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FOREWORD

The School

This session of the International School of Biophysics is the fourteenth in a series held
for 37 years across Croatia: in Dubrovnik, Rovinj, Primo²ten and along the Adriatic coast.
The previous sessions were held in 1981, 1984, 1987, 1990, 1994, 1997, 2000, 2003, 2006,
2009, 2012, 2014 and 2016. In the period 1981-2009, the school was chaired by the late Prof.
Greta Pifat-Mrzljak, an eminent Croatian biophysicist, president of Croatian Biophysical
Society and a member of the International Union for Pure and Applied Biophysics (IUPAB)
Council. Primarily for her inspiring achievement with the School, she was also awarded the
American Biophysical Society's Emily M. Gray Award.

After passing of prof. Pifat Mrzljak in 2009, it was widely agreed that the school of
biophysics for young scientists is still needed. In 2012 the Croatian Biophysical Society and
Ru�er Bo²kovi¢ Institute have committed their resources in order to assure the future of the
school and a new School was organized as a collective undertaking. Since then, we have had
a strong support by EBSA (European Biophysical Societies' Association) and the lecturers
themselves, who commit their time and e�ort preparing courses and lectures which are highly
valued by the students of the School.

This year, we coorganized the School with COST (European Cooperation in Science
and Technology) networks BM1403 Native Mass Spectrometry (coordinated by prof. Frank
Sobott), CM1306 Molecular Machines (coordinated by dr. Fraser MacMillan) and CA15126
ARBRE-MOBIEU (coordinated by prof. Wouter Roos). School is also supported by the
Institute of physics, Zagreb and Faculty of Science of Split University which is where many of
the members of the organization team work. School is endorsed by Ru�er Bo²kovi¢ Institute
and sponsored by NanoTemper technologies, Bruker, JPK Instruments, Oxford Instruments
and Asolutic.

Through the years, the School has been attended by more than one thousand Ph.D. stu-
dents and postdocs interested in becoming acquainted with the state-of-the-art in biophysics.
The lecturers at the International School of Biophysics have always included top scientists
in their respective disciplines and several Nobel laureates from this area of research, which
spans across biology, chemistry and physics. Our intention is to keep the school as one of the
focal events for European students and young scientists and to provide these young people
with advanced training at the doctoral and postdoctoral levels in the �eld of biophysics and
related �elds like molecular and structural biology, physical chemistry, biochemistry, soft-
matter physics. . . The boundaries of the traditional disciplines are not always visible at this
School. Indeed, this concept promoted at the previous sessions of the School has already
bene�ted hundreds of young scientists throughout Europe and other parts of the globe. With
the passage of years, some of them have become lecturers at the School. With the legacy
of Prof. Pifat-Mrzljak in mind, it is the intention of the organizers to position the School
as a biennial event, complementary to, rather than competing with, relevant international
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activities, e.g., the Regional Biophysics Conference or the EBSA Biophysics Courses.

The prospect for the enthusiastic young people to interact with top scientists in a relaxed
manner is elementary in their development and a route to their success in this quickly moving
and challenging area. The School is a thrilling experience also for the lecturers, as they get
a chance to teach young and inquisitive minds from all over the world. In the past, this
interaction has been enhanced by the environment created by the local organizational team.
The lectures, workshops and training activities of the 2018 School will be held in the facilities
of the new campus of University of Split.

Topics

An enormous amount of new knowledge on the molecular basis of various biological phe-
nomena has emerged in the rapidly expanding �eld of bioscience. The principles and methods
of biophysics provide the underpinning for all basic bioscience and a rational language for
discussion among scientists of di�erent disciplines. This was the general philosophy behind
the organization of the summer school. The School is intended for young scientists (pri-
marily Ph.D. students) at the beginning of their academic careers who are interested in the
fundamental study of biomacromolecules: the structures of nucleic acid/protein complexes
(ribosomes, viruses, chromatin), protein aggregation, conformational dynamics, folded and
intrinsically disordered proteins, enzymatic activity - small molecule recognition, biomacro-
molecular interactions, bioenergetics and single molecule biophysics. The particular scope
of the school has enabled the participants to become acquainted with state-of-art problem-
oriented and/or methodology-oriented approaches to biological systems. Major topics are
presented in a series of lectures and workshops, which can be roughly summarized as ABC
of Physics of Life, that is:

ASSEMBLING MOLECULAR MACHINES: viruses, ribosomes and other protein-
RNA/DNA complexes, quaternary protein structures, DNA, proteins, polyelectrolytes with
the focus on their structure, organization and function

Interactions at BIOLOGICAL & BIOCOMPATIBLE interfaces: membranes, adhesion,
extracellular matrix, protein-lipid/membrane interactions, biomimetic/hybrid surfaces

CELLS: physical properties of biological and bio-inspired systems
These topics are considered having always in mind the major experimental techniques

in biophysics - spectroscopies (NMR, EPR, FTIR, Raman, mass spectrometry . . . ), micro-
scopies (AFM, �uorescence techniques, super resolution. . . ), di�raction techniques (X-ray
crystallography) - computational and theoretical approaches which include modeling and
simulations, and the evolutionary implications of molecular interactions, as well as molecu-
lar biology and biotechnology.

Students and Lecturers

Last three Schools were attended by 70-85 PhD students coming from all over Europe
as well as from Australia, Iran, Armenia, Japan and Russia. EBSA supported 10-12 students
each time, while di�erent COST actions support more and more students each time. The
structure of the School established from the very beginning, incorporating lectures, seminars
and round tables, with emphasis on discussion, has shown to be successful and was later
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accompanied by posters sessions and short poster talks held by participants. In addition to
the School's inherent role in the transfer of knowledge and ideas, we emphasize its catalytic
role in arranging future research collaborations, joint projects, visits and postdoc positions -
and friendships. The scienti�c interaction of the participants among themselves or with the
lecturers has always been extremely fruitful and active, often followed by future cooperation.
Last but not least, the social contacts among the participants and the lecturers, as well as the
contacts with the host Croatian culture, have proven that communication among scientists
can be of mutual interest and of interest to Croatia. Students come from all over the world,
participate very actively in discussions during or after the lectures, at poster sessions, or
even on the beach.

For the fourth time in a row, the School is chaired by Tomislav Vuleti¢, Institute of
physics, Zagreb, and organized by the local team. We wish the Students and Lecturers at
the 14th School a warm welcome and hope that they will enjoy the extraordinary cool and
friendly environment that we intend to create as we did at the previous three Schools.

Poem about the School

Biophysics summer school,
It was extraordinary cool.

Afternoons all on the beach,
Maybe once I missed a speech.

Monte Carlo random noise,
Stunning brilliant lecture choice.

Got us out of bed each day,
With some pain, but that's OK.

Short talks really rush your heart,
Yet the concept turned out smart.

Talking simply just went on,
Sometimes even all night long.

Sadly, we have to depart,
Can't wait for the next restart.
Coming years with you to bring,
Please keep up this brilliant thing.

And with that we want to conclude:
"Nosit ¢emo vas u srcu svud."

Poem was written by students of the 11th Greta Pifat Mrzljak International School of Biophysics

and read at the Gala dinner on 8th October 2012.
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Organization

ORGANIZING TEAM

• Mario Cindri¢, Ru�er Bo²kovi¢ Institute, Zagreb, Croatia

• Ida Dela£ Marion, Institute of Physics, Zagreb, Croatia

• Amela Hozi¢, Ru�er Bo²kovi¢ Institute, Zagreb, Croatia

• Nadica Ivo²evi¢ DeNardis, Ru�er Bo²kovi¢ Institute, Zagreb, Croatia

• Nadica Maltar-Strme£ki, Ru�er Bo²kovi¢ Institute, Zagreb, Croatia

• Tea Mi²i¢ Radi¢, Ru�er Bo²kovi¢ Institute, Zagreb, Croatia

• Antonio �iber, Institute of Physics, Zagreb, Croatia

• Tomislav Vuleti¢, Institute of Physics, Zagreb, Croatia (chair)

• Larisa Zorani¢, University of Split, Croatia

ORGANIZED BY

CROATIAN BIOPHYSICAL SOCIETY

CO-ORGANIZED BY

EUROPEAN COOPERATION IN SCIENCE
AND TECHNOLOGY
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SUPPORTED BY

FACULTY OF SCIENCE, UNIVERSITY OF
SPLIT

UNIVERSITY OF SPLIT

INSTITUTE OF PHYSICS, ZAGREB

EUROPEAN BIOPHYSICAL SOCIETIES'
ASSOCIATION

ENDORSED BY

RUÐER BO�KOVI� INSTITUTE
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SPONSORED BY

NANOTEMPER TECHNOLOGIES

BRUKER

JPK INSTRUMENTS

OXFORD INSTRUMENTS

ASOLUTIC
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Lecturers

Nenad Ban
ETH, Zürich, Switzerland

Mario Cindri¢
Ru�er Bo²kovi¢ Institute, Croatia

Helmut Grubmüller
Universität Göttingen, Germany

David Goodlett
University of Maryland, USA

Tomasz Kobiela
Warsaw University of Technology, Poland

Fraser MacMillan
University of East Anglia, UK

Petr Novák
Institute of Microbiology, Czech Republic
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Lecturers

Christian Oostenbrink
BOKU, Vienna, Austria

Felix Rico
Aix-Marseille Université, France

Wouter Roos
Rijksuniversiteit Groningen, Netherlands

Nikolina Sekulic
University of Oslo, Norway

Ana Smith
Ru�er Bo²kovi¢ Institute, Zagreb, Croatia

Frank Sobott
University of Leeds, UK

Heinz-Jürgen Steinho�
University of Osnabrück, Germany
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Lecturers

Holger Stark
Universität Göttingen, Germany

Antonio �iber
Institute of Physics, Zagreb, Croatia

Iva Toli¢
Ru�er Bo²kovi¢ Institute, Croatia

Anthony Watts
University of Oxford, UK

Primoº Ziherl
JSI, Ljubljana, Slovenia

Bojan �agrovi¢
MFPL, Vienna, Austria
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NanoTemper's MST and nanoDSF Workshop

The workshop will cover principles of biomolecular interaction analytics using Microscale
Thermophoresis (MST) as well as protein stability and aggregation assessment with use of
nanoDSF technology. We strongly encourage to bring your samples for analysis. Experts
from Nanotemper will train the students.

Molecular dynamics simulations

This workshop will help you gain �rst experiences in performing molecular dynamics simu-
lations. After a short theoretical introduction, you will �nd out about the basic ingredients
for a molecular simulation. You will setup your own simulation of a small peptide and run
some short simulations of it. Finally, you will analyse the resulting trajectories and �nd out
what computational methods can o�er in addition to experimental approaches. Held by by
Prof. Zagrovic and Prof. Oostenbrink. Work on Linux PCs at the Faculty of Science, or you
bring your own Linux laptop.

Atomic Force Microscopy (AFM)

AFM is a �exible tool to image and probe samples at the nanoscale. The workshop addresses
Ph.D students and post-docs, as well as scientists, core facility technicians and engineers
that are interested in the application of AFM to biology. A major emphasis will be on
the preparation of biological samples for AFM imaging and spectroscopy and experimental
activity will be the core of the workshop. Participants will be divided into groups: each group
will focus on a speci�c scienti�c topic (biomolecules, cells) and each participant will be given
opportunity to use AFM instruments provided by leading companies that are supporting the
school. The presentation/lecture modules will be used only as an introductory component �
as we strive to promote active learning experiences. Held by by Prof. Roos and dr. Ivosevic
DeNardis. Trainers are also Dr. Kobiela and dr. Mi²i¢-Radi¢, as well as the experts from
AFM companies. Workshop is supported by COST action CA15126 ARBRE MOBIEU.

Proteome �ngerprinting by MS

Mass spectrometry is routinely used to identify pathogens and malignant cell strains by
directly �ngerprinting their proteome. Prof. Mario Cindric has developed this method to
the next level where it can be used for de-novo sequencing of peptides. The method is based
on a proprietary chemical derivatization agent for preparation of the protein samples for MS
analysis and heavily involves bioinformatics tools to analyze the MS spectra. Held by Prof.
Mario Cindri¢ and Dr. Amela Hozi¢. Workshop is supported by COST action BM1403
NATIVE MS.
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Program

Thursday, August 23rd

08:00�13:00 ARRIVALS & REGISTRATION

13:00-14:00 Lunch

14:00-14:30 Welcome address

14:30-16:15 Chris Oostenbrink BOKU, Vienna, Austria

Ensembles and sampling, leading to molecular dynamics simulations

Calculation of free energies from molecular simulation

16:15 Co�ee break

16:45-18:30 Tomasz Kobiela Warsaw University of Technology, Poland

Introduction to bio-AFM

18:30-20:10 Short talks:

Martina Petrencakova Conformational properties of dark and lit
state of AsLOV2 domain

Anna B. Dobie»y«ska Biophysical studies of protein interactions
with mRNA transcripts containing di�erent 5′

terminal structures

Oleksii Zdorevskyi Competitive interaction of water and hy-
drogen peroxide molecules with speci�c DNA
recognition sites

Renata Biba Physiological and proteomic responses of to-
bacco seedlings exposed to silver nanoparticles

Dominik Saman Evolution of monodispersity in vertebrate
HSP27

Anna Sobiepanek AFM/QCM-D methods in the diagnostics and
prognostics of malignant melanoma

José Carlos Castillo Sánchez Looking for the roots of lung surfactant sys-
tem: the tighter its package is, the better func-
tionality it has

20:15-21:30 Poster session & snacks
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Friday, August 24th

08:00�09:00 Breakfast

09:00�10:45 Helmut Grubmüller MPI Göttingen, Germany

Forces and Conformational Dynamics in Biomolecular Nanomachines

10:45�11:15 Co�ee break

11:15�13:00 Frank Sobott Universiteit Antwerpen, Belgium

Protein Mass Spectrometry: De�ning proteoforms and Going native

Dynamic protein structure: From protein disorder to membrane pores

13:00�14:00 Lunch

14:00�16:00 FREE TIME

16:00�17:45 Intro for nanoTemper

and/or AFM workshops

17:45 Co�ee break

18:15�20:00 Bojan �agrovi¢ MFPL, Vienna, Austria

On conformational averaging in structural biology

20:15-21:15 Dinner
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Program

Saturday, August 25th

08:00�09:00 Breakfast

09:00 Parallel hands-on activity sessions

10:45 Co�ee break

11:15 Parallel hands-on activity sessions

13:00�14:00 Lunch

14:00�14:45 Nanotemper TBA

15:00 Parallel hands-on activity sessions

18:30-20:10 Short talks:

Jelica Milo²evi¢ The di�erence of amyloid �bril formation after re-
duction and denaturation of crude protein prepara-
tions

Ernesto Anoz-Carbonel Regulation of FMN biosynthesis in H. sapiens: Ki-
netics and thermodynamics of the ribo�avin kinase
activity

Elnaz Hosseini Conformational and functional studies of a novel
thermostable xylanase from camel rumen metage-
nomic library

Guilherme G. Moreira Aggregation kinetics and bioimaging of monomeric
tau

Shona Hepworth Studying conformational dynamics of the SLC6
gene family homologue LeuT using advanced EPR
techniques

Martina Poºar The structuring in the aqueous tri�uoroethanol mix-
ture

Andreas Weber Studying the e�ect of anticancer drugs breast cancer
cell mechanics via AFM

20:15-21:15 Dinner
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Program

Sunday, August 26th

08:00�09:00 Breakfast

09:00 Parallel hands-on activity sessions

10:45 Co�ee break

11:15 Parallel hands-on activity sessions

13:00�14:00 Lunch

14:00�14:45 David Goodlett University of Maryland, Baltimore, USA & Uni-
versity of Gdansk, Gdansk, Poland, EU

The potential of Lipid A as a diagnostic and therapeutic

15:00 Parallel hands-on activity sessions

18:30-20:10 Short talks:

Veronika Alexandrova Proto�lament length dispersion analysis in the con-
text of microtubule catastrophes

Duygu Tarhan Characterization of intermittent hypoxia e�ects on
bone structure by acoustic impedance

Marko �terk The maximum entropy production principle and max-
imum Shannon information entropy in enzyme kinet-
ics

Agathe Vanas Advancing Orthogonal Spin Labeling and pulsed EPR
Distance Measurements

Charlotte Frankling Exploring the Binding Interfaces of the Type III Se-
cretion System Chaperone-Translocator Complex

Yerko Escalona Exploring properties of soil organic matter at the mi-
croscopic level by using molecular dynamics and an
upgraded Vienna Soil-Organic-Matter Modeler

Melanie Kampe Hydrophobins: the Microstructure of self-organized
Films of amphiphilic fungal Proteins

20:15-21:15 Dinner
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Program

Monday, August 27th

08:00�09:00 Breakfast

09:00 Parallel hands-on activity sessions

10:45 Co�ee break

11:15 Parallel hands-on activity sessions

13:00�14:00 Lunch

14:00�14:45 David Goodlett University of Maryland, Baltimore, USA &
University of Gdansk, Gdansk, Poland, EU

From a history of shotgun proteomics to the importance of longitudinal

analysis for biomarker discovery in proteomics

15:00 Parallel hands-on activity sessions

18:30-20:10 Short talks:

Diana-Larisa Roman Computational assessment of biological e�ects of
some xenobiotics

Catarina de Sousa Lopes Changes on elasticity and morphology of erythro-
cytes from amyotrophic lateral sclerosis patients

Giulia di Prima Casein-loaded proteoliposomes: novel deliv-
ery strategy to inhibit Aβ1−40 �brillogenesis in
Alzheimer disease

Mohammad Behnam Rad Diagnostics applications of paper-based micro�u-
idics

Emanuela Colucci Mg2+ transport in mitochondria

Borna Radatovi¢ Process for forming ready-to-use QCM sensors
with atomically �at surface suitable for scanning
probe microscopies

Tamas Gerecsei Single cell adhesion measurements using com-
puter controlled micropipette and FluidFM BOT

20:15-21:15 Dinner
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Program

Tuesday, August 28th � Excursion

08:00-21:00 EXCURSION by ferry to Island of Bra£

Wednesday, August 29th

08:00�09:00 Breakfast

09:00�10:45 Fraser MacMillan University of East Anglia, Norwich, UK

EPR spectroscopy: The journey from a niche biophysical technique towards

a universal structural biological tool

Magnets, Microwaves and Molecular Movement: An EPR Spectroscopist's

View

10:45 Co�ee break

11:15�13:00 Heinz-Jürgen Steinho� University of Osnabrück, Germany

Multi-frequency EPR spectroscopy of membrane proteins

13:00�14:00 Lunch

14:00�16:00 FREE TIME

16:00�17:45 Nikolina Sekulic University of Oslo, Norway

Hydrogen-deuterium exchange in studying protein dynamics

17:45 Co�ee break

18:15�20:00 Felix Rico Aix-Marseille Université, France

Mechanics of single proteins probed with AFM

20:00-21:30 Poster session & snacks
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Thursday, August 30th

08:00�09:00 Breakfast

09:00�10:45 Nenad Ban ETH, Zürich, Switzerland

Protein synthesis: from ribosome assembly to targeting of membrane

proteins

10:45 Co�ee break

11:15�13:00 Holger Stark Max Planck Institute for Biophysical Chemistry, Göt-
tingen, Germany

How to determine 3D structures of macromolecules by cryo-EM

13:00�14:00 Lunch

14:00�16:00 FREE TIME

16:00�17:45 Anthony Watts Oxford University, Oxford, UK

Principles of biological solid state NMR

NMR of membrane proteins - Drug targeting

17:45 Co�ee break

18:15�20:00 Petr Novák Institute of Microbiology, Prague, Czech Republic

Structural proteomics: from protein chemical modi�cation to cross-linking

and beyond

20:00-21:30 Poster session & snacks
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Program

Friday, August 31st

08:00�09:00 Breakfast

09:00-10:45 Ana-Sun£ana Smith Ru�er Bo²kovi¢ Institute, Zagreb, Croatia

Physics of cell adhesion: The role of the membrane in the protein

recognition process

10:45 Co�ee break

11:15-13:00 Iva M. Toli¢ Ru�er Bo²kovi¢ Institute, Zagreb, Croatia

Forces that divide the chromosomes

13:00�14:00 Lunch

14:00�16:00 FREE TIME

16:00�17:45 Antonio �iber Institute of physics, Zagreb, Croatia

Surface-tension-based models of tissues, Part I

17:45 Co�ee break

18:15�20:00 Primoº Ziherl JSI, Ljubljana, Slovenia

Surface-tension-based models of tissues, Part II

20:30 Dinner & Farewell Party

Saturday, September 01th

08:00�09:00 Breakfast

09:00� DEPARTURES
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Lecture abstracts

NENAD BAN
ETH, Zürich, Switzerland
ban@mol.biol.ethz.ch

Protein synthesis: from ribosome assembly to targeting of membrane
proteins

We are investigating bacterial and eukaryotic ribosomes and their functional complexes
to obtain insights into the process of protein synthesis. Building on our studies of bacte-
rial ribosomes we have increasingly shifted our attention to studying eukaryotic cytosolic
and mitochondrial translation and were successful in obtaining �rst insights into the atomic
structures of eukaryotic and mammalian mitochondrial ribosomes [1, 2, 3], which pose a
signi�cant challenge for structural studies as they are more complex and heterogeneous than
their bacterial counterparts. The focus of our research has been to understand eukaryotic
translation initiation, targeting of proteins to membranes, regulation of protein synthesis,
and the assembly of eukaryotic ribosomes [4, 5, 6]. The complete molecular structure of
the unusual mammalian mitochondrial ribosome specialized for synthesis of membrane pro-
teins was one of the �rst examples of electron microscopic structure determinations that
allowed de-novo building, re�nement and validation of the structure. These results revealed
the interactions between tRNA and mRNA in the decoding centre, the peptidyl transferase
center, and the path of the nascent polypeptide through the idiosyncratic tunnel of the mam-
malian mitochondrial ribosome. Furthermore, the structure suggests a mechanism of how
mitochondrial ribosomes, specialized for the synthesis of membrane proteins, are attached
to membranes [3].

