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| Director’s note

The Biennial report for 2011-2012 marks the first two years
of the integration of Institute to Vilnius University. This pe-
riod was complicated for several reasons. It was necessary to
adjust to the new administrative rules and to overcome new
bureaucratic challenges. In addition, this period coincided
with the global economic crisis, which resulted in up to 40%
reduction in budget of the Institute and reduced the compet-
itive grant funding opportunities in Lithuania.

Auspiciously, in this difficult period we implemented the EC
FP7 program project MOBILI directed to integration of the
Lithuanian Modern Biotechnology into the European Research
Area. Due to this project the scientists of the Institute had a lot
of opportunities to actively participate in scientific conferences,
invite famous lecturers to the Institute and let the internships
visiting the Western European academic institutions. Owing to
this project, seven experienced scientists, who had been previ-
ously working abroad, joined the Institute. They have success-
fully integrated into ongoing research topics of the Institute
and in parallel started there new projects in most promising re-
search fields. Thanks to this project the mobility of the research
staff of the Institute has increased tremendously and contacts
with foreign scientists have expanded.

The last two-year period was successful for participation in a
wide range of applications for tenders. Our scientists carried
out seven EC FP7 Programme projects, two NIH (USA) pro-
jects, and a HHMI (USA) project. In particular, scientists have
been very active in the Research Council of Lithuania (LMT)
and Agency for Science, Innovation and Technology (MITA)
programmes. During this period of time our scientists start-
ed implementing 6 Global Grants financed by the European
Structural Funds, 2 Swiss-LT projects funded by the Swiss
Funds, 18 research team projects funded by LMT, 6 projects
of National Programmes, one High-Technology Programme
project and two grants of the Programme of Industrial

Biotechnology. Both the National Integrated Programme
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of Biotechnology & Biopharmacy and the Programme of
Industrial Biotechnology were initiated by the scientists of the
Institute. These programmes have provided opportunities to
purchase new equipment and materials, and help to integrate
research and industry.
Scientific activity in competitions helped to overcome a crisis
in 2009 and significantly improved the financial situation of
the Institute. Scientists’ activity, swiftness, high level interna-
tionally recognized results and their implementation in prac-
tice have influenced the next period funding, and our budget
for 2013-2015 years has increased by about 24%.
'The good news is that this period was an active patenting of re-
search results and IP licensing. During the last two years the
Institute published 5 patents, 3 of which were licensed to our
neighbour Thermo Fisher Scientific.
In my opinion, the most important landmark in the history
of the Institute of Biotechnology is the creation of Lithuanian
modern biotechnology industry, which is competitive on the
world market. We take exceptional pride of our internation-
ally recognized companies UAB Fermentas (currently Thermo
Fisher Scientific), UAB Sicor Biotech (currently Teva), UAB
Biocentras, UAB Biok, and the new UAB Profarma (2007),
UAB Nomads (2010), UAB Baltymas (2011), UAB IMD
Technologies (2012).
I hope you enjoy reading this report on significant devel-
opments and activities of the Vilnius University Institute of
Biotechnology in 2011-2012.

Prof’ Kestutis Sasnauskas
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[nstitute of Biotechnology:
Just Facts and Numbers

The Institute of Biotechnology was established in 1990 af-
ter restructuring of the All Union Research Institute of
Applied Enzimology. Since October 1, 2010 it has be-

come an internal unit of Vilnius University.
Located at V.A. Grai¢itino 8, Vilnius, Lithuania.

Total staff number is 128; research staff number is 82, it
includes 56 researchers (PhD).

The youngest Lithuanian research institute - average
age — 38.

Allocation of state budget (2012) comprises 26% of in-
come; other 74% comes from outside sources (grants, pro-

grammes, contracts).

High level science along with applied research. Nine scien-
tists of the Institute were awarded the Lithuanian

Science Prize:

prof. V.Butkus and prof. A. Janulaitis (1994),

prof. S.Klimasauskas and prof. V. Siksnys (2001),

dr. A.Razanskiené, dr. A. Gedvilaité and

prof. K. Sasnauskas (2003),

dr. C.Venclovas (2009),

dr. D.Matulis (2012).

Top level 25-30 scientific papers in peer reviewed high im-
pact journals each year; coming patent applications; 5 pat-
ents published in 2011-2012, 3 of them were licensed to
Thermo Fisher Scientific.

Successful participation in EC (FW5, FW6, FW7) and
other competitive international programmes (HHMI,
NIH, EEA).

A winner of the EC FW7 — Regional Research
Potential: Coordination and Support action (FW7-
REGPOT-2009—1) directed to the integration of
European research entities into the European research
area - MoBiLi project — 1.600.000 Euros.

Selected as a Centre of Excellence in 2003 — EC FW5
programme - 600 000 Euros.

Successful participation in projects of the European Social
Fund under the Global Grant Measure — six projects —
2501 200 Euros for 2011-2015.

Since 2000 thirty researchers from abroad have joined the
Institute.

Involved in education of students at Vilnius University,
Gediminas Technical University, Kaunas University of
Technology. Part of the Institute lecturers are members of
Committees on preparing Study Programmes.

25—30 students accomplish Bachelor or Master theses at
the Institute each year.

Thirty students are currently enrolled in Biochemistry or
Chemical Engineering PhD studies at the Institute; all in
all, nine PhD theses were defended in 2011-2012.

Famous Lithuanian Biotech companies emerged from
the Institute (UAB Fermentas (presently Thermo Fisher
Scientific) - 1995, UAB Sicor - Biotech (presently TEVA)
- 1995, UAB Biocentras - 1991, UAB Biok — 1991,
UAB Profarma — 2007, UAB Nomads — 2010,

UAB Baltymas — 2011, UAB IMD technologies — 2012.

Skilful personnel for the Lithuanian Biotech are trained
at the Institute; close connections with the Lithuanian
Biotech industry are supported.

National Industrial Biotechnology Programme was initiat-
ed by the Institute.

National Integrated Programme of
Biotechnology&Biopharmacy was initiated by the
Institute.
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Crystallographers Dr. Giedré Tamulaitiené and Dr. Saulius GraZulis at an in Undergraduate student Joana Gylyté performing isothermal
house RIGAKU X-ray diffractometer titration calorimetry experiment

Dr. Arinas Silanskas and master student
Skaisté Valinskyté purify proteins on ACTA

avant system

Scientist Asta Zubriené preparing samples for a

biophysical protein-ligand interaction assay
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Financing Sources 2011

2.48 MEuros

LTL thousands EUR thousands

State Subsidy 3000.1 867.6
Research Council of Lithuania 1549.9 448.2
Foreign Grants and Contracts 1342.1 388.1
Agency for Science, Innovation and Technology 422.1 122.1
EEA 149.8 43.3
Vilnius University Funds 219.4 63.4
Other 871.1 251.9
European Social Funds under the Global Grant Measure 659.2 190.6
Postdoctoral and Doctoral Studies 332 96
8545.7 2471.2

State Subsidy 34 %
Research Council of Lithuania 18 %
Foreign Grants and Contracts 16 %
Agency for Sci I tion and Technology 5 %
EEA 2%
Vilnius University Funds 2%
Other 10 %
EU funds 12%

European Social Funds under the Global Grant Measure 8 %

Postdoctoral and Doctoral Studies 4 %




Q}Institute of Biotechnology
) vy MoBiLi =z

Financing Sources 2012

./ M Euros

LTL thousands EUR thousands

State Subsidy 3345.8 967.6
Research Council of Lithuania 2499.5 722.8
Foreign Grants and Contracts 969.7 280.4
Agency for Science, Innovation and Technology 705.4 203.9
Other 726.6 210.1
National Integrated Program 2940.9 850.5
European Social Funds under the Global Grant Measure 1596.2 461.6
12784.1 3696.9

State Subsidy 26 %
Research Council of Lithuani 20%
Foreign Grants and Contracts 8%
Agency for Sci I tion and Technology 5 %
Other 6%
EU Funds 35 %
National Integrated Program 23 %

European Social Funds under the Global Grant Measure 12 %
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National and
International Grants

EUROPEAN COMMUNITY GRANTS
Framework 7 programme

Title Head of the project  Financing Financing Duration
LTL thousands ~ EUR thousands

Strengthening and sustaining the European perspectives L.Pasakarnis 5538.0 1603.9 2009-2013
of molecular biotechnology in Lithuania (MoBiLi)
Metastatic tumours facilitated by hypoxic tcumour dr. A.Kanopka 1289.6 373.5 2009-2013
micro-environments (METOXIA)
Pan-European network for the study and clinical dr. PStakénas 360.5 104.4 2008-2013
management of drug resistant tuberculosis (TB PAN-NET)
Development of novel antiviral drugs against Influenza dr. G.Zvirblis 883.9 256.0 2010-2014
(FLUCURE)
Integrated microfluidic system for long term cell dr. L.Mazutis 825.1 239.0 2012-2015
cultivation, monitoring and analysis (BioCellChip)
Towards construction of a comprehensive map of dr. V.Smirnovas 345.3 100.0 2011-2015
amyloid-ligand interactions: (-)-Epigallocatechin 3-Gallate
and insulin amyloid (EGCG+INSULIN=)

OTHER INTERNATIONAL GRANTS

National Institutes of Health (USA)
Title Head of the project  Financing Financing Duration

LTL thousands ~ EUR thousands

Approaches for genomic mapping of prof. S.Klimasauskas 772.2 223.6 2010-2013

5-hydroxymethylcytosine a novel epigenetic mark in
mammalian DNA
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European Economic
Area
Title Head of the project  Financing Financing Duration
LTL thousands ~ EUR thousands
Anticancer drug design by structural biothermodynamics ~ dr. D.Matulis 1950.9 565.0 2008-2011
EU FUNDS
National Integrated Programme
Title Head of the project  Financing Financing Duration
LTL thousands ~ EUR thousands
Biotechnology and Biopharmacy: fundamental and prof. K.Sasnauskas ~ 4926.4 1437.7 2012-2015
applied research
European Social Fund
Under the Global Grant Measure
Title Head of the project  Financing Financing Duration
LTL thousands ~ EUR thousands
Molecular tools for epigenomics and RNomics prof. S.Klimasauskas 1576.0 456.4 2011-2015
Design of selective carbonic anhydrase, Hsp90, and dr. D.Matulis 1399.9 405.5 2012-2015
Hsp70 inhibitors and investigation of their anticancer
properties
The use of genome-wide analysis for engineering of new  dr. R.Slibinskas 1309.3 379.2 2012-2015
yeast strains with improved heterologous expression
Exploring flavones as universal inhibitors of amyloid-like  dr. V.Smirnovas 1387.6 401.9 2012-2015
fibril formation
Structure and molecular mechanisms of bacterial prof. dr. V.Sikinys ~ 1582.8 458.4 2011-2015
antivirus defence systems
Novel chimeric proteins with antiviral activity dr. A.Zvirbliené 1380.3 399.8 2012-2015

Vilnius University Institute of Biotechnology Biennial report for 2011-2012 9



National and International Grants

NATIONAL GRANTS
Research Council of Lithuania

National Research Programme “Chronic Non-infectious Diseases”

Title Head of the project  Financing Financing Duration
LTL thousands EUR thousands
Mutation, in Monoamine Oxidase B Gene, dr. A.Kanopka 147.2 42.6 2010-2011
Which is Associated with Parkinson’s Disease,
Influence for Pre-Mrna Splicing
Splicing factors and their regulated miRNA as cancer dr. A.Kanopka 749.2 217.0 2012-2014
biomarkers for gastrointestinal system
Carbonic Anhydrases as Cancer Cell Markers dr. D.Matulis 294.8 85.4 2010-2011
Carbonic anhidrase hCA XII as a potential marker dr. D.Matulis 590.5 171.0 2012-2014
for cancer cells
Studies on genetic and molecular allergy mechanisms dr. A.Zvirbliené 474.2 137.3 2010-2011
in the Lithuanian birth cohort (partner of Vilnius
University Faculty
of Medicine)
Studies on genetic and environmental allergy risk factors ~ dr. A.Zvirbliené 692.0 200.4 2012-2014
in the Lithuanian birth cohort (partner of Vilnius
University Faculty
of Medicine)
Molecular mechanisms in Alzheimer’s disease dr. A.Zvirbliené 132.7 38.4 2012
(partner of Lithuanian
University of Health
Sciences)
| National Research Programme “Healthy and Safe Food”
Title Head of the project  Financing Financing Duration
LTL thousands EUR thousands
Expression analysis of anthocyanin biosynthesis genes dr. V.Kazanavi¢inte  680.4 197.1 2012-2015

in horticultural plants

10

(partner of the

Institute of Horticulture,
Lithuanian Research
Centre for Agriculture

and Forestry)
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Interspecific hybrids of orchard plant - a novel source dr. R Razanskas 1299.3 376.3 2011-2014
of anthocyanins (partner of the Institute

of Horticulture, Lithuanian

Research centre for

Agriculture and Forestry)
| Lithuanian-Swiss Cooperation Programme
Title Head of the project  Financing Financing Duration

LTL thousands ~ EUR thousands
Directed evolution of computer engineered enzymes using  prof. A.Janulaitis 2430.5 703.9 2012-2016
droplet based microfluidics
Signalling control of pathogen induced plant immunity ~ prof. . Meskiené 2089.1 605.0 2013-2016
| Research Team Projects
Title Head of the project  Financing Financing Duration
LTL thousands ~ EUR thousands

Influence of ozone high concentration on viroid and dr. A Abraitiené 142.4 41.2 2011-2012
plant host interaction
Synthesis of fluorine benzimidazole sulfonamides and dr. V.Dudutiené 180.0 52.1 2011-2012
analysis of their interaction with carboanhydrases
Crystallography Open Database - an open-access database ~ dr. S.Grazulis 179.4 52.0 2010-2011
of small molecule crystal structures
The role of alternative pre-mRNA splicing for the lytic dr. S.Laurinavi¢ius ~ 325.5 94.3 2012-2014
replication of Kaposi’ Sarcoma Herpesvirus
Structural studies of protein-nucleic acids complex dr. E.Manakova 168.7 48.9 2011-2012
in solution
CONDOR - an advanced protein homology dr. M.Margelevi¢ius  126.8 36.7 2011-2012
detection method
High-throughput screening of antibody-secreting dr. L.Mazutis 339.9 98.4 2012-2014
cells using droplet-based microfluidics
Regulation of signal transduction in A.thialiana dr. .Megkiené 178.7 51.8 2011-2012
Analysis of the pathogenicity of Gardnerella vaginalis strains ~ dr. M.Pleckaityté 130.0 37.7 2010-2011

Vilnius University Institute of Biotechnology Biennial report for 2011-2012

11



National and International Grants

Title

Studies on the mechanism of the cytolytic activity of the

bacterial toxin vaginolysin

A Universal Method for Recombinant Synthesis

of Selenoproteins

Analysis and diagnostics of new human Parvoviridea

family viruses

Structural and functional relationships in

endonuclease evolution

Structure and function of 5-methyl and

5-hydroxymethylcytosine-directed restriction endonucleases

Stress response analysis on the proteome level in cells

producing recombinant proteins
Looking for the origins of mammalian prion ‘strains’
Bacteriopage T4 primosome

The role of nucleotide flipping in specific

protein-DNA recognition

Structure, classification and distribution of bacterial C

family DNA polymerases

Application of interatomic contacts for the assessment of

three-dimensional RNA structural models

Development and application of new methods for small

RNAs analysis

Studies on the biogenesis molecular mechanism of non

coding RNAs in plants
The link between structure and specificity within nucleases

Function of a molecular motor in atypical

restriction-modification system

Development of recombinant antibodies against

carbonic anhydrase

Head of the project

dr. M.Pleckaityté

dr. R.Rakauskaité

prof. K.Sasnauskas

dr. G.Sasnauskas

dr. G.Sasnauskas

dr. R.Slibinskas

dr. V.Smirnovas
dr. G. Tamulaitiené

dr. G. Tamulaitis

dr. C.Venclovas

dr. C.Venclovas

dr. G.Vilkaitis

dr. G.Vilkaitis

dr. M.Zaremba

dr. M.Zaremba

dr. A.Zvirbliené

Financing

LTL thousands
306.6

296.1

168.2

160.0

347.0

165.7

305.8

154.7

160.0

180.0

43.4

162.5

350.0

160.0

345.0

348.7

Financing

EUR thousands
88.8

85.8

48.7

46.3

100.5

48.0

88.6

44.8

46.3

52.1

12.6

47.1

101.4

46.3

99.9

101.1

Duration

2012-2014

2012-2014

2011-2012

2010-2011

2012-2014

2011-2012

2012-2014

2011-2012

2010-2011

2011-2012

2012-2013

2010-2011

2012-2014

2010-2011

2012-2014

2012-2014
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AGENCY FOR SCIENCE,
INNOVATION AND TECHNOLOGY

High-Technology Development programme 2011-2013

() Institute of Biotechnology
() Vitsius University”

