

1 VetMed Uni Vienna, Institute of Virology, Vienna, Austria
2 SG-Austria, SG-Austria, Singapore, Singapore
The betaretrovirus Mouse mammary tumour virus (MMTV), like all other retroviruses, replicates its RNA genome via 
a DNA intermediate integrated into the host genome. MMTV was recently shown to express a functional homologue 
of HIV-1 Rev protein – Rem (or regulator of expression of MMTV). Rem, by analogy to Rev, is believed to bind to its 
responsive element (RmRE) thereby mediating the nucleo-cytoplasmic transport of viral RNAs.
We have previously shown that the RmRE is located close to the 3' end of the genomic viral RNA, spanning the Env-U3 
region. In order to more precisely determine its proposed function, a series of MMTV molecular and subgenomic clones 
were constructed lacking different parts of the respective region. After transfection into MMTV-permissive CrFK cells, viral 
RNA export was monitored via Northern blotting. Detailed evaluation of the obtained results indicated that single spliced 
viral RNA appeared to be exported to some extent RemRE independently. This suggests that MMTV exploits either 
different RNA export pathways or additional Rem binding sites.

P19
Role of the cytoskeletal network in intracellular transport of the Mason-Pfizer 
monkey virus
L. Pereira1, J. Clark1, P. Spearman2, T. Ruml3, H. Eric1

1 Emory University, Emory Vaccine Center, Atlanta, USA
2 Emory University, Pediatrics, Atlanta, USA
3 Institute of Chemical Technology, Biochemistry and Microbiology, Prague, Czech Republic
Mason-Pfizer monkey virus (M-PMV), a type-D retrovirus, provides a unique system to study retroviral replication 
because capsid assembly, intracellular transport and release are spatially and temporally separated. To test the 
hypothesis that the cytoskeleton plays a critical role in assembly, transport and budding of M-PMV, virus infected CMMT 
cells were treated with cytoskeletal inhibitors and the kinetics of these processes were evaluated. Upon nocodazole-
induced dispersion of the MTOC, Gag molecules were no longer concentrated at the pericentriolar region. Pulse-chase 
assays revealed that the kinetics of virus production in the presence of nocodazole was delayed by approximately 
one hour compared to that of the untreated control, whereas cytochalasin D had minimal effects. When CMMT cells 
were treated with both drugs, virus production, although delayed, eventually matched that of untreated cells. These 
observations were strongly supported by live cell imaging, which, following microtubule (MT) disruption, showed an 
initial drastic reduction in rate of linear movement of capsids containing GFP-tagged Gag followed by a recovery in their 
velocities over the next 2 hours. In contrast to naturally infected CMMT cells, actin or MT disruption in an over-expression 
system consisting of transfected COS-1 cells resulted in an increased rate of virion production, as compared to 
the untreated control. Preliminary data suggest that MT disruption in these cells was also accompanied by a switch from 
D-type to C-type morphogenesis. These results collectively argue that while MT appear to be the primary cytoskeletal 
network for efficient capsid transport and release, they are not essential for these processes.

P20
Perinuclear localization of HIV-1 Vpr is important for induction of G2 arrest
S. Sörgel1, J. Votteler1, K. Fraedrich1, U. Schubert1

1 Universitätsklinikum, Virologie, Erlangen, Germany
The HIV-1 accessory protein Vpr induces G2 arrest, apoptosis and facilitates the transport of the HIV-1 preintegration-
complex into the nucleus of non-dividing cells. Vpr, which predominantly localizes in the nucleus, in mitochondria and 
in the cytoplasm is known to interact with members of the nuclear pore complex, especially nucleoporin, and alters its 
permeability during induction of apoptosis. It was shown previously that the accumulation of Vpr at the nuclear lamina 
is dependent on the integrity of its N-terminal helix-α1 which is also important for its capacity to induce G2 arrest. 
Furthermore, caspases, especially caspase 3, are known to regulate the diffusion limit of the nuclear pore complex. As 
Vpr is a nucleo – cytoplasmic shuttling protein, the importance of the nuclear transport of Vpr and the permeability of the 
nuclear pore for the function of Vpr was analysed. Treatment of HeLa cells with a caspase 3 inhibitor, the tetrapeptide 
Z-DEVD, caused accumulation of Vpr at the nuclear lamina. As caspases regulate the pore morphology during induction 
of apoptosis, altered permeability may result from a change in pore complex assembly caused by the caspase 3 
inhibition. Consistently, HIV-1 infected Jurkat cells showed an increased induction of G2 arrest when treated with 
Z-DEVD. Mutation of Pro-35 in the N-terminus of Vpr, which is important for the formation of helix-α1, abrogated Z-DEVD 
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mediated enhancement of G2 arrest. Moreover, the induction of Vpr mediated apoptosis is reduced by Z-DEVD, as 
it is also compromised by mutating Pro-35. Altogether, this indicates that Vpr, at least partially, induces apoptosis via 
this specific caspase pathway and that the nucleo-cytoplasmic shuttling of Vpr is dependent on the permeability of the 
nuclear pore.

P21
Identification of noncanonical Gag domains critical for assembly of mouse 
mammary tumor virus
A. Zabransky1, P. Hoboth1, R. Hadravova1, J. Stokrova1, I. Pichova1

1 Institute of Organic Chemistry and Biochemistry Czech Academy of Sciences, IOCB & Gilead Research Centre, 
Prague, Czech Republic

Mouse mammary tumor virus (MMTV), a member of Betaretrovirus genus, exhibits a B-type morphology and assembles 
immature particles within the cell cytoplasm prior their transport to the plasma membrane. MMTV Gag polyprotein 
contains unique domains pp21, p3, p8 and n, which are located between commonly occurring matrix and capsid protein 
sequences. To investigate the role of these non-canonical Gag domains in the assembly and particle release, we 
prepared a series of MMTV proviral vectors, in which the individual domains were deleted. We found that the deletion 
of the pp21 and p3 domains did not disrupt the intracytoplasmic Gag assembly and particle release. The deletion of 
the 15 amino acid long domain n resulted in significant decrease of particle release and in frequent formation of aberrant 
tubular particles. The Gag assembly and particle release were abolished by deletion of the whole p8 domain, containing 
a motif of basic residues and prolin-rich motif. Analysis of assembly and morphology of Gag mutants lacking either 
basic residues or the proline-rich motif showed that both parts of p8 domain play a role in MMTV assembly and particle 
release. Taken together, we have identified region spanning p8-n domains from the noncanonical part of MMTV Gag that 
is critical for the particle assembly and its shape determination.

Retroviruses and Retroelements as Agents of Genome Rearrangement

P22
Moloney murine leukemia virus integrase (M-MuLV): structural studies 
of the N-terminal domain
S. William1, R. Paolo2, G. Rongjin2, M. Gaetano2, M. Roth1

1 UMDNJ-RWJMS, Biochemistry, Piscataway, USA
2 Rutgers, Center for Biotechnology & Medicine, Piscataway, USA
The M-MuLV IN protein is a 45 kDa protein, encoding insertions beyond the three conserved domains: HHCC zinc 
binding domain at the N-terminus, the catalytic core, and the C-terminal domain. Of particular interest is the M-MuLV IN 
N-terminal domain (NTD: amino acids 1-105), encoding an N-terminal extension domain (NED) in addition to the HHCC 
zinc binding domain. In order to gain insight into the function of the NTD, structural analysis was performed using NMR, 
X-ray crystallography and SAXS. The M-MuLV IN NTD is a dimer in solution. NMR and X-ray analysis show concordance 
in the monomer structure of the M-MuLV IN NTD. Mutational analysis, based on the structure of the NTD, has highlighted 
critical amino acids required in vivo for viral infection, which previously were found non-essential for in vitro integration 
activities. These structural studies will be presented along with a comparison to the PFV IN NED/NTD structure.

P23
Epigenetic control of human endogenous retroviruses employed in trophoblast 
cell fusion
K. Trejbalová, J. Blažková, M. Matoušková, L. Pecnová, D. Kučerová, J. Hejnar
Institute of Molecular Genetics, Czech Academy of Sciences, Prague, Czech Republic
Several Env products encoded by human endogenous retroviruses display fusogenic properties and it is tempting to 
implicate them in various human pathologies such as cancer, multiple sclerosis, and muscular dystrophies. Of particular 
importance are fusogenic Env proteins expressed in placenta, syncytin-1 and syncytin-2, encoded by ERVWE1 
and ERV-FRD proviral loci, respectively. These fusogenic Envs contribute to the differentiation of multinucleated 
syncytiotrophoblast in placental chorionic villi. In non-placental tissues, however, expression of these fusogenic proteins 
has to be suppressed because of the high risk for tissue integrity and cancer development.
We have shown that the 5´ LTRs of syncytin-1 and syncytin-2 are epigenetically suppressed by DNA methylation in 
non-placental tissues in contrast to their hypomethylation in placenta or choriocarcinoma-derived cells. Chromatin 
immunoprecipitation analysis showed trimethylated H3K9 and H3K27 associated with U3 regions of both ERVWE1 
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and ERV-FRD in non-placental in vitro cultured cells. In contrast, U3 regions of ERVWE1 and ERV-FRD are associated 
with hypomethylated but acetylated chromatin, a hallmark of transcriptionally active genes. Syncytin-1 and syncytin 2 
are transcribed at a low level in testes and in this case, the expression of fusogenic protein product is prevented by the 
absence of retroviral splicing. The absence of splicing is particularly striking in the case of exogenous expression of 
syncytins in HeLa cells.
Both syncytin loci are transcriptionally inactivated by DNA methylation and histone H3 trimethylation. We also suggest 
that the control of splicing occurs during the placental development.
This research was supported by the Czech Science Foundation.

Retrovirus Evolution

P24
A sequence motif in the HIV-1 5’UTR modulates extended dimer formation 
and virus replication
T. Abbink1, B. Berkhout2

1 University of Cambridge, Medicine, Cambridge, United Kingdom
2 University of Amsterdam, Laboratory of Experimental Virology, Amsterdam, Netherlands
The 5’UTR is the most conserved part of the HIV-1 genome. It contains many regulatory motifs that are required for 
various steps in the viral life cycle such as RNA dimerisation and packaging. Distinct functions have been assigned 
to individual sequence and/or structure motifs. The DIS hairpin with the palindromic loop sequence regulates RNA 
dimerisation in vitro. During dimerisation one DIS palindrome engages in an intermolecular kissing-loop interaction with 
a second DIS palindrome, thereby forming loose dimers. Heat treatment or incubation with the HIV-1 nucleocapsid 
protein triggers the formation of tight dimers with extended interstrand base pairing. Previous work has shown that 
destabilising the DIS hairpin reduces RNA dimerisation in vitro. In this study we analysed a set of 5’UTR mutants 
which fold a stabilised DIS hairpin. We analysed the mutant RNAs for dimerisation capacity in vitro and for replication 
in T cell lines. In agreement with previous observations, we observed that the DIS hairpin stability modulates kissing-
loop dimer formation. Unexpectedly, mutation of sequences upstream of the DIS hairpin significantly reduced extended 
dimer formation, whereas mutation of sequences downstream of the DIS hairpin did not. The viruses with stabilised DIS 
hairpins replicated less efficiently than wild type HIV-1; however the replication defect was more pronounced when the 
sequence motif upstream of the DIS hairpin was altered. Virus evolution experiments were performed to select for fast-
replicating variants. Further characterisation of the revertant viruses confirmed the importance of the motif upstream of 
the DIS hairpin in extended dimer formation and replication.

P25
Molecular mechanisms governing the co-evolution between endogenous 
and exogenous retroviruses of sheep
A. Armezzani1, F.Arnaud1, M. Caporale1, C. Murgia1, M. Palmarini1
1 Institute of Comparative Medicine, Pathological Science, Glasgow, United Kingdom
Background. The sheep genome harbours 27 endogenous retroviruses (enJSRVs), highly related to the exogenous and 
pathogenic Jaagsiekte sheep retrovirus (JSRV). Two enJSRV loci, enJS56A1 and enJSRV-20, have been positively 
selected in the sheep, for their ability to prevent JSRV particles release, with a mechanism known as JLR (JSRV late 
restriction). A newly integrated enJSRV locus, enJSRV-26, possesses the unique ability to escape JLR. The aim of this 
study was to investigate the molecular mechanisms adopted by enJSRV-26 to escape JLR.
Results. We established that the signal peptide (SP) of the enJSRV-26 envelope (Env) contains the main determinants of 
JLR escape. enJSRV-26 SP displayed an altered localization within the cell and was unable to increase Gag expression 
and viral particles release, unlike the SP of related viruses. We mapped the enJSRV-26 SP defect to a single amino 
acid residue. We demonstrated that the lack of a functional SP confers the ability to enJSRV-26 to escape JLR, but 
the ratio between enJSRV-26 and enJS56A1 Gag is critical for JLR escape. Interestingly, we discovered that several 
copies of enJS56A1/enJSRV-20 are present in the genome of the domestic sheep, due to genomic amplification. Thus, 
retroviruses and their host are in a never ending evolutionary struggle.
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P26
Towards a retrovirus database, RetroBank
J. Blomberg1, G. Sperber2, P. Jern3, F. Benachenhou4

1 Uppsala University, Sect Virology Medical Sciences, Uppsala, Sweden
2 Uppsala University, Neuroscience, Uppsala, Sweden
3 Uppsala University, Medical Biochemistry and Microbiology, Uppsala, Sweden
4 Uppsala University, Sect. Virology Medical Sciences, Uppsala, Sweden
The vast number of genetically stored, endogenous, retroviral sequences is a rich a source of information regarding 
retroviral structure and evolution, as well as to genomic evolution. Compared to other viruses, which do not leave 
sequence fossils, retroviral evolution can be studied in unprecedented detail.
The vast number of genetically stored, endogenous, retroviral sequences is a rich a source of information regarding 
retroviral structure and evolution, as well as to genomic evolution. Compared to other viruses, which do not leave 
sequence fossils, retroviral evolution can be studied in unprecedented detail.
Objective. A retrovirus database, RetroBank, would be an important adjunct in attempts to extend our current retrovirus 
knowledge and amend their taxonomy.
Methods. The RetroTector© proviral detection and characterization algorithm is a high throughput program. A 3 Gbase 
genome is analyzed in 1-2 days at our computer cluster (uppmax.uu.se). A MySQL database is constructed from each 
host genome with reading frame analysis and protein reconstruction. Further algorithms include an automated taxonomic 
analysis using Pol- , Gag- and Pro- based similarity clustering, consensus construction, calculation of nucleotide bias, 
LTR divergence, primer binding site, dUTPase, integrase gpyf (polycomb-related) motif, gag-pro and pro-pol frameshift 
translation strategy and nucleocapsid zinc finger analysis (cf Jern et al, Retrovirology 2005). The pipeline will later 
include also include solitary LTR detection and characterization (cf Benachenhou et al, PLoS One 2009).
Results. Using RetroTector© we have analyzed 30 vertebrate species genomes. Around 30 000 endogenous retroviral 
sequences related to the exogenous alpha-, beta-, gamma-, epsilon-, spuma-like and erranti -retroviral genera were 
detected. Many intermediate forms were also found. We intend to further compile data, currently in single species 
database form, into a single web accessible database - RetroBank. RetroBank will initially consist of mostly vertebrate 
endogenous retroviral sequences. Exogenous vertebrate retroviruses are much fewer, but will also be entered. 
Our intention is to later cover a large portion of all LTR-retrotransposons by extending the system to plant genomes.
Conclusions. RetroBank will be an excellent resource for retrovirus and host genomic research. RetroBank should be 
coupled to resources such as RepBase, UCSC Genome Browser and Ensembl to enhance generality and conceptual 
consistence. However, financing of the database, of a curator and of related activities, has not been secured.