[1] Rabl J, Leibundgut M, Sandro F. Ataide SF, Haag A and Ban N. (2010) Nature 331(6018):730-6

[2] Klinge S, Voigts-Ho�mann F, Leibundgut M, Arpagaus S, Ban N. (2011) Science, 334, 941-8

[3] Greber BJ, Bieri P, et al. (2015) Science. 348(6232):303-8

[4] Erzberger JP et al. (2014) Cell 158(5):1123-35

[5] Greber BJ, et al. (2016) Cell 164(1-2):91-102

[6] Kobayashi K, Jomaa A, et al. (2018) Science. 360(6386):323-327
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MARIO CINDRI�
Ru�er Bo²kovi¢ Institute, Division of Molecular Medicine, Bijeni£ka 54, 10000, Zagreb, Croatia
mario.cindric@irb.hr

Sequencing of peptides/proteins and organisms ID

The organism identi�cation tests are used to characterize microorganisms in human body,
environmental samples (microorganisms and organisms) or simply to identify organisms of
interest (e.g. what we have had for lunch?). Currently used techniques for species identi�ca-
tion are mostly relied on genome database matching (limited to 20 000 species), commercially
available protein database matching (limited to 3000 species) or alternatively on immuno-
logical procedures (limited to a couple of hundreds species). Although widely used, such
an approach does not always provide satisfactory matching, sequence coverage or speci�c
antigen-antibody reaction to unambiguously identify DNA, RNA, lipid, and sugar or pep-
tide/protein of selected species. Mass spectrometry as a tool for species determination was
introduced about ten years ago. Matrix-assisted laser desorption ionization�time of �ight
mass spectrometry (MALDI-TOF MS) identi�es microbes using either intact cells or cell
extracts. The most abounded proteins from the cell detected in the instrument are matched
against commercially available databases that cover relatively limited number of microbes.
On the other hand, high resolution mass spectrometers in contrast to MALDI-TOF MS could
provide more accurate and precise results after de novo sequencing of analyzed proteins. A
brief historical retrospective, as well as state-of-the art methodology of species identi�cation
will be covered in the lecture.
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DAVID R. GOODLETT
University of Maryland, Baltimore, MD USA &
University of Gdansk, Gdansk, Poland, EU
david.goodlett@gmail.com

The potential of Lipid A as a diagnostic and therapeutic

Lipid A is the membrane anchor for Gram-negative bacteria that holds the much larger
lipopolysaccharide (LPS) molecule in place in the outer membrane. Importantly in mam-
mals, Toll receptor 4 (TLR4) recognizes lipid A the result of which is activation of a cytokine
cascade that can aid the host in clearing the infection or if unchecked lead to a deadly cy-
tokine storm. There are a range of activities from agnostic to antagonistic that are directly
related to structure (e.g. [1]). To exploit this we are working to better de�ne the lipid
A structure activity relationship for use as a vaccine adjuvants and antisepsis therapeutics
(e.g. [2]). We are also using lipid A and related Gram-positive molecules to identify bacteria
direct from source in under an hour [3]. We are also interested in investigating the classic
use of bacterial extracts as an immunotherapy (i.e. Coley's toxins late 1800s NYC) that
have been recently revived [4].

[1] Li Y, Yoon SH, Wang X, Ernst RK, Goodlett DR. (2016) Structural derivation of lipid A from
Cronobacter sakazakii using tandem mass spectrometry. Rapid Commun Mass Spectrom. 2016
Oct 30;30(20):2265-70

[2] Scott AJ, Oyler BL, Goodlett DR, Ernst RK. Lipid A structural modi�cations in extreme condi-
tions and identi�cation of unique modifying enzymes to de�ne the Toll-like receptor 4 structure-
activity relationship. Biochim Biophys Acta. 2017 Nov;1862(11):1439-1450

[3] Leung LM, Fondrie WE, Doi Y, Johnson JK, Strickland DK, Ernst RK, Goodlett DR. (2017)
Identi�cation of the ESKAPE pathogens by mass spectrometric analysis of microbial membrane
glycolipids. Sci Rep. Jul 25;7(1):6403

[4] Kim OY, Park HT, Dinh NTH, Choi SJ, Lee J, Kim JH, Lee SW, Gho YS. (2017) Bacte-
rial outer membrane vesicles suppress tumor by interferon-γ-mediated antitumor response. Nat
Commun. 2017 Sep 20;8(1):626
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From a history of shotgun proteomics to the importance of longitu-
dinal analysis for biomarker discovery in proteomics

This presentation will be in part a history lesson of the development of mass spectrometry
based proteomics. Speci�cally, we will review the work of Prof Don Hunt who during the
1980s led e�orts to sequence MHC peptides [1] for use as cancer vaccines. His work led to
the development of what we know today as shotgun proteomics [2]. The story begins with
the development of the triple quadupole mass spectrometer by Prof Enke in 1978, moves to
development of nanoHPLC by Prof Jorgenson and ESI by Prof Fenn both in the mid 1980s.
While none of these three developments came directly from Prof Hunt's laboratory, he quickly
and cleverly combined them to identify and sequence active MHC peptides present in complex
mixtures at attomole levels on column by the early 1990s [1]. From there we will look at how
automation drove the �eld to be more competitive with genomics, how quantitative analysis
in proteomics began and how recently longitudinal samples has emerged as an important tool
in biomarker discovery. Among others, examples will be given from our work in pediatric
diabetes [3, 4] and more recently sepsis the latter of which is unpublished.

[1] Hunt DF, Henderson RA, Shabanowitz J, Sakaguchi K, Michel H, Sevilir N, Cox AL, Appella
E, Engelhard VH. (1992) Characterization of peptides bound to the class I MHC molecule HLA-
A2.1 by mass spectrometry. Science. Mar 6;255(5049):1261-3

[2] Aebersold R, Goodlett DR. (2001) Mass spectrometry in proteomics. Chem Rev. Feb;101(2):269-
95. Review
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Forces and Conformational Dynamics in Biomolecular Nanoma-
chines

Proteins are biological nanomachines. Virtually every function in the cell is carried out by
proteins ranging from protein synthesis, ATP synthesis, molecular binding and recognition,
selective transport, sensor functions, mechanical stability, and many more. The combined
interdisciplinary e�orts of the past years have revealed how many of these functions are
e�ected on the molecular level [1]. Computer simulations of the atomistic dynamics play
a pivotal role in this enterprise, as they o�er both unparalleled temporal and spatial reso-
lution. With state of the art examples, this talk will illustrate the type of questions that
can (and cannot) be addressed, and its (current) limitations. The examples include aqua-
porin selectivity [2], high a�nity ligand unbinding [3, 4], mechanics of energy conversion in
F-ATP synthase [5, 6], and the mechanism of antibiotics within the ribosome [7, 8, 9]. We
will further demonstrate how atomistic simulations enable one to mimic, one-to-one, single
molecule experiments such as FRET distance measurements, and thereby to enhance their
accuracy [10]. We will, �nally, take a more global view on the 'universe' of protein dynamics
motion patterns and demonstrate that a systematic coverage of this 'dynasome' allows to
predict protein function more reliably than purely structure- based methods [11].
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EPR spectroscopy: The journey from a niche biophysical technique
towards a universal structural biological tool

Electron Paramagnetic Resonance (EPR) or Electron Spin Resonance (ESR) spectroscopy
is the only technique that detects unpaired electrons unambiguously. It is typically used to
identify the nature of the molecule hosting the unpaired electron; since EPR is very sensitive
to local environments it can provide information both on the molecular structure of that
molecule (structure, dynamics, binding) and through application of further advanced studies
it can also investigate its molecular environment (< 0.8 nm for nuclear spins and up to 5.0
nm for other electron spins).

Sometimes, the EPR spectra exhibit dramatic line shape changes, providing insight into
dynamic processes such as molecular motions or �uidity. The EPR spin-trapping technique,
which detects short-lived, reactive free radicals, nicely illustrates how EPR detection and
identi�cation of radicals can be exploited. This technique has been vital in the biomedical
�eld for elucidating the role of free radicals in many pathologies and toxicities. EPR spin-
labelling is a technique used by biochemists whereby a paramagnetic molecule (a spin label)
is used to �tag� macromolecules in speci�c regions. From the EPR spectra reported by the
spin label, they can determine the type of environment (hydrophobicity, pH, �uidity, etc.)
in which the spin label is located.

ESEEM and ENDOR are two examples of advanced EPR methods that measure the
interactions of the electron with nuclei from the immediate surrounding. They are extremely
powerful techniques for probing the structure of �active sites� in metalloproteins. Another
important application for quantitative EPR is radiation dosimetry. Among its uses are dose
measurements for sterilization of medical goods and foods, detection of irradiated foods, and
the dating of early human artefacts.

One of the most popular pulsed EPR experiments currently is double electron-electron
resonance (DEER), which is also known as pulsed electron-electron double resonance (PEL-
DOR). This uses two di�erent frequencies to control di�erent spins in order to detect the
strength of their coupling. The distance between the spins can then be inferred from their
coupling strength (in the range of 2 � 12 nm). A typical experimental approach focuses on
the use of various EPR techniques in combination with molecular biological, biochemical and
other biophysical methods including theoretical MD approaches which studies the structure
and dynamics of large bio-molecules through determination of such coarse-grained structural
constraints.
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Magnets, Microwaves and Molecular Movement: An EPR Spectro-
scopist's View

Research in the Henry Wellcome Unit for Biological EPR at UEA focuses on the architec-
ture and functional dynamics of membrane proteins, many medically relevant with a special
interest on membrane transport systems and their interaction with intra-cellular signalling
pathways. There is increasing evidence that membrane proteins do not act alone, but that
they are organised as nano-machineries which function through the concerted action of its
individual components with high precision and speci�city observed in both time and space.
We seek to unravel the principles underlying the architecture and dynamics of these pro-
tein nano-machineries as well as their function and regulation. Our experimental approach
focuses on the use of Electron Paramagnetic Resonance (EPR) techniques in combination
with molecular biological, biochemical and other biophysical methods including theoretical
MD approaches. Our expertise lies in the development and application of EPR techniques
to address these key questions.

I will review the methods before focusing on recent method developments, which are al-
lowing a shift of focus of this technique away from being considered purely a niche technique
towards a more universal structural biological tool. I will use examples from our recent work
on membrane and metallo-proteins (myoglobin, terminal oxidases & nitrate reductase), mem-
brane transport proteins including ABC and secondary active transports to demonstrate the
range and power of this technique to deliver key mechanistic insight into e.g. how to resolve
multiple distances in complex macromolecular complexes, how to observe conformational
change within membrane proteins at a molecular level and �nally to identify the molecular
determinants of ligand binding.

This research is funded by The Royal Society and the Wellcome Trust as well as being
embedded within the current EU COST Action CM1306 �Understanding Movement and
Mechanism in Molecular Machines�.
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Structural proteomics: from protein chemical modi�cation to cross-
linking and beyond

Even the �rst protein structural models were built using X-ray crystallography and NMR
spectroscopy sixty and thirty years ago, respectively. There are still many protein sequences
and protein complexes with unknown 3-D structure. The tremendous progress in mass
spectrometry in last decades opened the space for studying protein folding, protein/ligand
interactions and protein dynamics in solution.

A common feature of protein chemical labeling and cross-linking in conjunction with mass
spectrometry (MS) is the identi�cation of a novel covalent bond formed upon treatment of
the protein by a modifying agent. Labeling experiments assume that the degree of exposure
to the solvent correlates with the reactivity of the target sites on the protein landscape. Ster-
ically protected or heavily H-bonded parts of protein are modi�ed to a lesser extent than
those that are freely accessible to solvent. Several di�erent types of chemical probes are
currently in use targeting polypeptide backbone (hydrogen/deuterium exchange) or amino
acid side chains (chemical probes, hydroxyl radicals). The output of the MS analysis of
modi�ed proteins is the knowledge of surface accessible and/or reactive area of the protein
molecule which enables to monitor protein dynamics in solution or formation of non-covalent
protein-ligand complexes. In contrast to protein labeling, the cross-linking experiment in-
troduces covalent bonds between speci�c amino acids side chains via bi-functional chemical
probes that serve as molecular rulers. The subsequent MS analysis unambiguously iden-
ti�es connected amino acids side chains and obtained distance constrains are utilized as a
starting point for the design of 3D-structural model of proteins and protein complexes when
combined with computational modeling approaches. Thus the combination of the covalent
labeling, cross-linking and mass spectrometry signi�cantly contributes to the understanding
of protein conformations and their dynamics.

The potential of structural proteomics techniques such as covalent labeling, chemical
cross-linking and hydrogen/deuterium exchange for structural biology will be discussed.
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Ensembles and sampling, leading to molecular dynamics simulations

In this lecture, we will discuss the basics of molecular dynamics simulations. Starting
from the link between a molecular structure and the (potential) energy of a system, we
will discuss various algorithm to modify the structure in physically meaningful ways. This
will lead to the de�nition of ensembles and the computational tools to generate ensembles of
complex biomolecular systems. We can subsequently use the statistical mechanical ensembles
to calculate averages of molecular properties which may be compared to experimental data
directly. Next, we will mention methods to de�ne ensembles at di�erent thermodynamic state
points. Finally, we will discuss possibilities to use experimental observations as boundary
conditions for molecular simulations, in order to e.g. re�ne molecular structures. Using
NMR parameters like NOE distance restraints or 3J-coupling constants as examples, the
various ways of restraining the molecular structure will be discussed.
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Calculation of free energies from molecular simulation

The free energy forms the driving force of any molecular process. Intrinsically containing
both enthalpic and entropic contributions, the accurate estimation of free energies is possible
from statistical mechanical principles. This lecture will use the free energy of ligand binding
as a representative example for which such calculations may be performed. We will �rst
introduce the various actors and their enthalpic or entropic contribution to the binding
a�nity and subsequently focus on the alchemical free energy methods that can be used to
calculate the free energies. Real case examples from our own work will be used to demonstrate
the use of the methods.
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Mechanics of single proteins probed with AFM

The mechanical properties of individual proteins play a crucial role during essential cellular
processes such as migration, muscle contraction and adhesion. For example, cytoskeleton
proteins are stretched and may unfold during cell contraction, while adhesion complexes
link the cell cytoskeleton with the extracellular space and support mechanical force. Thus,
knowing the mechanical response at the single molecule level is important to understand
biological function. While the number of crystal structures of proteins has been growing over
the last decades, the number of tools that directly measure protein mechanics is still limited.
Atomic force microscopy (AFM) [1] is a unique technology that combines nanometric-imaging
capabilities with piconewton force resolution. Here, I will review some of the available
approaches to quantify single protein mechanics using AFM [2, 3]. I will describe the basic
principles of the technique, the various force spectroscopy modes and related theoretical
developments for data interpretation. Finally, I will introduce recent advances, such as high-
speed force spectroscopy [4, 5], and its combination with molecular dynamics simulations.

Keywords: protein �exibility, protein mechanics, protein unfolding, compression, elas-
ticity, atomic force microscopy, force, binding strength, high-speed AFM

[1] Binnig, G., Quate, C. F. & Gerber, C. Atomic force microscope. Phys. Rev. Lett. 56, 930�933
(1986)

[2] Moy, V. T., Florin, E. L. & Gaub, H. E. Intermolecular Forces and Energies Between Ligands
and Receptors. Science 266, 257�259 (1994)

[3] Rief, M., Gautel, M., Oesterhelt, F., Fernandez, J. M. & Gaub, H. E. Reversible unfolding of
individual titin immunoglobulin domains by AFM. Science 276, 1109�12 (1997)

[4] Ando, T. et al. A high-speed atomic force microscope for studying biological macromolecules.
Proceedings of the National Academy of Sciences 98, 12468�12472 (2001)

[5] Rico, F., Gonzalez, L., Casuso, I., Puig-Vidal, M. & Scheuring, S. High-Speed Force Spec-
troscopy Unfolds Titin at the Velocity of Molecular Dynamics Simulations. Science 342, 741�743
(2013)
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Introduction to bio-AFM

Cellular life harbours a fascinating variety of complex processes and we are still at the
beginning of our understanding of how the cell manages all these processes. Using Atomic
Force Microscopy imaging and force spectroscopy we are now making big steps towards
the elucidation of the mechanisms behind (supra)-molecular cellular processes. Here I will
provide an introduction to the principles of AFM imaging and sample manipulation [1].
Building onto this background knowledge, I will show how we are studying the physics of
the fascinating sub-cellular dynamics. This will be illustrated by discussing the mechanics
and material properties of viruses and cellular protein nanocages; In particular by revealing
the existence of pre-stress in nanoshells, by scrutinizing the interactions between viral RNA
and its capsid and by showing how viral infectivity is in essence a mechanical process [2, 3, 4].
Furthermore, recent studies on viral assembly and disassembly will be discussed. Finally,
extracellular vesicle dynamics is presented, currently a hot topic in nanomedicine as these
particles are expected to have great potential in diagnosis and treatment [5, 6].

[1] M. Piontek et al. Methods Mol. Biol. 1665, 243 (2017)
[2] M. Baclayon et al. Nano Letters, 11, 4865 (2011)
[3] J. Snijder et al. Nature Chemistry, 5, 502 (2013)
[4] J. Snijder et al. J Virol, 91, e00123-17 (2017)
[5] D. Vorselen et al. Sci Reports, 6, 36972 (2016)
[6] D. Vorselen et al. ACS Nano, 11, 2628 (2017)
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Hydrogen-deuterium exchange in studying protein dynamics

The pattern of hydrogen bonds between the amino and carbonyl group in the main chain
of proteins is critical for the stability of protein secondary structural elements, such as α-
helices and β-strands. The formation of secondary structures governs protein folding and
eventually yields to a speci�c protein tertiary structure. However, rather than having only
one static conformation, even when completely folded, proteins are in equilibrium between
several di�erent conformations. Ligand binding, posttranslational modi�cations or di�erent
cellular environments can shift this equilibrium, favoring some conformation(s) over other(s).
The main-chain hydrogen-bonding pattern often di�ers between di�erent conformations. By
monitoring the rate at which main-chain hydrogen bonds are formed and broken, we can gain
insights into the existence and stability of di�erent protein conformations. The technique of
hydrogen-deuterium exchange (HDX) is based on the fact that, when proteins are incubated
in bu�er with D2O, they incorporate deuterium in their main-chain amide group, if they
are able to form a hydrogen bond with the solvent. This happens more quickly for amide
groups on the surface of the protein than for those that are buried in a protein interior.
In addition to providing useful structural and dynamic data for di�erent aspects of protein
analysis, hydrogen-exchange is extremely powerful in providing a dynamic component to
high-resolution structural approaches like X-ray crystallography and NMR. In my lecture I
will explain basic principles behind HDX, possible detection methods and instrumental set-
up, together with advantages and challenges in using this approach. I will also give examples
(from literature and from my own lab) for application of the technique in addressing di�erent
biological problems.
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Physics of cell adhesion: The role of the membrane in the protein
recognition process

In embryogenesis, vertebrate cells assemble into organized tissues. In metastatic cancer,
cells spreading in the circulatory system build cell-cell contacts with the surrounding tissue
to establish new tumors. At the root of these life-forming or life-threatening biological
phenomena is cell adhesion, the binding of a biological cell to other cells or to extracellular
matrix. The most obvious fundamental question to ask is then as follows: What factors
control or govern cell adhesion? For a long time, the paradigmatic answer to this question
was that speci�c protein molecules embedded in the cell wall (or membrane) were responsible
for cell adhesion, in either a key-lock fashion (in cell-cell adhesion) or a suction-cup fashion
(in cell-matrix adhesion). But, a new realization has emerged during the past two decades
that physical mechanisms, promoted by the cell membrane, play an unavoidable, yet not
fully understood role. Although these physical elements, namely membrane �uctuations and
ability to change shape, do not at all depend on any speci�c proteins, they can have a major
impact on the protein-mediated adhesion, and can be viewed as mechanism that controls the
binding a�nity to the cell-adhesion molecules. In my talk I will show how these mechanisms
can be studied in mimetic models both experimentally and theoretically, the result of which
will be discussed in the cellular context.
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Protein Mass Spectrometry: De�ning proteoforms and Going native

In classic, �bottom-up� proteomics approaches the samples (e.g. cellular extracts) are
often very complex with up to 10 000 di�erent proteins present. �Bottom-up� means that
after a � typically tryptic � digest, the peptide mixtures are analysed for the presence of
proteins, their (relative) amounts, and sometimes also for post-translational modi�cations.
Often data from a few unique peptides per protein is su�cient for this type of analysis, as
it typically delivers a little bit of information about a lot of proteins. Finding out, on the
other hand, a lot about one protein or complex however requires a di�erent approach. It is
often underestimated how important sequence variations (e.g. truncations, mutations, frame
shifts) and post-translational modi�cations are for protein function. Such detailed, molecu-
lar characterization typically works with intact, undigested proteins which can be denatured
(so-called �top-down� MS) or even remain under non-denaturing conditions (�native MS�)
which allows to study higher-order structure such as folding, conformational ensembles and
formation of complexes. In this �rst lecture, we apply the knowledge of electrospray ioniza-
tion, tandem MS and ion mobility to study various aspects of protein primary to quaternary
structure, illustrating the experimental strategy with a number of examples.