’ MoBiLi

Title Head of the project  Financing Financing Duration
LTL thousands ~ EUR thousands
Development of microfluidics technology for dr. L.Mazutis 300.0 89.9 2012
monodisperse vesicles production and improved
drug delivery
Industrial Biotechnology Programme
2011-2013
Title Head of the project  Financing Financing Duration
LTL thousands ~ EUR thousands
The development of innovative biocatalytic stain remover  dr. I.Matijosyté 250.0 72.4 2012
Development of innovative biotechnology for oil base dr. .Matijosyté 215.5 62.4 2012

lubricant production

Vilnius University Institute of Biotechnology Biennial report for 2011-2012 13



Doctoral theses

Name

Title

Supervisor

2011 | R. Gerasimaité A directed evolution design of target specificity and kinetic prof. S.Klimasauskas
analysis of conformational transitions in the Hhal
methyltransferas
I. Ku¢inskaité-Kodzé Production, characterization and application of new dr. A. Zvirbliené
monoclonal antibodies against viral antigens
M. Juozapaitis Synthesis of Paramyxoviridae nucleoproteins in yeast prof. K. Sasnauskas
Saccharomyces Cerevisiae and their application in viral
diagnostics.
E. Mazeiké Generation of model anticancer vaccine based on dr. A. Gedvilaite
virus-like particles
E. Ciplys Analysis of maturation of measles virus hemaglutinin in yeast dr. R. Slibinskas
S.cerevisiae and P.Pastoris secretory pathway and humanization  prof. K.Sasnauskas
of Yeast cells
2012 | Z. Liutkeviciate DNA cytosine methyltransferase-directed reactions involving prof. S.Klimasauskas

14

A. Silanskas

D. Golovenko

G. Gasiunas

non-cofactor-like compounds

Restriction endonuclease-triplex forming oligonucleotide

conjugates with controllable catalytic activity

Structural and functional studies of restriction endonucleases

EcoRII, Bfil and Bse6341

Mechanism of DNA interference by Type II CRISPR/Cas systems

prof. dr. V. Siksnys

dr. S. Grazulis
prof. dr. V. Sikénys

prof. dr. V. Sikénys
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Rita Gerasimaité enjoys a traditional gift From left to right alsogether Aranas Silanskas, Giedrius Gasiiinas, Zita Liutkevitinté and Dmitrij
from her colleagues Golovenko who defended PhD theses at the Institute of Biotechnology in 2012

Just ,,released doctor Dmitrij Golovenko with scientific consultants Dr. S.Grazulis (on left) Eglé Mazeiké at the 14th International Congress of
and Prof. Dr. V. Siksnys Immunology in Kobe, August 2010

Indré Kucinskaité-Kodzé with the award of the Evaldas C'zpl_’y: enjoys the moment after defending his PhD theses
Lithuanian Academy of Sciences for PhD theses in the
field of biotechnology, 2012 March

Vilnius University Institute of Biotechnology Biennial report for 2011-2012 15



Crystallography Open
Database (COD)

The COD project (abbreviated from the “Crystallography

Open Database”, http://www.crystallography.net/) aims at col-

lecting in a single open access database all organic, inorgan-
ic and metal organic structures [1] (except for the structures
of biological macromolecules that are available at the PDB
[2]). The database was founded by Armel Le Bail, Lachlan
Cranswick, Michael Berndt, Luca Lutterotti and Robert T.
Downs in February 2003 as a response to Michael Berndt’s
letter published in the Structure Determination by Powder
Diffractometry (SDPD) mailing list [3]. Since December 2007
the main database server is maintained and new software is de-
veloped in the Vilnius University Institute of Biotechnology
by Saulius Grazulis and Andrius Merkys, and has now over
200 thousand records describing structures published in major
crystallographic and chemical peer-reviewed journals [4]. Most
of the mineral data is obtained from the AMCSD [5], donat-
ed by its maintainer and COD co-founder Robert T. Downs.

The database presents itself on the Internet as a Web site (Fig.

1A) with the basic data search and download capabilities, de-

signed by Armel Le Bail and Michael Berndt. In addition, reg-
istered users may deposit new data into the database, either
form the previous publications or as personal communications,
using the deposition web site designed in the VU Institute of
Biotechnology by Saulius Grazulis, Justas Butkus and Andrius
Merkys. The deposition software performs rigorous checks of
syntax and semantics, thus ensuring high quality of records de-
posited in the COD.

The retrieved COD records can be viewed on-line (Fig. 1B) or
downloaded for further processing. For massive data mining,
COD permits downloads and updates of the whole database
using Subversion, Rsync or HTTP protocols. The ease of ac-
cess to COD data has spurred the use of this resource for soft-
ware testing [6], teaching [7], and research [8].

The open nature of the COD permitted numerous mirrors
around the globe [9-12] and specifically tailored COD data-
base variants [7]. At present, this is the most comprehensive
open resource for small molecule structures, freely available to

all scientists in Lithuania and worldwide.

QQQ Crystallography Open Database

Search

Home (Output limited to 300 entries maximum, see the hints and tips)
What's new?

. Search by COD
Accessing COD Data D

Browse
Search

search

Enter SMILES or SMARTS:
Add Your Data
OpenBabel
FastSearch:

Deposit your data : search
Manage depositions

gefrelease
prepublications .
Note: substructure search by SMARTS is currently available in a subset of COD containing

000 structures.

Documentation

text (1 or 2 words)

COD Mirrors

journal
Advices to donators i

year
volume

issue

1 to 8 elements

NOT these elements A

Fig. 1. A) Web site and search interface of the Crystallography Open
Database (COD) permits searches of crystallographic data by a range of
parameters and unrestricted retrieval of the found data. B) data can be
viewed on-line in the [Mol applet or downloaded for further processing,
either record-wise or in bulk.
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@@9 Crystallography Open Database

CIF Information Card

Home
‘What's new?

Information card for 4079785

ERTSITRIEEN 4079754 << 4070785 >> 4100000
Browse

Search Preview

Deposit your data
Manage depositions
mage/release

tions

Documentation

Obtaining COD
Citing COD
COD Mirrors
Advices to donators
Coordinates  4079785.cif
Structure parameters
Formula - C18 H22 B8 Fe -
Calculated formula -C18H22 B8 Fe -
Title of publication Three Isomers of Aryl-Substituted
Authors of publication Bakardjiev, Mario; Stibr, Bohumil;
Journal of publication Organometallics
Year of publication 2013
Journal volume 32
Journal issue 2
a 9.81 + 0.0006 A
b 14.4851 +0.0009 A
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Strengthening and Sustaining
the European Perspectives of

Molecular Biotechnology in
Lithuania (MoBiLi

| MoBiLi is funded by the European Union,

Research Potential Call FP7-REGPOT-2009-1

Mission of the MoBiLi:
MoBiLi is a support action to strengthen the research capaci-
ties and to mobilize human resources in molecular biotechnol-
ogy at the Institute of Biotechnology (IBT) Vilnius, Lithuania.
The MoBiLi, dedicated to the strengthening and sustain-
ing the European perspectives of Molecular Biotechnology
in Lithuania, has been selected for funding by the EU FP7
Capacities programme. The latter coordination and support
action (call FP7-REGPOT-2009-1) was very competitive: 312
projects were received by the Commission and only 16 were se-
lected for funding (MoBiLi ranked 7-th).

Purpose of the project
is to build up scientific excellence and human potential of
IBT thereby transforming it into an excellence centre in mo-
lecular biotechnology and a significant player in the European
Research Area.

The major objectives:
® Human capital building for research and technological de-
velopment (RTD) in the field of state-of-the-art molecular bi-
otechnology;
® Networking of IBT with major centres of excellence in the
EU via joint research and mobility of researchers;
® Upgrading and modernisation of research infrastructure in

line with emerging thematic priorities in the field.

The objectives of the project will be fulfilled by 7 Work
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Packages via collaboration with the project core partners:

The European Molecular Biology Laboratory (EMBL)

Karolinska Institutet, Stockholm (KI)

Justus Liebig University Giessen (JLU)

University of Edinburgh (UE)

The Swiss Institute of Bioinformatics (SIB)
Scientific priority areas of collaboration with the core partners
cover topics like protein structure, interactions and cellular net-
works (JLU, EMBL, SIB, UE) and cellular imaging and high-
throughput approaches to study human diseases (EMBL, KI,
SIB, UE).

Project progress
(October 2010 - December 2012)

Exchange of Know-How And Experience
The purpose of exchange programme is to strengthen the ex-
pertise and know-how of IBT.
During the period of 27 months, 12 scientists came to the IBT
to do collaborative research and researchers from the IBT had
made 46 visits to foreign partners.

Recruitment of Incoming Experienced Researchers
This work package includes measures for attracting researchers
and establishment of new research trends.
Two group leaders, Prof. Irut¢ Meskiené and Dr. Linas
Mazutis hired by IBT have established new research groups in
line with the priority areas of MoBiLi. Projects carried out by

these researchers are presented below.
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Prof. Iruté Meskiené, PhD, Dr. Habil.

Biological functions of cell signaling components
MAPK-phosphatases

During plant responses to stress or developmental cues signaling
via protein kinases mediates fast, precise and specific responses
in cells. Mechanism of signaling by the mitogen activated pro-
tein kinases (MAPK) is relatively clear, whereas termination of
this process by the MAPK phosphatases is less understood.

The aim of our research is to understand the biological roles
of PP2C-type MAPK phosphatases. Plant Arabidopsis thaliana
provides excellent model for this study since its genome is se-
quenced and a variety of techniques are available to manipulate
protein levels in plants.

We found that during cell signaling PP2C-type phosphatases
are important to regulate MAPKs. This activity can influence
cell fate decisions in stomata developmental pathway as well

as plant sensitivity during pathogen attack.
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Figure 1. Study of PP2C-type MAPK phosphatase functions in
Arabidopsis. Arabidopsis thaliana (right). Stomata development

Ar

on leaf epidermal surface is affected by overexpression of the protein
phosphatase AP2C3: A — wild type plant, B — AP2C3 overexpressing

line (expr of the stomata cell-fate marker ERL::GUS, microscopy
image 63x).
Publications 2011-2013

1. Umbrasaite J., Schweighofer A., Meskiene I. Substrate anal-
ysis of Arabidopsis PP2C-type protein phosphatases. Methods
Mol. Biol. 2011, 779:149-61.

2. Fuchs S., Grill E., Meskiene I., Schweighofer A. Type 2C
protein phosphatases in plants. FEBS /. 2013, 280(2):681-93.

Linas Mazutis, PhD
High-throughput screening using

droplet-based microfluidics

Microfluidics technology has revolutionized many areas of sci-
ence by providing unprecedented liquid-handling capabilities,
reduced reaction volumes and improved analytical sensitivi-

ty. In droplet-based microfluidic systems, nanolitre to picoli-

tre volume aqueous droplets in an inert carrier oil are used as
microreactors with volumes one thousand to one million times
smaller than microtitre plate wells, where the smallest reaction
volume is a few microlitres. These droplets can be made, fused,
split, incubated and manipulated in sophisticated ways at kHz
frequencies. Compartmentalization of single molecules or cells
into pico- or nano-liter volume droplets allows millions of indi-
vidual reactions to be analyzed and sorted at hight-throughput
rate. A particular advantage is that droplets provide a unique
tool of linking genotype with phenotype through compart-
mentalization. For example, when using cells, secreted mole-
cules remain entrapped inside the droplet together with the cell
that produce them. When using genes, synthesized proteins
remain entrapped together with the gene that encodes them.
Microfluidic fluorescence activated droplets sorters can then be

used to identify and sort entire reaction vessels containing in-
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Figure 2. Microfluidic droplets having different enzyme variants
produced and secreted by encapsulated bacterial cells.

dividual cells or molecules such as genes, proteins, RNA, etc.
In our laboratory we are using droplet-based microfluidic sys-
tems for high-throughput analysis and screening in biology and

chemistry. Current projects are focusing on directed evolution

of computer-designed enzymes, screening of single-cells secret-
ing specific antibodies and developing advanced drug delivery

particles for biomedical applications.

Publications 2011-2012
1. Pekin D., Skhiri Y., Baret J.C., Le Corre D., Mazutis L.,

Salem C.B., Millot E, El Harrak A., Hutchison J.B., Larson
J.W,, Link D.R., Laurent-Puig P, Griffiths A.D., Taly .V
Quantitative and sensitive detection of rare mutations using
droplet-based microfluidics. Lab Chip 2011, 11(13):2156-66.

2. Mazautis L., Grifliths A.D. Selective droplet coalescence us-
ing microfluidic systems. Lab Chip 2012, 12(10):1800-6.

3. Skhiri Y., Gruner P, Semin B., Brosseau Q., Pekin D.,
Mazutis L., Goust V., Kleinschmidt F, Harrak A.E.,
Hutchison J. B., Mayot E., Bartolo J.-E Griffiths A.D., Taly V.
and Baret J.-C. Dynamics of molecular transport by surfactants
in emulsions. Soff Matter 2012, 8(41):10618-10627.

5 experienced researchers

(postdoctoral associates)

Dr. Rasa Rakauskaité, Dr. Vytautas Smirnovas, Dr. Simonas Laurinavi¢ius, Dr. Visvaldas Kairys,

Dr. Ieva Mitasitinaité-Besson had been hired to join the existing laboratories with the goal to strengthen their scientific

potential. Projects carried out by these researchers are presented below.

Simonas Laurinavicius, PhD

Towards understanding the pathogenicity

of Kaposi’ Sarcoma herpesvirus
of

In my work I aim to combine my previous experience with
the new ways to investigate the mechanisms of the diseases
associated with Kaposi Sarcoma Herpesvirus (KSHV). The
Department of Immunology and Cell Biology I am work-
ing in is experienced in studying regulation of gene expres-

sion at the level of pre-mRNA splicing, and is specifically in-
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terested in hypoxia-induced pre-mRNA splicing. In my pro-
ject ,, The role of alternative pre-mRNA splicing for the lytic
replication of Kaposi’ Sarcoma Herpesvirus”, funded by the
Research Council of Lithuania, I want to investigate wheth-
er the pre-mRNA splicing status affects the induction of lytic
replication of KSHV (lytic reactivation). The hypothesis be-
hind this is that the cells that undergo spontaneous lytic re-
activation in sub-population of cell lines or in Kaposi sarco-
ma tumors might have a different set of molecular splice-iso-
forms and that these differences influence the switch between
the latent and lytic phases of replication cycles. As different
environmental factors (such as hypoxia) or chemicals induce
varying response of lytic reactivation of KSHYV, it of interest
to investigate, if these factors affect different populations of
KSHV-infected cells. As it is know that certain proteins that
are involved in pre-mRNA splicing are important in KSHV
replication cycle, in my project I would also like to identify
splicing-associated factors that might be responsible for the

differences of the putative sub-populations of cells.



Rasa Rakauskaité, PhD

Engineering of selenium-containing

methyltransferases

DNA methylation is carried out by AdoMet-dependent methyl-
transferases and serves to expand the information content of the
genome. DNA cytosine-5 methylation is a key epigenetic signal in
higher eukaryotes including humans, and its misregulation is im-
plicated in a number of syndromes and pathologies such as can-
cer. DNA cytosine-5 methytransferases (C5-MTases) use a con-
served cysteine residue for covalent catalysis of the methyl trans-
fer to their target cytosine residues in DNA. Apart from their im-
portant biological roles, C5-MTases are now increasingly exploit-
ed for biotechnological applications. Owing to the recently dis-

covered atypical reactions involving synthetic cofactor analogs
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and small non-cofactor like compounds, C5-MTases can be used
for targeted labeling of cytosine and 5-hydroxymethylcytosine in
DNA and are potentially valuable tools for genome-wide analysis
of the epigenetic cytosine modifications. To explore the catalytic
power of these enzymes we set out to replace the catalytic cysteine
residue with a selenocysteine (Sec) residue in a model C5-MTase,
M.Hhal. Sec provides selenium atom with unique chemical char-
acteristics (higher nucleophilicity, lower pKa, and lower redox po-
tential) not attainable in common proteins. Incorporation of a Sec
residue has been achieved through UAG codon suppression by the

genetically encoded unnatural amino acid (Fig.3).

Nascent
Tase

MTase-Sec

mRNA
Ribosome

Figure 3. Incorporation of genetically encoded Sec residue into a MTase.
The unnatural Sec residue is incorporated at a preselected position of a
protein. During translation in yeast cells an engineered UAG codon is
decoded by an artificially designed UAG suppressor tRNA charged with
the unnatural amino acid.

Visvaldas Kairys, PhD

Exploring interactions and dynamics of biologically

important molecules using computational tools

One of the greatest challenges of computational chemistry is
a correct evaluation of the non-bonded interaction strengths
between small molecules and proteins. This requires employ-
ment of a wide range of theoretical methods, from quantum
mechanics to docking and molecular dynamics (MD). The re-
cent examples of computational chemistry research done at the

Department of Bioinformatics are listed below.

| Docking

In a recent study published in a collaboration with the
University of Madeira (Portugal), a challenging docking of
a highly charged oligomer onto a DNA fragment[1] was ex-
plored. The study showed that docking could lead to mean-
ingful results even with a very large (>100) number of rotat-
able dihedrals in the ligand (Fig. 4).

| Enzyme inbibitor discovery

In a close collaboration with the team at the Department of
Biothermodynamics and Drug Design at IBT, the investiga-
tion is being carried out aimed at designing novel Carbonic
Anhydrase (CA) drug-like inhibitors. Prediction of isoform
selectivities towards clinically useful CA variants presents an
additional challenge. A variety of computational methods are
employed, including docking[2].

| Molecular Dynamics

Presently, a significant portion of time is also devoted to the
investigation of the protein dynamics (for example, human
chorionic gonadotropin, DNA clamps) using MD simula-

tions[3].
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Figure 4. Five superposed best hits of poly(ethylenimine) trimer (PEI)
docked to a DNA fragment. A a tendency to bind to the minor groove
of DNA is observed.