P27
Non-random recombination in structurally important regions of the HIV-1 
genome
R. Smyth1, T. Schlub2, A. Grimm2, A. Chopra3, S. Mallal3, M. Davenport2, J. Mak1

1 The Burnet Institute, Centre for Virology, Melbourne, Australia
2 University of New South Wales, Complex Systems in Biology Group, Kensington, Australia
3 Royal Perth Hospital and Murdoch University, Centre for Clinical Immunology and Biomedical Statistics, Perth, Australia
The evolutionary plasticity of HIV-1 is one of the major obstacles to its successful eradication. It results from the 
introduction of mutations by error-prone reverse transcription, high levels of viral turnover and retroviral recombination. In 
HIV, recombination occurs much more frequently than mutation, and is a major component of viral evolution. To date, our 
understanding of retroviral recombination rates have relied on measurements from reporter systems. With the advent of 
next generation sequencing platforms, it is now possible to measure these processes directly within the HIV-1 genome.
We have introduced 65 codon modifications into gag, pol and env, which allow recombination to be measured within 
44% of the HIV-1 genome. We found, by direct 454 sequencing, that recombination does not occur randomly across the 
HIV genome, but that there are consistent patterns of variation. We found higher rates of recombination in the junctions 
between matrix (MA) and capsid (CA); CA and p2; protease (PR) and p66-reverse transcriptase (RT). On the other hand, 
recombination was lower in the junction between p51-RT and the p15-RNaseH domain. Interestingly, recombination was 
also suppressed in each of the hypervariable regions in env. We also show that, on average, HIV-1 infected monocyte 
derived macrophages have a significantly higher rate of recombination (52.5 events per genome) in comparison to HIV 
infected peripheral blood lymphocytes (13.6 events per genome).
Our results demonstrate that RNA sequence modulates the rate of recombination, and thus highlight the necessity of 
measuring recombination on the actual HIV-1 genome, rather than within a reporter gene sequence. Moreover, they 
demonstrate that recombination does not occur randomly, but that the HIV-1 genome is segregated into units of high and 
low recombination. The position of these recombination units suggest that they have evolved to facilitate viral immune 
evasion whilst maintaining genomic integrity by targeting the interchange of functional regions of the HIV-1 genome.
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Action at the Cell Surface

P28
RNA helicase A is necessary for translation of retroviridae and selected cellular 
mRNAs
K. Boris-Lawrie
Center for Retrovirus Research, Department of Veterinary Biosciences, The Ohio State University, USA
Retroviruses rely on host RNA binding proteins to modulate various steps in their replication. Genetic, biochemical 
and proteomic approaches have determined that manyretroviruses require Dhx9/RNA helicase A (RHA) for efficient 
virion production. RHA specifically recognizes structural features within the 5′ untranslated region of avian, bovine, 
feline, catarrhine and human retroviruses, and cellular junD mRNA. RHA interaction promotes efficient formation of 
polyribosomes on the viral mRNA template.Study of HIV-1 has determined that RHA promotes two aspects of HIV-1 
replication: Translation of HIV-1 RNA and the infectivity of progeny virions on primary lymphocytes. Cells deficient in RHA 
are impaired for HIV-1 mRNA translation and residual virion structural proteins assemble poorly infectious particles. RHA 
supports viral infectivity independently of helicase activity, possibly by acting as a scaffold for accessory host cofactor. 
Our results suggest RHA operates a mechanistic link between HIV-1 RNA trafficking and infectious virion assembly. 
The identification of RHA-dependent translation activity in selected cellular mRNAs and in six genera of Retroviridae 
indicates conservation of this control mechanism among vertebrates, and convergent evolution of Retroviridae to harness 
this host mechanism for efficient translation of highly structured mRNA.

Retroviral Vectors and Retrovirus Persistence

P29
CpG methylation controls reactivation of HIV from latency
J. Blažková 1, 2, 3, K. Trejbalová1, 2, F. Gondois-Rey1, P. Halfon4, P. Philibert5, E. Verdin6, D. Olive1, C. van Lint3, J. Hejnar2, 
I. Hirsch1

1 INSERM, UMR891, Centre de Recherche en Cancérologie de Marseille and Institut Paoli-Calmettes, and Université 
Méditerranée, Marseille, France

2 Institute of Molecular Genetics, Academy of Sciences of the Czech Republic, Prague, Czech Republic
3 Laboratory of Molecular Virology, Institute for Molecular Biology and Medicine (IBMM), University of Brussels (ULB), 

Gosselies, Belgium
4 Department of Virology, Alphabio Laboratory, Marseille, France
5 Department of Infectious Diseases, Hôpital Ambroise Paré, Marseille, France
6 Gladstone Institute of Virology and Immunology, San Francisco, CA, United States
DNA methylation of the retroviral promoter and enhancer localized in the provirus 5’ long terminal repeat (LTR) is 
considered to be a mechanism of transcriptional suppression that allows retroviruses to evade host immune responses 
and antiretroviral drugs. However, the role of DNA methylation in the control of HIV-1 latency has never been 
unambiguously demonstrated, in contrast to the apparent importance of transcriptional interference and chromatin 
structure, and has never been studied in HIV-1-infected patients.
We analyzed the relation of latent and reactivated HIV-1 promoters in a model of Jurkat cell lines and in memory CD4+ 
T cells of long-term aviremic patients by means of bisulfite sequencing and chromatin immunoprecipitation in cell-sorted 
populations. To assess the resistance of latent HIV-1 to reactivation we exposed the cells to TNF-α, protein kinase C 
agonists, inhibitors of HDAC, and inhibitors of DNA methyltransferases.
We show in an in vitro model of reactivable latency and in a latent reservoir of HIV-1-infected patients that CpG 
methylation of the HIV-1 5’ LTR is an additional epigenetic restriction mechanism, which controls resistance of latent 
HIV-1 to reactivation signals and thus determines the stability of the HIV-1 latency. CpG methylation acts as a late event 
during the establishment of HIV-1 latency and is not required for the initial provirus silencing. Indeed, the latent reservoir 
of some aviremic patients contained high proportions of the non-methylated 5’ LTR. In the latent reservoir of HIV-1-
infected individuals without detectable plasma viremia, we found HIV-1 promoters and enhancers to be hypermethylated 
and resistant to reactivation, as opposed to the hypomethylated 5’ LTR in viremic patients. However, even dense 
methylation of the HIV-1 5’LTR did not confer complete resistance to reactivation of latent HIV-1 with some histone 
deacetylase inhibitors, protein kinase C agonists, TNF-α, and their combinations with 5-aza-2-deoxycytidine: The densely 
methylated HIV-1 promoter was most efficiently reactivated in the virtual absence of T cell activation by suberoylanilide 
hydroxamic acid.
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The latency controlled solely by transcriptional interference and by chromatin-dependent mechanisms in the absence 
of significant promoter DNA methylation tends to be leaky and easily reactivable. Tight but incomplete control of HIV-1 
latency by CpG methylation might have important implications for strategies aimed at eradicating HIV-1 infection.

P30
The retroviral U5 region contains a conserved secondary structure element 
involved in translational regulation
M. Galla1, J. Kraunus2, D. Zychlinski1, A. Schambach1, C. Baum1

1 Hannover Medical School, Experimental Hematology, Hannover, Germany
2 University Medical Center Hamburg-Eppendorf, Psychiatry and Psychotherapy, Hamburg, Germany
Both simple gammaretroviruses (such as MLV) and complex lentiviruses (such as HIV), have evolved highly structured 
5’ untranslated regions (UTR) that are important for the regulation of viral gene expression, reverse transcription and 
RNA packaging. Interestingly, the stem loop structure consisting of U5, primer binding site (PBS) and further downstream 
sequences (so-called U5 leader stem loop) is highly conserved among retroviruses (MLV: Mougel et al. 1993; HIV: 
Berkhout and van Wamel 2000). Recently, we could show that the stable formation of the U5 leader stem loop is 
necessary for balanced alternative splicing of the full length mRNA transcript of MLV (Kraunus et al. 2006, Zychlinski 
et al. 2009). Interestingly, deletion of the 5’U5 region within an MLV-based gammaretroviral reporter vector encoding 
for GFP not only resulted in almost exclusive accumulation of spliced mRNA transcripts in the cell cytoplasm, but 
also greatly impaired protein expression when compared to the wild-type vector, most likely by a post-transcriptional 
mechanism.
Based on this initial observation, we performed a more precise mutational analysis of the 5´U5 region and narrowed 
down the sequences being involved in translational regulation to the highly energetic U5-PBS hairpin (Mougel et al. 
1993), which is located on top of the U5 leader stem loop just upstream of the PBS. The complete deletion of this hairpin 
caused severe reduction in protein expression but did not affect balanced viral RNA splicing. In contrast, shortening of 
the U5-PBS hairpin without affecting the highly energetic tetraloop structure did not affect protein levels. Furthermore, 
combining the U5-PBS hairpin deletion with the introduction of an artificial PBS that was designed not to match any 
natural occurring tRNA (Lund et al. 1997) successfully rescued the phenotype almost back to wild-type protein levels. 
Strikingly, transferring the corresponding U5-PBS hairpin deletion to an HIV-1 vector system also strongly impaired 
protein expression suggesting a more common translational regulation strategy among retroviruses.
In summary, we have evidence that the binding of the tRNA primer to its PBS generally impedes translational utilization 
of the retroviral RNA transcripts. However, the presence of a highly energetic tetraloop structure on the tip of the U5 
leader stem loop is able to counteract this phenotype, thus supporting the dual role of the retroviral leader in reverse 
transcription and translation.

P31
Role of a G/C rich palindromic structural motif in MPMV RNA packaging
S.A. Jaballah1, J. Ali1, P.S. Phillip1, T.A. Rizvi1
1 United Arab Emirates University, Microbiology and Immunology, Al Ain, United Arab Emirates
Retroviral RNA packaging is a crucial step in the retrovirus life cycle during which two copies of genomic RNA are 
preferentially packaged into the budding virus particles whereas the spliced viral RNA and the cellular RNAs are 
excluded during this process. Specificity towards retroviral RNA packaging is dependent upon sequences at the 5’ end 
of the viral genome which at times extend into Gag sequences. Previous studies from our laboratory have shown that 
Mason-Pfizer monkey virus (MPMV), like other retroviruses, contain sequences within the UTR and Gag that constitute 
major packaging determinants. These studies have also suggested that the packaging determinants of MPMV that lie 
in the UTR are further divided into two discrete regions located in the 5’ and 3’ ends of the UTR and the presence of 
these regions is required in conjunction with the Gag sequences for optimal RNA packaging. However the role of the 
intervening sequences between the dipartite UTR regions towards MPMV packaging had not been investigated.
In this study, we have used a systematic deletion analysis at both 5’ and 3’ ends of the intervening sequences to 
ascertain their role towards MPMV RNA packaging. Using a biologically relevant in vivo packaging and transduction 
assay, we have confirmed the importance of the discrete UTR regions in MPMV packaging and that most of the 
intervening region can be deleted without severely affecting RNA packaging. In addition, our studies also suggest that 
a structural motif containing a prominent palindromic G/C rich stem loop within the intervening sequences is essential for 
MPMV RNA packaging. The detailed results of the deletion and substitution mutational analysis will be presented which 
should confirm the role of the intervening sequences and/or structural motifs towards MPMV RNA packaging.

W
elcome W

ord
Organisers

Supporters and 
Exhibitors

General information
Venue Information and 

Transportation
Meeting Programme

Guidelines to Chairs 
and Authors

Oral Presentations
Poster Presentations

List of Authors
List of Participants

Social Programme
Practical Information 

A-Z



44 C E N T E N N I A L  R E T R O V I R U S  M E E T I N G

P32
Early detection of oncogenesis in broilers induced by Rous Sarcoma Virus 
(RSV-A)
V.M. Khare1, V.K. Saxena2, A. Tomar3

1 Indian Veterinary Research Institute, Animal Nutrition Division, Bareilly, India
2 Central Avian Research Institute, Avian disease and genetics, Bareilly, India
3 Indian Veterinary Research Institute, Viral immunology division, Bareilly, India
Rous Sarcoma Virus (RSV) is an Alpharetrovirus of Retroviridae family that causes solid tumors in avian species. Thus to 
determine the optimal time point at which RSV lesions could be detected at primary site of inoculation and at metastasis 
organs in Synthetic Dam Line, a commercial broiler breed of India, an investigation was made on 80 SDL chicks that 
were 0 to 2 weeks of age. The chicks were infected by inoculating 2000 pfu / 0.2 ml of RSV-A virus in the left wing-web 
through sub-cutaneous route and were observed regularly for appearance of tumors. Early tumor lesions were observed 
at primary site of infection by 24 hours i.e 1 DPI (days post infection) in 24% of birds, 2-5 DPI in 36% of birds, 7-10 DPI 
in 40 % of birds. According to tumor growth pattern 80% of birds were progressors and 20 % were regressors. Amongst 
progressors, 44% of birds revealed metastasis lesions in different organs that were visible as early as 16 DPI. Post 
mortem examination revealed metastasis mostly in liver, lung, heart (24%), spleen (10%), kidney (8%), chest muscle 
(10%), neck/ thymus (6%), leg muscle (8%), skin lesions (6%). The least affected organs were proventriculus, gizzard, 
ceacum, intestine and serosa (2%). Thus the present results suggested that the optimal time point at which RSV can be 
detected is between 7 to 10 days post infection and metastasis can be detected by 16 days post infection.