Dynamic protein structure: From protein disorder to membrane
pores

This lecture focuses on aspects of dynamic and heterogeneous protein conformations and
assemblies, using an integrated structural approach based on "native" mass spectrometry,
ion mobility, and other biophysical methods. We will brie�y introduce the di�erent mass
spectrometry-based Structural Proteomics approaches, and highlight the type of data which
they can generate, and how they can be integrated with other structural information and with
computational models. Speci�cally, we are going to show recent results on the detection and
characterization of intrinsic disorder in proteins, including alpha-synuclein and the apoptosis-
related BAX protein. A range of folding states, from disordered to compact, are characterized
and interpreted using molecular dynamics approaches. These data link the conformational
state of the protein with their association into larger oligomers, which are believed to be able
to form membrane pores. We use detergent micelles, lipid bilayers (bicelles) and nanodiscs
for both native MS and covalent labelling of exposed parts of the protein, and apply these
techniques to various di�erent ion channels including the mechanosensitive channel of large
conductance (MscL). Using covalently attached, charged ligands inside the MscL channel, we
can mimic the e�ect of mechanical pressure on the surrounding membrane and characterize
various opening states using ion mobility-MS, electron microscopy, EPR spectroscopy and
other biochemical and computational methods, in the absence of lipids.
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How to determine 3D structures of macromolecules by cryo-EM �
Methodological aspects

Single particle cryo electron microscopy (cryo-EM) has developed into a powerful tech-
nique to determine 3D structures of large macromolecular complexes. Due to improvements
in instrumentation and computational image analysis, the number of high-resolution struc-
tures is steadily increasing. The method can be used to determine high-resolution structures
but also to study the dynamic behavior of macromolecular complexes and thus represents a
very complementary method to X-ray crystallography. It requires macromolecular complexes
puri�ed to homogeneity and imaged in a cryo-electron microscope at low temperatures. 3D
structures can then be computed from the 2D projection images using advanced computa-
tional image processing tools. The basic idea of the single particle cryo-EM method will be
described in the lecture as well as the requirements on samples and the current limitations
of the technology.

Visualizing the dynamic behavior of macromolecules by cryo-EM

The number of high-resolution structures obtained by cryo-EM is still exponentially grow-
ing. Even though the number of recently solved high-resolution structures is impressive, the
resolution peak in the EMDB database is still rather in the 5-6 Angstrom regime which
does not allow building of atomic models. A typical observation is also that large parts of
a macromolecular complex can be observed at low resolution only whereas high resolution
can be obtained for the core of the complex. A certain amount of motion represents the
typical limitation in cryo-EM structure determination which is related to the intrinsic dy-
namic behavior of macromolecules and normally results in a resolution loss. However, using
advanced image processing tools it is now also possible to study this dynamic behavior and
extract valuable information about the conformational dynamics of macromolecules. This
information can be very useful to correlate internal motion with function and visualize e�ects
such as the allosteric regulation of a complex by drug binding.
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Multi-frequency EPR spectroscopy of membrane proteins

Electron paramagnetic resonance (EPR) spectroscopy in combination with site-directed
spin labeling (SDSL) has emerged as a powerful method to study the structure and con-
formational dynamics of membrane proteins. EPR spectroscopy of spin label side chains
introduced into a protein provides structural and dynamic information for restraint model-
ing of protein domains, protein-protein or protein-lipid interaction and for following confor-
mational changes with high temporal and spatial resolution. Double electron-electron reso-
nance (DEER) spectroscopy not only reveals average interspin distances but also provides
distance distributions making this approach very valuable for determining heterogeneity of
complex systems, e.g., of membrane protein complexes in their native environment or for
characterizing thermodynamic equilibria of protein conformations. The �rst part of the lec-
ture will cover the basics of SDSL EPR and new developments in the area of SDSL [1, 2].
The second lecture will present applications with examples on the conformational dynamics
of the halobacterial phototaxis sensory rhodopsin-transducer complex and transmembrane
substrate transporters. Chemotaxis and phototaxis of bacteria and archaea regulate cell
motility through two-component signal transduction pathways. The lecture will provide an
overview about the �ndings of the last decade, which served to understand the basic princi-
ples microorganisms use to adapt to their environment. We document the time course of a
signal being perceived at the membrane, transferred across the membrane [3] and show, how
this signal modulates the dynamic properties of a HAMP domain [4], an ubiquitous signal
transduction module found in various protein classes.

Background Papers

[1] Bordignon E, Steinho� HJ (2007) Membrane protein structure and dynamics studied by site-
directed spin labeling ESR. In: Hemminga MA and Berliner LJ (eds). ESR Spectroscopy in
Membrane Biophysics. Springer Science and Business Media, New York, 129-164

[2] 2) Klare JP, Bordignon E, Engelhard M, Steinho� HJ (2011) Transmembrane signal trans-
duction in archaeal phototaxis: the sensory rhodopsin II-transducer complex studied by electron
paramagnetic resonance spectroscopy. Eur. J. Cell Biol. 90, 731-739

[3] Klare JP, Steinho� HJ (2014) Structural Information from Spin-Labelled Membrane-Bound Pro-
teins. Struct. Bond 152, 205-248

[4] Klose D, Voskoboynikova N, Orban-Glass I, Rickert C, Engelhard M, Klare JP, Steinho� H-J
(2014) Light-induced switching of HAMP domain conformation and dynamics revealed by time-
resolved EPR spectroscopy. FEBS Letters 588: 3970-3976
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Surface-tension-based models of tissues

Many mechanical aspects of epithelial tissues can be interpreted in terms of models where
cells are viewed as drops of incompressible liquid carrying a surface tension. We review
the basic theoretical concepts related to this model and the key experiments supporting it.
We discuss the di�erential adhesion hypothesis as an early yet still fresh incarnation of the
surface-tension-based model, which can explain tissue aggregation, mixing, engulfment, and
dispersal. After sketching the general aspects of the in-plane structure of epithelia, we turn
to the tension-related elements of physical models of these tissues. Then we describe the
tension-based models of non-trivial epithelial shapes such as folds, which highlight the role of
apico-basal internal stresses in the formation of these shapes. We also discuss the theoretical
models of gastrulation in Drosophila, the di�erential-adhesion-hypothesis interpretation of
convergent extension, the two-drop model of epiboly in zebra�sh embryo, and selected other
applications of the model including the recent results obtained within the dynamical 3D
vertex-model implementation.
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Forces that divide the chromosomes

Our bodies are built from around 100 trillion individual cells, each of which contains 46
chromosomes that carry our genetic material. This enormous number of cells originates from
a single cell that is the product of fertilization of an egg with a sperm. Thus, cell division
is one of the most fundamental processes in the living world. At the onset of division
the cell assembles the mitotic spindle, a fascinating and complex micro-machine made of
microtubules and the accompanying proteins. The microtubules move the chromosomes
around and �nally line them up in the middle of the spindle. When all chromosomes are
ready, sister chromatids are moved apart towards the opposite spindle poles. The central
question in this �eld of research is how the mitotic spindle manages to divide chromosomes
into two equal sets without errors. Understanding how proper chromosome segregation is
achieved in cells and how it is controlled will help to identify new strategies for prevention and
treatment of diseases such as cancer and genetic disorders caused by chromosome segregation
errors. By taking an interdisciplinary approach, in which we combine cell and molecular
biology, cutting-edge microscopy, optogenetics, laser microsurgery, computer science and
theoretical physics, my group explores how the mitotic spindle self-assembles and how forces
that move the chromosomes are generated.

Review papers:

[1] Toli¢ IM. (2018) Mitotic spindle: kinetochore �bers hold on tight to interpolar bundles. Eur
Biophys J. 47(3): 191-203

[2] Pavin N, Toli¢, IM. (2016) Self-organization and forces in the mitotic spindle. Annu. Rev.
Biophys. 45: 279-298

Research papers:

[1] Vuku²i¢ K, Bu�a R, Bosilj A, Milas A, Pavin N, Toli¢ IM. (2017) Microtubule Sliding within the
Bridging Fiber Pushes Kinetochore Fibers Apart to Segregate Chromosomes. Dev Cell. 43(1):
11-23

[2] Kajtez J, Solomatina A, Novak M, ...Pavin N, Toli¢ IM. (2016) Overlap microtubules link sister
k-�bres and balance the forces on bi-oriented kinetochores. Nat. Commun. 7, 10298

Methods papers:

[1] Milas A, Jagri¢ M, Martin£i¢ J, Toli¢ IM. (2018) Optogenetic reversible knocksideways, laser
ablation, and photoactivation on the mitotic spindle in human cells. Methods Cell Biol. 145:
191-215

[2] Bu�a R, Vuku²i¢ K, Toli¢ IM. (2017) Dissection and characterization of microtubule bundles in
the mitotic spindle using femtosecond laser ablation. Methods Cell Biol. 139: 81-101
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anthony.watts@bioch.ox.ac.uk
www. bioch. ox. ac. uk/ ~awatts/

Principles of biological solid state NMR

Lecture Synopsis:

• NUCLEAR MAGNETIC RESONANCE: FUNDAMENTALS

1. Sample form for solid state NMR

2. Why solid state NMR � comparison with solution state NMR

3. Concept of anisotropy, membrane examples

4. The magic angle

5. Magic angle spinning, cross polarization, and recoupling

6. Distance measurements through dipolar recoupling

7. Isotopic substitutions

8. Instrumental requirements

• STRUCTURAL BIOLOGY

1. Silk �bres

2. Amyloids

3. SH3 domain

4. Antibiotic con�rmation at site of action

5. Oriented peptides in membranes

6. Retinals in photoreceptors

Solid state NMR can be applied to a wide range of sample morphologies and hydration
states, and for large (MWt� kDa) systems, is ideally placed to complement other structural
methods[1]. In particular, �brous proteins, membrane systems and crystalline systems have
been studied, with very high resolution atomistic details being resolved through the use of
recoupling and magetization transfer approaches[1, 2]. NMR is a short-range method, and
so nuclear detail over short distances can be resolved. In addition, since anisotropy can be
exploited in oriented systems, the vectorial arrangements of secondary structure elements
can be resolved, something that is lost in isotropic approaches. Here, the principles of
solid state NMR will be explained in a practical way, and then some illustrative examples
presented[3, 4, 5, 6].
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[1] Watts A, Straus SK, Grage S, Kamihira M, Lam Y-H, Xhao Z (2003) embrane protein structure
determination using solid state NMR. In: Methods in Molecular Biology � Techniques in Protein

NMR Vol. 278 (ed. Downing K), Humana Press, New Jersey pp. 403-474.

[2] Grage SL and Watts A (2007) Applications of REDOR for distance measurements in biological
solids. Annual Reports in NMR 60:192-228.

[3] Judge PJ and Watts A (2011) Recent contributions from solid-state NMR to the understanding
of membrane protein structure and function. Curr Opin Chem Biol 15:690�695.

[4] Gröbner G, Burnett IJ, Glaubitz C, Choi G, Mason AJ & Watts A (2000) Observation of light
induced structural changes of retinal within rhodopsin. Nature 405:810-813.

[5] Higman VA, Varga K, Aslimovska L, Judge PJ, Sperling LJ, Rienstra CM, Watts A (2011)
The conformation of Bacteriorhodopsin loops in purple membranes resolved by solid-state MAS
NMR spectroscopy. Angew Chem Int Ed 50:1-5.

[6] Cross TA, Murray DT, Watts A (2013) Helical membrane protein conformations and their
environment. European Biophysics Journal 42:731-755.
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NMR of membrane proteins - Drug targeting

Systems studied

1. H/K-ATPase and peptic ulcer inhibitors

2. Mapping inhibitor binding site

3. Importance of dynamics in drug design

4. Na/K-ATPase and oubain conformation

5. Ligand gated ion channel, nAChR

6. Cation-p interactions, ligand conformation

7. Understanding the gating mechanism

8. GPCRs

The interactions between macromolecules and small molecules take place on a wide range
of timescales. Probing their structure and dynamics is a major challenge, especially for
membrane targets, and such information is required to supplement rigid atom detail and
functional description, where available. It is now possible to resolve local dynamics within
a membrane bound protein at near physiological conditions in natural membrane fragments
or in reconstituted complexes, using solid state NMR approaches[1, 2]. This information is
obtained by isotopically ( 2H, 13C, 19F, 15N, 17O) labeling selective parts of either a ligand,
or the protein understudy, and observing the nucleus in non-crystalline, macromolecular
complexes[3, 4, 5].

Ligands with complex structure have di�erential mobility at their binding sites. Substi-
tuted imidazole pyridines, for example, which inhibit the H+/K+-ATPase and have thera-
peutic use, are constrained in the imidazole moiety, but shows signi�cant �exibility at the
pyridine group[6] (see �gure). It is this group which has a direct interaction with an aro-
matic (phe198) residue, with the potential for p-electron sharing[7]. Similarly, the steroid
moiety of ouabain undergoes motions which are similar to those of the protein, but the rham-
nose undergoes a high degree of �exibility at fast rates of motions whilst interacting with
Tyr198[8]. The quaternary ammonium group of acetyl choline, undergoes both kinds of in-
teraction which are driven by thermal �uctuations and may be functionally signi�cant[9, 10].
More recently, challenging GPCR-ligand interactions have been examined, ahead of crystal
studies[11].
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[1] Watts A (2005) Solid state NMR in drug design and discovery. Nature Drug Discovery 4:555-
568.

[2] Watts A, Straus SK, Grage S, Kamihira M, Lam Y-H, Xhao Z (2003) Membrane protein
structure determination using solid state NMR. In: Methods in Molecular Biology � Techniques

in Protein NMR Vol. 278 (ed. K. Downing), Humana Press, New Jersey, pp. 403-474.

[3] Watts A (1999) NMR of drugs and ligands bound to membrane receptors. Curr Op in Biotechn

10:48-53.

[4] Watts A (2002) Direct studies of ligand-receptor interactions and ion channel blocking. Mol

Memb Biol 19:267-275.

[5] Grage SL & Watts A (2007) Applications of REDOR for distance measurements in biological
solids. Annual Reports in NMR 60:192-228.

[6] Watts JA, Watts A, Middleton DA (2001) A model of reversible inhibitors in the gastric H+/K+-
ATPase binding site determined by REDOR NMR. J Biol Chem 276:43197- 43204..

[7] Kim CG, Watts JA, Watts A (2005) Ligand docking in the gastric H+/K+-ATPase - homology
modelling of reversible inhibitor binding sites. J Med Chem 48:7145-7152.

[8] Middleton DA, Rankin S, Esmann M, Watts A (2000) New structural insights into the binding of
cardiac glycosides to the digitalis receptor revealed by solid-state NMR. PNAS 97:13602-13607.

[9] Williamson PTF, Watts JA, Addona GH, Miller KW, Watts A (2001) Dynamics and orientation
of N+(CD3)3-bromoacetylcholine bound to its binding site on the nicotinic acetylcholine receptor.
PNAS 98:2346-2351.

[10] Williamson PTF, Verhoeven A, Miller KW, Meier BH, Watts A (2007) The conformation of
acetylcholine at its target site in the membrane-embedded nicotinic acetylcholine receptor. Proc
Nat Acad Sci USA 104:18031-18036.

[11] Ding X, Zhao X, Watts A (2013) G-protein-coupled receptor structure, ligand binding and
activation as studied by solid-state NMR spectroscopy. Biochem J 450:443-457.
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bojan.zagrovic@univie.ac.at

Lecture 1: More dynamic than we think? On conformational aver-
aging in structural biology

The majority of experimental methods in structural biology provide time- and ensemble-
averaged signals and, as a consequence, molecular structures based on such signals often
exhibit idealized, average features. Moreover, most experimental signals are only indirectly
related to real, molecular geometries, and solving a structure typically involves a complex
procedure, which may not always result in a unique solution. To what extent do such
conformationally-averaged, non-linear experimental signals and structural models derived
from them accurately represent the underlying microscopic reality? Are there certain struc-
tural motifs that are actually arti�cially more likely to be "seen" in an experiment simply due
to the averaging artifact? Finally, what are the consequences of ignoring the averaging e�ects
when it comes to functional and mechanistic implications of experimentally-based structural
models? Here, I will discuss these questions with a particular focus on nuclear magnetic
resonance, X-ray scattering methods and di�erent types of spectroscopy and address their
individual susceptibility to conformational (motional) averaging.

Lecture 2: RNA-protein interactions and the origin of the genetic
code

The relationship between mRNA and protein sequences as embodied in the genetic code
is a cornerstone of modern-day molecular biology. However, a potential connection between
physico-chemical properties of mRNAs and cognate proteins, with implications concerning
both code's origin and mRNA-protein interactions, remains largely unexplored. In this
talk, I will present some recent evidence which both supports as well as markedly rede�nes
the stereo-chemical hypothesis concerning the origin of the genetic code i.e. that the code
evolved as a consequence of direct interactions preferences between nucleobases and amino
acids. Importantly, I will explore the possibility that the physicochemical rationales, which
led to the development of code's structure, may still be relevant in present-day cells.
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Accurate identi�cation of microorganisms
Amela Hozi¢1, Janko Dimini¢2, Andrija �tajduhar3, Mario Cindri¢1*
1 Ru�er Bo²kovi¢ institute, Division of molecular medicine, Bijeni£ka 54, Zagreb, Croatia
2 Faculty of food technology and biotechnology, Pierottijeva 6, Zagreb, Croatia
3 Croatian institute for brain research, School of medicine, University of Zagreb, �alata 12, Zagreb,
Croatia
amela.hozic@irb.hr

Majority of currently used LC-MS/MS techniques for protein identi�cation is based on
database matching of non-derivatized peptide signals recorded in positive ion mode. Al-
though widely used, such an approach does not always provide satisfactory sequence coverage
to unambiguously identify a protein sample.

Protein de novo sequencing concept using CAF-/CAF+ reagent (chemically activated
fragmentation negative/chemically activated fragmentation positive) enables fast, highly ac-
curate, reliable and easy to use identi�cation of microorganisms down to the species and
subspecies level. CAF-/CAF+ (5-formylbenzene-1,3-disulfonic acid*) is a chemical reagent
for the derivatization of peptide samples prior to analysis by tandem mass spectrometry
(MS/MS) that enables gathering of both positive and negative peptide ions datasets. Pep-
tide sequences are read from both positive and negative MS/MS spectra and matched against
the NCBInr database by developed software named ProteinReader.

We present results that show identi�cation of microorganisms down to the subspecies
level using either MALDI- or ESI-TOF technique.