Publications 2012

1. Nouri A., Castro R., Kairys V., Santos J. L.,
Rodrigues J., Li Y., Tomds H. M. Insight into the role of
N,N-Dimethylaminoethyl methacrylate (DMAEMA) conju-
gation onto poly(ethylenimine): cell viability and gene trans-
fection studies. /. Mat. Sci. Mater. Med. 2012, 23:2967-2980.

2. Capkauskaité E., Zubriené A., Baranauskiené L.,
Tamulaitiené G., Manakova E., Kairys V., Grazulis S.,
Tumkevicius S., Matulis D. Design of [(2-pyrimidinylthio)
acetyl]benzenesulfonamides as inhibitors of human carbonic
anhydrases. Eur. J. Med. Chem. 2012, 51:259-70.

3. Nagirnaja L., Venclovas C., Rull K., Jonas K.C,,
Peltoketo H., Christiansen O.B., Kairys V., Kivi G.,
Steffensen R., Huhtaniemi I.T., Laan M. Structural and
Functional Analysis of Rare Missense Mutations in Human
Chorionic Gonadotropin B-subunit. Mol. Hum. Reprod.
2012, 18(8):379-390.

Vytautas Smirnovas, PhD
Studies of amyloid-like
Jfibril formation

Protein aggregation and amyloidogenesis are involved in a
number of diseases, including such neurodegenerative disor-
ders as Alzheimer’s and Parkinson’s, many systemic amyloi-
doses and even some localized diseases such as type 11 diabetes
or cataracts. There is an increasing evidence of amyloid nature
of proteinaceous infectious particles — prions. Possible way of
abnormal protein spreading is elongation of amyloid-like fi-
brils, thus there is a chance of all amyloid-associated diseases
to be potentially infective.

We are interested in better understanding of fibril elon-
gation. Using insulin as a model protein we employed
Michaelis-Menten equation to describe fibril elongation ki-

netics (Fig.5).
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At this point we try to compare elongation thermodynam-
ics for different amyloid fibrils at varying conditions, which

may give a better understanding on protein-only infectivity.
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Other side of our interest isamyloid-ligand interactions. We try
to explore potential anti-amyloidogenic compounds and study

their impact on fibril formation of different proteins.

Acquisition, Development,
Maintenance or Upgrading of
Research Equipment

The MoBiLi project is aimed to create a stimulating, mul-
tidisciplinary environment promoting research of excellence
in biomedicine at the interface between structural biology,
chemistry and biology. Therefore IBT has purchased the fol-
lowing equipment: Universal X-Ray Diffractometer, Gemini
PX Ultra system, HPLC-MS System, Cell sorting system for
high performance analytical and preparative flow cytometry
and High performance computing (HPLC) Linux cluster.
Total value is 600.000 Euro.

International Seminars
& Workshops

The aim of this WP is to increase the international visibility
of IBT, dissemination of scientific information obtained at
IBT and exchange of know-how with potential collaboration
partners. 18 experienced researchers including Nobel Prize
winner Prof. Robert Huber, had visited IBT and gave their
presentations. Furthermore, IBT researchers had attended 29
international conferences and workshops on structural and

computational biology and biomedicine:

Dissemination and
Promotional Activities

Dissemination activities will facilitate dissemination and
transfer of knowledge at regional, national and internation-
al level involving both the own research/PR staff and invited
specialists from other countries and will increase the interna-
tional knowledge/experience exchange capacity and reputa-
tion of IBT. They will not only provide general information
about MoBilLi and IBT as a whole, but will bring MoBiLi

and IBT to an eyelevel position for future collaboration in

Prof. Ralf Seidel from the University of Technology in Dresden at his
seminar ,Magnetic tweezers: from single enzyme dynamics to mechanics
of DNA nanostructures” in VU I of Biotech
October 5, 2012

logy on

100 Pavia-ITALY

Prof. Pietro Speziale from the University of Pavia at his seminar on

»Biochemical and immunological properties of surface/secreted proteins
of Staphylococcus aureus and their use as potential components for a
multivalent vaccine” in VU Institute of Biotech
September 19, 2012

logy on
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research, e.g. EU FP7 as well as regional and national pro-
grams. MoBiLi had communicated its activities through a va-
riety of communication channels, including:

® Dublication of 10 open-access articles in scientific journals
® Instant highlighting of research achievements on the IBT
web page mobili.ibt.It and with the media

® DProduction of reports on IBT research achievements and
services offered to the community in connection with the
MoBilLi project

® Meeting with local biotech SME (UAB Sorpo, UAB
Profarma, UAB Biocentras, UAB Fermentas) and Lithuanian
Biotechnology Association (LBTA)

® Meeting in the Diagnostic Centre of Vilnius University
Hospital

Announcements of the MoBiLi seminars are distributed to
the target groups. A MoBiLi website (http://www.mobili.ibt.
It/) has been launched and is constantly updated. There is
a link to the MoBiLi website at the IBT’s site (htep://www.
ibt.lt/en/title.html) as well. Three articles with acknowledge-

ments to the MoBiLi project had been published.

| External Evaluation

To check and control the achieved research quality and sci-
entific excellence at the project’s end, an independent evalua-
tion will be implemented. External evaluation facility is fore-
seen to take place after the end of the implementation in or-
der to evaluate the applicant’s overall research quality and ca-
pability (including management and infrastructure). Three
experts had already been appointed by the Commission and
the fourth had been contacted. The appointed experts will
visit the applicant institution to discuss with the researchers
and the research management in order to evaluate the capac-
ity of the applicant to handle its objectives with the means
available in situ and the perspectives to maintain or to in-
crease the applicant’s research capacity and the means neces-

sary for this purpose.

From left to right the VU IBT International Advisory Board Me
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bers Prof. B. Samuelsson, Prof. L. Poellinger, Prof. A. Pingoud,
Prof. S. Halford, Prof. H. Grosjean at the MoBiLi meeting in Vilnius University on May 6, 2011



| Project Management

To ensure successful implementation and professional ad-
ministration, vigorous and excellent project management is
necessary. A second project’s Advisory Board meeting took
place on May 6-th, 2011. The Advisory Board members had
met the recruited personnel and listened to their presenta-
tions. Their report had contributed largely to the success
of changing the deadlines of implementation of workpack-
ages 1-5 from November 2012 to May 2013. The Advisory
Board members are Prof. A. Tramontano (University of
Rome “La Sapienza”, Italy), Prof. A. Pingoud, (Justus-Liebig-
Universitdt, Germany), Prof. L. Poellinger, (Karolinska
Institutet, Sweden), Prof. S. Halford, (University of Bristol,
U.K.), Prof. B. Samuelsson, (University of Gothenburg,

(¢ Institute of Biotechnology
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Sweden), Prof. H. Grosjean, (University of Paris-South,
France), Prof. E. Butkus, (Research Council of Lithuania),
Mr. A. Markauskas, (Fermentas, CEQO, Lithuania), Dr. A.
Zalys, (Ministry of Education and Science, Lithuania), Prof.
G. Dienys, (Lithuanian Biotechnology Association). The
Management Board members are Mr. Leonas Pasakarnis,
(Deputy Director of Institute of Biotechnology Vilnius), Prof.
Saulius Klimasauskas, (Head of Department of Biological
DNA modification), Dr. Daumantas Matulis, (Head of
Department of Biothermodynamics and Drug Design),
Dr. Gintautas Zvirblis, (Head of Department of Eukaryote
Genetic Engineering), Prof. Aurelija Zvirbliené, (Head of
Department of Immunology), Dr. Ceslovas Venclovas, (Head
of Department of Bioinformatics), Prof. Virginijus gikénys,

(Head of Department of Protein-Nucleic Acids Interactions).
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phone: 370 5 2691884
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Scientific staff
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Research
overview

Bacterial viruses (bacteriophages) provide an ubiquitous and
deadly threat to bacterial populations. To survive in hostile
environments, bacteria have developed a multitude of anti-
viral defense systems. The overall research theme in our de-
partment is the structural and functional characterization of
enzymes and enzyme assemblies that contribute to the bac-
teria defense systems which target invading nucleic acids. In
particularly, we are involved in the deciphering structural
and molecular mechanisms of restriction enzymes, and the
molecular machinery involved in the CRISPR function. We
are using X-ray crystallography, mutagenesis, and functional
biochemical and biophysical assays to gain information on

these systems.

Structure and function of
restriction endonucleases

Restriction-modification (RM) systems commonly act as sen-
tries that guard bacterial cells against invasion by bacterio-
phage. RM systems typically consist of two complementary
enzymatic activities, namely restriction endonuclease (REase)
and methyltransferase (MTase). In typical RM systems REase
cuts foreign DNA but does not act on the host genome be-
cause target sites for REase are methylated by accompanying
MTase. REases from 4000 bacteria species with nearly 350
distinct specificities have been characterised. REases have now
gained widespread application as indispensable tools for the i
vitro manipulation and cloning of DNA. However, much less
is known about how they achieve their function.

In the Department of Protein-Nucleic Acids Interactions we
focus on the structural and molecular mechanisms of restric-
tion enzymes. Among the questions being asked are: How
do the restriction enzymes recognize the particular DNA
sequence? What common structural principles exist among
restriction enzymes that recognize related nucleotide se-
quences? How do the sequence recognition and catalysis are
coupled in the function of restriction enzymes? Answers to
these questions are being sought using X-ray crystal structure
determination of restriction enzyme-DNA complexes, site-
directed mutageneses and biochemical studies to relate struc-

ture to function (see below for the details).
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Structure and molecular mechanisms
of CRISPR-Cas systems

Recently, an adaptive microbial immune system CRISPR (clus-
tered regularly interspaced short palindromic repeats) has been
identified that provides acquired immunity against viruses and
plasmids. CRISPR represents a family of DNA repeats present in
most bacterial and archacal genomes. CRISPR loci usually consist
of short and highly conserved DNA repeats that are interspaced
by variable sequences of constant and similar length, called spac-
ers. CRISPR arrays are typically located in the direct vicinity of
cas (CRISPR associated) genes. Cas genes constitute a large and
heterogeneous gene family which encodes proteins that often carry
functional nucleic-acid related domains such as nuclease, helicase,
polymerase and nucleotide binding. The CRISPR-Cas system pro-
vides acquired resistance of the host cells against bacteriophages. In
response to phage infection, some bacteria integrate new spacers
that are derived from phage genomic sequences, which results in
CRISPR-mediated phage resistance. Many mechanistic steps in-
volved in invasive element recognition, novel repeat manufactur-
ing, and spacer selection and integration into the CRISPR locus

remain uncharacterized (see below for the details).
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Figure 1. CRISPR-Cas system. CRISPR loci consist of short and highly
conserved DNA repeats (R) interspaced by variable sequences of constant
and similar length, called spacers (S). CRISPR repeat-spacer arrays are
typically located in the direct vicinity of cas (CRISPR-associated) genes.
In the immunisation steps, it is proposed that Cas proteins incorporate
Jforeign DNA as new spacer sequences. This is a precise process that adds
spacers of similar length to one end of the repeat. Thus, the repeat series
acts as a historical record of viral infe In the i
proposed that RNA from the repeat region is produced and processed by

ity step, it is

Cas proteins to produce short signal RNAs. These crRNAs are then used to
specifically target invading DNA for degradation.
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Structure and function of restriction
endonucleases: projects overview

The recognition domain of the methyl-specific
endonuclease McrBC flips out 5-methylcytosine

DNA cytosine methylation is a widespread epigenetic
mark. Biological effects of DNA methylation are mediated
by the proteins that preferentially bind to 5-methylcyto-
sine (5mC) in different sequence contexts. Until now two
different structural mechanisms have been established for
5mC recognition in eukaryotes; however, it is still unknown
how discrimination of the 5mC modification is achieved
in prokaryotes. To address this question we have solved the
crystal structure of the N-terminal DNA-binding domain
(McrB-N) of the methyl-specific endonuclease McrBC from

Escherichia coli.

_ AAA™ family GTPase | McrB
1 161 459
| PD-(D/E)XK nuclease | MerC

1 348

Figure 2. 5-methylcytosine recognition by McrB-N. Top: schematic
representation of the McrBC restriction system. McrBC is composed of
two subunits: McrB harbours an N-ter | DNA-binding domai
(McrB-N) and GTP-ase motifs, while McrC contains a Le ti
site. Bottom left: view of the McrB-N monomer bound to DNA. The
finger’ loop penetrating into the minor groove is highlighted in orange.
Bottom right: Close-up view of the water molecule in the vicinity of the
methyl group in the McrB-N complex with di-methylated DNA. The
hydroxyl group of ShmC or methyl group of the N4-methylcytosine may
occupy the space filled by the water molecule (sh in magenta)
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The McrB-N protein shows a novel DNA-binding fold
adapted for 5mC-recognition. In the McrB-N structure in
complex with methylated DNA, the 5mC base is flipped
out from the DNA duplex and positioned within a bind-
ing pocket. Base flipping elegantly explains why McrBC
system restricts only T4-even phages impaired in glycosyla-
tion [Luria, S.E. and Human, M.L. (1952) A nonhereditary,
host-induced variation of bacterial viruses. J. Bacteriol., 64,
557-569]: flipped out 5-hydroxymethylcytosine is accom-
modated in the binding pocket but there is no room for the
glycosylated base. The mechanism for 5mC recognition em-
ployed by McrB-N is highly reminiscent of that for eukary-
otic SRA domains, despite the differences in their protein

folds.

Structural and functional studies of the
Bse6341 specificity

Restriction endonuclease Bse6341 recognizes and cleaves the
degenerate DNA sequence 5°-R/CCGGY-3’ (R stands for A
or G; Y for T or C, */’ indicates a cleavage position). We have
solved the crystal structures of the Bse634] R226A mutant
complexed with cognate oligoduplexes containing ACCGGT
and GCCGGC sites, respectively. In the crystal, all poten-
tial H-bond donor and acceptor atoms on the base edges of
the conserved CCGG core are engaged in the interactions
with Bse6341 amino acid residues located on the a6 helix. In
contrast, direct contacts between the protein and outer base
pairs are limited to van der Waals contact between the purine
nucleobase and Pro203 residue in the major groove and a
single H-bond between the O2 atom of the outer pyrimidine
and the side chain of the Asn73 residue in the minor groove.
Structural data coupled with biochemical experiments sug-
gest that both van der Waals interactions and indirect read-
out contribute to the discrimination of the degenerate base
pair by Bse634l. Structure comparison between related en-
zymes Bse634]1 (R/ICCGGY), NgoMIV (G/CCGGC) and
SgrAl (CR/CCGGYG) reveals how different specificities
are achieved within a conserved structural core. Bse634I like
other tetrameric REases has two DNA binding interfaces and
must synapse two recognition sites to achieve cleavage. It was
hypothesised that binding of two recognition sites by tetra-
meric enzymes contributes to their fidelity. We experimen-
tally determined the fidelity for Bse6341 REase in different

oligomeric states. Surprisingly, we find that tetramerisation



does not increase Bse6341 fidelity in comparison to the di-
meric variant. Instead, an inherent ability to act concertedly
at two sites provides tetrameric REase with a safety-catch to
prevent host DNA cleavage if a single unmodified site be-

comes available.
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Figure 3. Specific interactions of Bse6341 with the recognition

sequence. (A) Schematic representation of the degenerate target site and
interactions between the Bse6341 and its target site. Residues belonging
to monomers A and B are shown in red and blue, respectively. H-bonds
are indicated by arrows, van der Waals interactions to purines—by
curved lines. (B) Bse6341 interactions with the C2:G5 base pair. (C)
Bse6341 interactions with the C3:G4 base pair. (D) Bse634I co s
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broken symmetry of the recognition site. Crystal-structure
analysis shows that to accept both the C:G and G:C base
pairs at the center of its target site, Benl employs two sym-
metrically positioned histidines H77 and H219 that pre-
sumably change their protonation state depending on the
binding mode. We show here that a single mutation of Benl
H77 or H219 residues restricts the cleavage activity of the
enzyme to either the 5’-CCCGG-3’ or the 5°-CCGGG-3’
strand, thereby converting Benl into a strand-specific nick-
ing endonuclease. This is a novel approach for engineering
of monomeric restriction enzymes into strand-specific nu-

cleases.

A C-strand cleavage

G-strand cleavage

Figure 4. Recognition of the central C:G base pair in the Benl-DNA

compll
xr

(A, top) Schematic representation of the wt Benl interaction

to the outer A1:T6 base pair in the AT-1 complex. (E) Bse634I contacts
to the outer G1:C6 base pair in the GC-1 complex. C8 and N7 atoms
of R1 base and side chain atoms of Pro203 residue are shown in CPK
representation.