P33
Integration specificity and expression activity of HERV-MLV hybrid vectors
O. Diem1, L. Leitner2, U. Schoen2, B. Salmons3, C. Leib-Moesch2

1 Medical Faculty Mannheim University of Heidelberg, Medical Clinic III, Mannheim, Germany
2 Helmholtz Zentrum Muenchen, Institute of Virology, Neuherberg, Germany
3 Austrianova Singapore Pte Ltd, Biopolis, Singapore, Singapore
The human genome contains more than half a million endogenous retroviral LTR sequences that can be regarded 
as mobile regulatory modules for gene expression. Many of these human endogenous retroviral (HERV) LTRs are 
transcriptionally active and demonstrate tissue-specific expression profiles. Moreover, a number of HERV LTRs have 
been recruited during evolution as transcriptional control elements for cellular gene expression. We have cloned LTR 
sequences derived from two HERV families, HERV-H and HERV-L, which differ widely in their range of expression 
activity and cell type specificity, into a murine leukemia virus (MLV)-based promoter conversion vector (ProCon). 
Various cell lines including LC5, HeLa, MIAPaCa-2, and HaCaT were infected with the HERV-MLV hybrid vectors and 
cell type-specific expression of the reporter gene was shown by FACS analysis. Transcription start sites of HERV-MLV 
hybrid vectors were determined by 5’RACE-PCR and the preferential use of the HERV promoter initiation site was 
demonstrated. Genome wide analysis of integration sites of actively expressed HERV-MLV hybrid vectors revealed 
integration preferences similar to other MLV based vectors. Long term cultivation of cell clones infected by four different 
HERV-MLV hybrid vectors was monitored by FACS analysis. Six of seven analyzed clones showed a stable expression 
of the transgene over a period of 82 days. In summary, these data suggest that HERV LTRs may be a useful tool for 
the construction of tissue-specific retroviral expression vectors.

P34
Alpharetroviral self-inactivating vectors: attractive tools for human gene 
therapy
J.D. Suerth1, T. Maetzig1, M. Galla1, C. Baum1, A. Schambach1

1 Hannover Medical School, Experimental Hematology, Hannover, Germany
Alpharetroviruses were first described about 100 years ago. In the following century, studies on retroviruses have lead 
not only to a wealth of knowledge on the retroviral life cycle, but also on related fields, such as molecular biology and 
carcinogenesis. Beyond that, the ability of retroviruses to efficiently anchor transgenes in cellular chromosomes, has 
turned them into attractive tools for human gene therapy.
Nevertheless, accidental insertional activation of proto-oncogenes and potential vector mobilization pose serious risks 
for human gene therapy using retroviral vectors. Comparative analyses of integration sites of different retroviral vectors 
have elucidated distinct target site preferences, highlighting vectors based on the alpharetroviral Rous Sarcoma Virus 
as the ones with the most neutral integration spectrum. In order to be able to take advantage of the favorable integration 
spectrum for clinical applications, we have designed a new vector system applicable for human gene therapy.
Alpharetroviral vectors so far are mainly based on single constructs containing viral coding sequences, such as gag/
pol and env, and intact long terminal repeats (LTR). The transfer of intact viral genomes is unacceptable for clinical 
application, particularly due to the theoretical risk of vector mobilization and the potentially immunogenic expression of 
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viral proteins. Consequently, we eliminated these risks by setting up a split-packaging system providing for the necessary 
viral proteins in trans. Moreover, intact LTRs containing transcriptional elements are capable of activating cellular genes. 
By removing most of these transcriptional elements we were able to generate a self-inactivating alpharetroviral vector, 
whose LTR-transcriptional activity is reduced to the level of negative controls, and whose transgene expression can be 
driven by an internal promoter of choice. Codon-optimization of the alpharetroviral gag/pol expression construct and 
further optimization steps allowed the production of high-titer self-inactivating vector particles in human cells. In various 
experiments we demonstrated proof-of-principle for the versatility of alpharetroviral SIN vectors for human gene therapy.
Besides potentially fulfilling stringent requirements for use in clinical trials, our alpharetroviral vector system also 
marks an in important advancement to study retroviral biology, facilitating the analysis of early and late phases of 
the alpharetroviral life cycle.

P35
Exploiting the retroviral life cycle for delivery of functional non-viral proteins
C. Voelkel1, M. Galla1, T. Maetzig1, E. Warlich1, J. Kuehle1, D. Zychlinski1, J. Bode1, A. Schambach1, C. Baum1

1 Hannover Medical School, Experimental Hematology, Hannover, Germany
Murine Leukemia Virus (MLV) particles contain 3000-5000 units of Gag precursors. These polyproteins consist of 
the essential structural proteins Matrix, p12, Capsid and Nucleocapsid which are released by the retroviral protease 
in maturating particles. Following receptor binding and fusion with the target cell, viral proteins are delivered into the 
cytosol in order to escort the viral RNA on its evolutionary adapted route to the nucleus. Given that retroviral particles 
tolerate the fusion of a foreign protein to one of the different proteins of Gag with subsequent release in target cells, 
retroviral particles may become useful tools for protein delivery. We tested this hypothesis by fusing green fluorescent 
protein (GFP) to different positions within Gag. The GFP fusion was tolerated, delivered into target cells and transiently 
degraded over time as detected by flow cytometry. Western blot analyses revealed the protease-mediated processing of 
GFP. Kinetic studies showed that the level and duration of GFP expression depended upon its location within Gag or Pol. 
To test the delivery of biologically active proteins, we fused the site specific recombinase Flp flanked by a viral protease 
site to different Gag proteins. Using a Flp-recombination dependent indicator construct, we demonstrated that functional 
Flp recombinase was efficiently delivered into target cells, with the potential of envelope-dependent cell targeting. The 
co-delivery of viral nucleic acids was possible but not required for transduction of Flp protein. We also demonstrated 
efficient Flp protein transduction in induced pluripotent stem cells (iPSCs). After establishing iPSC, lentiviral 
reprogramming vectors flanked by Flp recognition target sites (FRT) were excised by the retroviral protein transfer of Flp. 
Depending on the type of protein incorporated, the delivery of protein from a modified Gag-Pol precursor might not only 
be useful for advanced cell engineering but also for basic studies of the retroviral life cycle.

P36
Surface modification of retroviral virus-like particles for their therapeutic use
I. Vorackova1, P. Ulbrich1, T. Fuzik1, T. Ruml1
1 Institute of Chemical Technology Prague, Department of biochemistry and microbiology Center of Applied Genomics, 

Prague 6, Czech Republic
Self-assembled virus-like particles (VLP) formed in vitro could serve as an alternative to currently used viral vectors 
for gene therapy. The advantage of this system is a lack of particle infectivity and replication. We previously confirmed 
that retroviral structural polyprotein Gag of Mason-Pfizer monkey virus (M-PMV) and its deletion mutants assemble into 
virus-like particles. We have developed highly efficient system of spherical particles preparation made of these proteins. 
This system also enables incorporation of different types of nucleic acids up to the size 15 kbp (RNA, DNA and other 
polyanions) into formed particles.
Moreover, it is possible to modify the particle surface by N-terminal extension of viral structural protein. This extension 
with oligopeptides should enable the delivery of particles into specific tissue or could also display antigens for 
immunization. Peptides targeting the particles to prostate cancer cells and vascular endothelial cells were chosen as 
a model. For immunization a part of prostate specific membrane antigen (PSMA) was tested.
In all cases formation of particles from modified proteins in the presence of RNA and DNA was confirmed by transmission 
electron microscopy. The ability of oligopeptides to interact with cell receptor, entry of VLPs into these cells and 
expression of therapeutic genes was tested. Currently, we are focused on separate steps (especially recognition of 
cell receptor) of this process. We tested interactions of our particles with prostate cancer cell by immunofluorescent 
microscopy and Western blot method. We also successfully obtained specific monoclonal antibody against PSMA after 
immunization of mouse by our modified particles.
This work was supported by Czech Ministry of Education Grants ME 904, MSM 6046137305 and Grant Agency of 
the Academy of Sciences of the Czech Republic KAN208240651.
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Cellular Defenses

P37
Cellular GCN2 kinase and viral Integrase, a game between the host 
and the virus
O. Cosnefroy1, C. Calmels1, V. Parissi1, M. Andreola1

1 CNRS, UMR5234, Bordeaux, France
Integrase permits integration of viral DNA in DNA of infected cell. Mutation of IN shows pleiotropic effects suggesting 
that IN may have different roles in viral cycle. Integrase interacts with RT but the real impact on reverse transcription is 
unknown. Integrase is involved in the transport of viral DNA to the nucleus but mechanism of interaction with its different 
partners is no clear. The different steps of integration are catalyzed by different oligomeric forms of IN but the factors that 
govern this oligomerisation are unknown. These different steps are obviously regulated and translational modifications of 
IN might be involved in such a regulation (transport and nuclear import, targeting to cell DNA, oligomerisation...).
Phosphorylation of residue Ser24 was identified on IN expressed in yeast. Second, in a project of identification of 
cellular partners of IN by two-hybrid, interaction between IN and a protein kinase termed GCN2 was obtained. This 
kinase belongs to a family of protein kinases that regulate translation in response to different cellular stresses by 
phosphorylation of the eukaryotic initiation factor eIF-2a. Is Ser24 of IN phosphorylated in human cells, and is GCN2 
responsible for the phosphorylation of IN, this question is under investigation today.
In human cells infected by HIV-1, RNA interference against GCN2 increases the viral replication. On the opposite, 
overexpression of the kinase decreases the viral replication. Activation of GCN2 by autophosphorylation after viral 
infection of human cells is clearly observed as early as 2 hours post infection. The hypothesis is that infection constitutes 
a stress that activates GCN2. The answer of the cell to viral infection is a decrease of cellular (and viral) proteins 
translation.
Interaction between GCN2 and IN was confirmed by immunoprecipitation. GCN2 is known to interact with eIF2a through 
the binding on a GYID motif of eIF2a. A GYIE motif was identified on HIV-1 integrase and constitutes a putative binding 
site of GCN2 on IN. As a result, IN could play the role of a lure to divert GCN2 from eIF2a binding and then, limit 
the inhibition of translation of cellular and viral proteins by the infected cell.

P38
The maedi-visna virus Vif protein has more than one function
V. Andresdottir1, S.R. Franzdottir1, H.L. Bjornsdottir1, K. Olafsdottir1, S.R. Jonsson1

1 University of Iceland, Institute for Experimental Pathology at Keldur, Reykjavík, Iceland
Maedi-visna virus (MVV) is a lentivirus of sheep, mainly affecting the lungs and the nervous system. The target cells 
of MVV infection are predominantly cells of the monocyte/macrophage lineage, and virus expression is activated upon 
macrophage maturation. Like other lentiviruses, except equine infectious anemia virus (EIAV), MVV requires Vif for 
efficient replication in primary macrophages and in vivo. Vif-deficient MVV accumulates G-A mutations in the sequence 
context characteristic of ovine APOBEC3.
 A clone of MVV with a mutation in CA (CA-L120R) replicates well in sheep choroid plexus (SCP) cells, fetal ovine 
synovial (FOS) cells and in macrophages. We tested two point mutations in viftogether with this mutation in CA. The 
first was a tryptophan to arginine change in the central part of Vif. This virus had the same phenotype as ∆vif virus, i.e. 
it replicated poorly in SCP cells and macrophages and there was an increased frequency of G-A mutations with the 
target specificity of that of ovine APOBEC3, whereas FOS cells were semipermissive. The second replacement was 
a proline to serine change in the C-terminus of Vif. This mutation rendered the virus replication-deficient in FOS cells and 
macrophages, whereas SCP cells were fully permissive. An elevated frequency of G-A mutations was not associated 
with this amino acid replacement. The proline to serine change did not have any effect in a wt background. In contrast, 
the tryptophane to arginine change had the same effect on growth both in a wt background and together with the CA 
mutation. These results suggest that Vif exerts more than one function and that there may be interaction between Vif and 
the capsid. The results also suggest the involvement of an unknown host factor in Vif function.
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P39
Human TRIM5alpha mediates block to N-tropic MLV by overexpressed SUMO1
G. Arriagada1, L. Muntean2, S.P. Goff3

1 Howard Hughes Medical institute Columbia University, Biochemistry and Molecular Biophysics, New York, USA
2 Columbia University, Biochemistry and Molecular Biophysics, New York, USA
3 Howard Hughes Medical Institute Columbia University, Biochemistry and Molecular Biophysics, New York, USA
SUMO conjugation has been found to be involved in a diverse array of biological functions, including protein trafficking, 
protein-protein interactions, transcriptional regulation and viral infection. In some instances, SUMO conjugation of either 
viral or host proteins can impair virus infection.
Overexpression of SUMO1 in 293T cells specifically restricts N-MLV and not B or NB-MLV. This restriction can be 
saturated by high doses of restricted virus, and occurs prior to reverse transcription. The observation that the SUMO1 
antiviral effects on N-tropic MLV are capsid-dependent and can be saturated by high doses of restricted virus suggest 
that overexpression of SUMO1 in 293T cells could be enhancing the activity of an intrinsic restriction factor. Interestingly 
the TRIM5alpha antiviral restriction activity was found to be dependent on the CA aminoacid residue 110, occurred prior 
to reverse transcription, and could be abrogated with high multiplicities of infection.
In order to analyze the relationship between SUMO1 and TRIM5alpha restriction we first compared the mRNA levels 
of TRIM5alpha in cells that stably overexpress SUMO1 and control cells. We found that control cells and SUMO1 
overexpressing cells have similar levels of TRIM5alpha, this suggest that SUMO1 effects on N-tropic MLV are not 
mediated through increased expression of TRIM5alpha. In order to determine whether TRIM5alpha is mediating the 
SUMO1 restriction, we stably knockdowned TRIM5alpha expression in control or SUMO1 overexpressing cells. We 
found that knockdown of TRIM5alpha in 293T SUMO1 overexpressing cells results in ablation of SUMO1 antiviral effects; 
this loss of restriction can be restored by overexpression of human TRIM5alpha sh-RNA resistant plasmid. Therefore 
our data demonstrate that TRIM5alpha mediates the SUMO1 block of N-tropic MLV. Interestingly overexpression of 
a sh-RNA resistant TRIM5alpha containing mutations in a putative SUMOylation site or in two putative SUMO interacting 
motives have only partial antiviral activity. Our data suggest a novel aspect of the TRIM5alpha-mediated restriction of 
N-tropic MLV.