*EP2710380 A1, US 8647880
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Nanomechanical characterization of marine microalgal
cells in bu�er solution
N. Ivo²evi¢ DeNardis*
Division for Marine and Environmental Research, Ru�er Bo²kovi¢ Institute, Zagreb
* ivosevic@irb.hr

Marine microalgae as the globally important primary producers, drivers of essential bio-
geochemical cycles as well as the basis of the aquatic food web. Many stressors (e.g. salinity,
temperature, pH, light, nutrients, pollutants, toxicants) in the aqueous environment a�ect
algal cell growth, adaptation, physiological activity, and complex biochemical processes in
the cell, which may have consequences in the food web structure. In addition to their eco-
logical roles as oxygen producers and as the food base for almost all aquatic life, algae are
economically important for biofuel production and as sources of food and pharmaceutical and
industrial products. The unicellular green �agellate Dunaliella tertiolecta (D. tertiolecta) is
widespread in aquatic ecosystems due to their tolerance to a wide range of salinities, light in-
tensities, and temperature. Dunaliella lacks a rigid polysaccharide cell wall and is enclosed
by a thin elastic plasma membrane covered by a mucous surface coat and possesses pro-
nounced motility. Aim is to determine and compare the mechanical properties of algal cells
before and after exposure of culture to high concentration of heavy metal which may help
us to understand better algal cell response and adaptation to stress condition. Students will
be introduced with immobilization procedure of motile algal cells to a modi�ed substrate.
High resolution AFM imaging will be used to determine structural details. AFM coupled
to �uorescence microscopy will be used to determine nanomechanical properties of the cells
and to correlate mechanical properties with certain cellular structure.
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Application of AFM technique for monitoring the treat-
ment of selected skin diseases
T. Kobiela1*, A. Sobiepanek1, R. Galus2

1 Laboratory of Biomolecular Interaction Study, Chair of Drug and Cosmetics Biotechnology, Faculty
of Chemistry, Warsaw University of Technology, Warsaw, Poland
2 Department of Histology and Embryology, Medical University of Warsaw, Warsaw, Poland
* kobiela@ch.pw.edu.pl

Skin diseases are a problem a�ecting a growing percentage of the population. One of the
most common dermatological diseases is atopic dermatitis (AD) (dermatitis atopica / eczema
atopicum). Lack of diagnostic tests which would enable an easy and precise identi�cation
of this disease and its variable clinical features often cause a problem in diagnosis. AD is
a condition caused by a large number of endogenous and exogenous factors that interact
with various processes of the immune system. Atopic dermatitis is characterized by a wide
spectrum of clinical features which di�er accordingly to patients' age. Symptoms include
strong pruritus, exudative changes, scabs, abnormal dryness of the skin or changes in its
pigmentation. Due to di�erences in the course of the disease, the type of treatment is selected
individually. Treatment programs include both daily care in the form of skin moisturizing
as well as a number of local and oral medicines, phototherapy or systemic therapies.

The aim of the study was to conduct a research of corneocytes of people a�ected by atopic
dermatitis. We present a process for imaging and analyzing topographical and mechanical
properties of corneocytes in their most native conditions, combining a novel method for tape
stripping, AFM characterization and statistical analysis. Both cells from pathological areas,
as well as from those showing no pathological changes for comparative purposes, were used
for the study. Our results indicate a probable relationship between the Young's modulus
and the health state of the cells.
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Role of EPR spectroscopy in syntehesis and sterilization
of dental bone graft materials based on calcium sulfate
Timor Grego1, Lara �tajner2, Damir Kralj2, Nadica Maltar-Strme£ki3*
1University Hospital Centre Zagreb, Ki²pati¢eva 12, Zagreb, Croatia
2Division of Materials Chemistry, Ru�er Bo²kovi¢ Institute, Bijeni£ka c. 54, Zagreb, Croatia
3Division of Physical Chemistry, Ru�er Bo²kovi¢ Institute, Bijeni£ka c. 54, Zagreb, Croatia
nstrm@irb.hr

Calcium sulfate (CaS) based materials are frequently used as dental implants. CaS is
higly biocompatible material and does not interfere with healing process [1]. In the use, there
are two modi�cations, calcium sulfate dihydrate (CSDH) and calcium sulfate hemihydrate
(CSHH). Before the implementation all implants, does not matter of the origin, need to be
sterilized and it is usually done with X or gamma irradiation. Unfortunately, the research
of irradiation on the implants based on phosphates are scarce [2], but for sulfates are not
to be �nd. Brie�y it should provoke the formation and stabilization of radicals. That is
why the structures of CSDH and CSHH as well as commercial material Bond bone, which is
the mixture of both, are investigated before and after the gamma irradiation with electron
paramagnetic resonance (EPR) spectroscopy, thermogravimetry (TG) and Fourier transform
infrared spectroscopy (FTIR). The results have shown that EPR spectroscopy is a method
which can be used to improve the quality control of bone graft materials after syntering,
processing and sterilization procedure.

[1] Bago� R, Mamidwar S, Chesnoiu-Matei I, Ricci JL, Alexander H, Tovar NM. (2013) Socket
Preservation and Sinus Augmentation Using a Medical Grade Calcium Sulfate Hemihydrate and
Mineralized Irradiated Cancellous Bone Allograft Composite. J. Oral Implantol. 39(3):363�371.

[2] Matkovi¢ I, Maltar-Strme£ki N, Babi¢-Ivan£i¢ V, Dutour Sikiri¢ M, Noethig-Laslo V. (2012)
Characterisation of β-tricalcium phosphate-based bone substitute materials by electron paramag-
netic resonance spectroscopy. Radiat. Phys. Chem. 81(10):1621�1628.
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Supramolecular structure of marine gel studied by atomic
force microscopy
Tea Mi²i¢ Radi¢*
Laboratory for marine and atmospheric biogeochemistry, Division for marine and environmental
research, Ru�er Bo²kovi¢ Institute, Zagreb, Croatia
* tmisic@irb.hr

Self-assembly of marine biopolymers into gel phase has emerged as a dominant concept
of abiotically formed organic particles in seawater. It is suggested that about 10% of surface
seawater dissolved organic matter (DOM) can self-assemble as polymer gels. A broad poly-
dispersity of marine gels ranges from microscopic to macroscopic dimensions and the massive
appearance of gelatinous macroaggregates known as `mucilage have been reported for a few
coastal seas including northern Adriatic Sea. The phenomenon manifests itself in a massive
appearance of large amounts of gelatinous aggregates up to several metres in diameter in
the water column (`clouds') and on the sea surface covering up to tens square kilometres, as
documented by satellite images.

Determination of the supramolecular structure of marine gel networks emerges as a key
step towards understanding mechanism of marine gel formation and understanding the role
of the gel phase in the ocean. Here, we introduced atomic force microscopy (AFM) as a
direct imaging technique to reach this goal.
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Proto�lament length dispersion analysis in the context of
microtubule catastrophes
Veronika V. Alexandrova1, Nikita B. Gudimchuk1,2,3∗

1 Faculty of Physics, Lomonosov Moscow State University, Moscow, Russia
Supercrazybird@gmail.com
2 Center for Theoretical Problems of Physico-Chemical Pharmacology, Russian Academy of Sciences,
Moscow, Russia
3 Dmitry Rogachev National Scienti�c and Practical Center of Pediatric Hematology, Oncology, and
Immunology, Moscow, Russia
* Nikita_gb@mail.ru

A property called dynamic instability enables microtubules (MT), biological molecular
motors assembled from tubulin polymers, to abruptly switch between elongation and short-
ening phases, promoting an ability of e�ective cellular space investigation when searching
and capturing chromosomes in mitosis. Rapid disassembly of microtubules, termed catas-
trophes, occurs many times during the microtubule life. Still, the mechanism of catastrophe
transition remains unclear. One of the well-documented fact is that catastrophe events are
more likely for microtubules with a longer lifetime, a phenomenon termed aging. A hypoth-
esis of gradual tapering tip was suggested [1] to explain the uneven catastrophe distribution
through the MT lifetime. To con�rm the hypothesis, a mathematical model of microtubule
dynamics was used, as well as the results of total internal �uorescence microscopy. However,
we have demonstrated that the established model found no tapering in the usual sense of
the word. Our simulation of non-hydrolysable tubulin dimers in terms of kinetic approach
revealed two cases when morphological changes at the MT tip could have long-term e�ect
depending on parameter sets. In the �rst case an increase of catastrophe frequency is turned
out to be mostly a consequence of arti�cially implemented limitations, which eventually
give rise to implausible forms of the microtubule tip that would be detectable with cryo-
electron microscopy, if any. Meanwhile the second mechanism provide more �natural� tip
con�guration by gaining more autonomy over interproto�lament interaction. In addition,
our theoretical calculations were supplemented with experimental underpinnings as we pro-
pose an explanation of the observed tapering in TIRF microscopy basing on peculiarities of
the method. This analysis expands and illuminates existing ideas and what's more, implies
to review some widely held assumptions about catastrophe triggers.

[1] Coombes et al. (2013) Evolving tip structures can explain age-dependent microtubule catastrophe.
Curr. Biol. 23, 1342�1348.
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Regulation of FMN biosynthesis in H. sapiens: Kinetics
and thermodynamics of the ribo�avin kinase activity
E. Anoz-Carbonell1,2,3*, A. Velázquez-Campoy1,2, J. A. Aínsa1,3, M. Medina1,2*
1 Instituto de Biocomputación y Física de Sistemas Complejos (BIFI), Universidad de Zaragoza,
Zaragoza, Spain
2 Departamento de Bioquímica y Biología Molecular y Celular, Universidad de Zaragoza, Zaragoza,
Spain
3 Dpto. Microbiología, Medicina Preventiva y Salud Pública, Universidad de Zaragoza, Zaragoza,
Zaragoza, Spain
* mmedina@unizar.es

The human ribo�avin kinase (HsRFK) exhibits ATP:ribo�avin kinase activity (RFK)
and, therefore, catalyzes the biosynthesis of the essential cofactor �avin mononucleotide
(FMN) [1, 2]. This �avin cofactor, together with �avin adenine dinucleotide (FAD), is key
essential not only in energetic metabolism but also as cofactor of a plethora of �avoproteins
and �avoenzymes [3]. Hence, its production should be thoroughly regulated to maintain
the cellular and �avoproteome homeostasis. In our group, we have previously characterized
the catalytic activity of the C-terminal RFK modules of di�erent prokaryotic bifunctional
FAD synthetases (FADS) [4], enzymes exhibiting sequence and structural similarity with the
eukaryotic monofunctional counterparts. Herein, we focus on the regulation of the FMN
synthesis in Homo sapiens through the kinetic and thermodynamic characterization of the
interactions of HsRFK with their substrates and products, in the context of the available
structural information.

[1] Karthikeyan S, Zhou Q, Osterman A L, Zhang H (2003) Ligand binding-induced conforma-
tional changes in ribo�avin kinase: structural basis for the ordered mechanism. Biochemistry
42, 12532�12538.

[2] Karthikeyan S, Zhou Q, Mseeh F, Grishin N V, Osterman A L, Zhang H (2003) Crystal structure
of human ribo�avin kinase reveals a β barrel fold and a novel active site arch. Structure 11,
265�273

[3] Lienhart W, Gudipati V, Macheroux P (2013) The human �avoproteome. Arch. Biochem. Bio-
phys. 535, 150�162.

[4] Sebastián M, Serrano A, Velázquez-Campoy A, Medina M (2017) Kinetics and thermodynamics
of the protein-ligand interactions in the ribo�avin kinase activity of the FAD synthetase from
Corynebacterium ammoniagenes. Sci Rep.
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3D modeling of BmpA, BmpB, BmpC and BmpD from
Borrelia burgdorferi

Mia Åstrand1, Julia Cuellar2, Jukka Hytönen2, Tiina A. Salminen1*
1 Structural Bioinformatics Laboratory, Åbo Akademi University, Turku, Finland
2 Department of Medical Biochemistry and Genetics, University of Turku, Finland

B. burgdorferi is one of the main Borrelia species causing Lyme disease in humans. The
pathogens are transmitted by the Ixodes ticks, and there are 60 000 � 200 000 Lyme disease
infections in Europe annually. The BmpA, BmpB, BmpC and BmpD proteins are expressed
by B. burgdorferi in infected patients, but the exact role of the proteins is still unknown.
The Bmp proteins are reported to be homologous to T. pallidum PnrA (Purine nucleoside
receptor A), which has been characterized as a substrate-binding lipoprotein of the ATP-
binding cassette (ABC) transporter family, preferentially binding purine nucleosides. Based
on our 3D homology models, the Bmp proteins share the typical fold of the substrate-binding
protein family. Moreover, the residues involved in binding the ribose moiety of the nucleoside
are highly conserved in the Bmp models, whereas the residues in the purine binding site are
less conserved. In particular, the BmpC model has di�erences in the residues binding the
base moiety of the nucleoside. In conclusion, the revealed di�erences indicate that the Bmp
proteins could prefer di�erent nucleosides and, thus, might have distinct biological functions.

[1] Sykes, R.A (2014) An Estimate of Lyme Borreliosis Incidence in Western Europe. Res Medica
22, 76.

[2] Simpson, W.J., Schrumpf, M.E., Schwan, T.G. (1990) Reactivity of human Lyme borreliosis
sera with a 39-kilodalton antigen speci�c to Borrelia burgdorferi. J. Clin. Microbiol. 28, 1329�37.

[3] Bryksin, A. V, Godfrey, H.P., Carbonaro, C.A., Wormser, G.P., Aguero-Rosenfeld, M.E., Ca-
bello, F.C (2005) Borrelia burgdorferi BmpA, BmpB, and BmpD proteins are expressed in hu-
man infection and contribute to P39 immunoblot reactivity in patients with Lyme disease. Clin.
Diagn. Lab. Immunol. 12, 935�40.

[4] Ramamoorthy, R., Povinelli, L., Philipp, M.T (1996) Molecular characterization, genomic ar-
rangement, and expression of bmpD, a new member of the bmp class of genes encoding membrane
proteins of Borrelia burgdorferi. Infect. Immun. 64, 1259�1264.

[5] Deka, R.K., Brautigam, C.A., Yang, X.F., Blevins, J.S., Machius, M., Tomchick, D.R., Nor-
gard, M. V (2006) The PnrA (Tp0319; TmpC) lipoprotein represents a new family of bacterial
purine nucleoside receptor encoded within an ATP-binding cassette (ABC)-like operon in Tre-
ponema pallidum. J. Biol. Chem. https://doi.org/10.1074/jbc.M511405200

[6] Deka, R.K., Brautigam, C.A., Biddy, B.A., Liu, W.Z., Norgard, M. V (2013) Ev-
idence for an ABC-type ribo�avin transporter system in pathogenic spirochetes. MBio.
https://doi.org/10.1128/mBio.00615-1
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NMR study on interaction of silver nanoparticles with bio-
thiols
R. Barbir1, B. Pem1, A. Selmani2, V. Vr£ek3, I. Vinkovi¢ Vr£ek1*
1 Institute for Medical Research and Occupational Health, Zagreb, Croatia, rinea.barbir@gmail.com,
bpem@imi.hr; ivinkovic@imi.hr
2 Rudjer Boskovic Instiute, Zagreb, Croatia, Atidja.Selmani@irb.hr
3 University of Zagreb, Faculty of Pharmacy and Biochemistry, Zagreb, Croatia, vvrcek@pharma.hr

Introduction of nanoparticles (NPs) to biological environments results in the formation
of the so-called �biomolecular corona� � a layer of adsorbed biomolecules on the surface
of NPs. The composition and nature of corona and its impact on pharmacodynamics and
pharmacokinetics of thusly-modi�ed NPs is a major question in nanomedicine. In this study,
we employed nuclear magnetic resonance (NMR) to evaluate interaction of silver NPs with
glutathione (GSH), an important biothiol. The selected silver NPs were functionalized with
three distinct coatings - non-ionic polyvinylpyrrolidone (PVP), positively charged poly-L-
lysine (PLL), and negatively charged sodium bis(2-ethylhexyl)sulfosuccinate (AOT). The
experiments involved exposing di�erent silver NPs to GSH, analysis of size and surface
charge by light scattering technique and tracking the change in NMR spectra of GSH.

14th International School of Biophysics 61



Participant contributions
SH

O
R
T
T
A
LK

Diagnostics applications of paper-based micro�uidics
M. Behnam Rad1, H. Ghourchian2*
1 laboratory of bioanalysis, Institute of Biochemistry and Biophysics, University of Tehran, Tehran,
Iran, behnamrad@ut.ac.ir
2 laboratory of bioanalysis, Institute of Biochemistry and Biophysics, University of Tehran, Tehran,
Iran, Ghourchian@ut.ac.ir

Diagnosis is a critical �rst step in e�ectively managing infectious diseases spread. On the
other had early detection is very crucial in the treatment of cancer disease. But prevalent and
precise diagnostic technologies such as enzyme-linked immunosorbent assay and polymerase
chain reaction are not accessible in resource-limited regions. Micro�uidics is the technology
of engineered manipulation of �uids on sub micrometers scales and through its application,
we can have precise control of �uids and rapid processing of samples beside using inexpensive
materials. Paper-based micro�uidic devices have lots of applications and had been used for
blood typing, detection of molecular biomarkers and pathogenic microorganisms. These sys-
tems are used as analytical systems for diagnostics with several advantages such as low cost,
high availability in undeveloped regions, user-friendly, rapid and precise detection. Micro�u-
idic paper-based analytical devices (µPADs) are easily scalable for large-scale production
and because of their cheap raw material could be used as the disposable point of care testing
systems.

[1] Gong MM, Sinton D. Turning the page: advancing paper-based micro�uidics for broad diagnostic
application. Chemical reviews. 2017 Jun 19;117(12):8447-80

[2] Yamada K, Shibata H, Suzuki K, Citterio D. Toward practical application of paper-based
micro�uidics for medical diagnostics: state-of-the-art and challenges. Lab on a Chip.
2017;17(7):1206-49

[3] Hu J, Wang S, Wang L, Li F, Pingguan-Murphy B, Lu TJ, Xu F. Advances in paper-based
point-of-care diagnostics. Biosensors and Bioelectronics. 2014 Apr 15;54:585-97
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Thermodynamics of interactions within ternary complexes
of eIF4E, 4E-BP and mRNA 5' cap
Michaª Biaªobrzewski1,2, Karolina Piecyk3, Marzena Jankowska-Anyszka3, Janusz
St¦pi«ski2, Edward Dar»ynkiewicz2, Anna Nied¹wiecka1*
1 Laboratory of Biological Physics, Institute of Physics, Polish Academy of Sciences, Warsaw,
Poland
2 Division of Biophysics, Faculty of Physics, University of Warsaw, Warsaw, Poland
3 Faculty of Chemistry, University of Warsaw, Warsaw, Poland
* annan@ifpan.edu.pl

The eukaryotic translation initiation 4E factor (eIF4E) is a highly conserved small globular
protein, which is responsible for recognition and selective binding of an mRNA 5' terminal
regulatory structure called �cap�. The interaction of eIF4E with the cap is particulary
important, since this is a rate-limiting step of initiation of protein biosynthesis and therefore
plays a crucial role in cell development, growth and survival [1]. The elevated level of eIF4E
leads to the e�cient translation of oncoproteins and is closely related to the progression
of cancer. eIF4E is thus thought to be a promissing target of anticancer therapy [2]. A
thermodynamic approach to the search for small molecule inhibitors of eIF4E is still an
open idea [3].

The goal of the studies was to determine thermodynamic parameters of the binary in-
teractions of eIF4E with chemical mRNA 5' cap analogues, and within ternary complexes
including 4E-BP1. The results obtained reveal the relationship between the cap analogues
structure and thermodynamic parameters of the binding (∆H0, ∆S0, ∆G0, ∆C0

p). This
approach provided us with a deeper insight into the association process of mRNA 5' cap
analogues with eIF4E.

[1] Siddiqui N, Sonenberg N (2015) Signalling to eIF4E in cancer. Biochem Soc Trans. 43(5):763-
72.

[2] Prasad A, Shrivastava A, Papadopoulos E, Kuzontkoski PM, Reddy MV, Gillum AM, Kumar R,
Reddy EP, Groopman JE (2013) Combined administration of rituximab and on 013105 induces
apoptosis in mantle cell lymphoma cells and reduces tumor burden in a mouse model of mantle
cell lymphoma. Clin Cancer Res. 1;19(1):85-95.