Double challenge: how a monomeric restriction
engyme Benl recognizes a degenerate DNA sequence

and makes a double strand break

Unlike orthodox Type II restriction endonucleases that are
homodimers and interact with the palindromic 4-8-bp DNA
sequences, Benl is a monomer which has a single active site
but cuts both DNA strands within the 5’-CC|CGG-3’/3’-
GGG|CC-5’ target site (‘| designates the cleavage position).
Therefore, after cutting the first strand, the Benl monomer
must re-bind to the target site in the opposite orientation; but

in this case, it runs into a different central base because of the

Vilnius University Institute of Biotechnology Biennial report for 2011-2012

with the C-(5’-CCCGG-3’) and G-(5’-CCGGG-3°) DNA strands.

The monomeric enzyme with a single active site cl individual

DNA strands in two separate nicking reactions. (A, bottom) Major
groove interactions with the central base pair in two different enzyme
orientations: the C-strand close to the catalytic center [PDB ID: 20DI]
and the G-strand close to the catalytic center (PDB ID: 3IMB). Benl
matches the different pattern of hydrogen bond acceptors and donors in
the alternative DNA ori by switch state of
H219 and H77 residues.

ing the pr ti

Endonucleases that generate double-strand breaks in DNA
often possess two identical subunits related by rotational sym-
metry, arranged so that the active sites from each subunit act
on opposite DNA strands. In contrast to many endonucleases,
Type IIP restriction enzyme Benl, which recognizes the pseu-
dopalindromic sequence 5-CCSGG-3" (where S stands for
C or G) and cuts both DNA strands after the second C, is a
monomer and possesses a single catalytic center. We show that

to generate a double-strand break Benl nicks one DNA strand,
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switches its orientation on DNA to match the polarity of the
second strand and then cuts the phosphodiester bond on the
second DNA strand. Surprisingly, we find that an enzyme flip
required for the second DNA strand cleavage occurs without
an excursion into bulk solution, as the same Bcnl molecule acts
processively on both DNA strands. We provide evidence that
after cleavage of the first DNA strand, Benl remains associ-
ated with the nicked intermediate and relocates to the opposite

strand by a short range diffusive hopping on DNA.

Structure and molecular mechanisms of
CRISPR/Cas systems: projects overview

Streprococcus thermophilus DGCC7710 strain, for which bio-
logical activity of the CRISPR/Cas system has been directly
demonstrated in a phage challenge assay, contains four dis-
tinct systems: CRISPR1, CRISPR2, CRISPR3 and CRISPR4,
which belong to the three distinct Types. Direct spacer incor-
poration activity has been demonstrated for the CRISPR1 and
CRISPR3 systems, with the former being more active. The
CRISPR2 system seems to be disrupted and non-functional,
whilst functional activity of CRISPR4 has not yet been dem-
onstrated. Cas genes, which are specific to the repeat regions
and fall into different families, are located in close proximity to
the spacer-repeat region and encode proteins that often carry
functional nucleic-acid related domains such as nucleases, heli-
cases, polymerases and nucleotide binding. We aim to charac-
terize the functional and biochemical activities of Cas proteins
belonging to the CRISPR1, CRISPR3 and CRISPR4 systems
of S. thermophilus.

cas9 cas1cas2 csn2

CRISPR1 1-A

Repeats

cas1cas2 cas6 cas10 csm2csm3 csm5 csm6
CRISPR2 I-A

Repeats
cas9 cas1cas2csn2
CRISPR3 I-A
Repeats

cas3 csel cse2 cas7 cas5casbecasicas2
CRISPR4 I DI DD DE DD DD 1-E
Cascade Repeats

Figure 5. CRISPR/Cas systems of S. thermophilus DGCC7710.
CRISPRI and CRISPR3 systems belong to the Typell, CRISPR2 to the
Typelll whilst CRISPR4 belongs to the Type I (E.coli subtype).
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RNA-guided DNA endonuclease provides
DNA silencing in the Type II system

Type II CRISPR-Cas systems typically consist of only four
Cas genes. The mechanism for DNA interference provided
by the Type II systems remained to be established. We show
that in the CRISPR3 system of Streptococcus thermophilus (a
model and active Type II CRISPR/Cas system), Cas9 associ-
ates with crRNA to form an effector complex which specifi-
cally cleaves matching target dsDNA. This contrasts sharply
with effector complexes for Type I and Type III systems,
which are multisubunit ribonucleoprotein complexes. We
isolated the Cas9-crRNA complex and demonstrated that it
generates iz vitro a double strand break at specific sites in
target DNA molecules that are complementary to crRNA se-
quences and bear a short proto-spacer adjacent motif (PAM),
in the direct vicinity of the matching sequence. We show that
DNA cleavage is executed by two distinct active sites (RuvC
and HNH) within Cas9, to generate site-specific nicks on op-
posite DNA strands. Sequence specificity of the Cas9-crRNA
complex is dictated by the 42 nt crRNA which includes a
20 nt fragment complementary to the proto-spacer sequence
in the target DNA. All together our data demonstrate that
the Cas9-crRNA complex functions as an RNA-guided en-
donuclease with sequence-specific target site recognition and

cleavage through two distinct strand nicks.