P40
Investigations into xenotropic murine leukaemia virus-related virus infection
H.C.T. Groom1, V.C. Boucherit1, K.N. Bishop1

1MRC National Institute for Medical Research, Division of Virology, London, United Kingdom
Xenotropic murine leukemia virus-related virus (XMRV) is a newly discovered gamma-retrovirus that was first identified 
from prostate cancer samples and has recently been reported to be present in 67% of patients with chronic fatigue 
syndrome (CFS). We are interested in defining the host cell tropism of this virus as well as studying the link to human 
disease.
As XMRV was recovered from PBMCs, which express several known anti-viral restriction factors, this raised the 
possibility that like HIV, XMRV may have acquired resistance to restriction. We therefore investigated the susceptibility 
of XMRV to a panel of different restriction factors. We found that both human APOBEC3 and tetherin proteins, but not 
human TRIM5α, were able to block XMRV replication. In addition, the virus was inhibited by factors from non-human 
species including mouse Apobec3, tetherin and Fv1 proteins. These results have important implications for predicting 
the natural target cells for XMRV replication, for relating infection to viral pathogenicity and pathology, as well as for the 
design of model systems with which to study XMRV-related diseases.
We have also examined 170 UK CFS patient samples and 385 controls for evidence of XMRV infection. We have not 
identified XMRV DNA in any samples by qPCR (0/321) and although some serum samples showed XMRV neutralising 
activity (26/565) only one of these positive sera came from a CFS patient. Therefore, we have not observed any 
association between XMRV infection and CFS. Most of the neutralising sera showed significant cross-reactivity in 
serological responses. However, four positive samples were specific for XMRV in our assays, indicating that XMRV 
infection may occur at low levels in the general population, although with currently uncertain outcomes.
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P41
HIV-1 inhibition of immunoamphisomes in dendritic cells impairs early innate 
and adaptive immune responses
F. Blanchet1, A. Moris2, D. Nikolic1, M. Lehmann1, S. Cardinaud2, C. Dinkins3, L. Wu4, O. Schwartz5, V. Deretic3, V. Piguet1

1 University Hospital and Medical School of Geneva, Dermatology and Venereology - Microbiology and Molecular 
Medicine, Geneva, Switzerland

2 Upmc, Inserm UMRS-945, Paris, France
3 University of New-Mexico, Molecular Genetics and Microbiology, albuquerque, USA
4 Center for Retrovirus Research, Department of Veterinary Biosciences, Columbus, USA
5 Institut Pasteur, Department of Virology, Paris, France
Dendritic cells (DC) in mucosal surfaces are early targets for HIV-1. Based on their strong antigen presentation capacity, 
DC can mount rapid and robust immune responses upon pathogen encounter. However, immune response in the early 
events of HIV-1 transmission appears to be limited, suggesting that HIV-1 may evade, at least in part, the early immune 
control by DC. Recently, the autophagy-linked lysosomal degradation pathway is gaining recognition as a central 
component of the host innate and adaptive immune response, particularly to intracellular pathogens.
We report here that HIV-1 induces a rapid shutdown of autophagy and immunoamphisomes in DC. HIV-1 envelope 
protein triggers activation of the mammalian target of Rapamycin (mTOR) pathway in DC, which leads to a decrease 
of markers of autophagy activation expression. HIV-1-induced inhibition of autophagy in DC increased cell-associated 
HIV-1 content and enhanced transfer of HIV-1 infection to autologous CD4+ T cells. HIV-1 mediated downregulation of 
autophagy in DC impaired innate and adaptive immune responses, as measured by TLR signaling and MHC II-restricted 
HIV-1 antigen presentation. Immunoamphisomes in DC engulf incoming pathogens and appear to amplify pathogen 
degradation as well as TLR responses and antigen presentation. Pharmacological stimulation of autophagy with mTOR 
antagonists in DC infected with HIV-1 resulted in a more robust antigen presentation by DCs.
The findings that HIV-1 downregulates autophagy in DC and impedes immune functions of DC represents a novel 
pathogenesis mechanism of HIV that can be countered pharmacologically using mTOR inhibitors with therapeutic and 
prophylactic implications.

P42
The M2 of Influenza A virus supports virus release of HIV-1 in a Tetherin 
independent manner
S. Bolduan1, J. Votteler1, V. Lodermeyer1, M. Schindler2, U. Schubert1

1 Universitätsklinikum, Virology, Erlangen, Germany
2 Heinrich-Pette-Institute, Experimental Virology and Immunology, Hamburg, Germany
The HIV-1 accessory protein Vpu supports virus release by counteracting the cellular restriction factor tetherin which 
inhibits release of diverse retroviruses by tethering virions to the cell surface. While the cytoplasmic domain of Vpu 
mediates tetherin down-modulation, the transmembrane domain of Vpu is critical for binding of tetherin. It was 
previously shown that randomization of the Vpu transmembrane domain prevents Vpu ion channel activity and impairs 
its ability to regulate virus release. This suggested a functional correlation between the ion channel activity of Vpu and 
augumentation of virus release. However, the role of tetherin in the ion channel mediated augumentation of virus release 
still remains enigmatic. Both M2, of Influenza A virus, and Vpu share structural and functional similarities: Vpu and M2 
are class I integral membrane proteins of similar sizes that form cation-selective ion channels. Both follow the exocytotic 
pathway and are located at virus assembly and budding sites. Therefore, we investigated whether M2 can support HIV-1 
release. Our data indicated that M2 in an ion channel dependent fashion augments HIV-1 release independently of 
tetherin, however less efficiently than Vpu in the presence of tetherin.

P43
Mus APOBEC3 evolution includes retroviral insertion and positive selection 
at the substrate groove
B. Sanville1, M.A. Dolan2, K. Wollenberg2, Y. Yan1, C. Martin1, M.L. Yeung1, A. Buckler-White1, C.A. Kozak1

1 National Institute of Allergy and Infectious Diseases, Laboratory of Molecular Microbiology, Bethesda MD, USA
2 National Institute of Allergy and Infectious Diseases, Bioinformatics and Computational Biosciences Branch, 

Bethesda MD, USA
Mice carry a single APOBEC3 (mA3) cytidine deaminase gene with allelic variants that differ in their antiviral activity. 
We sequenced mA3 genes from 38 inbred strains and wild mouse species, and compared the mouse sequence and 
structure with human APOBEC3G (hA3G). An inserted 535bp sequence was identified in the virus restrictive C57BL 
allele that disrupts a splice donor site. This insertion represents the long terminal repeat (LTR) of the xenotropic mouse 
gammaretrovirus, and was acquired in Eurasian mice that harbor xenotropic retrovirus. Presence of this LTR does not 
alter splicing but is associated with elevated mA3 expression levels in spleens of C57BL and other LTR+ laboratory 
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and wild-derived mice. Analysis of Mus mA3 coding sequences also showed evidence of strong positive selection and 
identified 9 codons with very high posterior probabilities of having evolved under positive selection. Six of these codons 
lie in two clusters in the N-terminal catalytically active cytidine deaminase domain (CDA), and 5 of those 6 codons 
are polymorphic in virus restrictive and nonrestrictive mice and align with hA3G codons that are critical for deaminase 
activity. Homology models of mA3 indicate that the two selected codon clusters specify residues that are opposite 
each other along the CDA substrate groove, and that one cluster corresponds to an hAPOBEC substrate recognition 
loop. Substitutions at these clustered codons alter in vitro mA3 antiviral activity. This analysis of Mus mA3 identified an 
inserted retroviral regulatory sequence associated with enhanced expression and two codon clusters that contribute to 
antiviral activity.

P44
Tetherin restricts direct cell-cell transfer of HIV-1 and is antagonized by Vpu
B.D. Kuhl1, R.D. Sloan1, D.A. Donahue1, T. Bar-Magen1, C. Liang1, M.A. Wainberg1

1 McGill University, McGill AIDS Center, Montréal. Québec, Canada
Background. Tetherin (BST-2/CD317/HM1.24) is an interferon (IFN)-inducible factor of the innate immune system, 
recently found to have antiviral activity against HIV-1 and other enveloped viruses by tethering nascent viral particles to 
the cell surface, thereby inhibiting viral release. In HIV-1 infection the viral protein U (Vpu) counteracts this antiviral action 
by down-modulating tetherin from the cell surface. Viral transmission between T-cells can occur via cell-free transmission 
or the more efficient direct cell-cell route through virological synapses. Virological synapses are associated with lipid raft-
rich microdomains in the membrane. Tetherin is known to localize to these microdomains and is capable of modulating 
actin architecture, which is crucial for viral entry, assembly and budding.
Methodology/Principal Findings. We established a flow cytometry-based co-culture assay to distinguish viral transfer 
from viral transmission and investigated the impact of tetherin on cell-cell spread of HIV-1. Sup-T1 cells inducible for 
tetherin expression were used to examine the impact of effector and target cell tetherin expression on virus transfer 
and transmission. Tetherin expression at the surface of effector cells was shown to diminish viral transfer, and this 
activity was antagonized by Vpu. In contrast, cell surface expression of tetherin on target cells promoted viral transfer 
of vpu-deficient viruses. Viral infectiousness was not affected by tetherin expression.
Conclusions/Significance. We show that tetherin, in addition to inhibiting viral release, can also inhibit direct cell-cell virus 
transfer, while not affecting viral infectiousness. Viral Vpu promotes viral transmission from tetherin-expressing cells by 
down-modulating tetherin from the effector cell surface, outweighing its possible fitness cost in cell-cell transmission. 
Further, we have shown that tetherin on the target cell promotes cell-cell spread in a way that favors vpu-deficient virus. 
This suggests a role for tetherin in cell-cell contacts, especially at virological synapses. Our data further contribute to 
the body of knowledge that the targeting of Vpu could be a valuable strategy aimed at blocking HIV replication.

P45
HIV-1 Vif binds to APOBEC3G mRNA and inhibits its translation
R. Marquet1, G. Mercenne1, S. Bernacchi1, D. Richer1, G. Bec1, S. Henriet1, J.C. Paillart1

1 Institut de Biologie Moléculaire et Cellulaire, Architecture et Réactivité de l'ARN, Strasbourg, France
The HIV-1 viral infectivity factor (Vif) allows productive infection of non-permissive cells (including most natural HIV-1 
targets) by counteracting the cellular restriction factor APOBEC3G (hA3G). The Vif-induced degradation of hA3G by 
the proteasome has been extensively studied, but little is known about the translational repression of hA3G by Vif, which 
has also been proposed to participate in Vif function.
Here, we studied Vif binding to hA3G mRNA and its effect on hA3G translation. Filter binding assays and fluorescence 
titration curves revealed that Vif tightly binds to hA3G mRNA. Even though Vif had an overall binding preference for the 
3’ untranslated region (UTR) of hA3G mRNA, at least one high affinity Vif binding site was also present in the 5’ UTR 
(Kd ~24-27 nM). Accordingly, several Vif binding sites were mapped in each UTR by enzymatic footprinting. In rabbit 
reticulocyte lysates, Vif inhibited translation of hA3G from the full-length mRNA by two-fold. Importantly, inhibition of 
hA3G translation by Vif required the authentic 5’ UTR, but not the 3’ UTR. Successive truncations in the 5’ UTR revealed 
a structural motif containing at least one Vif binding site that was required for the regulation of hA3G translation by 
Vif. Thus, even though Vif binds to several stable secondary structures in the 5’ UTR, only one of them is required for 
inhibition of translation, suggesting that the molecular mechanism of translational control is more complicated than 
a simple physical blockage of scanning ribosomes.
When transfecting 293T cells with limited amounts of expression plasmids, we also observed a 2-2.5 fold decrease in 
hA3G levels in the presence Vif when hA3G was translated from the full-length mRNA or a mRNA lacking the 3’ UTR. 
However, Vif only minimally reduced hA3G levels when this protein was translated from a RNA lacking the 5’ UTR or 
both UTRs. In addition proteasome inhibitors only slightly increased the hA3G levels, irrespective of the mRNA used to 
translate it. Thus, our experiments strongly suggest that Vif also inhibits hA3G in transfected cells and that under our 
conditions this mechanism is more potent than the Vif-induced hA3G degradation.
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P46
Simian immunodeficiency virus envelope glycoprotein counteracts tetherin by 
intracellular sequestration
R.K. Gupta1, P. Mlcochova2, A. Pelchen-Matthews2, S.J. Petit1, G. Mattiuzzo1, D. Pillay1, Y. Takeuchi1, M. Marsh2, 
G. Towers1

1 UCL, Medical Research Council Centre for Medical Molecular Virology Division of Infection and Immunity, London, 
United Kingdom

2 UCL, Medical Research Council Laboratory for Molecular Cell Biology, London, United Kingdom
Tetherin is an interferon-inducible restriction factor that retains primate lentivirus particles at the surface of infected 
cells. HIV-1 and its immediate ancestors express an antagonist of tetherin, the Vpu protein, which counteracts tetherin 
and induces its degradation. HIV-2 and many SIV lineages do not have a Vpu gene, but they are still able to overcome 
tetherin-mediated restriction of virus release. Here we show that the envelope glycoprotein from the Tantalus monkey 
SIV (SIVtan Env) antagonises tantalus, rhesus and human tetherins. Interestingly, tetherin sensitivity to SIVtan Env 
lies outside the transmembrane region, and is located in the ectodomain of the protein. A specific mutation in this 
ectodomain almost completely abolishes the sensitivity of human tetherin to SIVtan Env without compromising the 
antiviral activity or sensitivity to Vpu. SIVtan Env expression results in reduction of cell surface tetherin and re-localization 
of tetherin to intracellular compartments away from budding viruses. Immuno-electron microscopy shows that SIVtan 
Env is co-localised together with tetherin in the vicinity of the Golgi apparatus in intracellular tubulo-vesicular clusters 
that are possibly trans-Golgi network and/or recycling endosomes. Thus, together with HIV-1 Vpu and SIV Nef, the 
envelope glycoprotein is the third and most broadly active antagonist of tetherin. Our study suggests tetherin is a general 
mechanism used by mammals to protect against infection by certain enveloped viruses and indicates that tetherin 
antagonism can be achieved by relocating tetherin within infected cells.