[3] Niedzwiecka A, Darzynkiewicz E, Stolarski R (2004) Thermodynamics of mRNA 5' cap binding
by eukaryotic translation initiation factor eIF4E. Biochemistry ;43(42):13305-17.
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Physiological and proteomic responses of tobacco seedlings
exposed to silver nanoparticles
Renata Biba1*, Petra Peharec �tefani¢1, Petra Cvjetko1, Ana-Marija Domijan2, Ilse
Letofsky-Papst3, Mirta Tkalec1, Sandra �iki¢4, Mario Cindri¢5, Biljana Balen1

1 Department of Biology, Faculty of Science, University of Zagreb, Horvatovac 102a, 10000 Zagreb,
Croatia
2 Department of Pharmaceutical Botany, Faculty of Pharmacy and Biochemistry, University of
Zagreb, Ante Kova£i¢a 1, 10000 Zagreb, Croatia
3 Institute of Electron Microscopy and Nanoanalysis (FELMI), Graz University of Technology, Graz
Centre for Electron Microscopy (ZFE), Austrian Cooperative Research (ACR), Steyrergasse 17, 8010
Graz, Austria
4 Department of Ecology, Andrija �tampar Teaching Institute of Public Health, Mirogojska cesta 16,
10000 Zagreb, Croatia
5 Ru�er Bo²kovi¢ Institute, POB 1016, 10 000 Zagreb, Croatia
* renata.biba@biol.pmf.hr

Since silver nanoparticles (AgNPs) are the dominating nanomaterial in consumer prod-
ucts, there is a growing concern about their impact on the environment. Although numerous
studies on the e�ects of AgNPs on living organisms have been conducted, interaction of Ag-
NPs with plants is still not fully clari�ed. To reveal the plant mechanisms activated after
exposure to AgNPs and to di�erentiate between e�ects speci�c for nanoparticle and ionic
silver, we investigated physiological and proteomic changes in seedlings of tobacco (Nicotiana
tabacum) after 30 day-exposure to commercial AgNPs and AgNO3. The higher Ag content
was measured in seedlings exposed to AgNPs than to AgNO3 of the same concentration.
However, obtained results on oxidative stress parameters revealed that in general higher
toxicity was recorded in AgNO3-treated seedlings compared to those exposed to nanosilver.
The presence of silver in the form of nanoparticles was con�rmed in the root cells, which
may explain the lower toxicity of AgNPs. Proteomic study showed that both AgNPs and
AgNO3 can a�ect photosynthesis. Moreover, majority of the proteins involved in the pri-
mary metabolism were up-regulated after both types of treatments, indicating that enhanced
energy production, which can be used to reinforce defensive mechanisms, enables plants to
cope with silver-induced toxicity.
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Quantitative analysis of overlapped peaks
A.L. Brki¢1, M. Cindri¢2, A. Novak3
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One of the main goals in chromatography is to achieve optimum resolution in the minimum
time. Often this is simply not possible, or it presents a timeconsuming obstacle. Resolution
values less than 1.5 between two partially separated peaks do not ensure accurate and precise
quantitative analysis of components separated to a degree at which the area or height of
each peak may be accurately measured. For that reason, we have developed a mathematical
tool that can predict peak shape and area of potentially several unseparated peaks in such
complex signals. In our research we have used the Exponential Gaussian Hybrid (EGH)
function to model the single peak [1].

We have also tested our method on the following peak types that are frequently mentioned
in the literature, the partial cases of the universal peak shape: Gaussian, Cauchy, Pseudo
- Voigt (additive mixture of Gaussian and Cauchy), Fraser-Suzuki (asymmetric Gaussian),
Laplace, asymmetric Laplace and asymmetric Cauchy [2].

Because the measured signal is impaired by noise, some preprocessing is required. De-
noised signal is then, using the Levenberg-Marquardt (LM) method, decomposed to a sum
of EGH functions such that their superposition yields the processed signal with relative L2

error ranging from 0.2% to 2%.
We have developed a universal and robust tool that can reconstruct complex chromato-

graphic signal consisting of several unseparated chromatographic peaks.

[1] Lan, Kevin & W. Jorgenson, James. (2001). A hybrid of exponential and gaussian functions as
a simple model of asymmetric chromatographic peaks. Journal of chromatography. A. 915. 113.

[2] Caballero, Rosendo-David & C GarcÃ-a-Alvarez-Coque, M & Baeza-Baeza, Juan. (2002).
Parabolic-Lorentzian modi�ed Gaussian model for describing and deconvolving chromatographic
peaks. Journal of chromatography. A. 954. 5976.
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Rapid intact DNA/RNA analysis via ESI-MS
Jake Busuttil-Goodfellow1,2,3*
1 Department of Pharmacy and Forensic Science, King's College London, London, UK
2 Structural Chemistry group, Cancer Therapeutics Unit, Institute of Cancer Research, Sutton, UK
3 Faculty of Biological Sciences, University of Leeds, Leeds, UK
* Jake.Busuttil-Goodfellow@hotmail.com

The use of nucleic acids within research for treatment of genetic diseases and cancer has
become increasingly more prevalent. Speci�cally, research into small RNA and nucleic acids
associated with CRISPR is of particular value within this �eld. Therefore, rapid analysis of
nucleic acids with high accuracy is crucial for quality control and sequence con�rmation.

This research outlines a method for rapid analysis of DNA and RNA oligonucleotides via
HPLC-QTOF-ESI-MS. This was achieved by trapping the oligonucleotide on a C18 guard
column whilst removing bu�ers and salts, before �owing through the column in the opposite
direction to remove the nucleic acid and direct it to the Mass Spectrometer.

The method successfully ionised 14 out of the 16 samples analysed. Oligonucleotide length
appears to be the primary factor determining the ability of the method to retain the nucleic
acid, and it is proposed this is due to the varying polarity of the molecules. Further, a poly
C-10mer was not retained. Further investigation is required to determine the cause of this
lack of retention.

This method provides a suitable method for the desalting and analysis of small oligonu-
cleotides, with a speci�c focus on oligonucleotides with mixed base composition. Further
work is required to optimise the method for a broader range of oligonucleotides, and to
determine the upper limit of analysis.
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Encapsulation of a �brinolytic agent in lipid vesicles and
its clot degradation activity
Patricia M. Carvalho1*, Mariana Teixeira1,2, Diogo Sequeira1,2, Nuno C. Santos1, Marco M.
Domingues1

1 Instituto de Medicina Molecular, Faculdade de Medicina, Universidade de Lisboa. Avenida Pro-
fessor Egas Moniz, 1649-028, Lisboa, Portugal
2 Faculdade de Ciências e Tecnologia, Universidade Nova de Lisboa. Quinta da Torre, Campus
Universitário, 2829-516, Caparica, Portugal
* pcarvalho@medicina.ulisboa.pt

There is increasing evidence for a consistent association of denser �brin clot structure and
higher resistance to degradation (�brinolysis) with cardiovascular diseases (CVDs). CVDs
account for nearly one-third of deaths worldwide and there is an urgent need to overcome
this scenario. Fibrin polymerization starts by thrombin-mediated cleavage of �brinopeptides
A and B from the N-terminal of Aα- and Bβ-chains of �brinogen, respectively. This exposes
small residue sequences, knobs A and B, that interact with their respective binding pockets
on the C-terminal region of the Aα- and γ-chains of another �brinogen molecule, leading
to the formation and growth of proto�brils, which culminates in �brin �bers. The aim of
the work is to develop an encapsulated �brinolytic nanoparticle strategy with lower bleeding
risk, to be incorporated in the clot structure. We studied the impact of the empty liposome
nanoparticle on blood clot formation and lysis and demonstrated that it does not a�ect
haemostasis properties, by recording clot polymerization and lysis kinetics. Using dynamic
light scattering and zeta potential assays, we concluded that the nanoparticle is stable over
time, without any measurable aggregation or change in its surface charge. Turbidimetry
studies showed that the presence of the nanoparticles re�ected a non-signi�cant increase
in �brin �ber radius, proto�bril packing and protein content with increasing lipid concen-
trations. The �brinolytic agent tissue plasminogen activator (tPA) was added as liposome
cargo, using two di�erent methods of encapsulation, with one of them achieving 90% en-
capsulation e�ciency. Ultracentrifugation was used to separate non-encapsulated material
without triggering liposome nanoparticle aggregation. Preliminary results demonstrated a
controlled release of tPA in a solid emulation of a clot, without activity loss. The work is
now focused on optimizing the liposome nanocarrier by surface decoration with a targeting
element toward �brin clots.
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Looking for the roots of lung surfactant system: the
tighter its package is, the better functionality it has
Castillo-Sánchez J.C.1, Batllori-Badia E.2, Galindo A.3, Pérez-Gil J.1*, and Cruz A.1*
1 Biochemistry and Molecular Biology Department, Faculty of Biology, Complutense University,
Madrid, Spain. josecarc@ucm.es, jperezgil@ucm.es, acruz@ucm.es
2 Department of Obstetrics and Gynaecology. Hospital Universitario 12 de Octubre, Madrid, Spain.
ebatllori@gmail.com
3 Research Institute Hospital Universitario �12 de Octubre� (imas12) and Complutense University,
Madrid, Spain. agalindo@salud.madrid.org

The alveolar epithelium is a large structure where gas exchange takes place along respi-
ratory compression-expansion cycles. To enable such an indispensable physiological process,
alveolar type II cells (ATII) synthesize and secrete the so- called lung surfactant (LS). LS
is a complex composed of lipids and proteins and its mainly function is to reduce the sur-
face tension in the alveolar air-liquid interface. Historically speaking, pulmonary surfactant
has been exhaustively studied using surface-active materials puri�ed from bronchoalveolar
lavages of animal lungs. To deepen in the biophysical properties of LS, we ought to go
back to the drawing board. The main reason is that LS is packed into particularly active
structures called lamellar bodies (LB) by ATII. Due to respiratory mechanics, LBs form a
multilamellar membrane �lm into the alveolar air-liquid interface. Additionally, LS is recy-
cled by ATII and alveolar macrophages closing its metabolic cycle. Therefore, several LS
structures coexist in the alveolar aqueous subphase.

In this context, understanding how lipids and proteins are packed into LBs forming a
freshly synthesized LS is increasingly relevant in biomedicine and biophysics. On the one
hand, their functional properties have been proposed as an alternative to treat respiratory
pathologies where LS functionality is impaired, because surfactant administration therapies
have not been e�ective. On the other hand, LBs have been described as intriguingly dehy-
drated membrane structures where surfactant proteins have extremely important roles and
lipid protein interactions are unknown and engaging to understand the molecular mecha-
nisms underlaying the synthesis and activity of LS system.

Here, we propose a ground-breaking approach to obtain a human LS structured as LBs:
from human amniotic �uid. Experimentally speaking, we have compared its structure and
surface-active properties with those of a standard LS puri�ed from bronchoalveolar lavages
of porcine lungs. To address this objective, we have employed several biophysical techniques
and we con�rmed that the surface-active material obtained from human amniotic �uid is
assembled into LB like structures.
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Mg2+ transport in mitochondria
E. Colucci, A. Guskov
Groningen Biomolecular Sciences and Biotechnology Institute, Faculty of Science and Engineering,
University of Groningen, Nijenborgh 7, 9747 AG Groningen, The Netherlands

Mg2+ is one of a few absolutely essential ions for every living organism. It is the most
abundant divalent cation and its biological importance is highlighted by its critical role in
cellular energy metabolism, DNA transcription and replication, protein translation and many
signal transduction systems, membrane stability, and hormonal regulation. I investigate the
mammalian Mg2+ transporter Mrs2, located in the mitochondria, which is distantly related
to the bacterial CorA family of proteins. Currently only the structure of Mrs2 soluble
domain is known [1], which is not su�cient to deduct the transport mechanism of this
important molecular machinery. In my work I am using a combination of macromolecular
X-ray crystallography and cryo-electron microscopy. In this contribution I will present my
preliminary results on the expression screening and puri�cation of this important biological
target.

[1] Khan, M. B., Sjöblom, B., Schweyen, R. J., Djinovi¢-Carugo, K. (2010). Crystalliza-
tion and preliminary X-ray di�raction analysis of the N-terminal domain of Mrs2, a mag-
nesium ion transporter from yeast inner mitochondrial membrane. Acta Crystallograph-
ica Section F: Structural Biology and Crystallization Communications, 66(Pt 6), 658�661.
http://doi.org/10.1107/S1744309110012212
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Ida Dela£ Marion1*, Davor �apeta1, Borna Pieli¢1, Nata²a Vuji£i¢1, Tomislav Vuleti¢1,
Marko Kralj1

1 Center of Excellence for Advanced Materials and Sensing Devices, Institut za �ziku, Bijeni£ka
46, 10000 Zagreb
* idelac@ifs.hr

Signi�cant scienti�c and technological interest in two-dimensional (2D) materials is closely
related to the fact that today's microelectronic devices are based on 2D architectures. Ad-
ditionally, properties of 2D materials can be easily tuned e.g. by chemical functionalization
or mechanical modulation. Along with the most famous and widely researched 2D mate-
rial, graphene, attention is increasingly turning to other 2D materials, especially those with
intrinsic semiconductor properties. One such material is molybdenum disulphide (MoS2)
monolayer, a prominent member of the transition metal dichalcogenide (TMD) family. We
have explored MoS2 monolayers synthesized on a SiO2/Si wafer and transferred to Ir(111),
which enabled detailed characterization, in particular scanning tunneling microscopy and
spectroscopy (STM/STS). The established transfer procedure is applicable to a diversity of
substrates, thus opening a way for di�erent applications. The samples were extensively char-
acterized during every step of the transfer process, and MoS2 on the �nal substrate examined
down to the atomic level [1]. Conducted procedures yielded high quality monolayer MoS2 of
millimeter-scale size with an average defect density in the same range as samples obtained
by exfoliation from the bulk MoS2. The lift-o� from the growth substrate was followed by
a release of the tensile strain as measured by photoluminescence (PL). Additional function-
alization with tetrahedron shaped DNA origami constructs with thiol-groups in three of the
vertexes resulted in 16 fold increase in PL signal, while the overall spectral shape remains
unchanged. This research advances interdisciplinary research between DNA nanotechnology
and 2D TMD based device technology. The strong and stable PL from defects sites of MoS2
may have promising applications in optoelectronic devices.

[1] Dela£ Marion I, �apeta D, Pieli¢ B, Faraguna F, Gallardo A, Pou P, Biel B, Vuji£i¢ N, Kralj M
(2018) Atomic-scale defects and electronic properties of a transferred synthesized MoS2 mono-
layer. Nanotechnology 29:305703
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Casein-loaded proteoliposomes: novel delivery strategy to
inhibit Aβ1−40 �brillogenesis in Alzheimer disease
Giulia Di Prima*, Samuele Raccosta, Maria R. Mangione, Fabio Librizzi and Rita Carrotta
Consiglio Nazionale delle Ricerche � Istituto di Bio�sica,Via Ugo La Malfa 153, Palermo, Italy
* giulia.diprima@pa.ibf.cnr.it

Background: Alzheimer's disease (AD) is a chronic and progressive syndrome, which
represents the most common cause of dementia worldwide. A pathological and characteristic
AD hallmark is the deposition of amyloid plaques, composed by well-ordered amyloid β-
peptide (Aβ) �bers, in brain tissue. The Aβ aggregation process follows typical nucleation-
polymerization kinetics, characterized by structural intermediates with speci�c dimensions,
morphologies and cytotoxic activity. Some evidences shifted researchers' attention to smaller
soluble Aβ pre�brillar oligomers as they result the most toxic species. Therefore, novel
therapeutic strategies target oligomers or pre�brillar aggregates rather than mature �bers.
In particular, αs1-Casein, a natural bovine milk protein, resulted able to slow down the entire
�brillogenesis process, increase the lag-time of the nucleation phase and sequester the Aβ
peptide on its surface [1].

Future perspectives and scope: to bene�t from the remarkable therapeutic option rep-
resented by αs1-Casein in AD treatment, it is crucial to de�ne a way to e�ciently protect
proteins and deliver them to the brain in appropriate amounts. Liposomes are spherical
phospholipids-based vesicles characterized by excellent biocompatibility and biodegradabil-
ity, low toxicity, ability to incorporate and protect both hydrophilic and hydrophobic drugs
as well as ability to cross the Blood-Brain Barrier (BBB) in order to access the CNS. Based
on these considerations, novel proteoliposomes composed by phospholipids, cholesterol and
αs1-Casein were prepared in order to exploit the potentiality of liposomes in brain delivery
together with the �brillogenesis inhibition activity of αs1-Casein. The proteoliposome prepa-
ration protocol was optimized in order to obtain the best results in terms of protein-loading
and stability. Nanosystems have been characterized by di�erent biophysics techniques, such
as light scattering, zeta-potential, circular dichroism, �uorescence and AFM imaging.

[1] Carrotta R, Canale C, Diaspro A, Trapani A, San Biagio PL, Bulone D (2012) Inhibiting e�ect
of αs1-Casein on Aβ1−40 �brillogenesis. Biochimica et Biophysica Acta 1820: 124�132.
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Institute of Molecular Modeling and Simulation, University of Natural Resources and Life Sciences,
Muthgasse 18, 1190 Wien
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Proteins play a very important role in everyday life of living organisms from bacteria to
humans. They are very versatile macromolecules and their function often depends upon
their shape and structure. Therefore it is crucial to describe the properties and dynamics in
the protein backbone as accurate as possible in molecular dynamics simulations.

The parameterisation of force �elds relies on the comparing of properties obtained from
wet-lab experiments to quantities observed in simulations. Using single amino acids with
an extended backbone as model system, we simulated all 20 canonical amino acids and
parameterised to �t the experimental values on J-values and secondary structure propensities
obtained by Avbelj, Grdadolnik and co-workers [1, 2]. In order to achieve su�cient sampling
in the parameter space Hamiltonian reweighting was used in combination with heuristic
seach- and sampling schemes [3, 4]. First the best �tting parameters were obtained by
Monte Carlo search scheme and the most promising candidates were then further optimised
using steepest descent minimisation on the shifts and force constants. Finally the best sets
obtained, are simulated and validated on an set of 40 proteins.

[1] F. Avbelj, S. G. Grdadolnik, J. Grdadolnik, and R. L. Baldwin. Intrinsic backbone preferences
are fully present in blocked amino acids. Proceedings of the National Academy of Sciences, 2006.

[2] J. Grdadolnik, V. Mohacek-Grosev, R. L. Baldwin and F. Avbelj. Populations of the three major
backbone conformations in 19 amino acid dipeptides. Proceedings of the National Academy of

Sciences, 2011.

[3] Z. Lin, C. Oostenbrink, and W. F. Van Gunsteren. On the use of one-step perturbation to
investigate the dependence of NOE-derived atom-atom distance bound violations of peptides upon
a variation of force-�eld parameters. EuropeanBiophysics Journal 2014.

[4] C. Margreitter and C. Oostenbrink. Optimization of protein backbone dihedral angles by means
of hamiltonian reweighting. Journal of Chemical Informationand Modeling 2016.
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Biophysical studies of protein interactions with mRNA
transcripts containing di�erent 5′ terminal structures
Anna B. Dobie»y«ska1, Beata Miedziak1, Zbigniew Dar»ynkiewicz3, Janusz St¦pinski3, Ed-
ward Dar»ynkiewicz1,3, Anna Nied¹wiecka2, Renata Grzela1,3*
1 University of Warsaw, Warsaw, Poland, adobiezynska@gmail.com
2 Institute of Physics, Polish Academy of Sciences, Warsaw, Poland, annan@ifpan.edu.pl
3 Centre of New Technologies, University of Warsaw, Warsaw, Poland, edek@biogeo.uw.edu.pl ;
r.grzela@cent.uw.edu.pl

In the eukaryotic cell, the mRNA 5′ cap [1] is an essential structure that allows e�cient
mRNA translation, limits mRNA degradation, directs pre-mRNA splicing and mRNA export
from the nucleus, as well as allows recognition of viral RNAs as �non-self�. In eukaryotes,
mRNA is protected by a 5′ cap structure consisting of an N7-methylguanosine moiety linked
by a triphosphate bridge to the �rst transcribed nucleoside. In higher eukaryotes, the mRNA
cap can be further modi�ed by methylation of ribose 2′-O. Viruses have also evolved mech-
anisms to protect their RNA's end against degradation and to be translated by the host
machinery [2]. Viral mRNAs that carry only a triphosphate group at its 5′ terminus (pppN)
are recognised by human IFIT proteins [2], directly or indirectly. IFITs are expressed in
cells infected by viruses and a�ect the innate immune system. They block viral proteins
biosynthesis leading to inhibition of virus multiplication.

The aim of the work was to rank the a�nities between the IFIT proteins and mRNA
transcripts containing di�erent 5′ terminal structures. Firstly, we estimated qualitatively
the interactions of IFIT1 and IFIT5 proteins with mRNA fragments by a competitive assay,
involving Bis-ANS as a �uorescent probe. Secondly, we quantitatively measured the direct
protein-mRNA binding kinetics by biolayer interferometry. Both approaches yielded con-
cordant results, that the preferential ligand of both IFIT1 and IFIT5 is the pppG-capped
transcript, and the binding is more e�cient for the former protein. These results provided
us with a deeper insight into how IFIT proteins recognized the mRNA 5′ terminal cap
structures.

[1] Topisirovic I. , Svitkin Y. V., Sonenberg, N. and Shatkin, A. J. (2011) Cap and cap-binding
proteins in the control of gene expression. WIREs RNA 2:277-298.