Invading
DNA

caa prtan,

complex

New spacer

\r integration

cas9 S 2 csr CRISPR
—————————— Rwve N R
- ~~. i Transcription /
el i Immunity N lGenemﬂnn of CrRNA's
P %
, . -~
4 ~ Sy Cas9-crRNA [sugd
/. Proto-spacer PAM \\ ey B
S )
/ nvading DNA l AN g ) -— — & E
I \ S\ 4
! \ 7~ )invading DNA
, H 4 cleavage
1 ] s Q
\ Cas HH CIRNA s
\ 1
\ | i/
\ /,I
N )
\\ ’/
“ =/

~~~~~~~

Figure 6. The Cas9-crRNA complex functions as an RNA-guided DNA
endonuclease. Guided by the crRNA it finds a specific sequence in the
target DNA and Cas9 protein generates two distinct DNA nicks on
opposing dsDNA strands that match the loaded small interfering crRNA
sequence. Specifically, in the presence of Mg** ions, the signature Cas9
protein nicks each DNA strands 3 nt -upstream of the PAM sequence to
generate blunt DNA ends, through RuvC- and HNH-like active sites that
act on separate DNA strands.



This establishes a molecular basis for CRISPR-mediated
immunity in bacteria, specifically for Type II systems,
which solely rely on the signature Cas9 protein. Further,
the simple modular organization of the Cas9-crRNA
complex, where specificity for DNA targets is encoded by
a small crRNA and the cleavage machinery consists of a
single, multidomain Cas protein, provides a versatile plat-
form for the engineering of universal RNA-guided DNA
endonucleases. Indeed, by altering the RNA sequence
within the Cas9-crRNA complex, programmable endo-
nucleases can be designed both for in vitro and in vive
applications, and we provide a proof of concept for this
novel application. These findings pave the way for the
development of novel molecular tools for RNA-directed
DNA surgery.

Molecular basis for CRISPR
immunity in Type I systems

CRISPR-encoded immunity in Type I systems relies on
the Cascade ribonucleoprotein complex, which triggers
foreign DNA degradation by an accessory Cas3 protein.
It is one of the signature proteins present in the two major
types of CRISPR systems. Cas3 contains N-terminal HD-
phosphohydrolase and C-terminal SF2 helicase domains.
We performed the first experimental characterisation of
the Cas3 protein involved in the CRISPR function. We
have expressed, purified and functionally characterised
the Cas3 protein (St-Cas3) belonging to the CRISPR4
(Ecoli-subtype) system from Streptococcus thermophilus
DGCC7710. St-Cas3 possesses a single-stranded DNA
(ssDNA)-stimulated ATPase activity which is coupled to
translocation along ssDNA in 3’ to 5° direction. St-Cas3
also shows ATP-independent nuclease activity located in
the HD domain with a preference for ssDNA substrates.
To dissect the contribution of individual domains, Cas3
separation-of-function mutants (ATPase+, nuclease-) and
(ATPase-, nuclease+) have been obtained by site-directed
mutagenesis. We suggest that Cas3 ATPase/helicase do-
main may act as a motor protein which assists delivery of
the nuclease activity to Cascade-crRNA complex targeting
foreign DNA.
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Figure 7. Mechanism of DNA interference in the Type I systems. Cascade

binding to am

hing proto-spacer in the presence of the correct PAM
generates an R-loop where the crRNA and the complementary target
DNA strand are engaged into a heteroduplex, while the non-target
strand is displaced as a single-stranded DNA providing a platform
Jor the Cas3 loading (1). ssDNA binding stimulates the Cas3 ATPase
activity which may trigger Cascade remodeling making both DNA
strands in the proto-spacer region available for the Cas3 cleavage (2).
After cleaving both DNA strands at the proto-spacer Cas3 translocat
on the non-target strand in the 3" to 5’ direction (dashed line) in the
ATP-dependent manner and chops the translocating strand using the
HD-nuclease domain (3). A stretch of single-stranded DNA created
on the complementary strand may promote binding of another

Cas3 molecule (4) followed by j leavage resulting in the
degradation of both strands of invading DNA (5).

To further establish the mechanism for adaptive immunity
provided by the Streptococcus thermophilus CRISPR4-Cas
system (St-CRISPR4-Cas), we isolated an effector complex
(St-Cascade) containing 61-nucleotide CRISPR RNA (cr-
RNA). We show that St-Cascade, guided by crRNA, binds
in vitro to a matching proto-spacer if a proto-spacer adjacent
motif (PAM) is present. Surprisingly, the PAM sequence de-
termined from binding analysis is promiscuous and limited

to a single nucleotide (A or T) immediately upstream (-1 po-
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sition) of the proto-spacer. In the presence of a correct PAM,
St-Cascade binding to the target DNA generates an R-loop
which serves as a landing site for the Cas3 ATPase/nuclease.

We show that Cas3 binding to the displaced strand in the

R-loop triggers DNA cleavage, and if ATP is present, Cas3
further degrades DNA in a unidirectional manner. These
findings establish a molecular basis for CRISPR immunity in
St-CRISPR4-Cas and other Type I systems.

Collaboration

Dr. Philippe Horvath, DuPont, France
Prof. dr. Mark Sczcelkun, Bristol University, United Kingdom
Dr. Ralf Seidel, Technische Universitat Dresden/Biotech,

Dresden, Germany
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AdoMet-dependent methyltransferases (MTases), which rep-
resent more than 3% of the proteins in the cell, catalyze the
transfer of the methyl group from S-adenosyl-L-methionine
(SAM or AdoMet) to N-, C-, O- or S-nucleophiles in DNA,
RNA, proteins or small biomolecules. In DNA of mammals,
cytosines are often methylated at the 5-position of the pyrim-
idine ring to give 5-methylcytosine (5mC). In somatic cells,
5mC is largely restricted to CpG sites. DNA methylation pro-
files are highly variable across different genetic loci, cells and
organisms, and are dependent on tissue, age, sex, diet, and dis-
ease. Besides 5mC, certain genomic DNAs have been shown
to contain substantial amounts of 5-hydroxymethyl-cytosine
(hmC). It was demonstrated that hmC is predominantly pro-
duced via oxidation of 5mC residues by TET oxygenases and
that the Tet proteins have the capacity to further oxidize hmC
forming 5-formylcytosine (fC) and 5-carboxylcytosine (caC)
(Fig. 1). Altogether, current evidence suggests that hmC, fC
and caC are intermediates on the pathway of active DNA de-
methylation, and the multiplicity of epigenetic states may also
play independent roles in embryonic development, brain func-
tion and cancer progression. Therefore, a full appreciation of
the biological significance of epigenetic regulation in mammals
will require the development of novel tools that allow hmC,

5mC and C to be distinguished unequivocally. We therefore
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aim to develop new approaches for genome-wide profiling of
biological DNA modifications for epigenome studies and im-
proved diagnostics.

Besides their diverse biological roles, DNA MTases are attractive
models for studying structural aspects of DNA-protein interac-
tion. Bacterial enzymes recognize an impressive variety (over 300)
of short sequences in DNA. As shown first for the Hhal MTase,
access to the target base, which is buried within the stacked dou-
ble helix, is gained in a remarkably elegant manner: by rotat-
ing the nucleotide completely out of the DNA helix and into a
concave catalytic pocket in the enzyme. This general mechanis-
tic feature named “base-flipping” is shared by numerous other
DNA repair and DNA modifying enzymes. Our laboratory has
a long standing interest in studies of the mechanistic and struc-
tural aspects of DNA methylation using the Hhal DNA cyto-
sine-5 methyltransferase (M.Hhal, recognition target GCGC)
from the bacterium Haemophilus haemolyticus as the paradigm
model system. The ability of most M Tases to catalyze highly spe-
cific covalent modifications of biopolymers makes them attrac-
tive molecular tools, provided that the transfer of larger chemi-
cal entities can be achieved. Our goal is to redesign the enzymat-
ic methyltransferase reactions for targeted covalent deposition of
desired functional or reporter groups onto biopolymer molecules
such as DNA and RNA.
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Figure 1. Formation and removal of epigenetic marks in mammalian
DNA. Gytosine (C) is converted to 5-methylcytosine (5mC) by action of
endogenous DNA MTases of Dnmt1 and Dnmt3 families (green path-
way). Several mechanisms for DNA demethylation, in which 5-methyl-
cytosine (5mC) is converted back to C, have been proposed. Horizontal
arrows represent oxidation-based pathways performed by Tet proteins:
methyl group of mC is consecutively oxidized to hydroxymethyl, formyl
and carboxyl groups forming 5-hydroxymethylcytosine (hmC), 5-formyl-
cytosine (fC) and 5-carboxycytosine (caC), respectively. Bent plain arrows
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show deamination-based pathways where hmC is deaminated to 5-hy-
droxymethyluracil (hmU) in the presence of AID/APOBEC family deam-
inases, and direct base excision repair (BER) pathways involving TDG,
MBD4 and SMUG1 glycosylases, which all lead to transient formation of
apyrimidinic (AP) sites in DNA. Dashed arrows denote the newly discov-
ered hydroxymethylation and debydroxymethylation reactions performed
by cytosine-5 methyltransferases in vitro and putative enzymes (deform-
ylase and decarboxylase) which could directly remove the formyl and car-
boxyl groups from fC and caC, respectively (reviewed in [6]).

35




Department of Biological DNA Modification

Kinetic and molecular mechanism
of DNA methylation

R. Gerasimaité, E. Merkiené, Z. Stasevskij

Enzymatic DNA cytosine-5 methylation is a complex reac-
tion that proceeds via multiple steps such as binding of cofac-
tor AdoMet and substrate DNA, rotation of the target cyto-
sine out of the DNA helix (base flipping), conformational rear-
rangement of the mobile catalytic loop, activation of the target
cytosine via formation of a transient covalent bond and transfer
of the methyl group from the bound cofactor onto the target
cytosine. We use mutagenesis, biochemical analysis, enzyme
kinetics, fluorescence spectroscopy, and x-ray crystalography to
delineate the elementary steps on the reaction pathway of the
Hhal C5-MTase. Lately, stopped-flow kinetic analysis has been
emplyed to directly follow, in a chemically unperturbed system,
the target base flipping and its covalent activation. Combined
with studies of M.Hhal variants containing redesigned trypto-
phan fluorophores, we showed that the target base flipping and
the closure of the mobile catalytic loop occur simultaneously
(Fig. 2). Subsequently, the covalent activation of the target cy-

tosine is closely followed by but is not coincident with the me-

Senior scientists Dr. Zita Liutkeviéinté and Dr. Edita Kriukiené

thyl group transfer from the bound cofactor. These findings
provide new insights into this physiologically important reac-
tion mechanism and pave the way to in-depth studies of other

base-flipping systems [1].
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Figure 2. Conformational transitions and covalent catalysis by
M.Hbhal. (A) M.Hhal flips its target cytosine out of the DNA helix into
the active site; the catalytic loop in the protein makes a large motion

d AdoMet cofactor. M.Hhal is
shown as backbone trace, the catalytic loop (residues 81-100) is red,
the engineered Ile86 residue is shown as space fill, DNA and cofactor
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group transfer by M.Hhal along with associated spectral changes of
the target base. (C) Optical and covalent changes observed during
catalytic turnover of the W41F/I86W variant of M.Hhal. Stopped-
Flow absorbance traces (blue) showing flipping of the target cytosine
and formation of the covalent complex, and fluorescence traces
showing movements of the catalytic loop (red). The catalytic transfer
of methyl groups (black) was measured using a Rapid Quench Flow
device [1].



Engineering the catalytic reaction
of methyltransferases for targeted
covalent labeling of DNA

G. Lukinavicius, V. Masevicius,
G. Urbanaviciité, R. Gerasimaité, M. Tomkuviené

We had synthesized a series of model AdoMet analogs with
sulfonium-bound extended side chains replacing the methyl
group and showed that allylic and propargylic side chains
can be efficiently transferred by DNA MTases with high se-
quence- and base-specificity (Dalhoff et al, Nature Chem.
Biol., 2006, 2: 31-32; Klimasauskas and Weinhold, Zrends
Biotechnol., 2007, 25: 99-104) in collaboration with the
group of Prof. Elmar Weinhold (RWTH Aachen, Germany).
Using DNA MTases along with their novel cofactors that car-
ry useful functional or reporter groups, we demonstrated that
our new approach name mTAG (methyltransferase-directed
Transfer of Activated Groups) can be used for sequence-spe-
cific functionalization and labeling of a wide variety of mod-
el and natural DNA substrates (Lukinavicius et al., /. Amer.
Chem. Soc., 2007, 129: 2758).
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Figure 3. Seq of DNA (N and X =
nucleotide pairs, XXXXX = recognition sequence of the MTase, X = target
nucleotide) catalyzed by a large number of DNA methyltransferases
(MTase). Left, methyltransferase-directed Transfer of Activated Groups
(mTAG) carrying a reactive functionality (green sphere) from a double-
activated AdoMet analog onto a target nucleobase in DNA. Right,
Model of the active site of the WT M.Hhal MTase highlights residues
Q82, Y2548 and N304 whose sidechains occur in close proximity to the

extended transferrable group of the bound cofactor analog.
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HPLC-MS analysis performed by senior scientist Dr. V.Masevitius

Although useful in certain applications, our previously syn-
thesized AdoMet analogs carrying sulfonium-bound 4-sub-
stituted but-2-ynyl side chains exhibited short lifetimes in
physiological buffers. Examination of the reaction kinet-
ics and products showed a fast pH-dependent addition of a
water molecule to their transferrable groups. This side reac-
tion was eradicated by synthesis of a new series of analogs, in
which the separation between an electronegative group and
the triple bond was increased from one to three carbon units.
The designed hex-2-ynyl moiety-based cofactor analogs (Fig.
3, left) with terminal amino, azide or alkyne groups showed
a markedly improved enzymatic transalkylation activity and
proved highly useful for two-step sequence-specific labeling
of DNA using engineered DNA C5-MTases [7].

To further optimize the efficacy of the mTAG reactions we
performed steric engineering of the cofactor pocket in the
M.Hhal C5-MTase by systematic replacement of three non-
essential positions, located in two conserved sequence motifs
and in a variable region, with smaller residues (Fig. 3, right).
We found that double and triple replacements lead to a sub-
stantial improvement of the transalkylation activity, permit-
ting competitive mTAG labeling in the presence of AdoMet
in vitro and in cell lyzates. Analogous replacements of two
conserved residues in M.Hpall and M2.Eco311 C5-MTases
also resulted in improved transalkylation activity attesting
a general applicability of the homology-guided engineering
to the C5-MTase family and expanding the repertoire of se-
quence-specific tools for covalent 77 vitro and ex vivo labeling

of DNA [3].
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Novel non-cofactor reactions
of DNA methyltransferases

Z. Liutkevitiité, V. Masevicius, 1. Grigaityté, E. Kriukiené

Enzymatic transmethylations generally proceed via a direct nu-
cleophilic attack of a target atom onto the sulfonium-bound
methyl group of AdoMet. DNA cytosine-5 MTases use a cova-
lent mechanism for nucleophilic activation of their target cy-
tosine residues. Previously we found that (i) DNA C5-MTases
catalyze covalent addition of exogenous aliphatic aldehydes to
their target residues in DNA, yielding corresponding 5-2-hy-
droxyalkylcytosines and (ii) can promote the reverse reaction
— the removal of formaldehyde from hmC, providing a plau-
sible chemical precedent for an oxidative mechanism of DNA
demethylation in mammalian DNA (Liutkevi¢iaté et al., Naz.
Chem. Biol., 2009, 5: 400-402). Most intriguingly, we have re-
cently discovered that bacterial C5-MTases can catalyze in vitro
the condensation of aliphatic thiols and selenols to 5-hydroxy-
methylcytosine in DNA yielding 5-chalcogenomethyl deriva-
tives (Fig. 4). These new atypical reactions open new ways for
sequence-specific derivatization and analysis of 5-hydroxym-
ethylcytosine, a recently discovered nucleobase in mammalian

DNA (see Fig. 1 and [6]).
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Figure 4. Catalytic versatility of DNA C5-MTases. DNA C5-MTases use
covalent catalysis for the transfer of the methyl group from the cofactor
AdoMet on their target cytosine residue (upper reaction) yielding
5-methylcytosine (5mC). In the absence of AdoMet, C5-MTases can

taly leaphilic addition of exog aldehydes (red) to the target
cytosine to give corresponding 5-(c-hydroxyalkyl)cytosines (shown is

reaction with formaldehyde yielding 5-hydroxymethylcytosine, hmC)

in vitro. This modification is reversed back to unmodified DNA by the

e of the exog aldehyde. C5-MTases can also
catalyze nucleophilic addition of exogenous aliphatic thiols and selenols
to 5-hydroxymethylcytosine in DNA (green) yielding 5-chalcog thyl
derivatives [2]. The thiol group from a catalytic cysteine residue of the
C5-MTase is shown in blue.

enzyme in the ab.
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Methylation of small RNAs

G. Vilkaitis, A. Plotnikova, S. Baranauské,
A.Osipenko, S. Butkyté

There is a growing recognition that cells of all living organ-
isms produce many thousands of short non-coding RNAs.
Functionally important small RNAs such as miRNAs, siR-
NAs and piRNAs are essential for post-transcriptional gene
regulation in eukaryotic organisms including humans.
Biogenesis of plant miRNAs and siRNAs or animal piR-
NAs and Ago2-loaded siRNAs involves modification of small
RNA molecules at the 2°-O group of 3’-termini. The para-
digm of the small RNA 2’-O-methyltransferases family - large
multidomain methyltransferase HEN1 from Arabidopsis thal-
iana has been implicated in biogenesis pathways and is the
only invariable protein in biogenesis of all small RNA types
in plants (miRNA, ta-siRNA, nat-siRNA, Is-siRNA, hc-siR-
NA etc). Unlike tRNA or rRNA methylases, HEN1 modi-
fies two ends of a short duplex in succession and thus repre-
sents a unique class of RNA enzymes interacting with pseu-
Our studies indicate that HEN1
specifically binds double-stranded unmethylated or hemi-

do-symmetric substrates.

methylated miR173/miR173* substrates with sub-nanomo-
lar affinity in a cofactor-dependent manner. The N-terminal
domain is a key factor for the tight RNA binding, howev-
er stabilization of HEN1emiRNA/miRNA* complex is un-
der strict control of the catalytic domain. Kinetic studies un-
der single turnover and pre-steady state conditions in combi-
nation with isotope partitioning analysis showed that binary
HEN1emiRNA/miRNA* complexes are catalytically compe-
tent and successive methylation of the two strands in a RNA
duplex occurs in a non-processive (distributive) manner. We
also find that a moderate methylation strand preference is ex-
erted at the binding step but is not determined by interac-
tions with the 3’-terminal nucleotide. The obtained results
provide valuable insights into the enzymatic mechanism of
3’-terminal 2’-O-methylation and biological role of an abun-
dant class of RNA 2’-O-methyltransferases, which share simi-
lar catalytic domains, and are widely distributed in all biolog-
ical kingdoms except archea. Since the mode of interaction
and modification of double-stranded RNA resembles interac-
tions of monomeric DNA enzymes (such methyltransferases)
with their palindromic target sites, our studies thus establish
a mechanistic paradigm for terminal modifications of nucle-

ic acids duplexes [8].



Archaeal C/D box RNPs: synthetically
programmable sequence-specific
labeling of RNA

M. Tomkuviené, G. Lukinavitius, I. Cerniauskas

In archaeca, C/D box small ribonucleoprotein complexes
(sRNPs) direct site specific 2’-O methylation to numerous im-
portant sites in ribosomal and transfer RNA. The sRNPs are
comprised of a C/D guide RNA which binds two sets of core
proteins L7Ae, Nop5p, and aFib (the methyltransferase). Base
pairing of a guide sequence in the guide RNA to the RNA sub-
strate targets the modifying enzyme to the site of methylation.
In collaboration with Dr. Beatrice Clouet d’Orval at Université
Paul Sabatier, we have in vitro reconstituted a functional box
C/D small ribonucleoprotein RNA 2’-O-methyltransferase
(C/D RNP) from the thermophilic archacon Pyrococcus abyssi

RNA labeling experiments performed by junior scientist

M. Tomkuviené

and demonstrated its ability to transfer a propynyl group from
a selenium-based synthetic cofactor analog (kindly provided by
Prof. E. Weinhold, RWTH Aachen, Germany) to a series of
preselected target sites in model tRNA and pre-mRNA mole-
cules. Target selection of the RNP was programmed by chang-
ing a dodecanucleotide guide sequence in the 64-nt C/D guide
RNA leading to efficient derivatization of three out of four new
targets in each RNA substrate. We also showed that the trans-
ferred terminal alkyne can be further appended with a fluoro-
phore using a bioorthogonal Huisgen 1,3-cycloaddition (click)
reaction (Fig. 5). The described approach for the first time per-
mits synthetically tunable sequence-specific labeling of RNA

with single-nucleotide precision [4].
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Figure 5. Programmable
Schematic structure of a C/D RNP complex with substrate RNA.

C/D RNP comprises two sets of core proteins L7Ae, Nop5p and aFib
assembled around two regions of ved seq (called C/D and
C’/D’ sites) of a guide RNA. One of the variable guide sequences is shown