P47
Antagonism of tetherin by human immunodeficiency viruses  
and gamma-herpesviruses
S. Neil1, A. Le Tortorec1, R. Vigan1, T. Kueck1, R.P. Galao1, S. Willey1

1 King's College london, Infectious Disease, London, United Kingdom
Tetherin (BST2/CD317) is an interferon-induced membrane protein that inhibits the release of enveloped viruses 
from infected cells by directly cross-linking nascent virions to cell surfaces. Several mammalian viruses encode 
countermeasures that specifically inactivate tetherin. We have been investigating the comparative cell biology of several 
of these factors, namely the HIV-1 accessory protein Vpu, the HIV-2 envelope glycoprotein, and the RING-CH ubiquitin 
ligase K5 encoded by Kaposi’s Sarcoma-associated Herpesvirus (KSHV). All these proteins lead to a removal of tetherin 
from the surface of infected cells, with both Vpu and K5 inducing its ubiquitin-dependent degradation. However we 
have identified several mechanistic differences in these processes. While K5 induces ubiquitin and ESCRT-dependent 
targeting of tetherin for lysozomal degradation, both Vpu and HIV-2 Env directly interact with tetherin and induce its 
accumulation in the trans-Golgi network (TGN). Genetic evidence from Vpu activity against primate tetherins implicates 
an interaction between their TM domains in antagonism. Vpu-induced tetherin degradation and downregulation requires 
a highly conserved phosphorylation site, but mutation of this sequence does not completely abolish antagonism of 
tetherin function. Furthermore, we have identified a trafficking sequence in the Vpu cytoplasmic tail that modulates 
tetherin inactivation. The HIV-2 Env function depends on a binding site for the clathrin-adaptor AP-2 in its cytoplasmic 
tail, with tetherin interaction determined by extracellular domains in the mature trimeric protein. Further characterization 
of the molecular determinants and cell biology of these processes will be discussed.

P48
Direct internalization of cell-surface BST-2/tetherin by HIV-1 Vpu
Y. Iwabu1, H. Fujita2, Y. Tanaka2, T. Sata1, K. Tokunaga1

1 Natl Inst of Infectious Diseases, Dept of Pathology, Tokyo, Japan
2 Kyushu Univ., Pharmaceutical Cell Biology Graduate Sch of Pharmaceutical Sci, Fukuoka, Japan
BST-2/tetherin is a recently identified host restriction factor that blocks the production of enveloped viruses by trapping 
viral particles at the cell surface. An HIV-1 accessory protein Vpu counteracts this antiviral effect by preventing 
cell-surface expression of BST-2. The mechanism by which Vpu blocks BST-2 remains unknown. We examined how 
Vpu could inhibit antiviral activity of BST-2. Colocalization of transiently expressed BST-2 and a lysosome marker 
cathepsin D with/without Vpu was analyzed by immunofluorescence in 293T cells treated with lysosomal inhibitors. 
Immunoprecipitation was performed to see a ternary interaction of BST-2, Vpu, and βTrCP-1 or -2. HeLa cells silenced 
for βTrCP-1 or -2 were infected with viruses carrying wild-type Vpu or βTrCP interaction-defective Vpu2/6, and their 
virion productions were measured. Using the cells expressing dominant-negative dynamin-2 or endocytosis-defective 
BST-2, inhibition of Vpu-induced downregulation of BST-2 was examined by flow cytometry. Antibody internalization 
assay was performed with an anti-BST-2 antibody, using cells co-expressing endocytosis-defective BST-2 and either 
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WT or mutant Vpu. Vpu expression in the cells treated with lysosomal inhibitors resulted in its colocalization with BST-2 
and cathepsin D. suggesting that Vpu leads BST-2 to lysosomal degradation. Immunoprecipitation showed that Vpu 
assembled a ternary complex with BST-2 and βTrCP proteins, between which no direct interaction occurred. The wild-
type virus production was reduced to 50% in the βTrCP-silenced cells, corresponding to that of Vpu2/6, suggesting that 
the inhibitory effect of Vpu on BST-2 was partially dependent on βTrCP proteins. Dominant-negative dynamin-2 which 
inhibits endocytosis, blocked Vpu-induced downregulation of BST-2, and then an endocytosis-defective BST-2 was still 
internalized by Vpu. These results suggest that Vpu targets cell-surface, but not constitutively endocytosed, BST-2. 
Antibody internalization assay confirmed that it was the cell-surface BST-2 that was downregulated and conveyed to 
lysosomes by Vpu. Taken together, these results indicate that the primary site of action of Vpu is the plasma membrane, 
where Vpu targets and internalizes cell-surface BST-2, leading to lysosomal degradation, partially in a βTrCP-dependent 
manner.

Epigenetic Effects on Retroviral Gene Expression and Oncogenesis

P49
Epigenetic silencing and activation of human endogenous retroviruses (HERV) 
in human brain cells
O. Diem1, W. Seifarth2, O. Frank2, C. Leib-Mösch1

1 Helmholtz Zentrum München - German Research Center for Environmental Health, Institute of Virology, Neuherberg, 
Germany

2 Medical Clinic III Medical Faculty Mannheim, University of Heidelberg, Mannheim, Germany
The expression profiles of a broad range of HERVs were analyzed in brain samples from patients with schizophrenia, 
bipolar disorders and healthy controls using a retrovirus specific microarray. Remarkably, upregulation of 
HERV-K(HML-2) elements was found to be significantly prevalent in both, bipolar disorder- and schizophrenia-associated 
samples, suggesting a potential association with disease.
Therefore, the methylation status of HERV-K(HML-2) loci differentially active in patient samples was investigated in 
human brain cells. Preliminary results suggest a correlation between DNA demethylation and transcriptional activity of 
HERV-K (HML-2) loci. In brain of a healthy individual all examined loci were found to be methylated ranging from 80 
to 98%.
In addition, we have investigated the potential influence of psychiatric medication on HERV transcription activity, since 
the majority of patients are treated with neuroleptics and/or antidepressants. Various cell lines derived from human 
brain (astrocytes and neuronal cells) were treated with different antipsychotic drugs, such as valproic acid, haloperidol, 
risperidone and clozapine. The drugs were used in non-cytotoxic concentrations. Alterations of HERV expression 
patterns were monitored with the retrovirus-specific microarray.
All medications tested so far showed an influence on expression of at least some HERV families. A dose-dependent 
upregulation of transcriptional activity after treatment with valproic acid, haloperidol and risperidone was observed 
for several class I (HERV-Fb, HERV-W, ERV9) and class II HERVs (HERV-KC4). Valproic acid additionally showed 
an increased activity of HML-3 (class II HERV). Medication-dependent differences of HERV activity were validated 
by QRT-PCR. Furthermore, preliminary data suggest that members of the HML-2 family are not influenced. Thus, 
the differential HERV-K10 activity detected in brain samples of patients may rather relate to the disease than to 
psychiatric medication.

P50
Low DNA methylation as a marker of transcriptionally active porcine 
endogenous retroviruses
M. Matoušková1, A. Buzdin1, P. Daniel1, R. Hector2, P. Veselý1, L. Scobie2, and J. Hejnar1

1 Institute of Molecular Genetics AS CR, Prague, Czech Republic
2 Glasgow Caledonian University, Glasgow, UK
Xenotransplantation of pig organs, tissues and cells is believed to prolong life and enhance its quality for many patients. 
However, the risk of zoonosis is of concern. Although no infection of xenografted recipients has been recorded so far, 
porcine endogenous retroviruses (PERVs) are able to infect human cells in vitro. Potential evolution of PERV towards 
efficient replication in human cells could be a threat of future zoonosis.
Porcine genomes contain about 50 insertionally-polymorphic PERV proviruses; however, little is known about which of 
them are able to produce infectious particles. We suggest that the activity of PERVs corresponds with their methylation 
status. To prove this correlation, we have evidenced the sensitivity of various PERV LTRs to the CpG methylation in 
vitro. Bisulphite sequencing of LTRs has shown that the majority of proviruses are heavily methylated. Quantitative PCR 
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specific to hypomethylated sequences (MS-qPCR) revealed that the number of hypomethylated LTRs correlates with 
the level of PERV expression and vice versa.
The sequence conservation of various PERVs complicates identification of transcriptionally active and potentially 
dangerous copies. Low methylation of active PERVs could serve as a good marker to distinguish them from the silenced 
majority. Here, we present the first hypomethylated PERV locus that was detected by our new approach. Thanks to 
the insertion polymorphism, we can select and interbreed pigs free of these transcriptionally active PERVs as donors of 
xenografts.
Further, we compared by MS-qPCR the level of PERV methylation in different porcine tissues to figure out tissues 
potentially more risky for the xenotransplantation. Finally, we have found that stimulation of porcine PBMCs in vitro, 
which results in increased PERV expression, is associated with a decrease of PERV methylation.
We conclude that PERV activity is closely connected with DNA methylation and our approach can help identify 
the potentially dangerous proviruses.

P51
The role of DNA methyltransferases in the silencing of ASLV-derived vectors
F. Šenigl, M. Auxt, J. Hejnar
Institute of Molecular Genetics, Academy of Sciences of the Czech Republic, Prague, Czech Republic
Vectors derived from avian sarcoma and leukosis viruses (ASLV) represent a potent gene delivery tool. These vectors 
are thought to be relatively safe even for gene therapy since they do not replicate in mammalian cells and do not favor 
transcription starts of genes as the sites of integration. On the other hand, ASLV LTR-driven transcription is efficiently 
suppressed in mammalian cells.
We constructed a new packaging cell line, Avipack, for high-titer production of replication-defective ASLV-derived reporter 
vectors pantropized with the VSV-G glycoprotein and we studied the silencing of integrated vectors in single-round 
infection assays. The longitudinal analysis of reporter expression in single cell clones obtained after low-multiplicity 
infection enabled us to measure the rate and efficiency of post-integration silencing.
We applied our approach to the system of HCT116 cell lines deficient in various DNA methyltransferases (DNMT). During 
long-term cultivation of single cell clones, a subset of proviruses underwent gradual silencing and epigenetic repression, 
which was dependent on the presence of individual DNMTs. As expected, The DNMT knock-outs exhibited a slow-down 
in silencing rates. The cells lacking DNMT1 exhibited only slightly decreased rate of silencing, whereas the DNMT3B-
defficient cells silenced our vectors inefficiently and the majority of clones expressed LTR-driven reporter very stably with 
no or very slow silencing. Ectopic expression of DNMT3B restored the silencing capacity of DNMT3B-deficient cells.
The DNMT knock-outs influenced not only the provirus silencing, but also the stability of proviral latency. Many silenced 
proviruses are not reactivable in the DNMT+ cells, but the vast majority of silenced proviruses are prone to reactivation 
by inhibitors of histone deacetylases and DNMTs in DNMT3B-deficient cells. We conclude that the de novo DNA 
methylation system plays a principal role in ASLV silencing, and protective anti-methylation modifications of ASLV-derived 
vectors are urgently needed for their further applications.

Mechanisms of Disease

P52
Species susceptibility to JSRV infection within the Caprinae
H. Martineau1, G. Di Francesco2, F. Lopes2, D.J. Griffiths1, M. De las Heras3, M. Palmarini4, M. Caporale4

1 Moredun Research Institute, Virology, Edinburg, United Kingdom
2 Istituto Zooprofilattico Sperimentale A&M, Istology, Teramo, Italy
3 University of Zaragoza, Department of Veterinary Pathology, Zaragoza, Spain
4 Institute of Comparative Medicine, Faculty of Veterinary Medicine, Glasgow, United Kingdom
Ovine pulmonary adenocarcinoma (OPA) is caused by Jaagsiekte sheep retrovirus (JSRV), the causative agent of an 
infectious lung cancer of sheep with similarities to some forms of human lung cancer. JSRV can infect goat cells in vitro 
but the disease is not normally observed in natural conditions.
In this study we conducted experiments to determine the difference of susceptibility to virus infection between sheep 
and goats. We experimentally inoculated lambs and kids with JSRV and determined the number of virus-infected cells, 
histopathology, macroscopic lesions and tumour phenotype at early and late stages of virus infection. We found that 
JSRV can successfully infect lung cells in both species but ten days after infection, the number of clusters of virus 
positive cells was ten times higher in the lungs of the infected lambs compared to those of kids. Four out of four 
experimentally infected lambs developed extensive tumour lesions infiltrating different lobes of the lungs. On the contrary, 
infected kids developed only small miliary lesions with a diameter ranging from 1 to 10 mm. Histopathological 
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examination of the lungs of lambs revealed the classic appearance of OPA neoplastic foci in close proximity to one 
another and displaying an infiltrating phenotype. On the other hand, only isolated foci of discrete histological appearance 
and compressing the surrounding normal alveoli was observed in kids. The lymphoid tumour infiltrate had a similar 
appearance in both species. These data suggest that JSRV infection in goats’ cells is restricted and is in agreement 
with the uncommon diagnosis of naturally-occurring OPA in goats. Currently, we are investigating whether the restriction 
of JSRV replication and transformation of goat cells is due to restriction factors or to an adaptive immune response.

P53
Prevalence of XMRV in prostate cancer and chronic fatigue syndrome patients 
in Germany
O. Hohn1, K. Strohschein2, H. Krause3, R. Kurth1, C. Scheibenbogen2, N. Bannert1

1 Robert Koch-Institute, ZBS4, Berlin, Germany
2 Charité - Universitätsmedizin Berlin, Institute for Medical Immunology, Berlin, Germany
3 Charité - Universitätsmedizin Berlin, Urology, Berlin, Germany
Background: A novel gammaretrovirus named xenotropic murine leukemia virus-related virus (XMRV) has been recently 
identified and found to have a prevalence of 40% in prostate tumor samples from US American patients carrying 
a homozygous R462Q mutation in the RNaseL gene. More recently XMRV has also been found in up to 67% of US 
American patients suffering from chronic fatigue syndrome (CFS) without any correlation to the RNaseL genotype. 
The aim of our study is therefore the determination of the XMRV prevalence in prostate cancer cases and in CFS 
patients in Germany.
Methods: Real-time PCR was used for RNaseL genotyping of prostate cancer samples. Highly sensitive nested PCR and 
RT-PCR approaches were applied for the detection of XMRV gag sequences. Using recombinant Gag- and Env-proteins 
an ELISA was developed for the detection of anti-XMRV antibodies in human sera samples.
Results: 589 prostate tumor samples were genotyped by real-time PCR with regard to the RNaseL mutation. 
In agreement with earlier data, 12.9% (76 samples) were shown to be of the QQ genotype. However, XMRV specific 
sequences were detected at neither the DNA nor the RNA level and none of the 146 sera analyzed from prostate 
cancer patients contained XMRV-specific antibodies. The outcome of the ongoing CFS study will be presented at 
the conference.
Conclusion: Our results indicate a much lower prevalence (or even complete absence) of XMRV in prostate tumor 
samples in Germany. One possible reason for this could be a relatively recent acquisition of the virus from a murine host 
and a geographically restricted incidence of XMRV infections.