[2] Leung D. W., Amarasinghe G. K. (2016) When your cap matters: Structural insights into
self vs non-self recognition of 5′ RNA by immunomodulatory host proteins. Current Opinion in

Structural Biology 36:133�141.
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Monomeric protein structure can form dimers, trimers and other aggregates induced by
di�erent types of stressors. During protein association process di�erent types of bonding
may occur, such as covalent, especially disul�de bonds, and non-covalent bonds: hydrogen
bonds, electrostatic interactions, Van der Waals interactions and hydrophobic bonds. Protein
structure complexity makes mechanism of aggregates emergence entirely unrevealed or poorly
described.

A�ected by these stressors, covalent and non-covalent bondage may occur and produce ir-
reversible or reversible protein aggregates. Irreversible aggregates can be produced through
heating, freezing-thawing, over-concentrating, isomerization, oxidation etc. On the other
hand, reversible aggregates or self-associates might be formed by the aforementioned pro-
cesses but most likely by agitation [1].

We examined formation of dimers, trimers and tetramers on rHuG-CSG, also known as
Granulocyte Colony Stimulating Factor, induced by agitation through time period of 60 -
600 s. Analysis was performed immediately after agitation by liquid chromatography (gel
permeation) at pH = 7.0 (50 mM NH4HCO3 mobile phase). Due to increased pressure
caused by centripetal acceleration during agitation monomeric structures merges and makes
dimers, trimers, tetramers and other aggregates. Increased agitation time results in signi�-
cant increase of reversible self-associate quantity.

[1] R. Pavi²i¢, I. Dodig, A. Horvati¢, L. Miji¢, M. Sedi¢, M. Raji¢ Linari¢, I. Grui¢ Sovulj, T.
Preo£anin, M. Bukvi¢ Kraja£i¢, M. Cindri¢, Di�erences between reversible (self-association) and
irreversible aggregation of rHuG-CSF in carbohydrate and polyol formulation. European Journal
of Pharmaceutics and Biopharmaceutics 76 (2010) 357-365.
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Ina Erceg1, Ati�a Selmani1, Marija �urlin2, Darija Domazet Jura²in1, Vida �adeº1, Damir
Kralj3, Maja Dutour Sikiri¢1*
1 Laboratory for Biocolloids and Surface Chemistry, Division of Physical Chemistry, Ru�er Bo²kovi¢
Institute, Bijeni£ka c. 54, 10 000 Zagreb, Croatia
2 Department of Histology and Embryology, School of Medicine, University of Zagreb, Croatia
3 Laboratory for Precipitation Process, Division of Materials Chemistry, Ru�er Bo²kovi¢ Institute,
Bijeni£ka c. 54, 10 000 Zagreb, Croatia
* Maja.Sikiric@irb.hr

Biomineralization is formation of hard tissues in organisms [1]. From physical - chemical
point of view it can be considered as a precipitation/crystallization process of inorganic min-
erals within the organic matrix and/or con�ned environments. The liposomes, closed lipid
bilayers, are typical experimental model of con�ned environment in which biomineralization
can occur [2]. The in�uence of lipid molecules' structure or their chemical composition and
charge (anionic, cationic, zwitterion), on biomineralization is still not fully understand. The
aim of this study is to investigate the in�uence of three lipids (dimyristoylphosphatidyl-
choline, DMPC, dimyristoylphosphatidylserine, DMPS and phosphatidylcholine, EPC) with
di�erent charge of their polar heads, on precipitation of calcium phosphates (CaP). Two
precipitation strategies were investigated: fusion of liposomes loaded with constitutive ions
(Ca2+ and HPO2−

4 ) and spontaneous precipitation of CaP in the presence of liposomes.
DMPS exhibited the strongest in�uence on the precipitation and transformation of the CaP,
in both precipitation systems. The obtained results may contribute to the understanding of
the general mechanism of inorganic - organic interactions underlying the biomineralization
processes, as well as for materials science.

[1] S. Mann, Biomineralisation: Principles and Concepts in Bioinorganic materials Chemistry,
Oxford University Press, New York, 2001

[2] J. H. Collier, P. B. Messersmith, Annu. Rev. Mater. Res. 2001, 31, 237-263.
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Exploring properties of soil organic matter at the micro-
scopic level by using molecular dynamics and an upgraded
Vienna Soil-Organic-Matter Modeler
Yerko Escalona, Drazen Petrov, Chris Oostenbrink*
Institute of Molecular Modeling and Simulation (MMS), Department of Material Science and Process
Engineering (MAP), University of Natural Resources and Life Sciences Vienna (BOKU), Muthgasse
18, A-1190, Vienna, Austria
* chris.oostenbrink@boku.ac.at

The Vienna Soil-Organic-Matter Modeler (http://somm.boku.ac.at/; VSOMM) is an on-
line tool dedicated to generating condensed phase models of humic substances (HS), one of
the most important constituents of Soil-Organic-Matter (SOM). This tool has permitted us
to investigate the structure and dynamics of di�erent SOM systems, including the Standard
Leonardite Humic Acid, as well as, their interaction with small organic compounds.

One of the challenges associated with the development of these systems, is to create a
representative environment of the humic substances, at a nanoscale, taking into account that
HS are composed of complex and heterogeneous organic compounds produced by biological
degradation. For that reason, the modeler use a database of organic fragments called building
blocks (BBs). Each BB has a di�erent chemical structure, which, in combination, are able
to reproduce the carbon distribution estimated by 13C NMR. Here, we have constructed
a number of new BBs with the current parameter set 54A7 of the GROMOS force �eld,
including BBs with Methoxyl-C and Alkyl-C groups that improves the agreement with the
NMR data. Additionally, an improved core algorithm of VSOMM was developed and written
using PYTHON, which allows us to automatically generate and equilibrate multiple models
of greater chemical and geometric diversity.

Using the new version of VSOMM, we extend our investigation from the Standard
Leonardite Humic Acid to several other experimentally available HA samples, including
the Suwannee River II, Elliott Soil, Elliott Soil IV and Pahokee Peat Humic Acids. We
characterized these systems by doing a plethora of analyses in order to observe di�erences
in their structure and dynamics. The binding of pollutants and pesticides a�ects the
erodibility, moisture retention and soil structure of SOM impacting possibly the carbon
cycle, reducing the Carbon storage on soil. We also investigated the sorption of these systems.

Keywords: Humic substances (HS); Soil-Organic-Matter (SOM); Molecular models;
Molecular Dynamics (MD).
Financial Support: FWF (grant no. P30224)
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Studies of the disordered regions of FUS and SRSF1 with
EPR
Laura Esteban Hofer1*, Maxim Yulikov1, Leonidas Emmanouilidis2, Cristina Nguyen2, An-
toine Cléry2, Frédéric H.-T. Allain2, Gunnar Jeschke1

1 Laboratory of Physical Chemistry, ETH Zürich, Switzerland
2 Institute of Molecular Biology and Biophysics, ETH Zürich, Switzerland
* laura.esteban@phys.chem.ethz.ch

Electron paramagnetic resonance (EPR) in combination with site-directed spin labelling
is a powerful technique that can provide information on side chain dynamics and on the
site-to-site distance distributions in biomacromolecules [1]. The mobility of the spin label
can be estimated from the lineshape of the continuous wave EPR spectrum. The double
electron-electron resonance experiment provides information on the mean distance between
two spin labels as well as on the shape of the spin-spin distance distributions.

We will discuss how EPR can be used to gain information on the disordered regions of the
RNA-binding proteins FUS and SRSF1, in particular the N-terminal low-complexity domain
of FUS and the �exible linker between the two RNA recognition motifs of SRSF1.

The N-terminal low-complexity domain of FUS phase separates in vitro into liquid
droplets, which resemble RNP granules [2]. Singly spin labeled FUS is used to infer in-
formation of mobility changes during phase separation and to obtain inter-protein distance
distributions.

SRSF1 is a member of the SR protein family, which are crucial regulators of gene ex-
pression [3]. The �exible linker between RRM1 and RRM2 of SRSF1 has been shown to be
involved in the binding of RRM2 to RNA [4]. The role of the linker in binding to RNA is
analyzed by measuring the distance distributions between RRM1 and RRM2 in a free state
of spin labeled SRSF1 and in its complex with RNA.

[1] Jeschke G (2018) The contribution of modern EPR to structural biology Emerg Top Life Sci

2:9-18.

[2] Burke KA, Janke AM, Rhine CL, Fawzi NL (2015) Residue-by-Residue View of In Vitro FUS
Granules that Bind the C-Terminal Domain of RNA Polymerase II Mol. Cell 60:231�241.

[3] Long JC, Cáceres JF (2009) The SR protein family of splicing factors: master regulators of
gene expression Biochem J. 417:15�27.

[4] Cléry A, Sinha A, Anczuków O, Corrionero A, Moursy A, Daubner GM, Valcárcel J, Krainer
AR, Allain FH (2013) Isolated pseudo�RNA-recognition motifs of SR proteins can regulate splic-
ing using a noncanonical mode of RNA recognition. PNAS 110:E2802-E2811.
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Exploring the Binding Interfaces of the Type III Secretion
System Chaperone-Translocator Complex
C. L. Frankling1, A. S. Kang2 and E. R. G. Main1*
1 School of Biological and Chemical Sciences, G.E. Fogg Building, Queen Mary, University of Lon-
don, Mile End Road, London, E1 4NS (UK)
2 Barts and The London School of Medicine and Dentistry, The Blizard Building, Queen Mary,
University of London, Newark Street, London, E1 2AT (UK)
* e.main@qmul.ac.uk

The type III secretion system (T3SS) is adopted by many gram-negative bacteria for
infection via the direct passage of e�ector proteins into host cells. This occurs through
the translocon pore, formed from two large membrane proteins called the major and minor
translocators. For pore formation, both translocators depend on binding to and being trans-
ported by small specialised chaperones after synthesis in the bacterial cytoplasm. Therefore,
the chaperone-translocator complex is vital for e�ective secretion of toxins and infection of
the host.

Here we investigate the speci�city of the binding interfaces from the translocator-
chaperone complex found in Pseudomonas aeruginosa. In particular we probed the two
major interaction sites of the translocator-chaperone complex - �N-terminal arm� versus
�N-terminal anchor� - via the selection of directed peptide libraries using ribosome display
and next generation sequencing. At the N-terminal arm interface, we show that peptide
libraries based on the chaperone sequence (PcrH) produce heavy enrichment for wildtype
from selections against the major translocator (PopB) but less signi�cant enrichment from
the minor translocator (PopD). In contrast, at the N-terminal anchor interface, we recover
little enrichment, outside 2 of the 3 consensus positions, for libraries based on the PopB/D
sequence against the chaperone PcrH. Interestingly, the di�erence in binding between the
two translocators at the N-terminal arm interface would seem to be compensated at the
N-terminal anchor interface where ITC shows that PopD has a 2-fold increase in KD versus
PopB. Importantly, our results show that there is no evolution of peptides that bind stronger
than wild-type in either interface therefore suggesting the need for an unnatural mimic of
the most important �N-terminal arm� peptide to abrogate the complex.
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Evolution of α-synuclein �bril morphologies from the
E46K variant associated with familial Parkinson's disease
Ryan J. Geiser*, Patrick Flagmeier, Janet R. Kumita, Christopher M. Dobson
Centre for Misfolding Diseases, Department of Chemistry, University of Cambridge
* rjg80@cam.ac.uk

Parkinson's disease is the second most-prevalent neurodegenerative disorder, estimated
to a�ect seven to ten million people around the world. The protein α-synuclein, involved in
synaptic vesicle tra�cking in neurons and glia, has been shown to convert from a monomeric
form into �brils that manifest themselves as protein deposits called Lewy Bodies in the brains
of patients. Recent evidence has suggested that α-synuclein aggregates can seed aggregation
of native protein within neighbouring cells and propagate cell-to-cell spreading. Research
has revealed that �brils formed from the disease-related E46K variant have three distinct
in vitro morphologies: �at, tight pitch, and long pitch. This project seeks to determine the
morphological evolution of the E46K �bril structure through cross-seeding. Fibril formation
for each generation was monitored using Thio�avin T �uorescence assays while the protein
structure was analysed using circular dichroism spectroscopy. Microscopy techniques, in-
cluding atomic force microscopy and transmission electron microscopy, were used to image
the �bril morphologies. This is the �rst step toward investigating a potential preferential
type of E46K �bril morphology and how these structures may relate to disease pathology.
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Single cell adhesion measurements using computer con-
trolled micropipette and FluidFM BOT
Tamas Gerecsei1,2∗, Brigitta Rusznak1,3, Attila Bonyar3 Inna Székács1,Balint Szabo1,2,
Robert Horvath1

1 Nanobiosensorics Group, Centre for Energy Research, Insitute of Technical Physics and Materials
Science, Konkoly-Thege út 29-33, H-1120 Budapest, Hungary
2 Department of Biological Physics, Eötvös University, Pázmány Péter sétány 1A, Budapest H-1117,
Hungary
3 Department of Electronics Technology, Budapest University of Technology and Economics, Bu-
dapest, Hungary
* gerecsei.tamas@mfa.kfki.hu

Measuring the interaction of cells with di�erent surfaces is one of the great challenges of
the emerging science of single cell biology. Extracting trustworthy, quantitative information
has proved to be a di�cult task using traditional methods such as AFM tip functioanliaztion.
In our laboratory we have been actively working on applying and developing novel methods
to measure single cell adhesion [1] . Using a powerful micropipette based method we were
able to selectively measure the adhesion of HeLa cells in di�erent cell cycles in the same
cell culture. We were able to di�erentiate between cell cycles based on the Fucci genetic
system that compels the cells to express di�erent �uorescent dyes in their G1 (directly after
division) and G2 (preceding mitosis) states [2, 3]. By measuring both sub-populations at
practically the same time, we can avoid any secondary e�ects coming from chemical cell cycle
manipulation and purely measure the di�erent adhesion strength caused by the di�ering cell
stages. The average time needed per cell is half a minute, demonstrating the exceptional
high-throughput capacity of our system.

Another approach, focusing on the extraction of accurate force curves is based on the
FluidFM BOT device, and automated AFM based system with a nano�uidic channel incor-
porated in the cantilever. By applying negative vacuum in this channel, it becomes possible
to lift cells up from the surface while measuring their adhesion curve.

Within this presentation we intend to show that combining these methods present a pow-
erful new tool in the investigation of single cell adhesion in a high-throughput, reproducible
manner.

[1] Salánki, R., H®s, C., Orgovan, N., Péter, B., Sándor, N., Bajtay, Z., ...& Szabó, B. (2014).
Single cell adhesion assay using computer controlled micropipette. PloS one, 9(10), e111450.

[2] Sakaue-Sawano, A., Kurokawa, H., Morimura, T., Hanyu, A., Hama, H., Osawa, H., ... &
Imamura, T. (2008). Visualizing spatiotemporal dynamics of multicellular cell-cycle progression.
Cell, 132(3), 487-498.

[3] Ungai-Salánki, R., Gerecsei, T., Fürjes, P., Orgovan, N., Sándor, N., Holczer, E., ... & Sz-
abó, B. (2016). Automated single cell isolation from suspension with computer vision. Scienti�c
reports, 6, 20375.
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Interplay of intracellular regulation and population dy-
namics in bacterial restriction-modi�cation systems
S. Graovac1, A. Rodi¢2 , M. Djordjevi¢ 3*
1 Faculty of Biology & Faculty of Physics, University of Belgrade, stefan.graovac@bio.bg.ac.rs
2 Faculty of Biology, University of Belgrade, andjela.rodic@bio.bg.ac.rs
3 Faculty of Biology, University of Belgrade, dmarko@bio.bg.ac.rs

In-vivo dynamics of protein expression in bacterial cells depends not only on intracellular
regulation, but also on the rates of cell and plasmid division that can change with time. That
additionally couples the dynamics of proteins, which results in increased dimensionality of
parameter space from which is computationally very hard to infer parameters. We consider
this problem on a relatively simple case of bacterial restriction-modi�cation systems, where
we exploit one of the �rst available measurements of in-vivo expression of the restriction
enzyme and the methyltransferase in these cells, which are under control of a specialized
transcription factor � control protein.

We use a biophysical model of the system gene expression regulation that we previously
developed to model the system dynamics. Now, we include complete cell population dy-
namics e�ects, due to both dividing cell and plasmid population. We resolve the parameter
inference problem iteratively, through a �mean-�eld like� procedure that we here developed.
Including the dynamics e�ects into the model clearly improves its agreement with exper-
imental data, while neglecting such e�ects can lead to falsely identifying (otherwise non-
existent) regulatory mechanisms. Next, we also systematically perturb the population dy-
namics. Such perturbations signi�cantly change kinetics of the protein synthesis. However,
an early peak in methyltransferase protein expression remains robust in these perturbations,
which is clearly related with the main functional constraint to protect the host cell from cut-
ting by the restriction enzyme. This clearly aligns with the idea of robustness of intracellular
networks, where we now also propose that the regulatory interactions may be hardwired to
preserve the main system dynamical constraints with respect to changes in the population
dynamics � these changes might be expected in the natural environment, due to changes in
the external conditions.
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Magnetic Resonance Spectroscopy of Molecular Transport
Machines
J. Hall1, T. Stockner2, S. Barber-Zuker3, R. Zarivach4 and F. MacMillan1*
1 School of Chemistry, University of East Anglia, Norwich, UK
2 Institute of Pharmacology, Medical University of Vienna, Austria
3 Department of Life Sciences, Ben-Gurion University of the Negev, Beer Sheva, Israel
* fraser.macmillan@uea.ac.uk

This abstract describes the work of two ongoing collaborative projects, centred around
the use of advanced magnetic resonance techniques for protein studies:

1. GltPh, an archael homolog of the Excitatory Amino Acid Transporters (EAATs),
was the �rst of the Solute Carrier 1 (SLC1) transporter family to be crystallised. Various
human diseases, including Amyotrophic lateral schlerosis, Huntington's disease and stroke
have been linked to dysfunction of the EAATs and GltPh serves as an excellent model system
for dynamic studies of these membrane proteins [1]. Membrane proteins, however, continue
to prove challenging for structural and mechanistic studies, extending to the determination
of substrate and inhibitor binding a�nities, essential for drug screening. Here we present a
novel approach for the determination of ligand KD values in both detergent and reconstituted
proteoliposomes using Saturation Transfer Di�erence (STD) NMR spectroscopy.

2. Metal ion e�ux transporters known as Cation Di�usion Facilitators (CDF's) are re-
sponsible for maintenance of divalent cation homeostasis in all domains of life. Accumulation
of divalent metal cations can be toxic, and CDF's have been implicated in Type-II diabetes
and neurodegenerative diseases. MamM, a magnetosome-associated CDF protein of magne-
totactic bacteria, is currently used as a model system for further understanding of CDF's [2].
Here we report pulsed EPR studies of the cytoplasmic domain of MamM revealing dynamic
structural changes upon metal binding.

[1] Yernool D, Boudker O, Jin Y, Gouaux E (2004) Structure of a glutamate transporter homologue
from Pyrococcus horikoshii. Nature 431:811-818.