base-paired to a target sequence of the substrate RNA (green), in which
a defined nucleotide is modified with an extended group R transferred
from a cofactor analog; (B) Structure of the selenium-based AdoMet
analog SeAdoYn; (C) Two-step covalent labeling of tRNA-Leu via a C/D
A53 RNP-directed propynylation (red), followed by ch
coupling of a fluorogenic azide derivative (blue).
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Molecular tools for epigenome profiling

E. Kriukiené, Z. Liutkeviciité, G. Urbanaviciite,
A. Lapinaité, Z. Stasevskij

We aim to develop new experimental approaches to ge-
nome-wide profiling of DNA modifications for epige-
nome studies and improved diagnostics. One such strate-
gy is based on selective mTAG labeling and enrichment of
unmethylated CpG sites in the genome followed by analy-
sis of the enriched fractions on tiling microarrays (in col-
laboration with Prof. Art Petronis, CAMH, Canada) [9].
A substantial effort is also dedicated to the development of
new technologies that are capable of mapping of hmC in
mammalian genomes based on known and the newly dis-
covered enzymatic transformations of the hydroxymethyl
group in hmC [2]. Combining these novel approaches with
DNA microarray analyses and next generation sequencing,
we started studies of epigenome-wide distribution of the
modified cytosines to unveil the intra- and inter- individual
variation of modification patterns in disease-related human
DNA samples. One of the most intriguing peculiarities of
hmC is its high abundance in brain tissues. In a multilater-
al collaborative study we characterized the genomic distri-

bution of hmC and 5mC in human and mouse tissues. We
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assayed hmC by using glucosylation coupled with restric-
tion-enzyme digestion and microarray analysis. We detect-
ed hmC enrichment in genes with synapse-related func-
tions in both human and mouse brain. We also identified
substantial tissue-specific differential distributions of these
DNA modifications at the exon-intron boundary in human

and mouse. This boundary change was mainly due to hmC

in the brain (Fig. 6) but due to 5mC in non-neural con-
texts. This pattern was replicated in multiple independent
data sets and with single-molecule sequencing. Moreover,
in human frontal cortex, constitutive exons contained
higher levels of hmC relative to alternatively spliced exons.
Our study suggests a new role for hmC in RNA splicing

and synaptic function in the brain [5].
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Figure 6. 5-Hydroxymethylcytosine marks exon-intron boundaries in
the human brain. DNA microarray probe intensities for 5-mC (left) and
5-bmC (right) as a function of distance (d) from the boundary (28 brain

iples, 6 chr ); x axis, di (bp) of modifiable cytosine

dian int
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[5].
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| Human metapneumovirus

Human metapneumovirus (hMPV), first isolated in the
Netherlands in 2001, is a member of the Paramyxoviridea fam-
ily. It has been tentatively assigned to the Metapneumovirus
genus of the Preumovirus subfamily (van den Hoogen et al.,
2001). Since its discovery, hMPV has been found to infect hu-
mans worldwide. HMPV has been recognized as a common
cause of respiratory infections, ranging from upper respirato-
ry tract infections to severe lower respiratory tract infections in
very young children, elderly individuals and immunocompro-
mised patients. Similar to other members of Paramyxoviridea
family, hMPV is an enveloped single-stranded negative-sense
RNA virus. Its genome is approximately 13 kb in length and
contains nucleocapsid (N), phosphoprotein (P), matrix (M),
fusion (F), second matrix (M2), small hydrophobic (SH), at-
tachment (G) and RNA-dependent RNA polymerase (L) genes
in the order 3’-N-P-M-F-M2-SH-G-L-5. Extensive sequence
analysis of virus isolates from around the world indicates that
there are two major genetic lineages of hMPV. With the notable
exception of the SH and G proteins, the polypeptides encoded
by each of these genetic lineages are highly related at the ami-
no acid (aa) level. For example, the aa sequence identity of the
predicted encoded proteins between these two groups of hAMPV
strains is 96% for the N protein. The diagnosis of hMPV infec-
tion usually requires the detection of viral RNA in clinical spec-
imens, although serological assays using isolated viral antigens
or direct antibody-based detection of the virus in respiratory se-
cretions may provide new possibilities for laboratory diagno-
sis of hMPV infection and wide epidemiological studies. Virus
recombinant proteins are promising tools for development of
vaccines and diagnostics. The aim of the current study was to
construct an efficient high-level yeast expression system for the
generation of hMPV nucleocapsid (N) protein and to develop
monoclonal antibodies (MAbs) suitable for h(MPV detection.
The genome of hMPV was isolated from oral fluid of an infect-
ed patient by using specific primers and reverse transcriptase
polymerase chain reaction (RT-PCR). DNA sequence corre-
sponding to the N protein gene was inserted into yeast expres-
sion vector under inducible GAL7 promoter. SDS-PAGE anal-
ysis of crude lysates of yeast S. cerevisiae harboring recombinant
plasmid revealed the presence of a protein band of approximate-
ly 43 kDa corresponding to the molecular weight of hMPV
N protein. Electron microscopy analysis of purified N protein

revealed nucleocapsid-like structures with typical herring-bone
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morphology: rods of 20 nm diameter with repeated serration
along the edges and central core of 5 nm. Recombinant hMPV
N protein was reactive with human serum specimens collected
from patients with confirmed hMPV infection. After immuni-
zation of mice with recombinant hMPV N protein, a panel of
MADbs was generated. The specificity of newly generated MAbs
was proven by immunofluorescence analysis of hMPV-infect-
ed cells. Epitope mapping using truncated variants of h(MPV N
revealed localization of linear MADb epitopes at the N-terminus
of h(MPV N protein, between amino acid residues 1 and 90.
The MAbs directed against conformational epitopes did not
recognize hMPV N protein variants containing either N- or
C-terminal truncations. The reactivity of recombinant hMPV
N protein with hMPV-positive serum specimens and the ability
of MAbs to recognize virus-infected cells confirm the antigenic
similarity between yeast-expressed hMPV N protein and native
viral nucleocapsids. In conclusion, recombinant hMPV N pro-
tein and hMPV-specific MAbs provide new diagnostic reagents
for AMTP infection.

Figure 1. Yeast derived hMPV nucleocapsid protein. Scale bar 100nm.

| Human bocavirus

Human bocavirus (HBoV1), first described in 2005, was con-
sidered a causative agent of previously unexplained respirato-
ry tract diseases. Recently, 3 new members of genus Bocavirus,
HBoV2-4 were described. HBoV2-4 occurs mainly in the gas-
trointestinal tract but rarely in the respiratory tract, contra-
ry to HBoV1. Recombinant viral antigens have been proven

useful for serologic diagnosis of viral infections. Production of

Vilnius University Institute of Biotechnology Biennial report for 2011-2012 43



Department of Eukaryote Genetic Engineering

HBoV1-4 antigens in yeast expression system has not yet been
reported. , In the current study, the capsid proteins VP1 and
VP2 of HBoVl1were expressed in yeast S.cerevisiae. Electron
microscopy demonstrated that both purified recombinant pro-
teins self assembled into virus-like particles (VLPs) exhibit-
ing the typical icosahedral appearance of parvoviruses with a
diameter of approximately 20 nm. The yield and stability of
HBoV1 VP2 protein was significantly higher in comparison to
VP1, therefore VP2 was chosen for the developing of an im-
munoassay and generation of monoclonal antibodies. HBoV1
VP2 VLPs were stable in yeast and were easily purified by cae-
sium chloride gradient ultracentrifugation. Therefore, yeast
expression system proved to be simple, efficient and cost-ef-
fective, suitable for high-level production of HBoV1 VP2 as
VLPs. Four monoclonal antibodies (MAbs) of IgG1 subtype
were generated by immunization of mouse with recombi-
nant HBoV1 VP2 VLPs. Three of them specifically recognized
only HBoV1 VP2 protein; one MAb was cross-reactive with
HBoV2 and HBoV4 VP2 proteins. Recombinant HBoV1
VP2 VLPs and VP2-specific MAbs were employed to develop
serological assays to detect virus-specific IgG antibodies in hu-

man serum specimens.

A B

Figure 2. Electron micrograph of CsCl purified VLPs. Scale bar 200nm.
A - HBoVI1 VP2 B - HBoV1.

| Human PARV4

Human parvovirus 4 (PARV4) is a recently discovered new
member of the Parvoviridea family not closely related to any
of the known human parvoviruses. PARV4 is widely distribut-
ed in intravenous drug users, particularly in those co-infected
with human immunodeficiency virus and hepatitis C. PARV4
has been isolated from plasma of individuals with symptoms
of acute viral infection, however, till now PARV4 has not been
associated with any disease and its prevalence in human pop-
ulation is not yet clearly established. In the current study, the
major capsid protein VP2 of PARV4 was generated in yeast
Sacharomyces cerevisiae and used for serological detection of vi-
rus-specific IgG and IgM in the sera of low risk individuals.
One-hundred seventy serum specimens obtained from patients
with acute respiratory diseases were tested for PARV4-specific
IgG and IgM antibodies. Sixteen (9.4%) seropositive individ-
uals were diagnosed, including 10 IgG positive, 12 IgM posi-
tive and 6 both IgG and IgM positive. Six of 16 sero-positive

N

PhD student Kotryna Kvederavitiiité and

bioengineer Justinas Simulis

MADb Optical density (OD450) values by an indirect ELISA

clone HBoV1 VP2 HBoV2 VP2 HBoV3 VP2 HBoV4 VP2 B19 BPV1

4C2 3.7260 0.0105 0.0320 0.0160 0.0055 0.0085

9G12 1.0770 0.0085 0.0040 0.0115 0.0025 0.0055

12C1 3.0281 0.0106 0.0076 0.0121 0.0051 0.0036

15C6 3.3491 3.4706 0.0166 3.0376 0.0071 0.0081
Tuble. The cross-reactivity of MAbs rose against yeast-expressed HBoVI VP2 VLPs with recombinant VP2 proteins of related human parvoviruses.
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Figure 3. Electron micrograph of CsCl purified PARV4 VP2 VLPs. Scale
bar 200 nm.

individuals were 3-11 years old children. None of them had
an evidence of parenteral exposure to PARV4 infection. Our
data demonstrate that recombinant yeast-derived VP2 protein
self-assembled to virus-like particles represent a useful tool for
studying the seroprevalence of PARV4 infection. The presence
of PARV4-specific antibodies in a low-risk group may indicate

the possibility of alternative routes of virus transmission.

| Hamster polyomavirus

Expression system in yeast for polyomavirus virus like par-
ticles (VLPs) formed from VP1 or VP1 and VP2 proteins
has been developed. Recombinant VLPs derived from most
of known polyomaviruses strains were generated in yeast and
used for various applications. Hamster polymavirus (HaPyV)
major capsid protein VP1-based VLPs appeared as powerful
vehicles for the presentation of foreign antigens. VP1-derived
VLPs tolerated inserts of different size and origin at certain
VP1 sites. Inserted peptides were exposed on surface of VLPs
and these VLPs were successfully used for production of mon-
oclonal antibodies (US Patent No.:US7,919,314 B2. Apr. 5,
2011). Using model GP33 CTL epitope derived from mu-
rine Lymphocytic choriomeningitis virus inserted into HaPyV
VP1 protein it was shown that chimeric VP1-GP33 VLPs

were efficiently processed in antigen presenting cells in viz-

Figure 4. Electron micrograph of purified VLPs of polyomavirus VP1/
VP2 proteins. Scale bar 200 nm.

ro and in vivo and were capable to induce antigen-specific
CD8+ T cell proliferation and CTL response in mice. Our
latest studies have showed that HaPyV-derived VLPs provide
even more possibilities for protein engineering. The exploi-
tation of VP2 protein fused with large (370-472 aa long) re-
combinant antibody molecule as a subunit of VLPs represents
the new way to obtain correctly folded and functionally active
complex proteins expressed on VLDPs surface formed of pseu-
dotype VP1/VP2 proteins.

| Analysis of stress responses in yeast

Expression of recombinant proteins is connected to various
stress responses in yeast cells. For example, overexpression of
human virus surface protein precursors in yeast cytoplasm in-
duces the UPR’s (unfolded protein response) cytosolic coun-
terpart, the UPR-Cyto, which represent a subset of proteins
involved in the heat-shock response. We are studying this phe-
nomenon both by using analysis of involved cellular proteins
and processes at the molecular level and by evaluation of in-
duced morphological alterations in yeast cells iz vivo. The ex-
ample of observed morphological alterations during the UPR-
Cyto stress in yeast S.cerevisiae is shown in Fig. 5. The reasons
for such dramatic changes in cellular morphology are revealed

by proteomic studies of differentially expressed proteins in
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UPR-Cyto and analysis of their interactions with the recom-
binant proteins (for more information see [Ciplys etal, 2011,

Microb Cell Fact. 10:37.]).

MuHN-GFP

MeH-GFP

GFP

Nom

Figure 5. Yeast cells overexpressing viral proteins.

Microscopic view of S.cerevisiae cells overexpressing green fluo-
rescent protein (GFP) fusions to mumps hemagglutinin-neu-
raminidase (MuHN) and measles hemagglutinin (MeH) pro-
teins that induce the UPR-Cyrto stress in yeast. Cells that over-
express these proteins are visualized by GFP fluorescence analy-
sis (top panel). They reveal dramatic morphological alterations
(Nomarski images of the same cells in the bottom panel). For
comparison neighbouring cells, non-expressing these proteins

exhibit normal intracellular morphology.

Manipulation of cell culture conditions to
improve recombinant protein yield in yeast

It is well known that recombinant protein expression level
depends on cell culture conditions. We are studying these ef-
fects in more detail, focusing on the growth phases of yeast
cultures. For such experiments, it is important to determine
the exact growth curves of yeast transformants used for the
expression studies. An example of S.cerevisiae strain growth
curve is shown in Fig. 6. In the expression experiments, usu-
ally the culture is subjected to defined changes of conditions
(e.g. is shifted to different temperature) at different growth
phases and the yields of recombinant protein are compared at

the end of cultivation.
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Figure 6. Growth phases of yeast cells.

Growth phases of S.cerevisiae AH22 strain transformant grown
in YEPD medium. Triangles indicate culture optical density,
squares denote glucose and the circles — ethanol concentrations
in the medium at the time intervals plotted on X axis. The

growth phases are indicated at the top.

| Development of novel antiviral
drugs against Influenza

Opverall success of the Fluinhibit project (FP7 Health - 2007-
2.3.3.7: supporting highly innovative inter-disciplinary re-
search on influenza, grant No. 201634, 2008-2010) let us
to extent our investigation in the collaborative FP7 project
Flucure (FP7-Influenza-2010, grant No. 259972, 2010-2014)
aimed to discover the inhibitors of influenza viral RNA poly-
merase and prepare new platform for development of antiviral
drugs based on viral polymerase inhibition. RNA polymerase
subunits PA, PB1 and PB2, have been successfully expressed in
yeast Sacharomyces cerevisiae and Pichia pastoris and purified.
Yeast expressed PA/PB1 dimer was also purified to more than
90% purity as well as different PA and PB1 fuse variants with
luciferase used for detection of PA/PB1 complex. Purified sub-
units and fused proteins of influenza polymerase are provided
to the project partners for further applications in selection and

analysis of influenza virus inhibitors.

| Anthocyanin research

'The projects ,,Interspecies hybrids of horticultural plants as the

new source of anthocyanins® and , Expression of anthocyanin




PhD students Robertas Galinis and Justina Rutkauskaité

synthesis pathway genes in horticultural plants“ aims to eluci-
date anthocyanin synthesis pathways in plants of Fragaria and
Prunus genera belonging to Rosaceae family and Ribes genus
belonging to Saxifragales order. MYB and bHLH transcrip-
tion factors are the key players responsible for pigmentation
differences in separate varieties or species of the same genera.
The sequences of these genes from several Fragaria, Prunus and
Ribes species are cloned and are currently under analysis. The
detailed expression studies in horticultural plants along with

functional studies in transient expression systems are undertak-

() Institute of Biotechnology
() Vitsius University”

MoBiLi

en. Obtained information will be used by horticultural special-
ists for directional breeding of Fragaria, Prunus and Ribes vari-

eties with high anthocyanin content.

Effect of elevated ozone concentration
on host-viroid interaction

It is known that plant susceptibility to fungal, bacterial and
viral plant pathogens may be significantly altered by elevated
concentration of tropospheric ozone. However the effect of el-
evated ozone concentration on pathogenicity and spread of the
subviral pathogen remains unknown. Our studies are devoted
to get some evidence if plant and sub-viral pathogen interac-
tion may be altered by the elevated ozone concentration. The
wide range of ozone treatments was applied on the experimen-
tal system, formed from the tomato variety Micro-Tom and
potato spindle tuber viroid. Significant of differences in plant
response to elevated ozone concentration between inoculated
and not inoculated plants were strongly influenced by ozone
treatment indicating that pathogenicity of potato spindle tuber
viroid can be altered by the exposure of inoculated plants to se-
vere ozone stress. (Fig. 7).

Differences in the plant height and the degree of defoliation ob-
served between viroid infected (in the left) and uninfected (in
the right) tomatoes (Jycopersicon esculentum Mill.) cv. “Micro-
Tom"® in six weeks after acute ozone treatment (400ppb x 6h)

carried on young plants.

Figure 7. Viroid infection in tomatoes.
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Generation of recombinant virus-like
particles harboring functionally active
antibody fragments

Recombinant antibodies can be produced in different for-
mats and different expression systems. Single chain variable
fragments (scFvs) represent an attractive alternative to full-
length antibodies and they can be easily produced in bacte-
ria or yeast. However, the scFvs exhibit monovalent antigen-
binding properties and short serum half-lives. The stability
and avidity of the scFvs can be improved by their multim-
erization or fusion with IgG Fc domain. The aim of the cur-
rent study was to investigate the possibilities to produce in
yeast high-affinity scFv-Fc proteins neutralizing the cytolyt-
ic activity of vaginolysin (VLY), the main virulence factor of
Gardnerella vaginalis.

The scFv protein derived from hybridoma cell line produc-
ing high-affinity neutralizing antibodies against VLY was fused
with human IgG1 Fc domain. Four different variants of anti-
VLY scFv-Fc fusion proteins were constructed and produced
in yeast Saccharomyces cerevisiae. The non-tagged scFv-Fc and
hexahistidine-tagged scFv-Fc proteins were found predomi-
nantly as insoluble aggregates and therefore were not suita-
ble for further purification and activity testing. The addi-
tion of yeast a-factor signal sequence did not support secre-
tion of anti-VLY scFv-Fc but increased the amount of its in-
tracellular soluble form. However, the purified protein showed
a weak VLY-neutralizing capability. In contrast, the fusion of
anti-VLY scFv-Fc molecules with hamster polyomavirus -de-
rived VP2 protein and its co-expression with VP1 protein re-
sulted in an effective production of pseudotype virus-like par-
ticles (VLPs) that exhibited a strong VLY-binding activity.
Recombinant scFv-Fc molecules displayed on the surface of
VLPs neutralized VLY-mediated lysis of human erythrocytes
and Hela cells with high potency comparable to that of full-
length antibody.

In conclusion, the new approach to display the scFv-Fc
molecules on the surface of pseudotype VLPs was success-
ful and allowed generation of multivalent scFv-Fc proteins
with high VLY-neutralizing potency. Our study demonstrat-
ed for the first time that large recombinant antibody mole-
cule fused with hamster polyomavirus VP2 protein and co-
expressed with VP1 protein in the form of pseudotype VLPs
was propetly folded and exhibited strong antigen-binding

activity.
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The current study broadens the potential of recombinant
VLDs as a highly efficient carrier for functionally active com-
plex proteins.

‘This work was performed in collaboration with the Department

of Eukaryote Gene Engineering.

Figure. 1. Electron microscopy pictures of VP1/VP2-scFv-Fv pseudotype
VLPs, stained with 2% aq lution and ined
by Morgagni 268 electron microscope.

Reference: Pleckaityte et al., Microb. Cell Fact. 2011 10:109.

uranyl acetat

Studies on genetic and biochemical
diversity of Gardnerella vaginalis
strains

Gardnerella vaginalis is considered a substantial player in the
progression of bacterial vaginosis (BV). We analysed 17 G. vag-
inalis strains isolated from the genital tract of women diagnosed
with BV to establish a potential link between genotypes/bio-
types and the expression of virulence factors, vaginolysin (VLY)
and sialidase, which are assumed to play a substantial role in
the pathogenesis of BV. Amplified ribosomal DNA restriction
analysis revealed two G. vaginalis genotypes. Gardnerella vagi-