P54
Retroviral induced pulmonary adenocarcinoma originates from infection of lung 
alveolar progenitors
C. Murgia1, M. Caporale1, H. Martineau2, O. Ceesay1, D.J. Griffiths2

1 Institute of Comparative Medicine, Pathological Sciences, Glasgow, United Kingdom
2 Moredun Research Institute, Pentlands Science Park, Edinburgh, United Kingdom
Ovine pulmonary adenocarcinoma (OPA) is caused by Jaagsiekte sheep retrovirus (JSRV), the causative agent of an 
infectious lung cancer of sheep with similarities to some forms of human lung cancer. In order to determine both the 
cellular origin and the pathogenesis of OPA, we analysed the phenotype of the infected and transformed cells at early 
and late stages of tumour development in experimentally infected lambs and adult sheep. We found that successful 
JSRV infection of lung cells occurs only in lambs and not in adults. JSRV infection occurs in proliferating type II 
pneumocytes (expressing the surfactant protein marker, SP-C) which are 50 times more abundant in young lambs 
compared to adult sheep. However, adult sheep subjected to mild lung injury induced by 3 methylindole (3MI), and 
subsequently infected by JSRV were fully susceptible to viral infection and displayed early tumour lesions. These data 
reinforces the notion that lung adenocarcinoma originate from progenitor alveolar cells. In addition, we showed that JSRV 
infection of the target cells for viral transformation occurs only in lambs or in adults after lung injury. This observation is in 
agreement with the common diagnosis of various bacterial, parasitic or viral infections in naturally occurring OPA cases.
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P55
Multifarious aspects of cell transformation revealed in the model of insertional 
mutagenesis by MAV2
P. Pajer1*, V. Karafiát1*, V. Pečenka1*, J. Dudlová1, P. Kašparová2 & M. Dvořák1

1  The Institute of Molecular Genetics AS CR, Vídeňská 1083, 142 20 Prague, Czech Republic
2  Fingerland´s Department of Pathology, School of Medicine Charles University, Sokolská 581,500 05 Hradec Králové 

Czech Republic
* These authors contributed equally to this work
We have successfully used a chicken model based on insertional mutagenesis by myeloblastosis-associated virus 2 
(MAV2) to identify genes whose deregulation is responsible for the formation of chicken nephroblastoma (Pajer et. al. 
2003, 2006), chicken lung sarcoma (Pajer et. al. 2009), chicken liver carcinoma (in prep.) and for transformation in vitro 
(in prep.). Moreover, detailed study of cooperation of MAV2 insertional mutagenesis and promotional effects of stray 
cells in lung sarcoma induction lead us to the formulation of industasis concept (Pajer et. al. 2009). Thus, the single 
experimental tool, retrovirus MAV2, affords opportunity to study and compare molecular mechanisms underlying the 
formation of tumors of different origin and histology as well as contribution of epigenetic alterations to tumor formation. 
The data obtained also allow comparing the mechanisms of cell transformation in animal models and human - 
a necessary step in the effort to understand the complex problem of tumorigenesis.
Reference:
1. Pajer, P. et al., The twist gene is a common target of retroviral integration and transcriptional deregulation 

in experimental nephroblastoma. Oncogene 22 (5), 665 (2003).
2. Pajer, P. et al., Identification of potential human oncogenes by mapping the common viral integration sites in avian 

nephroblastoma. Cancer Res 66 (1), 78 (2006).
3. Pajer, P. et al., Industasis, a promotion of tumour formation by non-tumourigenic stray cells. Cancer Res, 69 (11), 4605 

(2009).

P56
Wasting disease in chickens as a model for avian leukosis virus-induced 
immune dysregulation
D. Průková, J. Geryk, Z.Vernerová, J. Svoboda
Institute of Molecular Genetics, Academy of Sciences of the Czech Republic, Prague, Czech Republic
Avian leukosis viruses (ALV), a group of alpha retroviruses, are the most common naturally occurring avian retroviruses 
associated with neoplasia and adverse effects on immunity in domestic chickens. In the acute phase of infection, outbred 
Brown Leghorn chickens develop a non-neoplastic syndrome, the wasting disease, with the latency of 2–3 weeks after 
hatching. Parameters of wasting disease were monitored at the age of 2 weeks after hatching.
A comparative study of pathomorphological and immunological changes in lymphoid tissues induced by ALVs of different 
subgroup specificity (A to D) and subsequently by ALV-A/ALV-C chimeric viruses revealed, that the ALV-C viruses 
induced the most conspicuous symptoms of the disease and that the primary determinant of retrovirus pathogenicity 
is the env gene. The observed pathological changes comprised: reduction of body mass, morphological alteration of 
lymphoid organs (thymus, bursa and spleen) accompanied by lymphocyte depletion, decreased number of dendritic cells 
and increased number of macrophages in thymus and spleen, decreased ratio CD4+/CD8+ T lymfocytes in peripheral 
blood. Chickens failed in mounting an antibody response to Brucella abortus antigen and their splenic lymphocytes did 
not respond to concanavalin A, both of these findings pointed to the damage of immune reactivity.
Gene expression profile in the thymus and spleen of ALV-C infected chickens revealed overexpressed chemokines, 
IL18, genes of antiviral immune response and the SOCS1, the regulator of miscellaneous immune process. Slightly was 
increased CD274, the inhibitor of T cell activation. No change in expression of INOS (inducible nitric oxide synthetase) 
produced by activated macrophages, was scored. In conclusion, ALV-C infection disturbs expression of genes involved in 
immune response, which comprise innate-rather than effector mediated immunity.
ALV-C-infected chickens represent a suitable experimental model for the study of retrovirus-host immune system 
relationships.

P57
Importance of MIP-1 alpha and splenic macrophages in PVC-211 murine 
leukemia virus-induced neurodegeneration
S. Ruscetti1, X. Li1, X. Zhang1, J. Cmarik1

1 National Cancer Institute-Frederick, Laboratory of Cancer Prevention Bldg. 567 Rm. 152, Frederick MD, USA
PVC-211 murine leukemia virus (MuLV) is a variant of Friend MuLV that causes a neurodegenerative disease in rats. 
We recently reported that PVC-211 MuLV-induced neurodegeneration is associated with elevated levels of vascular 
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endothelial cell growth factor and macrophage inflammatory protein (MIP) -1 alpha, leading to vascular changes 
and activation of microglia in the brain. When virus-infected rats were treated to specifically deplete macrophages/
microglia, we noted a significant block in neurodegeneration, demonstrating the importance of microglial activation for 
the development of neurodegeneration. To investigate the importance of MIP-1 alpha in recruitment of macrophages/
microglia to the areas of the brain that eventually become diseased, we treated PVC-211 MuLV-infected rats with 
antiserum to MIP-1 alpha before and after virus infection. We found that clinical signs of disease were significantly 
delayed and the extent of neurodegeneration decreased in rats treated with MIP-1 alpha antibodies. Treatment was 
associated with a decrease in the number of activated microglia without affecting virus expression. Thus, MIP-1 alpha 
appears to be important for recruiting macrophages/microglia to the areas of the brain that eventually become diseased. 
To determine whether the activated microglia are recruited from resident microglia in the brain or from macrophages/
microglia in the periphery, rats were splenectomized 4 days after virus infection. Splenectomized rats showed 
a significant delay in disease development that was not associated with a decrease in virus titer but followed a decrease 
in the number of activated microglia in the brain, suggesting that the major source of activated microglia in the brains 
of PVC-211 MuLV-infected rats is from macrophages in the spleen or other peripheral organs rather than resident brain 
microglia. Taken together, our data suggest that the chemokine MIP-1 alpha is directly involved in the neurodegeneration 
induced in rats by PVC-211 MuLV by recruiting macrophages/microglia from the periphery into regions of the brain that 
eventually become diseased.

P58
Control of mitochondrial ROS and T-cell turnover by the p13 protein of HTLV1
M. Silic-Benussi1, I. Cavallari1, N. Vajente1, S. Vidali1, L. Chieco-Bianchi1, D. Saggioro2, F. Di Lisa3, P. Bernardi3, 
D.M. D’Agostino4, V. Vincenzo Ciminale4

1 University of Padova, Department of Oncology, Padova, Italy
2 Istituto Oncologico Veneto-IRRCS, Istituto Oncologico Veneto, Padova, Italy
3 University of Padova, Department of Biomedical Sciences University of Padova Italy., Padova, Italy
4 University of Padova, Department of Oncology/Istituto Oncologico Veneto, Padova, Italy
Human T-cell leukemia virus type-1 (HTLV-1) codes for p13 an 87-amino acid protein that is targeted to the inner 
mitochondrial membrane and alters mitochondrial morphology. p13 is necessary for viral propagation in vivo although 
the mechanism of function of this protein is incompletely understood. In previous studies we showed that p13 exerts 
antitumor effects in vivo. Experiments carried out using synthetic p13 and isolated mitochondria showed that the protein 
triggers an inward K+ current that leads to increased respiratory chain activity, and augments production of reactive 
oxygen species (ROS).
We analyze the effects of p13 on ROS in living cells. Results in the context of the transformed cell lines Jurkat and 
HeLa, showed that,p13 did not affect ROS levels unless the cells were subjected to glucose deprivation, which led to 
a p13-dependent increase in ROS and cell death. Expression of p13 in primary resting T-cells resulted in cell activation, 
as assessed by increased expression of CD38. p13-induced activation was blocked in the presence of ROS scavengers 
and was not observed using a p13 mutant that was inactive in the in vitro assays, indicating that the effect of p13 on 
T-cell activation is mediated by ROS and connected to the protein’s effects on mitochondrial K+ permeability.
Taken together these data suggest that, in the context of the HTLV-1 propagation strategy, p13 might provide 
a mechanism to increase the pool of "normal" infected cells while culling cells acquiring a transformed phenotype, thus 
favoring life-long persistence of the virus in the host.

Roles of Innate and Adapted Defenses in Infections by Retroviruses

P59
Fixation of transposable elements has influenced TRIM5 and TRIM22 evolution 
during primate evolution
W.E. Diehl1, W.E. Johnson2, E. Hunter1

1 Emory University, Emory Vaccine Center, Atlanta, USA
2 Harvard University, New England Primate Research Center, Southborough, USA
SPRY domain encoding tripartite motif (TRIM) genes are a relatively recent evolutionary construction, having only been 
identified in the genomes of eutherian mammals. Since the first appearance of this particular TRIM gene construction, 
SPRY-containing TRIM genes have rapidly multiplied and diversified to the point that they represent 40 out of 68 TRIM 
genes in the human genome. Several of these SPRY-containing TRIM genes have been shown to have antiviral activity, 
and the expression of many have been shown to be stimulated by interferon treatment, suggesting roles in an antiviral 
response. Due to its potent anti-retroviral activity, TRIM5alpha is one of the most intensely studied SPRY-containing 
TRIM genes. In the genome TRIM5 is adjacent to TRIM6, TRIM22, and TRIM34. Evolutionary studies of this locus 
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have demonstrated a complex evolutionary history. In primates, both TRIM5 and TRIM22 have elevated dN/dS ratios, 
suggesting diversifying pressure being placed on these genes. In contrast, TRIM6 and TRIM34 have been under 
purifying selection during this time. Additionally, evidence of balancing selection and shared polymorphisms in TRIM5 
across species suggests there is an advantage in maintaining population-wide diversity in this gene.
To date, these evolutionary studies have predominantly focused on the coding sequence of TRIM5, and related TRIM 
genes. We have examined the genomic sequences of TRIM5 and other related SPRY-containing TRIM loci from 
a number of Old World and New World primates. This analysis has revealed remarkably elevated rates of divergence 
in the intronic regions of the TRIM5 and TRIM22 loci when compared to TRIM6 and TRIM34. Much of this change 
represents differential fixation of transposable elements, including LTRs from endogenous retroviruses. One such LTR, 
LTR10D, is present in the first intron of TRIM22 in Old World primate populations, but not New World primates. This LTR 
has been shown to contain a p53 binding site that, in humans, allows for p53 responsiveness of TRIM22 in response to 
DNA damage. We demonstrate that the presence of this element in Old World primates leads to differential sensitivity to 
p53 stimulation between Old World primates, represented by humans and rhesus macaques, and New World primates, 
represented by squirrel monkeys.

P60
The PTAP late assembly domain regulates ubiquitination and MHC-I antigen 
presentation of HIV-1 Gag
S. Hahn1, C. Setz1, J. Wild1, A. Eißmann1, U. Schubert1

1 Universitätsklinikum, Virology, Erlangen, Germany
The human immunodeficiency virus type 1 (HIV-1) Gag protein is essential and sufficient for the assembly and release 
of virus-like particles (VLPs). Mutations within the PTAP late (L)-domain motif in the C-terminal p6 domain of Gag reduce 
particle release and increase ubiquitination of Gag. Polyubiquitinated proteins which are targeted for degradation by the 
ubiquitin proteasome system (UPS) concomitant with or shortly after their synthesis, named defective ribosomal products 
(DRiPs), represent the main source for endogenous peptides presented via the MHC class I (MHC-I) pathway. Therefore, 
we asked whether the increased ubiquitination of PTAP-deficient Gag correlates with enhanced MHC-I presentation of 
Gag-derived epitopes.
To answer this question, the SIINFEKL (SL) MHC-I model epitope was introduced into a codon-optimized gag gene 
(syngag), into the full-length HIV-1 molecular clone pNL4-3, as well as an env-deleted version thereof (pNLΔenv). 
Mutation of PTAP, but not the secondary YP(X)nL L-domain, increases ubiquitination and enhances MHC-I antigen 
presentation. Further, it could be excluded that the augmented SL-presentation was solely due to larger amounts of Gag 
antigen available in the cell, as expression of a myristoylation-deficient Gag mutant, which is likewise incapable of 
budding, does not result in increased MHC-I presentation of SL. Although the half-life of Gag was only mildly affected 
by mutation of the PTAP-motif, higher amounts of Gag could be detected after proteasome shut-down in short-term 
pulse-chase experiments, indicating an enhanced DRiP-rate of the PTAP-mutant. Altogether, these results indicate that, 
besides virus release, the PTAP L-domain regulates entry of Gag into the UPS and, thus, into the MHC-I pathway.