[2] Barber-Zucker S, Uebe R, Davidov G, Navon Y, Sherf D, Chill J H, Kass I, Bitton R, Schüler
D, Zarivach R (2016) Disease-Homologous Mutation in the Cation Di�usion Facilitator Protein
MamM Causes Single-Domain Structural Loss and Signi�es Its Importance. Scienti�c Reports
6:31933.
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Studying conformational dynamics of the SLC6 gene fam-
ily homologue LeuT using advanced EPR techniques
Shona Hepworth1*, Janika Diegel1, Thomas Stockner2, Fraser MacMillan 1

1 Henry Wellcome Unit for Biological EPR, University of East Anglia, Norwich, NR4 7TJ, U.K.
2 Medical University of Vienna, Vienna, Austria
* s.hepworth@uea.ac.uk

LeuT is a small amino-acid transporter from Aquifex aeolicus. It is used as a model for
the SLC6 class NSS neurotransmitters: sodium symporters. Such transporters are impli-
cated in several disease states including anxiety and depression. Large scale conformational
changes and several inhibitor complexes have been suggested previously. Wild-type LeuT
and selected cys-variants have been spin labelled at sites of interest and studied using ad-
vanced EPR techniques, such as distance determination methods (e.g. PELDOR) to probe
for conformational changes not previously observed in crystal structure models. Further,
novel detergent free approaches using SMALPs are being employed and results obtained will
be compared to both proteoliposomes and detergent micelles of wild type and the selected
variant LeuT.
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Ovalbumin thermal stability dependence on pH
Andrea Hlou²ek-Kasun1, Branimir Berto²a1*, Dora Sviben2,3, Dubravko Forcic2,3, Beata
Halassy2,3, Marija Brgles2,3

1 Department of Chemistry, Faculty of Science, University of Zagreb, Horvatovac 102A, HR-10
10000 Zagreb, Croatia
2 University of Zagreb, Centre for Research and Knowledge Transfer in Biotechnology, 7 Rocke-
fellerova 10, HR-10000 Zagreb, Croatia
3 Centre of Excellence for Viral Immunology and Vaccines, CERVirVac, Croatia

Parameter that highly a�ects stability of the protein structure is pH since it a�ects charges
of amino acid residues and, therefore, a�ects intra- and intermolecular noncovalent interac-
tions responsible for protein stability. Protein thermal shift assay (TSA) revealed greater
stability of ovalbumin (PDB code: 1OVA) in alkaline conditions (pH= 8) than in acidic
conditions (pH= 4). In order to understand molecular basis of ovalbumin's thermal stability
dependence on pH, molecular dynamics simulations at various temperatures and various pH
were applied. Two di�erent procedures were used, one for the protein that was simulated at
acidic conditions where aspartate and glutamate amino acid residues were protonated, and
the other one for the protein that was simulated at alkaline conditions with aspartate and
glutamate amino acids deprotonated. Each system, acidic and alkaline, was simulated at �ve
temperatures: 37 ◦C, 42 ◦C, 57 ◦C, 74 ◦C, and 85 ◦C. Results of simulations were in agree-
ment with experimental results, it was observed that the instability of the acidic system is
much more pronounced than the instability of the alkaline system. The most noticeable dif-
ference between these two systems were the H-bond interactions of arginine 50 and arginine
58 with their surrounding residues. In case of the alkaline system, both, Arg50 and Arg58,
made higher average number of stronger and more persistent H-bond interactions. The same
di�erences in H-bonding between alkaline and acidic systems were noticed, both, during the
simulation at lover and higher temperatures. Di�erent behaviour of Arg50 and Arg58 in
acidic and alkaline systems is also supported by the analysis of �uctuations (RMSF).
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Photocrosslinking of lipids with membrane peptides represents a promising technique for
studying peptide insertion into lipid layers. With this technique it is possible to analyse the
insertion depth of membrane proteins or peptides within their native environment.

Photocrosslinking makes use of lipids with UV activated reactive sites at di�erent positions
within their hydrophobic tails. The key for future photocrosslinking studies is an accurate
knowledge of physical and chemical properties of the used crosslinking lipids. Therefore, we
have chosen lipid monolayers at the air-water interface as a model system for investigating
some properties of a photocrosslinkable lipid to create the base for crosslinking experiments
with synthetic peptides incorporated into the interfacial �lm.

We present a stable monolayer forming azido lipid and its characteristics at the air-water
interface determined by thermodynamic and spectroscopic measurements. The temperature
dependence of the surface pressure-area isotherm of pure azido lipid and its miscibility with
DPPC were investigated by �lm balance measurements. Additionally, angle and polarization
dependent infrared re�ection-absorption spectroscopy (IRRAS) was used to study lipid chain
conformation and order in the lipid monolayer.

The combination of the �lm balance technique and FTIR spectroscopic measurements of
interfacial �lms in re�ection-absorption provides deep insight in physical chemical properties
of the studied �lms and our results set up the base for future photocrosslinking experiments.
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Conformational and functional studies of a novel ther-
mostable xylanase from camel rumen metagenomic library
Elnaz Hosseini1, Shohreh Ariaeenejad2, Leila Pourhang2, Morteza Maleki2, Mohamad
Farhad Vahidi3, Ghasem Hosseini Salekdeh2 and Ali A. Moosavi-Movahedi 1

1 Institute of Biochemistry and Biophysics (IBB), University of Tehran, Tehran, Iran
2 Agricultural Biotechnology Research Institute of Iran (ABRII), Agricultural Research Education
and Extension Organization (AREO), Karaj, Iran
3 Agricultural Biotechnology Research Institute of Iran (ABRII), North Region Branch, Rasht, Iran
* hosseinielnaz@ut.ac.ir

Thermostable enzymes are very important because their considerable potential in many
industrial applications. The metagenomic data obtained from camel rumen was considered
as the potential source of microbial xylanase enzymes with proper activity in extreme condi-
tions. The metagenomic data was assembled and contigs were used for in silico identi�cation
of microbial enzyme-encoding genes and their corresponding amino acid sequences. The most
similar predicted enzymes to those reported in literature as thermostable xylanase were ex-
tracted and their active sites approved. Using the DNA template extracted from camel
rumen metagenomic samples, the candidate enzyme genes were cloned, and expressed using
proper E. coli strains. Structural and functional studies were performed on puri�ed enzymes
to determine their thermal stability characteristics and their activity respectively. In this
study, a novel thermostable xylanase enzyme with 1146-bp full-length gene which encodes
a 381-amino acid peptide was identi�ed and the candidate xylanase gene was isolated from
the camel rumen metagenomic DNA. Conformational studies of enzyme provided consider-
able information about its stability. Interaction between identi�ed enzyme with n-dodecyl
trimethylammonium bromide (DTAB; as a cationic surfactant) con�rmed high thermosta-
bility. Thermal unfolding experiment con�rmed the high thermostability of enzyme and its
Tm was 71.5 ◦C. The maximum activity of enzyme was observed at pH 8.0 and tempera-
ture 40 ◦C. By increasing the temperature up to 90 ◦C, �fty percent of the enzyme activity
was retained at pH 8.0. These superior properties make this enzyme ideal candidate for
application in the industrial applications.
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Krunoslav Ili¢1, Ati�a Selmani2, Marija �urlin3, Mirta Mili¢1, Ivan Pavi£i¢1, Ivana Vinkovi¢
Vr£ek1*
1 Institute for Medical Research and Occupational Health, Zagreb, Croatia
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Skin protection is important element in reducing the level of sunburns (erythema),
and cancer risk from the ultraviolet radiation exposure. Titanium dioxide nanoparticles
(TiO2NPs) are nowadays commonly used in sunlight protective products in spite of knowl-
edge gaps on the safety issues concerning their use in medicine and cosmetics. This study
aimed to examine the e�ects of di�erently shaped TiO2NPs on immortalized human ker-
atinocytes (HaCaT cell line) before and after UVB exposure. The UVB radiation was
applied at dose equivalent to the UV component observed in one medial erythemal dose
with 2 kJ/m2 UVB (lamp maximal output 312 nm). Stability evaluation of fully charac-
terized TiO2NPs was performed by the light scattering technique and transmission electron
microscopy (TEM). Biological e�ects on HaCaT cells were observed by means of cell viability
assays (MTT assay, neutral red assay, Live/Dead assay) and the oxidative stress response
(level of reactive oxidative species, extent of membrane damage and intracellular glutathione
- GSH and activity of glutathione peroxidase - GPx).
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Saposin-like family (SAPLIP) is a set of proteins characterized by containing a highly
conserved hydrophobic amino acid distribution that folds into 4 or 5 amphipathic α-helices,
which facilitates transient or permanent interaction with membranes. Moreover, this struc-
ture contains a polypeptide motif characterized by the strictly conserved position of six
cysteines involved in forming three intra-molecular disulphide bridges. The most relevant
protein in lung homeostasis is surfactant protein B (SP-B) that belongs to SAPLIP. SP-B is
characterized by hydrophobic amino acid sequence that folds in α-helices and interacts with
lung surfactant lipids promoting their adsorption to the alveolar air-liquid interface. Two
additional saposins are contained within the sequence of SP-B proprotein; the N-terminal
one (SP-BN) has recently been puri�ed. Interestingly, SP-BN exhibited certain antimicrobial
properties at low pH, suggesting a potential but yet unknown role in innate host defense.
Nevertheless, purifying the recombinant human SP-BN from E. coli has some limitations
including its necessary reconstitution from inclusion bodies, a potential contamination with
endotoxin and absence of glycosylation. To address those constraints, we have characterized
the human version of SP-BN by its recombinant expression in Pichia pastoris, with and
without glycosylation. Adequate yields of soluble SP-BN are obtained by this procedure
and both forms can be independently puri�ed, as con�rmed by amino acid composition,
N-terminal sequencing and mass spectrometry. High thermostability together with saposin-
fold acquisition and dimerization ability is revealed by far-UV CD. SP-BN does not perform
a stable interaction with lipid vesicles although it promotes the leakage of phosphatidylglyc-
erol vesicles at low pH, specially the glycosylated form. Regarding its role in host defense,
this improved version of the recombinant SP-BN does not show remarkable antimicrobial
properties. Instead, antiviral activity against several viral pseudotypes is suggested.
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Hydrophobins: the Microstructure of self-organized Films
of amphiphilic fungal Proteins
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Hydrophobins are small cysteine rich proteins, which are only produced by �lamentous
fungi. Because of the separation of the hydrophilic from the hydrophobic regions in the
molecule, they show a strong amphiphilicity and as a result a strong surface activity [1]. The
proteins are used in industrial application because of their mentioned properties, in the form
of emulsifying agents, as coatings or as transport material for pharmaceutical substances
[2]. Furthermore, there are amyloid �brils formed by some proteins of special species of
fungi. These are structurally equal to formations, which were discovered in relation to some
diseases, for example Alzheimer's or Parkinson's disease [3].

Little is known about the structural arrangement of these proteins. Here, the self-
organization of two hydrophobins were investigated under external constraint in the form
of compression at the water-air-interface. These proteins di�er in their physical properties;
hence they are divided into two di�erent classes. Here, SC3 from Schizophyllum commune
was chosen as a member of class I, and HFBII from Trichoderma reesei as a member of class II
hydrophobins. The organization of the proteins over multiple compression and expansion cy-
cles on a �lm balance were investigated by atomic force microscopy after Langmuir-Schaefer
transfer.

[1] Linder, M. B.; Szilvay, G. R.; Nakari-Setälä, T.; Penttilä, M. E. (2005) Hydrophobins: The
protein-amphiphiles of �lamentous fungi. FEMS microbiology reviews 29:877�896.

[2] Hektor, H. J.; Scholtmeijer, K. (2005) Hydrophobins: Proteins with potential. Current opinion
in biotechnology 16:434�439.

[3] Wösten, H.A.B. (2001) Hydrophobins: Multipurpose proteins. Annual Review of Microbiology
55:625-646.
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Kajander1

1 Institute of Biotechnology, University of Helsinki, Helsinki, Finland
2 Structural Biology Brussels, Vrije Universiteit Brussel, Brussels, Belgium
3 VIB-VUB Center for Structural Biology, 1050 Brussels, Belgium

Synaptic adhesion molecules play a crucial role in the regulation of synapse development
and maintenance. Recently, several families of leucine rich repeat domain containing synaptic
adhesion molecules have been characterized, including netrin G-ligands, leucine rich repeat
transmembrane (LRRTM) neuronal protein family, and the synaptic adhesion-like molecules
(SALM) protein family. Most of these are expressed at the excitatory glutamatergic synapses
in post-synaptic cells, and dysfunctions of these genes are genetically linked with cognitive
disorders, such as autism spectrum disorders and schizophrenia. My PhD study is focused in
the structural and functional characterization of proteins under SALM and LRRTM family.
The SALM family contains SALM1-5 proteins. SALM2, SALM3 and SALM5 have been
shown to bind to the presynaptic receptor protein tyrosine phosphatase (RPTP) family
ligands. We have solved the 3 Å crystal structure of the SALM5 LRR-Ig domain construct
and we have done biophysical studies that verify the crystallographic results and binding of
the ligand. The work is under process for publication [1]. Similarly, LRRTM family contains
LRRTM1-4 proteins. The identi�ed ligand of LRRTM1-2 is neurixin in the presynaptic cells.
We have solved the engineered structure of LRRTM2 [2] and currently, I am working to solve
the structure of LRRTM2-neurixin complex using crystallization or cryo-EM method, map
the binding site of the complex using MS or NMR method.

[1] Karki, S., et al., The structure of SALM5 suggests a dimeric assembly for the presynaptic RPTP
ligand recognition 2017 bioRxiv. (Accepted PEDs, 9th May 2018)

[2] Paatero, A., et al., Crystal Structure of an Engineered LRRTM2 Synaptic Adhesion Molecule
and a Model for Neurexin Binding. Biochemistry, 2016. 55(6): p. 914-26.
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Fine structure and dynamics of EB3 comets in �broblast
cells
Aleksandr Kostarev1, Nikita Gudimchuk2*
1 Lomonosov Moscow State University, Moscow, Russa, aleksandrkostarevv@gmail.com
2 Lomonosov Moscow State University, Moscow, Russia, nikita_gb@mail.ru

Microtubules (MT) - molecular structures consisting of a tubulin protein bound to GTP or
GDF molecules, are necessary in cells to construct a cytoskeleton, provide cellular mobility
and form a �ssion spindle. Microtubules grow by attaching GTP-tubulins to their end.
Subsequently, the GTP molecules inside the MT are hydrolyzed, as a result of which tubulins
appear in the body of the MT in combination with GDF, the bonds between which are less
stable. If a su�cient amount of stabilizing GTP-tubulins - the so-called "GTP caps" - is
removed from the end of the MT, the tube can pass from growth to depolymerization [1].
Important proteins that regulate the dynamics of MT are the proteins of the EB family (end
binding), which bind to the plus-ends of MT [2], forming structures resembling comets. It
is believed that EB proteins recognize tubulins in combination with GTP.

In this study, we investigated the binding pro�les of EB3 protein from the EB protein
family at the ends of MT in living mouse �broblast cells. We showed that the average
distribution of EB3 proteins is fairly well approximated by a piecewise function that combines
the exponential and Gaussian parts. However, individual EB3 pro�les in some cases have
a more complex distribution, not described by this function. As a rule, this is due to the
presence on MT of additional regions of EB3 protein binding in the form of one or several
immobile "islands". We decided to check whether the "islands" data can be the result of
the stochastic nature of GTP hydrolysis. To do this, we analyzed the theoretical pro�les of
EB3 protein distribution generated by the previously published VanBuren et al., 2002. It
turned out that under no assumptions of EB3 binding to tubulins, the model did not predict
the presence of EB3 islets. Moreover, we found that the classical model of the dynamics
of the MT considered by us also does not describe the distribution of the EB3 amplitudes
and the velocities of the cometary EB3 motion observed in the experiment. Our detailed
analysis of the velocity spectra in the experiment and theory has shown that MTs are likely
to polymerize to the brink of stability and quite often experience microcatastrophes during
polymerization.

Thus, our analysis made it possible to detect inconsistencies between the classical ideas
about the dynamics of MT and the observed experimental data in living cells.

[1] Bieling P . et al. Reconstitution of a microtubule plus-end tracking system in vitro//Nature.-
2007.-V.450, 1102-1104p.

[2] Guesdon A. et al. EB1 interacts with outwardly curved and straight regions of the microtubule
lattice//Nature Cell biology.-2016.-1-2p.
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Lucija Krce1*, Matilda �prung2, Ana Maravi¢3, Nik²a Krstulovi¢4, Ivica Aviani1

1 Department of Physics, Faculty of Science, University of Split, Ru�era Bo²kovi¢a 33, 21000 Split,
Croatia
2 Department of Chemistry, Faculty of Science, University of Split, Ru�era Bo²kovi¢a 33, 21000
Split, Croatiaa
3 Department of Biology, Faculty of Science, University of Split, Ru�era Bo²kovi¢a 33, 21000 Split,
Croatia
4 Institute of Physics, Bijeni£ka cesta 46, 10000 Zagreb, Croatia
* lkrce@pmfst.hr

There are many growth and inactivation models in the literature which are purely em-
pirical and do not o�er a mechanistic insight [1, 2]. Here, we present a novel, intuitive and
mathematically relatively simple model for bacterial growth and inactivation. The proposed
model well describes E. coli batch culture growth curves obtained for di�erent inoculum
sizes and di�erent initial nutrients concentration. The model is, furthermore, expanded in
order to �t and explain growth curves obtained for E. coli treated with di�erent concen-
trations of laser produced silver nanoparticles. The model is described by three nonlinear
mutually dependent di�erential equations that give time evolution of bacterial, nutrients
and nanoparticle concentrations. These equations are of general nature and can be used to
predict growth of di�erent bacteria in batch culture since the equations do not include a
parameter that is characteristic for E. coli. As our model can be linked to the logistic model,
it is possible that the equations could be applicable to any single species growth.

[1] M. Peleg and M. G. Corradini, Crit. Rev. Food Sci. Nutr. 51, 917 (2011)

[2] K. D. Dolan and D. K. Mishra, Annu. Rev. Food Sci. Technol. 4, 401 (2013)
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Changes on elasticity and morphology of erythrocytes
from amyotrophic lateral sclerosis patients
Catarina S. Lopes1, Ana Catarina Pronto-Laborinho2, Mamede de Carvalho3, Nuno C.
Santos4, Filomena A. Carvalho5

1 Instituto de Medicina Molecular, Faculdade de Medicina, Universidade de Lisboa, Portugal,
catarinalopes@medicina.ulisboa.pt
2 Instituto de Medicina Molecular, Faculdade de Medicina, Universidade de Lisboa, Portugal,
anapronto@medicina.ulisboa.pt
3 Instituto de Medicina Molecular, Faculdade de Medicina, Universidade de Lisboa, Portugal and
Serviço de Neuro�siologia, Hospital de Santa Maria, Centro Hospitalar Lisboa Norte, Lisboa,
Portugal, mamedealves@medicina.ulisboa.pt
4 Instituto de Medicina Molecular, Faculdade de Medicina, Universidade de Lisboa, Portugal,
nsantos@fm.ul.pt
5 Instituto de Medicina Molecular, Faculdade de Medicina, Universidade de Lisboa, Portugal,
�lomenacarvalho@medicina.ulisboa.pt

Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease. Patients' com-
plications, such as venous thromboembolism (VTE), promote changes in haemodynamic
properties and abnormalities in red blood cells (RBC) membrane and on its lipid content.
Our main goal was to evaluate changes in the elastic and morphological properties of RBCs
in ALS and compare them with the erythrocytes from healthy donors. By atomic force mi-
croscopy (AFM), RBC membrane roughness, elasticity and morphological parameters were
analysed for both groups. Patients' RBCs are sti�er, have higher penetration depth and
are more capable to deform, presenting an increased membrane roughness. Morphological
changes on RBCs from ALS patients were also assessed by AFM, showing lower thickness
and higher cell area. Zeta-potential analysis showed that the surface of patients' RBCs is less
negatively charged, which may be due to a lower density of sialic acid residues. Fluorescence
spectroscopy showed that RBC membranes from ALS patients are more �uid. This may
be associated with changes on membrane lipid composition and packing. We conclude that
ALS disease leads to signi�cant electrostatic and morphologic changes in RBC membranes.
These �ndings may contribute to understand the complex interplay between ALS disease
progression rate and RBC lipid pro�le.
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tudes of �uoroethen izotopomers
Male² Matko1, �ivkovi¢ Tomislav P.2

1 Faculty of Science, University of Split, Croatia
2 Ru�er Bo²kovi¢ Institute, Zagreb, Croatia

A new method, named the "Low Rank Modi�cation" (LRM) method [1], is applied to
calculate the out-of-plane frequencies of some �uoroethen isotopomers, together with cor-
responding amplitudes of vibrations of pure �uoroethen. The main advantage of the LRM
compared with other methods is that the LRM method does not require force �eld constants
to be determined, whichs signi�cantly simpli�es calculations.