nalis isolates of genotype 2 appeared more complex than gen-
otype 1 and were subdivided into three subtypes. Biochemical
typing allowed us to distinguish four different biotypes. A great
diversity of the level of VLY production among the isolates of

G. vaginalis may be related to a different cytotoxicity level of
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the strains. We did not find any correlation between VLY pro-
duction level and G. vaginalis genotype/biotype. In contrast,
a link between G. vaginalis genotype and sialidase production
was established. Our findings on the diversity of VLY expres-
sion level in different clinical isolates and linking sialidase ac-
tivity with the genotype of G. vaginalis could help to evaluate
the pathogenic potential of different G. vaginalis strains.
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Figure 2. Detection of VLY production level in vivo. (a) Growth of six
Gardnerella vaginalis isolates over time. (b) Quantitation by ELISA
of VLY produced by six G. vaginalis clinical isolates at regular time
intervals during growth. Error bars represent 95% CI of mean, n = 3.

Reference: Pleckaityte et al., FEMS Immunol. Med. Microbiol.
2012, 65(1):69-77.

Regulation of hypoxia-inducible factor
HIF-3a expression via the alternative
pre-mRNA splicing mechanism.

Recent genome-wide analyses of alternative splicing indicate
that up to 70% of human genes may have alternative splice
forms, suggesting that alternative splicing together with vari-
ous posttranslational modifications plays a major role in the
production of proteome complexity.

Changes in splice-site selection have been observed in various
types of cancer and may affect genes implicated in tumor pro-
gression and in susceptibility to cancer. This may lead to altered
efficiency of splice-site recognition, resulting in overexpression
or down-regulation of certain splice variants, a switch in splice-
site usage, or failure to recognize splice sites correctly, resulting
in cancer-specific splice forms. At least in some cases, changes
in splicing have been shown to play a functionally significant
role in tumorigenesis, either by inactivating tumor suppressors
or by gain of function of proteins promoting tumor develop-
ment. Thus, the identification of cancer specific splice forms
provides a novel source for the discovery of diagnostic or prog-
nostic biomarkers and tumor antigens suitable as targets for
therapeutic intervention.

Hypoxia has long been recognized as a common feature of solid
tumours and a negative prognostic factor for response to treat-
ment and survival of cancer patients. Biological responses to
hypoxia involve induction of transcription of a network of tar-
get genes, a process which is coordinately regulated by hypox-
ia-inducible transcription factors (HIFs). three structurally re-
lated bHLH transcription factors (HIF-1, HIF-2 and HIE-3).
HIFs recognize hypoxia response elements of targets genes as
hetrodimeric complexes (HIF-1a, HIF-2a and HIF-3a) with
the transcription factor Arnt.

A splice variant of HIF-3, inhibitory PAS domain protein
(IPAS), inhibits the dimerization of HIF-1 and ARNT. IPAS

Figure 3. Spliced variants of HIF-30.
pre-mRNA in mice.
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protein contains a bHLH domain and a PAS domain, which
are the common structures present in the HIF family. IPAS ex-
pression in hepatoma cells selectively impairs the induction of
hypoxia-inducible genes regulated by HIF-1 and results in re-
tarded tumour growth and tumour vascular density iz vivo. In
mice, IPAS was selectively expressed in Purkinje cells of the cer-
ebellum and in the corneal epithelium of the eye. Moreover,
the expression of IPAS in the cornea correlates with low VEGF
gene expression under hypoxic conditions.

We established that an essential splicing factor is involved in
oxygen-dependant pre-mRNA splicing regulation. Reducing
cellular expression of this factor changes splicing profile to hy-
poxic characteristic. Overexpression of this factor moves splic-
ing pattern to normoxic characteristic.

Thus we identified hypoxia dependable pre-mRNA splicing
regulator which might reprogram cellular events and could not
only be useful for the potential therapeutic applications but
also for their application as an analytic tool.

This work was supported by the Framework 7 program (pro-

ject Metoxia).

Molecular epidemiology of
Mycobacterium tuberculosis

Tuberculosis (TB) caused by M. tuberculosis complex bacte-
ria remains a serious health problem in Lithuania. The rates
of incidence, particularly multidrug-resistant tuberculosis
(MDR TB) are one of the highest in the European Society.
The median survival for MDR TB patients during 2002-
2008 year in Lithuania was 4.1 year (Balabanova et al, BM]
Open, 2011). The aim of this ongoing project is to charac-
terize in detail population of M. tuberculosis that circulates
in Lithuania including the genetic determinants of drug re-
sistance. The research was carried out in close collaboration
with Infectious Diseases and Tuberculosis Hospital, affiliate
of public institution Vilnius University Hospital Santariskiu
Klinikos. Genotyping of M. tuberculosis clinical strains was
performed by reference techniques (24-locus MIRU-VNTR
typing, spoligotyping) and polymorphisms of M. ruberculosis
genome were identified by direct sequencing.

In 2011-2012, we continued genotyping of M. ruberculosis
strains recovered from TB patients living in Vilnius. Overall,
the results of this study confirmed that stabilization of TB sit-

uation is occurring. However, many of most dangerous trans-
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From left to right MoBiLi project scientist Dr. S.Laurinavitius,

master student A.Séerbakovaité, group leader Dr. A.Kanopka and
bioengineer L.Vilys

mission chains have not been yet broken. Moreover, the new
clusters consisting of MDR and extensively drug resistant
(XDR) strains are emerging. In the frame of drugs resistance,
we focussed in search for the mutations associated with re-
sistance to aminoglycosides, capreomycin, and pyrazinamide
including the search for the novel targets involved in resist-
ance outside of well-known hot spot regions of the M. ruber-
culosis chromosome. The results demonstrated that the muta-
tions causing kanamycin resistance, particularly in the 3’ re-
gion of the 775 gene and in the promoter of the eis gene could
be an important driving force for the emergence and spread
of XDR TB strains in Lithuania. Identification of the muta-
tions in the pncA gene could be useful tool for the detection
of resistance to pyrazinamide and could serve as auxiliary sub-
typing technique for a better differentiation of drug-resistant
strains as well.

This work was supported by European Community’s Seventh
Framework Programme (FP7/2007-2013) under grant agree-
ment FP7-223681 and the Agency for Science, Innovation
and Technology (MITA) under grant agreements 31V-87 and
31V-99.

Reference: de Beer et al., /. Clin. Microbiol. 2012, 50(3):662-9.
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Funding Research Contracts
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Agency for Science, Innovation and Technology

Patents
Zvirbliene A., Gedvilaite A, Ulrich R., Sasnauskas K.

Process for the production of monoclonal antibodies.

US 7919314 B2. 2011/04/05
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The Department of Biothermodynamics and Drug Design
(DBDD) was established in 2006 in the place of the former
Laboratory of Recombinant Proteins. The DBDD designs nov-
el chemical compounds as anticancer agents. The efficiency of
both naturally occurring and synthetic compounds is evaluated by
structural biothermodynamics and molecular modelling methods.
The laboratory’s personnel consists of five teams according to
their research activities:

The Team of Molecular and Cell Biology, headed by Dr.
Jurgita Matuliené (Ph. D. in cell biology from the University

of Minnesota, USA, 2003), produces drug target proteins by
gene cloning, expression in E.coli, insect, or mammalian cells,
and chromatografic purification of large quantities of active
proteins sufficient for biothermodynamic measurements of
compound binding. Several projects involve the design of pro-
tein domain constructs. Live human cancer cells are cultured
for the evaluation of compound anticancer activity. Dr. Vilma
DPetrikaité has a Ph. D. in pharmacy and performs compound
testing in mice xenografts.

The Team of Organic Synthesis, headed by Dr. Virginija
Dudutiené (Ph. D. in organic synthesis from the Vilnius
University, 2005), synthesizes compounds that are designed
to bind carbonic anhydrases and other drug target proteins.
Compounds are designed by computer docking, molecular
modelling, and comparison with naturally occurring or previ-
ously synthesized compounds. The special interests and capa-
bilities of the group are in the field of synthesis of compounds
with multiple conjugated aromatic heterocycles.

The Team of Biophysics, headed by Dr. Daumantas Matulis
(Ph. D. in biochemistry, molecular biology and biophysics

from the University of Minnesota, USA, 1998), measures com-
pound binding to target proteins by isothermal titration calo-
rimetry (ITC), thermal shift assay (ThermoFluor), and pres-
sure shift assay (PSA). The team performs the characterization
of protein stability in the presence of various excipients and the
measurements of target protein enzymatic activity.

The Team of Computer Modelling, headed by Vytautas
DPetrauskas (Ph. D. in physics from the Vilnius University,
2008), is responsible for the in silico docking of large com-
pound libraries and the analysis of X-ray crystal structures of
synthetic compound — protein complexes solved in collabora-
tion with Dr. Saulius Grazulis® group in the Department of
Protein — DNA interactions. Molecular modelling of candi-
date compounds often predicts novel compounds with im-

proved binding capabilities. The group, together with several
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collaborating scientists is developing the software that estimates
the energetics of compound binding to a protein when only the
crystal structure of the free protein is available.

The Team of Amyloid Research

Recently a new team has started upon the return of Dr. Vytautas
Smirnovas (Ph. D. from the Technical University of Dortmund,
2007) to Lithuania in 2011. The main interests and research of
his team lie in the protein aggregation and amyloidogenesis that
are involved in a number of diseases, including such neurode-
generative disorders as Alzheimer’s and Parkinson’s. His research

is described in greater detail in the MoBiLi section of this issue.

MoBilLi project scientist Vytautas Smirnovas with students Akvilé
Botyriuté and Katazyna Milto

| Research projects

Several protein targets have been selected for the investigation
of protein — compound binding thermodynamics and the de-
sign of novel compounds with desired properties. A family of
human carbonic anhydrases [1, 8], heat shock protein Hsp90
[2, 4, 5, 13, 14], and several epigenetically important proteins
[3] were chosen as anticancer drug targets.

Novel methods and thermodynamic approaches are being used
and developed in the laboratory. Detailed thermodynamic de-
scription of natural compound — protein interaction provides
clues to improved compound affinity and specificity. In addi-
tion to the Gibbs free energy, enthalpy, entropy, and the heat
capacity, the laboratory studies the volume and compressibility
of the protein — compound interactions [9, 10].

The laboratory is interested in the fundamental thermodynam-
ics of the hydrophobic effect [7] and the development of ther-
modynamic methodology for compound — protein interactions
(11, 12].
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Carbonic anhydrases as
anticancer drug targets

Carbonic anhydrases (CAs), a group of zinc containing en-
zymes, are involved in numerous physiological and patho-
logical processes, including gluconeogenesis, lipogenesis, ure-
agenesis, tumorigenicity and the growth and virulence of var-
ious pathogens. In addition to the established role of CA in-
hibitors as diuretics and antiglaucoma drugs, it has recent-
ly emerged that CA inhibitors could have potential as nov-
el anti-obesity, anticancer, and anti-infective drugs (Supuran,
2008, 2012). CAs catalyze the conversion of CO, to the bi-

carbonate ion and protons. There are 12 catalytically ac-

tive CA isoenzymes in humans. A number of CA inhibitors,
mostly unsubstituted sulfonamides, have already been de-
signed. However, most present inhibitors are insufficiently se-
lective for targeting CA isozymes, such as hCAIX and hCAX-
11, which are anticancer targets.

Here at the DBDD we have cloned and purified most cyto-
plasmic CAs and catalytic domains of transmembrane CAs.
The organic synthesis team, together with collaborators, de-
signed and synthesized over 500 novel compounds that bind
CAs with submicromolar to subnanomolar affinity. Several
novel series of CA inhibitors exhibited extremely tight affin-
ity and an appreciable selectivity towards selected CA isozymes
(1, 8].
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Figure 1. Additivity of the intrinsic thermodynamic parameters

of compound binding to CA I (kJ/mol at 37 °C). Numbers at the
compounds show the binding parameters while the numbers at the
arrows show the differences. Averages of the differences are listed on the
right and below the figure.
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Figure 2. Contributions from linked reactions to the intrinsic binding
enthalpy of eth lamide to r binant human CA XIII [8].

Ligand binding to proteins
at high pressure

The volume changes accompanying ligand binding to proteins
are thermodynamically important and potentially could be
used in the design of compounds with specific binding proper-
ties. Measuring the volumetric properties could yield as much
information as the enthalpic properties of binding. Pressure-
based methods are significantly more laborious than temper-
ature methods and are underused. The pressure shift assay
(PressureFluor, analogous to the ThermoFluor, thermal shift as-
say) uses high pressure to denature proteins. The PressureFluor
method was used to study the ligand binding thermodynam-
ics of Hsp90 and human serum albumin. Ligands stabilize the
protein against pressure denaturation, similar to the stabiliza-

tion against temperature denaturation.

Figure 3. The Gibbs free energy dependence on pressure and
temperature. Inner surface represents the ligand free Hsp90N stability
region, while outer surface shows stability region of protein-ligand
system with 200 uM of added ligand (Petrauskas et al 2013).
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Inhibition of the
Hsp90 chaperone

Heat shock protein 90 (Hsp90) is a molecular chaperone that
is responsible for the correct folding of a large number of cli-
ent proteins. The client proteins include many overexpressed
oncogenes that are critical for the transformed phenotype ob-

served in tumours.

Our laboratory is interested in the thermodynamics of in-
hibitor binding. A series of Hsp90 inhibitors were designed
that exhibit extremely tight subnanomolar affinities. Intrinsic
thermodynamics of their binding and the cocrystal structures
were determined [2, 4]. Volumetric properties at high pres-
sures were determined for the compound [10, and Petrauskas
etal. 2013]. The EU and US patents have been obtained for

the series.
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Figure 3. Isothermal titration calorimetry and thermal shift assay
data of ICPD compound binding to Hsp90 (Panels A, B, C, and
D) [2]. Structure — energetics correlations of compound bindi;

to Hsp90 (Panel E) [2]. Crystal structure of ICPD47 bound to
Hsp90ON [4] (Panel F).
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Thermodynamics of the
Hydrophobic effect

The energetics of the hydrophobic effect is of fundamental im-
portance to biophysics. It is important for the understanding
of protein folding, ligand binding, and the formation of lipid
membranes. The common view emphasizes entropic origins
of the binding force of the hydrophobic effect. In our previ-
ous studies (Matulis and Bloomfield, 2001), we have shown
the importance of enthalpy and phase changes in the system
of long chain aliphatic compounds. The binding of oppositely

charged detergents shows similar signatures of the hydropho-

bic forces.
ONNNSNSNNSNHS e 0,5 NN NN
NG00 e HoNASSSASSN
Hydrophobic  Electrostatic
AyG (kJ/mol) -67 +29 (0.33 mM)
ApH (k] /mol) -106 -7 (any conc.)
TAS (K] /mol) -39 -36 (0.33 mM)

Figure 4. Energetics of dodecylammonium binding to dodecane
sulfonate forming solid aggregate [7].
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Junior scientist Vaida Jogaité and PhD student David Daniel Timm
performing molecular biology experiments

| Services

The DBDD is seeking to license out the compounds de-
scribed in patents and patent applications. The DBDD is in-
terested in collaborations where our expertise in recombinant
protein production and the determination of compound —
protein binding thermodynamics and recombinant protein
stability characterization could be applied. Protein — ligand
binding constants and protein thermal stability profiles at
hundreds of conditions may be determined in a single experi-

ment by consuming microgram quantities of protein.
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Conferences

The DBDD regularly participates in many international conferences and symposiums, including:

International Conference on the Hsp90 chaperone machine

International Conference on the Carbonic Anhydrases

International Conference on High Pressure Bioscience and Biotechnology

Biothermodynamics Symposium

European Biophysics Congress

Biophysical Society Annual Meeting

Gibbs Conference on Biothermodynamics

International Conference of Lithuanian Biochemical Society

COST project CM0804 and TD0905 meetings

Collaboration

The DBDD has ongoing collaborations with a number of research laboratories and industry worldwide, including:

Institute of Medical Technology, University of Tampere, Finland

University of Florence, Italy

International Institute of Molecular and Cell Biology, Warsaw, Poland

Jensen Pharmaceuticals, Johnson&Johnson, USA
Centre for Structural Biochemistry, Montpellier, France

Institute of Organic Synthesis, Riga, Latvia

Institute of Organic Chemistry, University of Tubingen, Germany

Cancer Research Centre, University of Edinburgh, UK
St. Andrews University, UK

Institute of Chemistry, UMR CNRS 7272, Nice, France
Faculty of Chemistry, Vilnius University, Lithuania
Faculty of Natural Sciences, Vilnius University, Lithuania
Institute of Biochemistry, Vilnius, Lithuania

Lithuanian University of Agriculture, Kaunas, Lithuania
AB “Amilina”, Panevézys, Lithuania

Nature Research Centre, Institute of Botany, Vilnius, Lithuania

Funding
EC Framework 7th Programme

European Social Fund under the Global Grant Measure

Research Council of Lithuania
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Production Thereof. EP2054420
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5-Aryl-4-(5-Substituted 2,4-Dihydroxyphenyl)- 1,2,3
‘Thiadiazoles as Inhibitors of Hsp90 Chaperone and the
Intermediates for Production Thereof. EP2268626

Matulis D., Dudutiené V., Zubriené A. Fluorinated benze-
nesulfonamides as inhibitors of Carbonic Anhydrase. PCT/
LT2012/000007. 2012-10-30
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At present computational methods are playing an increas-
ingly important role in biological research. Breakthroughs in
technologies have resulted in a flood of various types of bio-
logical data such as genome sequences for different organ-
isms, data on gene expression, protein-protein interactions,
etc. Computational biology and bioinformatics are helping to
make sense of all this vast biological data by providing tools
for performing large-scale studies. In addition, computational
biologists are utilizing available experimental data to improve
various analytical and predictive methods that could help ad-
dress specific biological problems.

Research carried out in our department covers a broad range of
topics that together can be described as Computational Studies
of Protein Structure, Function and Evolution. There are two main
research directions:

® Development of methods for the detection of protein ho-
mology from sequence data, comparative modeling, analysis
and evaluation of protein three-dimensional structure.

® Application of computational methods for discovering
general patterns in biological data, structural/functional char-
acterization of proteins and their complexes; design of novel
proteins and mutants with desired properties. We address a va-
riety of challenging biological problems, yet our main focus is
on proteins and protein complexes involved in DNA replica-

tion, repair and recombination.

Development of
computational methods

During the report period our major efforts in methods devel-
opment were devoted to protein homology detection and eval-
uation of protein structure.

The concept of homology (common evolutionary origin) is at
the heart of most studies dealing with protein sequence, struc-
ture and function. In the absence of three dimensional (3D)
protein structures the homology detection has to rely on se-
quence data. Currently, the most sensitive homology inference
methods are based on comparison of multiple sequence align-
ments represented as sequence profiles. However, these profiles
can be constructed, compared and scored in many different
ways. On the one hand this complicates the development of
profile-based homology detection methods; on the other hand
this means a lot of space for improvement. During the two
years covered by this report we have been actively exploring dif-

ferent paths to improve the profile-based homology detection.