P61
Interferon-alpha mediates restriction of Human Immunodeficiency Virus type-1 
replication in primary human macrophages
K. Cheney1, A. McKnight1

1 Blizard Institute of Cell and Molecular Science, Centre for Immunology and Infectious Disease, London, 
United Kingdom

Type I interferons (IFNα and β) are induced directly in response to viral infection, resulting in an antiviral state for the 
cell. In vitro studies have shown that IFNα is a potent inhibitor of viral replication however its role in HIV-1 infection is 
incompletely understood.
In this study we describe the ability of IFNα to restrict HIV-1 infection in primary human macrophages in contrast to 
peripheral blood mononuclear cells and monocyte-derived dendritic cells. Inhibition to HIV-1 replication in cells pretreated 
with IFNα occurred at an early stage in the virus life cycle. Late viral events such as budding and subsequent rounds of 
infection were not affected by IFNα treatment.
Analysis of early and late HIV-1 reverse transcripts confirmed an early post entry role for IFNα. First strand cDNA 
synthesis was slightly reduced but late products were severely depleted, suggesting that initiation or the nucleic acid 
intermediates of reverse transcription are targeted. A role for either cellular protein APOBEC3G or tetherin in this IFNα-
mediated restriction has been excluded. Vpu, previously shown by others to rescue a viral budding restriction by tetherin, 
could not overcome this IFNα induced effect.
Determining both the viral determinants and cellular proteins involved may lead to novel therapeutic approaches. 
Our results add to the understanding of HIV-1 restriction by IFNα.
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P62
Characterization of innate immune responses in Xenotropic Murine Leukemia 
Retrovirus-Related Virus (XMRV) infected individuals
J. Mikovits1, V. Lombardi1, K. Hagen1, D. Goetz1, M. Marshall2, I. Barao-Silvestre1

1 Whittemore Peterson Institute, Research, Reno, USA
2 University of Nevada, Microbiology and Immunology, Reno, USA
Chronic fatigue syndrome (CFS) is a debilitating disease manifested by inflammatory sequelae including innate immune 
activation, low natural killer cell numbers and function. We recently demonstrated the first direct isolation of an infectious 
gammaretrovirus, XMRV, from the blood of CFS patients. We have developed quantitative assays to detect XMRV 
replication and methods for infection in culture. Moreover, we found evidence of XMRV infection in >95% of the 141 
CFS patients tested to date. These data implicate a role for XMRV infection in the pathogenesis of CFS. We studied 
the interaction of XMRV with the immune system, first by identifying cellular targets of XMRV ex vivo by flow cytometry 
(FCM). We hypothesized that NK cells could be a target of infection and that infection of other PBMC cell types could 
lead to dysfunction of NK cells either directly or indirectly through the upregulation of inflammatory cytokines and 
chemokines, which are also a hallmark of this disease. We isolated leukocytes from XMRV infected individuals analyzed 
phenotypic differences from uninfected controls by FCM. Using purified primary B, T monocyte macrophage and dendritic 
cells and cell line models we infected with XMRV and profiled cytokine and chemokine expression by Luminex multiplex 
assays. We analyzed XMRV infection by quantitative RT-PCR and Intracellular FCM. Infection of PBMC in vitro results in 
a cytokine signature similar to that signature seen in the plasma of CFS patients. These data advance our understanding 
of the pathogenesis of CFS and may ultimately lead to new therapeutic interventions.

P63
Post entry restriction of MLV-B and MLV-NB capsids in human cells is envelope 
dependent
N. Oliveira1, R. Trikha1, A. McKnight1

1 Blizard Institute of Cell and Molecular Science, Centre for Immunology and Infectious Diseases, London, 
United Kingdom

Background. 'Intrinsic' resistance to retroviral infection determines the resistance of mammalian host species to viral 
infection. Fv1 governs murine cell restriction of MLVs, the tripartite motif (TRIM) family of proteins determine lenti-viral 
restriction in a primate host-species specific manner (Lv1). Lv2 restriction of HIV-2 viruses is seen in human cells and 
the determinants of Lv2 have been mapped to both the viral capsid (CA)and envelope (Env). Methods and Results. We 
generated GFP tagged retroviral vectors pseudotyped with various gamma and lenti viral Envs on MLV-B and -NB CAs to 
determine virus infection in NP2/CD4/CXCR4 and HeLa/CD4 cell lines. The HeLa/CD4 cell line restricted both MLV CAs 
in an Env-dependent manner, compared to NP2/CD/CXCR4 cells. This restriction occurs at a post entry and RT level. 
HuTRIM5a does not have a direct role in mediating this restriction. We describe a previously unobserved Env determined 
restriction of MLV-B and MLV-NB CAs in human cells when pseudotyped with HIV-2 and RD114 Envs, but not gibbon ape 
leukaemia virus (GALV), HIV-1 or Amphotrophic (Ampho) Envs. Conclusions. Our data further demonstrate the variability 
of Env and CA mediated susceptibility to post entry host cell restriction. We discuss the relevance of these findings in 
light of the growing evidence supporting the complexities involved in innate host immunity to retroviral infection.

P64
Inhibition of HIV-1 replication in polarized human macrophages occurs 
by distinct mechanisms
G. Poli1, E. Cassol1, L. Cassetta1, E. Vicenzi1, M. Alfano1

1 San Raffaele Scientific Institute, Immunology Transplantation and Infectious Diseases, Milano, Italy
We have reported that cytokine-induced polarization of human monocyte-derived macrophage (MDM) into either 
classical (M1) or alternatively activated (M2a) MDM is associated with a reduced capacity to support productive 
CCR5-dependent (R5) HIV-1 infection (E. Cassol et al., J Immunol. 182: 6237, 2009). M1 polarization was associated 
with a significant downregulation of CD4 receptors, increased secretion of CCR5-binding chemokines (CCL3, CCL4 
and CCL5) and a >90% decrease in HIV-1 DNA levels 48 h post-infection suggesting that the inhibition occurred at 
an early pre-integration step in the viral life cycle. In contrast, M2a polarization had no effect on either HIV-1 DNA or 
protein expression levels, indicating that the inhibitory effect occurred at late/post-integration levels in the viral life cycle. 
M2a inhibitory were sustained for up to 72 h post-infection while M1-effects were shorter lived. Most phenotypic and 
functional changes were fully reversible 7 days after removal of the polarizing stimulus and a reciprocal downregulation 
of M1-related chemokines and cytokines was observed in M2a-MDM and vice versa. Since reversion to a non-polarized 
MDM state was associated with a renewed capacity to support HIV replication to control levels, M1/M2a polarization 
may represent a mechanism that allows macrophages to cycle between latent and productive HIV-1 infection. We are 
currently defining the modulation of potential HIV-1 restriction factor in polarized MDM.
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Anti-viral Strategies: Drugs and Vaccines
P65
Discovery of novel plant-derived compounds that block HIV-1 maturation
C. Dorr1, S. Yemets2, O. Kolomitsyna2, P. Krasutsky2, N. Somia1, L. Mansky1

1 University of Minnesota, Institute for Molecular Virology, Minneapolis, USA
2 University of Minnesota, Natrual Resource Research Institute, Duluth, USA
Clinical concerns regarding HIV-1 drug resistance and side effects emphasize the need to identify new drug targets 
and develop new anti-HIV-1 drugs. A high-throughput single-cycle HIV-1 assay was developed to screen more than 
1000 novel triterpene compounds derived from northern Minnesota birch trees for anti-HIV-1 activity. We report 
the discovery of triterpene compounds that block late stage HIV-1 replication. In particular, our findings implicate 
perturbation of Gag protein processing as the mechanism of action – specifically, the inhibition of p25 conversion to p24. 
A specific defect on virus maturation was observed and not a general defect in HIV-1 protein processing.
A novel cell line was derived from 293 cells by stable transfection to express high levels of mature HIV-1 particles by 
expressing codon-optimized Gag, Pol and Rev. HIV-1 particle production from these cells was characterized by ELISA, 
immunoblot analysis and electron microscopy in the presence and absence of a selected triterpene compound (SY33) 
or bevirimat. TEM analysis revealed altered particle morphology when produced in the presence of SY33, which 
verified the observation of a defect in virus maturation. Additionally, a bevirimat-resistant HIV-1 mutant (SP1-A1V) had 
a moderate level of resistance to SY33. Our findings support the conclusion that SY33 has the same target as bevirimat, 
but has a more favorable therapeutic index, particularly in the context of bevirimat-resistant virus.

P66
HIV-1 gp120 glycosylation depends on the producing cell type and influences 
HIV-1-specific antibodies reactivity
M. Raska1, S. Hall2, M.C. Elliott2, L. Czernekova1, K. Zachova1, Z. Moldoveanu2, R. Brown2, J. Mestecky2, J. Novak2

1 Palacky University, Immunology, Olomouc, Czech Republic
2 University of Alabama at Birmingham, Microbiology, Birmingham, USA
N-glycans on HIV-1 envelope gp120 protein have multiple functions and represent potential immunoepitopes for vaccine 
design. The roles of gp120 glycans in the immune response and protection have not been studied comprehensively 
at a molecular level. We have developed a new model that allows studies of cell-specific glycosylation, its metabolic 
regulation, and the effect of differential glycosylation on antibody reactivity. A consensus gp120 DNA sequence was 
expressed in different cell lines representing human embryonic kidney (293), rhabdomyosarcoma (RD), hepatoma 
(HepG2), T (Jurkat) and Chinese hamster ovary (CHO) cells. Our results showed that gp120 glycosylation depends 
on the cell type used for the expression of the recombinant glycoprotein and it can be affected by various metabolic 
manipulations. Analyses by lectin western blotting and gas-liquid chromatography revealed that the glycosylation 
changes were related to different proportions of high-mannose vs. complex N-glycans as well as their specific 
structures. gp120 produced from Jurkat (representing natural target for HIV-1) or 293 cells (common expression 
system for recombinant gp120 vaccine preparation) contained mostly high-mannose glycans whereas gp120 from RD 
(representing common target for DNA vaccine) or CHO cells (another common expression system) displayed higher 
proportion of complex glycans. This differential glycosylation affected reactivities with a panel of broadly neutralizing 
monoclonal antibodies specific for glycan or V3-loop epitopes, as well as with sera from HIV-1-infected patients. Our 
results underscore the importance of selecting the appropriate expression system for the production of recombinant 
glycoproteins for HIV immunizations, and for DNA vaccines, selecting the appropriate cells to be targeted.
This work was supported by grants KONTAKT ME875 and MSM 6198959223 (Ministry of Education, Youth and Sport, 
Czech Republic) and by grants from the National Institutes of Health DK047322, T35 HL007473, AI071739, and 
AI078477, and a pilot project from UAB Mucosal HIV and Immunobiology Center (DK064400).

P67
Inhibitory effects of Heme Arginate on HIV-1 growth and replication
P. Shankaran1, Z. Melkova1

1 1st Faculty of Medicine Charles University in Prague, Institute Immunology and Microbiology, Praha 2, Czech Republic
Overall, 2 million people die of AIDS every year. The causative agent of this deadly disease – HIV-1 (Human immunodeficiency 
virus-1) is one of the most variable viruses. The high evolution rate helps the virus to escape from host immune surveillance, 
vaccines and antiretroviral agents. The available antiretroviral compounds have to be used in combinations and reveal many 
toxic side effects; therefore, more potent and/or less toxic drugs against HIV are intensively searched for.
Heme is well known to scavenge nitric oxide (NO). NO, depending on the rate and levels of synthesis, can inhibit HIV-1 
replication during the acute infection, while it may stimulate the reactivation of HIV-1 in the latent state. HIV-1 has been 
shown to induce expression of iNOS in human astrocytes, but there are conflicting results that suggest both stimulatory 
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and inhibitory effects of HIV-1 on NO production. In vitro, heme has been demonstrated as very efficient in inhibiting 
HIV-1 reverse transcription and additionally, it ameliorated HIV-1 infection via induction of heme oxygenase-1.
Normosang (heme arginate) is a human hemin-containing compound used to treat acute porphyria. It is relatively stable 
while it reveals fewer side effects in hemostasis compared to hematin. There are no reports on the effect of heme 
arginate in HIV-1 growth and replication. Hence, we attempted to study the effect of heme arginate in HIV-1-infected 
T-cell lines Jurkat and A3.01 and in PMA-stimulated ACH-2 cells that harbour HIV-1 proviral DNA. Here we demonstrate 
that heme arginate inhibits HIV-1 growth and that the effective concentrations are not toxic to the cells as revealed by 
Hoechst 33342 and 7-AAD staining and flow cytometry. Additionally, heme arginate does not inhibit the activation of 
T cells by PMA as characterized by expression of CD69.

Prospects of Retroviral Therapy
P68
Retrovirus transduced human mesenchymal stem cells in targeted gene 
therapy for cancer
C. Altaner1, V. Altanerova1, M. Cihova1, M. Matuskova1, L. Kucerova1

1 Cancer Research Institute SAS, Molecular Oncology, Bratislava, Slovak Republic
Tumor tracking properties of mesenchymal stem cells isolated from human adipose tissue provide an attractive opportunity 
for targeted transgene delivery into the sites of tumor formation. In our experiments, we constructed retroviral vector 
containing yeast fusion cytosine deaminase::uracil phosphoribosyltransferase gene, which after transfection into helper 
cells with amphotropic and ecotropic envelopes produced therapeutic retrovirus. Stem cells infected with therapeutic 
retrovirus expressed the transgene enable to convert non-toxic prodrug 5-fluorocytosine into highly effective cytostatic 
drug 5-fluorouracil. When mesenchymal stem cells with integrated therapeutic retrovirus were inoculated to nude mice 
carrying human tumor, the cells home to the tumor and in the presence of prodrug inhibit growth of tumor cells without 
systemic toxicity. We explore the therapeutic potential of transduced stem cells in the presence of prodrug 5-fluorocytosine 
on various human tumors cells like colorectal carcinoma, melanoma, metastatic prostate carcinoma, glioblastoma, and 
others (1-4). Further progress in development of stem-cell based gene therapy for cancer will be discussed.
1. Kucerova L, Altanerova V, Matuskova M, Tyciakova S. Altaner C.: Adipose tissue derived human mesenchymal stem 

cells mediated prodrug cancer gene therapy. Cancer Res 2007; 67: 6304–6313.
2. Altaner C.: Prodrug cancer gene therapy. Cancer Letters 2008; 270: 191–201.
3. Kucerova L, Matuskova M, Pastorakova A, Bohovic R, Tyciakova S, Altanerova V, Altaner C: Cytosine deaminase 

expressing human mesenchymal stem cells mediated tumour regression in melanoma bearing mice. J Gene Med 
2008; 10: 1071-1082.

4. Cavarretta I, Altanerova V, Matuskova M. Kucerova L. Altaner C.: Adipose tissue-derived mesenchymal stem cells 
expressing prodrug converting enzyme inhibit human prostate tumor growth Mol Ther. 2010 18,:223-231.

P69
A novel nano biosensor device for rapid HIV particle detection
G.N. Gaulton1, R. Lec2, T. Rozmyslowicz1

1 University of Pennsylvania, Pathology, Philadelphia, USA
2 Drexel University, Bioengineering, Philadelphia, USA
Background: HIV testing and treatment monitoring are among the most important ingredients in the global fight against HIV 
and AIDS. Nearly three million people died of AIDS last year alone and over 25 million have died since the first cases of 
AIDS were identified in 1981. Each year the number of new infections globally reaches, or even exceeds, 5 million and this 
number has been growing every year since the beginning of the epidemic. Accordingly, the UNAIDS estimated that 1.1 billion 
HIV detection tests are needed yearly worldwide to prevent and diagnose infections, and to effectively monitor the status of 
infected individuals. The first 4-6 weeks after infection is the most critical period for infection control, yet currently available 
home AIDS testing devices are based primarily on HIV antibodies, which are not uniformly effective during this period.
Results/Concusions: In order to address the existing deficiencies of the current strategies for HIV/AIDS diagnosis and 
treatment, we have developed a novel hand-held nano-scale HIV biosensor (BNS) capable of direct and early detection 
of the presence of HIV particles and gp120 protein in blood, only hours after infection. Using several different biomarkers, 
this biochip can provide a comprehensive HIV/AIDS profile of the infected person. Firstly, the biosensor can detect 
HIV-1 markers, gp120 and p24, to deliver information on the level of infection and type of virus. Secondly, the biosensor 
can also simultaneously detect levels of CD4 and CD8 lymphocytes that provide key information for understanding 
the patient immunological profile. The BNS thus enables sensitive, rapid, inexpensive (estimated ~ US$10 or less per 
test) and portable HIV detection within hours after infection, with an actual detection time of less than 15 minutes while 
using no more than 10microliters of blood. The BNS will provide real-time feedback for optimizing HIV treatment. Finally, 
as it will be easy to use by an untrained person, this biochip should find broad application worldwide and dramatically 
influence the global battle against HIV/AIDS.
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Welcome Reception
Thursday, April 29, 2010, 18:00 
(included in the participants and accompanying persons registration fee)

Foyer of the Institute of Molecular Genetics. The welcome reception will immediately follow the Keynote Lecture.

Grand Tour of Prague
Sunday, May 2, 2010, 12:45 – 18:00
(included in the participants and accompanying persons registration fee)

This insightful historical tour lets you enjoy the city’s most famous sights. The tour 
starts at Prague Castle (Hradčany), registered as the biggest castle complex in the 
world. It established itself as the spiritual centre of the Bohemian sovereigns from 
the 9th century and since 1918 (foundation of Czechoslovakia) it has served as 
the residence of presidents. A visit to St. Vitus Cathedral is included. The tour then 
follows the “Royal Route”, the former promenade of kings and part of the official 
coronation by foot. Winding down to Lesser Town and picturesque Kampa Island 
you will cross the famous Charles Bridge and continue to discover remarkable 
monuments in the Old Town area. This remarkable journey ends in front of the Old 
Town City Hall with its extraordinary astronomical clock.

Bus transfer from the Venue to the Prague Castle and back is provided by the organisers. Kindly note that this is 
a walking tour (comfortable shoes are strongly recommended) .

Departure:
Organised from the venue at 12:45 followed by pick up at Hotel Ilf at 13:00 and Hotel Panorama at 13:15.

Farewell Dinner at the Grand Monastery 
Restaurant including Visit  
of Famous Strahov Library
Monday, May 3, 2010, 17:00 – 21:00 
Price: 70 Euro per person (price includes, bus transport, admission to the Library, 
English speaking guide, dinner including beverages).

Join us to spend a marvellous evening in the historical Strahov Monastery area. 
First, visit to the renown Baroque gem, the Strahov Library with approximately 
200,000 volumes in its book collections, estimated to hold 260,000 works. The 
books are stored in two richly decorated halls and in adjacent depositories. Many of 
the works are old prints printed between 1501 and 1800. 
Following the visit to the past of the Monastery, a dinner at the Grand Monastery 
Restaurant is to be hosted. Informal seating below the baroque arches or enjoying the fresh air outside the restaurant 
promises to be an enjoyable experience.
ON-SITE PURCHASE POSSIBLE AT REGISTRATION DESK. Please, kindly check the availability with registration staff.
Bus transportation from the venue and back is included in the price.

Departure:
Organised from the conference venue at 17:00, followed by pick up at Hotel Ilf at 17:15 and Hotel Panorama at 17:30. 
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A

Accommodation
Should you need any help with your accommodation, 
please contact our staff at the registration desk.

Airport
Prague International airport handles flights
from within Europe and from overseas. It is
located 30-45 minutes by car from the city
centre. The airport is well served by public
transportation – buses and taxis.

Letiště Praha, a . s .
Letiště Praha - Ruzyně
160 08 Praha 6
Tel.: +420 2 2011 1111, +420 2 9666 1111
Fax: +420 2 3535 0922
AFTN: LKPRYDYX
SITA: PRGCZ7X, PRVCZ7X
http://www.prg.aero

B

Badges
You have received your personalised name badge at the 
registration. The name badge must be worn at all times to 
access the sessions and Welcome reception. Admittance 
to the Institute campus, sessions and Welcome reception 
without badge is not possible. Only fully registered 
participants may attend the session.

C

Cash machines
ČSOB cash machine is Located inside of building IKEM 
(Institute of Clinical and Experimental Medicine), two 
stations (2 minutes) to IKEM by bus 193.
ČSOB
Ikem, Kunratice, 14800 Prague

Climate
Prague is a city with a ”mild continental climate“. The 
average temperature in April/May varies between 10° C 
and 23° C.

Cloakroom
Cloakroom is located next to the Registration desk.

Farewell dinner
The official Farewell dinner takes place at the Grand 
 Monastery Restaurant (Velká Klášterní restaurace) 
Strahovské nádvoří 302/11, 118 00 Praha-Hradčany 18:00 
on Monday, May 3, 2010.
Transportation details in section Social programme 
page 68.

Meeting language
The meeting language is English. No interpretation is to be 
provided.

Currency / Exchange
The Czech currency is called the Czech crown (CZK). 
Banknotes are circulated in values of 5000, 2000, 1000, 
500, 200, 100 and 50 crowns with coins valued as 50, 20, 
10, 5, 2 and 1 crowns.
Exchange offices are located throughout the city centre 
(exchange offices, banks, post offices). 
It is advisable to exchange money rather in banks than in 
the high street exchange offices.

D

Doctor / First Aid
Fakultní Thomayerova nemocnice s poliklinikou, is located 
five bus stops from the venue (5 minutes), bus 193 to 
Nemocnice Krč stop.
155 Medical emergency number
(Ambulance/First aid)

E

Electricity
Electricity used in the Czech Republic is 230 Volts; 
standard European system of round pins with two holes. 
A transformer is necessary for your electrical or electronic 
equipment if using different voltage (ie. USA, Canada).

Emergency numbers
112 General emergency number
The number can be used for urgent help from
Police, Fire brigade, or Emergency medical
assistance, though the following numbers can
also be dialled directly:
150 Fire
155 Medical emergency
(Ambulance/First aid)
156 Prague City police
158 Police

Exhibitors
All exhibitors are listed in the final programme with 
the floorplan.

F

First aid
Please see Doctor / First aid section above.
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Food and beverages
Coffee breaks and lunches are included in the registration 
fee for delegates only (not available for accompanying 
persons) .

G

Guided tours
For assistance on guided tours, please contact the reg-
istration desk at the registration area. The meeting point 
for all guided tours is located at the entrance hall of the 
Institute and in front of Hotels Panorama and Ilf. Please, 
make sure to arrive 10 minutes prior to the planned start of 
the tour at the latest.

H

I

Insurance and Liability
The organisers do not accept liability for personal injury 
or loss or damage to private property of participants and 
accompanying persons either during or while travelling to 
the meeting.

Internet
The internet corner is located in Poster area 2 . Wireless 
internet connection (Wi-Fi) is available inside the confer-
ence venue free of charge.

L

Lost & Found
A lost and found service is available at the Registration 
area.
Lost or stolen credit card? Call one of the following 
services to take care of it:
+ 420 224 125 353 Visa
+ 420 222 800 111 American Express
+ 420 261 354 650 MasterCard/Eurocard
+ 420 267 314 285 Diners Club

M

Mobile Phones
Participants are kindly requested to keep their mobile 
phones in the off position in the meeting rooms while 
sessions are being held.

P

Parking
All delegates arriving by a personal vehicle are kindly 
asked to park in front of the main gate to the campus in 
“K  Výzkumným ústavům” street.

Pharmacy
The nearest pharmacy is located inside of building IKEM 
(Institute of Clinical and Experimental Medicine), two 
stations (2 minutes) to IKEM by bus 193.
Vídeňská 9, 140 00 Praha 4

Presentation submission
Please, see section ”Guidelines to Authors and Chairs“ 
page 12.

Programme changes
The organisers cannot assume liability for any 
changes in the programme due to external or unforeseen 
 circumstances.

R

Registration
Cancellation policy / Name changes Onsite cancellations 
are applicable to cancellation fee in full.
Name changes unnotified in advance will be treated as 
a new registration.

S

Safety
Prague is among the most popular destinations in the 
world. Compared to many Western cities, Prague is 
relatively safe. Prague is an unthreatening city to walk 
around. Violent crimes in the city centre are rare. The main 
criminal problem is petty pilfering (pickpockets) from cars, 
hotels, and pockets. As with any city, always use caution 
and care when travelling around.

Shopping
Shops in Prague are open from 8:00 to 18:00, Monday 
through Saturday. Most shops in the city centre are usually 
open from 8:00–20:00, Monday through Sunday. All major 
credit cards are accepted.

Slide preview room / Speakers’ preview
Speaker‘s preview room is located next to the registration 
area of the venue. Please, make sure to hand in your 
presentation at least 30 minutes prior to the start of your 
assigned session. Our staff in the speakers preview room 
will be happy to assist you.

Smoking policy
Smoking is forbidden in all meeting areas and allowed 
outside the building only.

Social programme
Please see section Social Programme page 68.

T

Taxi
When taking a taxi, make sure the taxi is equipped with 
a permanently installed yellow roof lamp with the TAXI 
sign in black letters. The registration number, company 
name and the price per kilometre and one-minute-waiting 
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rate must be displayed on both front doors, with the prices 
set on the meter inside the car. 
Maximum fares are enforced by municipal ordinance as 
follows:
Fixed fee: 40,- CZK per trip
Kilometer rate: 28,- CZK per 1 km
Waiting: 6,- CZK per minute
Participants are recommended to order a taxi with non-
stop dispatching office where the information on fares is 
available in advance. AAA Taxi provides excellent service 
within Prague (phone No. 14014 or +420 222 333 222).

Time
The Czech Republic lies within the Central European Time 
zone, i.e. GMT+1 hour, Daylight savings time (GMT+2 
hours) is in effect from the end of March until the end of 
September.

Tipping
Service is almost always included in hotel and restaurant 
bills. A further tip of a few coins is appropriate. Typically, 
the tipping in restaurants would be around 5–10 %, tourist 
guide 10 %.

Transportation
The public transportation is provided by the Prague Transit 
Company (Dopravni podnik Praha, DPP). The most 
recent information on Prague’s' transportation system can 
be found on the official website: http://www.dpp.cz/en/
Metro
The Prague Metro network consists of three lines 
designated by letters and differentiated in colour: A – 
green colour (Skalka station – Dejvická station),
B – yellow colour (Černý most station – Zličín station), 
C – red colour (Letňany – Háje station), with transfers 
possible at Museum station (lines A and C), Můstek station 
(lines A and B), Florenc station (lines B and C). Metro 
operates daily from 04:30 am to 24:00 pm.
Trams
Daytime operation is from 04:30 am to 00:30 am. Nighttime 
operation is from 00:30 am to 04:30 am and is provided 
by tram numbers 51 to 58 with traffic intervals 30 minutes. 
The central transfer station for nighttime lines is Lazarska 
stop. Tram schedules are located at individual stops.
Buses
The daytime and nighttime operation of buses is 
similar to tram operation. Nighttime service is provided 
by bus numbers 501 to 514. Bus schedules are located 
at  individual stops.
Fares
Transfer ticket 26,- CZK
(discounted children 6 to 15 13,- CZK)
Non transfer ticket 18,- CZK
(discounted children 6 to 15 - 9,- CZK)
The ticket is valid for 75 minutes after marking.
During off-peak hours, i.e. 8 p.m. to 5 a.m. on working 
days and all day Saturdays and Sundays, ticket validity 
is lengthened to 90 minutes.
In trams and buses a non transfer ticket is valid for 
20  minutes after marking and does not allow changing 
of lines. In the underground the nontransfer ticket is valid 
for five stations after marking (excluding the starting station) 
and allows transfers between the underground lines.

V

Venue
Institute of Molecular Genetics AS CR, v .v .i .
Vídeňská 1083
Prague 4 - Krč, CZ-14220
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Notes
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Meeting Secretariat: CZECH-IN s. r. o., Prague Congress Centre, 5. kvetna 65, 140 21 Prague 4, Czech Republic
Tel.: +420 261 174 305, fax: +420 261 174 307, e-mail: info@crm2010.org
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