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At present, we are in the final stages of the development of a
new competitive homology detection method.

The evaluation of protein structure is particularly important in
computational protein modeling. Scoring models against the
native structure is at the heart of development and benchmark-
ing of protein structure prediction and refinement methods. It
may seem that one-to-one correspondence between computa-
tional models and the native (reference) structure should make
such evaluation trivial. Yet, contrary to this view, it is an open
problem, because many aspects of the reference-based model
evaluation still lack desired robustness. We have been active-
ly researching how to improve the reference-based model eval-
uation. Our attempts resulted in a new highly effective score,

which is described in more detail below.

CAD-score: evaluation of protein structural

models based on contact area difference

CAD-score (Contact Area Difference score) is a new evalua-
tion function quantifying differences between physical con-
tacts in a model and the reference structure. It uses the con-
cept of residue-residue contact area difference (CAD) intro-
duced by Abagyan & Totrov (J. Mol. Biol. 1997; 268:678—
685). Contact areas, the underlying basis of the score, are de-
rived using the Voronoi diagram of spheres that correspond to
heavy atoms of van der Waals radii (Figure 1). The Voronoi di-
agram of spheres is constructed by a new algorithm that is espe-

cially suited for processing macromolecular structures.

Figure 1. Voronoi diagram of spheres of a residue pair

The algorithm resolves residue—residue contacts at the level of
atoms, making it possible to consider contacts not only be-
tween entire residues but also between subsets of residue atoms

(main chain, side chain) (Figure 2).
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Main chain % M-M M-S M-A
Side chain % S-M S-S S-A
All atoms ~ A-M A-S A-A

Figure 2. Contact types b resids

CAD-score has a number of attractive properties. It is based
on physical contacts between residues, thereby directly reflect-
ing interactions within the protein structure. It is a continu-
ous, threshold-free function that returns quantitative accura-
cy scores within the strictly defined boundaries. The definition
of CAD-score does not contain any arbitrary parameters. On
single-domain structures CAD-score is highly correlated with
GDT-TS, a commonly accepted model evaluation score (Fig.
3). This should be expected for any effective evaluation score.
However, the advantage of CAD-score over GDT-TS is in that
it displays a stronger emphasis on the physical realism of mod-
els and provides a better resolution of models that have similar

accuracy of the main chain (Fig. 4).

GDT-TS=0.96
GDT-TS=0.96

Good Bad
| Good &

CAD, -score=0.65

Good Bad
[

CADS_S—score=O.47

Figure 4. An example of improved model quality resolution by CAD-
score compared to that by GDT-TS. Two models (pink and gold) have
identical GDT-TS values (left), but very different CAD-score values

because of the different accuracy of side chain prediction.
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Figure 3. Correlation between GDT-TS and three types of CAD-score
on a large number of models. In all three cases correlation coefficients

exceed 0.9.

In contrast to GDT-TS, our new score provides a balanced
assessment of domain rearrangement, removing the neces-

sity for different treatment of single-domain, multi-domain
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and multi-subunit structures. Moreover, CAD-score makes it
possible to assess the accuracy of inter-domain or inter-subu-
nit interfaces directly. In addition, the approach offers an al-
ternative to the superposition-based model clustering.

We believe that all these attractive properties will make CAD-
score a valuable tool for the community of computational bi-

ologists at large. In fact, CAD-score has already attracted atten-



tion of experts in the field. The organizers of CASP10 (large-
scale protein structure prediction experiment) conducted dur-
ing the summer of 2012 have included CAD-score into the
“portfolio” of model evaluation scores (www.predictioncenter.
org/casp10).

The CAD-score has been published in “Proteins” [7] and its
implementation is available both as a web server and a stan-
dalone software package. CAD-score and all the other methods

developed in our laboratory can be accessed through our web-

site at: http://www.ibt.It/bioinformatics/software/.

Application of computational
biology methods to specific
biological problems

An important element of our research are projects in which
computational methods alone or combined with experiments
(in collaboration with experimental labs) are applied to ad-
dress specific biological questions. The application of compu-
tational methods is not limited to some specific research area.
Nevertheless, most of these research projects involve proteins
participating in DNA metabolism, in particular in DNA repli-
cation and repair. Some of the projects executed during the re-

ported period or those still ongoing are listed below.

® Computational analysis of the nature and distribution
of DNA replication proteins in genomes of double
stranded DNA viruses

o Computational analysis of evolutionary distribution and
structural properties of bacterial DNA polymerase 111
catalytic subunits and their homologs

® Computational analysis of type I restriction-modifica-
tion systems (collaboration with Prof. Janusz Bujnicki,
International Institute of Molecular and Cell Biology,
Warsaw)

® Analysis of rare missense mutations of human chorion-
ic gonadotrophin, a hormone, determining the success
of early pregnancy (collaboration with Prof. Maris Laan,
University of Tartu)

® Molecular mechanisms of M. tuberculosis DNA mu-
tagenesis and the role of vitamin B12 in mycobacteri-
al pathogenesis (collaboration with Prof. Valerie Mizrahi
and Dr. Digby Warner at University of Cape Town)
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® Computational/experimental studies of molecular
functions of Elgl, a protein involved in the mainte-
nance of genome stability in eukaryotes (collabora-

tion with Prof. Martin Kupiec, Tel Aviv University)
Two of these research projects are described in more detail

below.

Computational analysis of DNA
replication proteins in double-stranded

(ds) DNA viruses

Free-living cellular organisms for their genome replica-
tion always encode a DNA replicase consisting of a DNA
polymerase, a DNA sliding clamp and a clamp loader. In
contrast, some dsDNA viruses do not even have their own
DNA polymerases. Could it be that the size of a genome
is an important factor determining the need for a proces-
sive DNA replicase? Perhaps there is an approximate ge-
nome size threshold, above which the processivity prop-
erties of a replicase become critical? We considered that
dsDNA viruses may hold a key to the answers of these
fundamental questions and performed the analysis of all
available genomes of dsDNA viruses. Indeed, we discov-
ered previously unnoticed relationship between DNA
replicases and the genome size. As the genome size in-
creases, viruses universally encode their own DNA poly-
merases. Homologs of DNA sliding clamps and clamp
loader subunits produce another highly non-random
presence/absence pattern. The absence of sliding clamps
in large viral genomes usually coincides with the presence
of atypical polymerases. Meanwhile, sliding clamp homo-
logs, not accompanied by clamp loaders, have an elevated
positive electrostatic potential, characteristic of non-ring
viral processivity factors that bind the DNA directly. This
observation has implications not only for viral DNA slid-
ing clamps but also for human Hus1 and Rad9, subunits
of the ring shaped 9-1-1 DNA damage checkpoint com-
plex. (Fig. 5). Most importantly, the results of our study
have predictive power regarding DNA replicases in new-
ly determined genomes of dsDNA viruses. In addition, it
appears that our findings for dsDNA viral genomes may
be extended to symbiotic bacteria having extremely re-
duced genomes. The study has been published in “Nucleic
Acids Research” [1].

Vilnius University Institute of Biotechnology Biennial report for 2011-2012 67



Department of Bioinformatics

Figure 5. Correlation between high electrostatic potential and the non-

ring architecture of DNA sliding clamps. Yeast PCNA has a closed ring,
human cytomegalovirus UL44 is an open dimer. Human Husl is part
of the ring-shaped 9-1-1 complex, but perhaps may also bind DNA as a

monomer.

Analysis of rare missense mutations of human

chorionic gonadotrophin (hCG) B-subunit

In collaboration with Prof. Maris Laan (University of Tartu,
Estonia) we explored the impact of several rare missense mu-
tations of human chorionic gonadotrophin (hCG) f-subunit.
Placental hCG is one of the key hormones determining suc-
cess of early pregnancy. Like other heterodimeric glycopro-
tein hormones (luteinizing hormone, follicle-stimulating
hormone and thyroid-stimulating hormone), hCG is formed
by non-covalent association of the common a-subunit and
the hormone-specific f-subunit. During previous survey of
over a thousand of North-Europeans, three rare mutations
(Val56Leu, Arg8Trp and Pro73Arg) within hCG f-subunit
were identified. Using combination of computational (se-
quence and structure analysis, molecular dynamics) and ex-
perimental (co-immunoprecipitation, immuno- and bioas-
says) approaches we assessed the impact of these mutations
on the structure and function of hCG. In computational as-
sessment the Val56Leu mutation displayed the most dramat-
ic impact on the assembly of the intact hCG. This finding
was confirmed by experiments showing that compared to the
wild-type only about 10% of the mutant hCGf assembled
into secreted intact hCG. However, interestingly, the effect

of poor dimerization was compensated by a much stronger

68

signaling response triggered upon binding to the hormone
receptor. Another mutant (Pro73Arg) showed an increased
propensity towards alternative conformation, but no visible
effect on its biological activity. Computational analysis of the
third mutation (Arg8Trp) did not reveal any significant al-
terations in the assembly of intact hCG as also confirmed by
experiments. In summary, the study suggested that only mu-
tations with neutral or mild functional consequences might
be tolerated in the major hCGB coding genes, CGB5 and
CGB8. Results of the study [6] were reported as a cover story
in “Molecular Human Reproduction” (Fig. 6).
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Figure 6. The MHR cover displaying the hCG structure with three
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Collaborative
interactions

In addition to scientific interactions with our colleagues within
the Institute of Biotechnology we are involved in a number of

external collaborations:

Prof. Penny Beuning, Northeastern University, Boston,

MA, USA

Prof. Maris Laan, Institute of Molecular and Cell Biology,
University of Tartu, Estonia

Prof. Valerie Mizrahi & Dr. Digby Warner, University of Cape
Town, South Africa

Prof. Arvydas Skeberdis, Institute of Cardiology, Lithuanian
University of Health Sciences, Kaunas, Lithuania

Prof. Janusz Bujnicki, International Institute of Molecular and
Cell Biology, Warsaw, Poland

Prof. Martin Kupiec, Tel Aviv University, Israel

Funding

EC Framework 7® Programme
Howard Hughes Medical Institute

Research Council of Lithuania
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Publications 2011-2012

1. Kazlauskas D., Venclovas C: Computational analy-
sis of DNA replicases in double-stranded DNA viruses: re-
lationship with the genome size. Nucleic Acids Res. 2011,
39(19):8291-305.

2. Laganeckas M., Margelevicius M., Venclovas C:
Identification of new homologs of PD-(D/E)XK nucleases by
support vector machines trained on data derived from profile-
profile alignments. Nucleic Acids Res. 2011, 39(4):1187-96.

3. Olechnovi¢ K., Margelevi¢ius M., Venclovas C: Voroprot:
an interactive tool for the analysis and visualization of com-
plex geometric features of protein structure. Bioinformatics
2011, 27(5):723-4.

4. Timinskas K., Venclovas C: The N-terminal region of the
bacterial DNA polymerase PolC features a pair of domains,
both distantly related to domain V of the DNA polymerase
III © subunit. FEBS J. 2011, 278(17):3109-18.

5. Kazlauskas D., Venclovas C: Tio distinct SSB protein fam-
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sis of rare missense mutations in human chorionic gonado-
trophin beta-subunit. Molecular human reproduction 2012,
18(8):379-90.

7. Olechnovi¢ K., Kulberkyté E., Venclovas C: CAD-score: A
new contact area difference-based function for evaluation of
protein structural models. Proteins 2013, 81(1):149-62.
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McKinney J.D., Mizrahi V., Warner D.E A vitamin B ,
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3(2):120175.

Book chapters

Barsky, D., Lawrence, T.A. and Venclovas C. How proteins slide
on DNA // Biophysics of DNA-Protein Interactions. Editors:
Williams M. C. and Maher L. ]. IIL. Springer Science+Business
Media, LLC 2011, 39-68.

Venclovas C. Methods for sequence-structure alignment. //
Methods in molecular biology. Editors: Orry Andrew J. W,
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Scientific staff Undergraduate and Affiliated scientists
Biruté PudZiuvyte, PhD Postgraduate students Prof. Gervydas Dienys, PhD, Dr. Habil.
Rimantas Siekstelé, M.Sc. Indré Sukackaité
Rita Gruskiené, PhD Svetlana Sliachti¢
Meiluté Meizeraityté, PhD Aurelija Sirvydaité
Edita Kleinaité, B.Sc. Ausra Veteikyte, B.Sc.
Ausra Veteikyté, B.Sc. Pranas Vitkevicius, B.Sc.
Ramiinas Belitinas, M.Sc.
PhD students Ieva Kazlauskaité, M.Sc.
Milda Sulciené. M.Sc. Jurga Aleksejanaite, M.Sc.

Milda Astrauskaité, M. Sc.
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Sector of Applied Biocatalysis was established in 2007 as
a group of Industrial Biotechnology in conjunction with
the start of the National Programme on the Development
of Industrial Biotechnology in Lithuania 2007-2010. In
2010 the group was transformed into the Sector of Applied
Biocatalysis and is headed by Inga Matijosyté (Ph.D. in bi-
ochemistry and biocatalysis from Delft University, The
Netherlands, 2008).

Sector's research is directed towards the search for enzymes
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with new functionalities and their development towards ap-
plied biocatalysis. The limited number of suitable and well
characterized biocatalysts delays the progress in the applica-
tion of enzymes in the synthesis of compounds for materials,
pharmaceuticals and chemicals.

Recently, the sector is orienting the research towards dicrovery
of new novel biocatalytic routes for high-added value prod-
ucts from bio-based raw materials — biopolymers. Therefore,

the spin-off company of the sector was established.

Substrate

Biocatalyy

Product

il

Screening for novel
biocatalysts

Development of
biocatalysts

Application of
biocatalysts

Figure 1. Research areas of Sector of Applied Biocatalysis
Sector of Applied Biocatalysis seeks to identify biocatalysts with novel
development of biocatalyst and
A 7,

talyst (Figure 1). The research fo on ping

activities by screening for enzymes,
applicat

xrr Z oft*'

of biocatalytic systems employing lypolytic, hydrolyti, proteolytic and

bination

oxidative enzymes. We strive to meet scientific challenges in
with application-oriented research. Therefore, close collaboration with

industrial partners resulted in several research oriented projects (Grants).

Collaboration

dr. Boris Kovenbach, University of Applied Sciences, Muttenz,
Switzerland

Prof. Dr. P. Corvini, University of Applied Sciences, Muttenz,
Switzerland

Prof. R.A. Sheldon, JSC CLEA technologies, the Netherlands
Prof. LW.C.E. Arends, Delft University of Technology, the
Netherlands

Nathalie Berezina, Materia Nova, R& D Centre, Belgium

dr. Patrizia Cinelli, University of Pisa, Italy

Funding

Agency for Science, Innovation and Technology

Publications

1. LMatijosyté, . W.C.E. Arends, R.A. Sheldon, S. de Vries.
Preparation and use of cross-linked aggregates (CLEAs) of lac-
cases. J. Mol. Catal. B: Enzym. 2010, 62:142-148.

2. S.A. Tromp, I. Matijosyté, R.A. Sheldon, L. W.C.E. Arends,
M.T. Kreutzer, J.A. Moulijn, S. De Vries. Mechanism of lac-
case/ TEMPO oxidation of benzyl alcohol. ChemCatChem.
2010, 2:827-833.

3. A.Veteikyte, M. Astrauskaité, R. Gruskiené, R. Tekorieng,
I. Matijosyté. Secondary alcohol oxidase activity iden-
tified in genus of Pseudomonas isolated from the oil pol-
luted soil. Biocatal. Agricult. Biotechnol. 2013, 10.1016/j.
bcab.2012.11.005
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Sequencing
Center

Eglé Rudokiené, M.Sc.
Rimantas Siekstelé, M.Sc.
Phone: 370 5 2691883
Fax: 370 2602 116

e-mail: egle.rudokiene@bti.vu.lt;

rimantas.siekstele@bti.vu.lt

http://www.ibt.lt/sc/index.htm

DNA Sequencing Center (SC) of the Institute of Biotechnology
(IBT) is successfully running since March 27 of 2003. SC was
founded to help researchers, both at IBT as well as other insti-
tutions in Lithuania, process DNA samples in an efficient and
economical manner. The Center is equipped with the Applied
Biosystems 3130x/ Genetic Analyzer 16-capillary automated
DNA sequencer that yields 700 to 1000 bases per template. It
performs cycle sequencing reactions using fluorescent dye ter-
minators ABI Big Dye® Terminator v3.1 on any kind of DNA

(plasmid, phage or PCR product) provided by the users. We
also run the user’s reactions. Usually, turnaround time takes 2-3
days after the receipt of samples. Sequencing of the larger sam-
ples may take longer.
Services provided by the DNA SC include:

* Custom DNA Sequencing

* Sequencing, PCR troubleshooting and training workshops

We are committed to giving every user satisfactory sequence.

2296

@ Institute of Biotechnology

B Nature Research Centre

O Vilnius University

O UAB Linea Libera

@ Vytautas Magnus University

O Lithuanian University of Health Sciences

B UAB Nomads

O Lithuanian Agricultural and Forestry Sciences Centre
B UAB Biotechpharma

E UAB ThermoFischerScientific

Number of DNA sequencing reactions performed by
SC for the Lithuanian institutions in 2011- 2012

Sequencing Income for 2003-2012

294624 Lt
85328 €

226425 Lt
65577 €

148819 Lt
43100 €

68945 Lt
19967 €

2005-2006

10300 Lt
2083 €

|
2003-2004

2007-2008 2009-2010 2011-2012
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Start-ups
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Baltymas

UAB Baltymas is a small Lithuanian start-up biotechnology
company. Founded in 2011 by young scientists of the Institute
of Biotechnology (Vilnius) it combines scientific experience
and knowledge for generation of novel biotechnology prod-
ucts. The company develops yeast expression systems and em-

ploys them for synthesis of native recombinant proteins. UAB

Baltymas can offer customers yeast-expressed viral nucleocap-
sid proteins for use in diagnostics of viral infection. It can also
propose recombinant human cell proteins both for fundamen-
tal and applied research and for biopharmaceutical purposes.
It is also open for synthesis of various recombinant proteins
in yeast on a contract basis. For more information please vis-
it company website at www.baltymas.It and contact by e-mail:

info@baltymas.lt

UAB “BALTYMAS”
Laisvés ave. 53A-1, LT-07191, Vilnius, Lithuania
e-mail: info@baltymas. It

www.baltymas.lt

IMD

TECHNOLOGIES

“IMD Technologies” is a start-up company, established in
2012 under the High Technology Development programme
in Lithuania for 2011-2013 “R&D Commercialization” pro-
ject which was funded by Agency of Science, Innovation and
Technology (MITA). The company is based on the premises of
Vilnius University Institute of Biotechnology.

“IMD technologies” is R&D performing SME with the goal
to fulfill industrial need to replace the conventional (chemical)
methodologies with green alternatives by offering designed en-
zymatic and/or green technologies.

“IMD Technologies“ performing R&D and produces biopol-
yols, which are used for production of polyurethane foam.
Current polyols which are used in industry are petroleum-
based products. “IMD Technologies” proposes biopolyols
made from vegetable oils. These biopolyols have much better
characteristics (natural, not toxic, anti-allergic, biodegradable)
compared with chemical polyols including reduction of polyu-

rethane fire potential to “green” biopolyol basis.

Also, “IMD Technologies” produces epoxidized oil, which can
be used as natural plasticizer instead of chemical plasticizers in
such industries as: cosmetics, PVC production, toys manufac-
turing, dyeing and polishing products manufacturing and etc.
Epoxidized oil can change phthalates, which are toxic and dan-
gerous for health and soon will be forbidden in EU to be used
as plasticizers. Moreover, epoxidized oil can be used instead of
any other plasticizers.

Furthermore, “IMD Technologies® is developing biocatalysts
with novel activities by the three most common ways: screen-
ing for enzymes (environmental samples, enzyme and strain
collections, metagenomic and expression databases), develop-
ment of biocatalyst (gene engineering, development of analyt-
ical systems) and application of biocatalyst (immobilization,
recycling, proof of principal, activity/selectivity, stability, reac-
tion media). Company can also carry out and develop various
microbiological and chemical analytical methods.

Company has a professional and experienced team, which has
a long term experience in biotechnology field, including par-
ticipation in various international and national R&D projects
(FW7, Eureka and etc.).

UAB “IMD Téchnologies”
VIA. Graitiino str. 8, L1-02241 Vilnius, Lithuania
e-mail: imd@imd.lt, phone:+370 606 11496

www.imd. It
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