[1] �ivkovi¢ TP (2010) Exact treatment of �nite-dimensional and in�nite-dimensional quantum
systems Nova Science Publishers New York.
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tein in Escherichia coli

Markulin Dora1, Peharec �tefani¢ Petra1, �ulo Anja1, Pandºi¢ Marta1, Matkovi¢ Marija2,
Ivan£i¢ Ba¢e Ivana1*
1 Division of Molecular Biology, Department of Biology, Faculty of Science, University of Zagreb,
Horvatovac 102A, 10 000 Zagreb, Croatia
2 Division of Organic Chemistry and Biochemistry, Rudjer Boskovic Institute, Bijenicka c. 54, 10
000 Zagreb, Croatia
* ivana.ivancic.bace@biol.pmf.hr

The CRSISPR-Cas system is a signi�cant mechanism of bacteria and archea that provide
adaptive immunity against viruses and plasmids. It consists of DNA repeats separated by
spacers of foreign origin (CRISPR locus), and cas genes responsible for various stages of
defense. In E. coli, Cas3 protein is involved in a degradation of invader DNA as a last stage
of defense. Recent studies showed that Cas3 could be the limiting factor for regulation of
the CRISPR-Cas immunity due to its unusual property � loss of activity at 37◦C, unless
the protein is present in abundance. In this work we wanted to investigate if the loss of
Cas3 activity is caused by structural change of protein which is temperature-dependent. We
monitored structural changes in the puri�ed protein by measuring a change of ellipticity using
circular dichroism and by measuring intrinsic tryptophan �uorescence using �uorescence
spectrometry. Both methods gave the same result, a subtle conformational change in helical
region at 35◦C which is in agreement with the protein activity change in vivo. This is
probably the �rst experimental evidence that Cas3 activity from E. coli is temperature-
dependent due to the change in protein conformation. Also, similar structural change was
observed in archaeal Cas3 suggesting that this trait is preserved in other species as well. The
results of this research will contribute to better understanding of regulation of Cas3 activity
as well as to the progress of the CRISPR-Cas �eld.
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The di�erence of amyloid �bril formation after reduction
and denaturation of crude protein preparations
Jelica R. Milosevic1, Natalija Dj Polovic2*
1 Faculty of Chemistry, University of Belgrade, Belgrade, Serbia, jelica@chem.bg.ac.rs
2 Faculty of Chemistry, University of Belgrade, Belgrade, Serbia, polovicn@chem.bg.ac.rs

Formation of highly stable amyloid �brils is considered as a generic property of polypep-
tides. This process got a lot of interest of structural biochemists as one of the causes of
many severe human diseases. Although many medically important proteins are extensively
investigated in the means of amyloid �brillation, it is assumed that all proteins can undergo
amyloid �brillation under speci�c conditions. Some easily accessible proteins such as oval-
bumin and lysozyme are reported to occupy amyloid forms in destabilizing conditions. In
the case of lysozyme, the importance of 4 disul�de bonds in folding, as well as �brillation
processes, is well described.

Our goal was to investigate if crude extracts of various widely available proteins show
the di�erence in �brillation processes if previously reduced and denatured in the presence of
chaotropic agents.

The di�erences in denaturation and �brillation were monitored by Fourier Transform In-
frared Spectroscopy, Attenuated Total Re�ectance mode, and Thio�avin T binding. Signi�-
cant di�erences in �brillation with and without reduction steps were observed in all proteins
investigated. Pretreatment of proteins with reducing and chaotropic agents resulted in di-
versi�cation of the conditions and pathways that lead to �brillation. The greatest di�erences
in �brillation were observed in lysozyme and in papain which has never been reported to
adopt amyloid forms before.

Our results lead to a conclusion that reversible denaturing and reducing pretreatment of
various proteins have an important role in amyloid-like �brillation. As shown with papain,
and lysozyme, this approach can lead to the development of new �brillation procedures.
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Aggregation kinetics and bioimaging of monomeric tau
Guilherme G. Moreira1*, Joana S. Cristóvão1, Ana P. Carapeto2, Mário S. Rodrigues2, Is-
abelle Landrieu3, Cláudio M. Gomes1

1 Biosystems and Integrative Sciences Institute and Departamento de Química e Bioquímica, Fac-
uldade de Ciências, Universidade de Lisboa, Lisbon, Portugal
2 Biosystems and Integrative Sciences Institute and Departamento de Física, Faculdade de Ciências,
Universidade de Lisboa, Lisbon, Portugal
3 Université Lille, CNRS, UMR 8576 - UGSF - F-59000 Lille, France
* e-mail: fc45219@alunos.fc.ul.pt, url: http://folding.fc.ul.pt/

Alzheimer's disease (AD) is the most common cause of dementia (60-70%), a�ecting
millions of people worldwide. The extracellular accumulation of amyloid-beta (in senile
plaques) and the intracellular aggregation of hyperphosphorylated tau (in neuro�brillary
tangles) are two well-known disease hallmarks. Tau hyperphosphorylation also leads to
microtubule disintegration resulting in neuronal death [1].

Tau is an intrinsically disordered protein with a high aggregation propensity which in
solution is known to forms oligomers that evolve into amyloid �brils [2]. The exact sequence
of molecular events describing this process starting from monomeric tau remains to be fully
understood, and this is critical to develop anti-aggregation therapies.

Towards this goal we here report a series of investigations using biophysical techniques
including thio�avin-T �uorescence monitored kinetic assays, circular dichroism (CD), and
atomic force microscopy (AFM) that are allowing us to gain insights into tau pathome-
chanisms from in vitro approaches. We here describe an improvement of an established
protocol for the expression and puri�cation of recombinant full length human tau (hTau441)
[3] that results in a fraction enriched in monomeric tau. Using this puri�ed monomeric
hTau441 we have performed systematic heparin-induced aggregation experiments monitored
by thio�avin-T (ThT) �uorescence in 96-well plates. The reaction aggregation rates are then
determined from curve �tting (see �gure). A number of distinct conditions were tested in
these kinetic assays (di�erent tau concentrations, in the presence of NaCl and reductants)
whose e�ects on tau structure were also investigated using far-UV CD spectroscopy. We
then used AFM bioimaging to characterise the morphology of the �brillar species formed at
the reaction end-points.

Overall, with this improved protocol for production of monomeric hTau441 and the ability
to carry out detailed aggregation kinetic assays coupled to AFM imaging we expect to soon
achieve a more complete understanding of tau aggregation phenomena.
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[1] Iqbal K, Liu F, Gong CX (2016) Tau and neurodegenerative disease: the story so far. Nat. Rev.
Neurol. (1) 225 :15-27

[2] Chirita CN, Congdon EE, Yin H, Kuret J (2005) Triggers of Full-Length Tau Aggregation: A
Role for Partially Folded Intermediates. Biochemistry 44, 5862-5872

[3] Danis C, et al (2016) Nuclear Magnetic Resonance Spectroscopy for the Identi�cation of Multiple
Phosphorylations of Intrinsically Disordered Proteins, J. Vis. Exp. (118)
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Binding Free Energies via Classical Atomistic MD Simu-
lation
Christoph Öhlknecht, Chris Oostenbrink*
Institute of Molecular Modeling and Simulation (MMS), University of Natural Resources and Life
Sciences, Vienna, christoph.oehlknecht@boku.ac.at / chris.oostenbrink@boku.ac.at*

The calculation of binding free energies of a charged ligand to a target protein is an often
encountered problem in molecular dynamics (MD) studies. Absolute free energies as well as
their relative changes (compared to a ligand with a di�erent net charge) are both a�ected
by artifacts caused by the representation of electrostatic interactions in a non-macroscopic
simulation box using periodic boundary conditions[1]. In particular, electrostatic interactions
are calculated either using a lattice-summation scheme or a cuto�-truncation scheme with
Barker-Watts reaction-�eld correction rather than summing over individual potentials. The
application of correction terms had already been proposed but so far only been applied for
simple systems, including polyatomic molecules binding to a functionalized C60-buckyball
[2] or the binding of a ligand to a cytochrome c peroxidase where the MD simulation was
performed with �xed solute atom positions [3]. Here, we present a study where the estimated
binding free energy of acetylsalicylic acid coupling to a phospholipase A2 [4] (see Figure a)
was succesfully derived by applying the correction terms to the alchemically computed free
energy estimate. The corrections split up into individual terms for the direct ligand-protein
interactions (∆Gdir, see Figure b), for the P-summation over the individual solvent molecules
(∆Gpsum) and for the wrong solvent polarization around the charged ligand (∆Gpol). The
corrected estimate was found to be in a very good agreement with experiments.

[1] Kastenholz MA, Hünenberger PH (2006) J. Chem. Phys. 2006, 124:124106.
DOI:10.1063/1.2172593

[2] Reif MM, Oostenbrink C (2013) J. Comput. Chem. 2014, 3, 227-243. DOI:10.1002/jcc.23490
[3] Rocklin GJ, Mobley DL, Dill KA, Hünenberger PH (2013) J. Chem. Phys. 2014, 139:184103.

DOI:10.1063/1.4826261
[4] de Ruiter A, Oostenbrink C (2013) J. Chem. Theory Comput. 2013, 9:883-892.

DOI:10.1021/ct300967a
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2 Center of Interdisciplinary Biosciences, P. J. �afárik University, Jesenná 5, 04011 Ko²ice, Slo-
vakia
* martina.petrencakova@gmail.com

Plants, algae, bacteria and fungi contain Light-Oxygen-Voltage (LOV) domains that func-
tion as blue light sensors and control cellular responses to light. Blue light activation occurs
when the non-covalently bound FMN chromophore absorbs a photon and forms covalent
bond between its C4a atom and nearby cysteine residue within the protein. After covalent
bond formation protein undergoes a conformational change that results in the unfolding of
the terminal Jα helix. The photoreaction process is fully reversible in the dark [1, 2]. Thanks
to its light induced conformational change LOV domains have potential widepread use in
optogenetics, i.e. as molecular switch in cell signaling and can also be used as a �uorescent
protein.

For the purpose of this study we used 2 forms of Avena sativa LOV2 domain (AsLOV2):
native form, so-called lit form, and the variant, so-called dark state form. In dark state form,
photoreactive cysteine is replaced by alanine and it does not undergo a photoreaction upon
blue light illumination.

Here, we present our �ndings regarding the in�uence of pH and temperature on the
structural response in secondary and tertiary structure by CD, �uorescence spectroscopy and
di�erential scanning calorimetry. In addition, we investigated the e�ect of pH, temperature
and protein concentration on dark reversion kinetics of native AsLOV2.

Our results indicate that despite an ability to undergo signi�cant ligh-induced conforma-
tional transition, AsLOV2 is resilient against changing solvent conditions.

This work was supported by Slovak grant agency VEGA1/0423/16 and APVV-15-0069.

[1] Christie et al., LOV (Light, oxygen, or voltage) domains of the blue-light photoreceptor pho-
totropin (nph1): Binding sites for the chromophore �avin mononucleotide. Proc. Natl. Acad.
Sci. USA, 1999, 96, 8779-8783

[2] Harper et al., Disruption of the LOV-Jα helix interaction activates phototropin kinase activity.
Biochemistry, 2004, 43, 16184-16192
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Listeria monocytogenes is a pathogenic intracellular bacterium, which causes listeriosis, a
relatively rare disease, which can however result in death, especially in the case of immuno-
compromised patients. The ability to escape primary and secondary vacuoles of the host
cell is an important factor in pathogenicity of this intracellular pathogen. The key virulence
factors recognized in facilitation of vacuolar escape are a cholesterol dependent cytolysin Lis-
teriolysin O (LLO), a broad-range phospholipase C (PC-PLC) and a phosphatidylinositol-
speci�c phospholipase C (PI-PLC). All three proteins were prepared recombinantly from
bacteria. Methods were introduced to characterize the enzymatic activity of both phos-
pholipases: colorimetric test of enzymatic activity on multilamellar vesicles with malachite
green dye for PC-PLC and activity test with synthetic substrate X-IP for PI-PLC. The
e�ect of PI/PC-PLC on vesicle leakage induced by LLO has been observed by measuring
calcein release from model lipid membrane systems in the presence of both proteins and
various membrane cholesterol concentrations. Our preliminary data suggest that PC-PLC
facilitates LLO pore formation in membranes with cholesterol content lower than required
by LLO alone (i.e. min 40 mol %). Our studies are now oriented towards imaging of
these protein-protein and protein-lipid interactions with various biophysical and structural
approaches.
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1 University of Split, Faculty of Science, Department of Physics, Ru�era Bo²kovi¢a 33, 21000 Split,
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2 Sorbonne Université, Faculté des Sciences, Laboratoire de Physique Théorique de la Matière Con-
densée (UMR CNRS 7600), 4 Place Jussieu, F75252, Paris cedex 05, France
* marpoz@pmfst.hr

Aqueous mixtures of amphiphiles display a rich variety of molecular self-assembly, from de-
�ned objects such as micelles in micro-emulsions to micro-heterogeneity in molecular liquids.
2,2,2-tri�uoroethanol (TFE), a �ourinated mono-ol, is an example of a such an amphiphile.
Its aqueous mixture is relevant in the biological context, as TFE-water mixtures are known
for promoting or inducing the regular secondary structuring in peptides and proteins [1] and
are often used in CD and liquid NMR experiments. On the molecular scale, aqueous TFE
mixtures are micro-heterogenous, as witnessed by scattering experiments [2]. This particular
type of microheterogenous organization may also contribute in promoting the regular struc-
turing in the solvation process of a peptide. For example, at around 40v/v concentration
of TFE - where the microheterogeneity shows the strongest signals - the transition from
unfolded to folded protein states is also observed [3].

In this work, we aim at characterizing the structuring in TFE-water mixtures using com-
puter simulations. Since recent studies have shown the issues in achieving correct mixing
of the TFE and water [4], a lot of consideration was put into the choice of the force �eld
models, the system sizes and simulation times. By calculating static site-site properties, we
track the way the mixture evolves with the change in the molar fraction of the co-solvents.
The self-association, induced by self H-bonding, and cross-species associations due to the
e�ect of solvent are particularly distinguished. Oftentimes in the literature, the term "clus-
ters" is used for both cases, which hides the fact that these structures are due to di�erent
mechanisms of associations. We also present thermodynamic properties, such as enthalpies
and entropies of mixing and concentration �uctuations which again highlight the complex
nature of the TFE-water mixture.

[1] Goodman M, Listowsky I (1962) Conformational Aspects of Synthetic Polypeptides. VI.
Hypochromic Spectral Studies of Oligo-γ-Methyl-L-Glutamate Peptides J. Am. Chem. Soc.

84:3770

[2] Hong DP, Hoshino M, Kuboi R, Goto Y (1999) Clustering of Fluorine-Substituted Alcohols as
a Factor Responsible for Their Marked E�ects on Proteins and Peptides J. Am. Chem. Soc.

121:8427

[3] Gast K, Zirwer D, Müller-Frohne M, Damaschun G (1999) Tri�uoroethanol-induced conforma-
tional transitions of proteins: Insights gained from the di�erences between α-lactalbumin and
ribonuclease A Protein Science, Cold Spring Harbor Laboratory Press 8:625

[4] Gerig J (2014) Toward a Molecular Dynamics Force Field for Simulations of 40%
Tri�uoroethanol-Water The Journal of Physical Chemistry B 118:1471
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Pierre et Marie Curie, 4 Place Jussieu, F75252, Paris Cedex 05, France
3 Fakultät für Maschinenbau, Universität Paderborn, Warburger Str. 100, 33098 Paderborn,
Germany

We study di�erent ethanol mixtures using classical molecular dynamics computer simu-
lations. The theory of �uctuations, developed by Kirkwood and Bu� in the 50's [1], allows
us to connect integrals of radial distribution functions, obtained through simulations, with
a variety of thermodynamic quantites, such as partial molar volumes, compressibility and
most importantly, the thermodynamic factor. The value of thermodynamic factor is twofold.
Firstly, it is an indicator of the stability of a mixture, with respect to mixing or demixing,
since it can be written as a second derivative of the Gibbs free energy with respect to concen-
tration. Secondly, it is particularly useful in comparing experimental and simulation results
for di�usion coe�cients.

Here, we look for the most precise and accurate ways of calculating the thermodynamic
factor from �nite size systems and see what we can learn about hydrogen bonding associative
mixtures and their deviation from ideality. Understanding the structural characteristics on
molecular level is important for the understanding of more complex biological structures and
processes.

[1] JG Kirkwood, F Bu� (1951) J. Chem. Phys. 19, 774
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2 Structural Bioinformatics & Computational Biochemistry Unit, Department of Biochemistry, Uni-
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* phillip.stansfeld@bioch.ox.ac.uk

Cell surface receptors allow cells to exchange information between di�erent cells and
thereby to react to external stimulants. One of the main classes of cell surface receptors
in the human body are G-Protein Coupled Receptors (GPCR). GPCRs ful�l a wide range
of physiological functions despite sharing a very similar architecture. One explanation for
this phenomenon is allosteric modulation by the membrane environment. Recent studies
showed the key role of lipids in regulating the membrane protein function [1, 2]. In this
project we compare binding of Phosphatidylinositol 4,5-bisphosphate (PI(4,5)P2) in a Phos-
phatidylcholine membrane to class A GPCRs through coarse-grained molecular dynamics
simulations following the MemProtMD pipeline [3].

[1] Oates, Joanne, and Anthony Watts. Uncovering the intimate relationship between lipids, choles-
terol and GPCR activation. Current opinion in structural biology 21.6 (2011): 802-807.

[2] Dawaliby, Rosie, et al. Allosteric regulation of G protein?coupled receptor activity by phospho-
lipids. Nature chemical biology 12.1 (2016): 35.

[3] Stansfeld, Phillip J., et al. MemProtMD: automated insertion of membrane protein structures
into explicit lipid membranes. Structure 23.7 (2015): 1350-1361.
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Process for forming ready-to-use QCM sensors with atom-
ically �at surface suitable for scanning probe microscopies
Borna Radatovic*, Mihovil Jurdana, Tomislav Vuletic, Marko Kralj
Institute of Physics Zagreb
* bradatovic@ifs.hr

QCM (quartz micro balance) is a routinely used method in studies of biomacromolecular
interactions with various substrates. It's application goes from biophysics, drug discovery,
cell adhesion to new biomaterials and material science itself. As with any research tool,
QCM is constantly upgraded and optimized in order to open new applications and new
combinations with other techniques. [1]

One of the most attractive upgrades is combining scanning probe techniques like AFM
(atomic force microscope) and STM (scanning tunneling microscope) in parallel with QCM,
which would give for example not only information of total adsorption on surface, but also
the information of exact placement of adsorption. To accomplish that, main challenge is
producing ultra �at, functionalized surface of quartz chip that is used for QCM sensing - as
the �atness is the key requirement for AFM and STM. [2]

Here we present our process for forming such a surface, essentially a modi�cation of a
regular, commercially available chip into a chip with atomically �at gold surface. We use
a proprietary press showed on image bellow. The press provides another advantage, as
it protects this gold surface from adsorption of contaminants after preparation. We will
present some AFM and STM studies that may utilize the �atness of this surface for imaging
of biomacromolecules.

[1] M. C. Dixon, J. Biomol. Tech. 19, 151 (2008).
[2] T. Vuleti¢ and B. Radatovi¢, Process for forming ready-to-use QCM sensors with atomically �at

surface suitable for STM measurements, PCT/EP2017/071817.
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homocyclopeptide-anion complexes
Tamara Rinkovec1, Nikolina Vidovi¢2, Nikola Cindro1, Giovanna Speranza2, Gordan
Horvat1*, Vladislav Tomi²i¢1*
1 Department of Chemistry, Faculty of Science, Horvatovac 102a, Zagreb, Croatia
2 Universita' degli Studi di Milano, Milan, Italy
* ghorvat@chem.pmf.hr, vtomisic@chem.pmf.hr

Within the �eld of supramolecular chemistry an intense focus has recently been given to
research of anion receptors due to the important role of anion recognition in the life pro-
cesses and its numerous medicinal and environmental applications [1]. Neutral ion receptors
containing amide, urea/thiourea or pyrrole groups have been developed with the aim of
creating receptors with spec�c a�nities for a given molecule or ion through the formation
of N-H�anion hydrogen bonds. Amongst them, cyclic peptides present promising receptor
properties due to their bioavailability as well as the hydrogen-donor properties of amide
group, macrocyclic ring �exibility and the variability of the subunits [2, 3].

In this work, two cyclopeptide receptors were studied, L1 that contains �ve lysine sub-
units with amino groups of the side chains protected by a BOC group (Lys-BOC) and L2
that is comprised of six Lys-BOC subunits. Complexation a�nities of L1 and L2 ligands
toward halides and structural anions (HSO−4 , H2PO−4 , NO

−
3 , NO

−
2 , SCN−) in acetonitrile

were determined by means of mass spectrometry, 1H NMR spectroscopy and isothermal
microcalorimetric titrations. More information on the structural characteristics of the cy-
clopeptide binding sites was obtained by performing molecular dynamics simulations with
explicit solvent molecules. The Gibbs energies of complexation reactions were also calcu-
lated by means of molecular dynamic simulations. Combining the results of computational
studies with the experimental ones provided a detailed insight into the microscopic image of
the anion-binding processes.

This work has been fully supported by Croatian Science Foundation under the project
IP-2014-09-7309 (SupraCAR).

[1] S. Kubik (2017) Anion Recognition in Aqueous Media by Cyclopeptides and Other Synthetic
Receptors. Acc. Chem. Res. 50: 2870�2878.

[2] R.B.P. Elmes, K.A. Jolli�e (2015) Anion recognition by cyclic peptides. Chem. Commun.
51:4951�4968.

[3] Q. He, M. Kelliher, S. Bähring, V.M. Lynch, J.L. Sessler (2017) A Bis-calix[4]pyrrole Enzyme
Mimic That Constrains Two Oxoanions in Close Proximity. J. Am. Chem. Soc. 139: 7140�7143.
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Biophysical modeling of CRISPR-Cas regulation
A. Rodic1, B. Blagojevic2, M. Djordjevic2, K. Severinov3, M. Djordjevic1*
1 Faculty of Biology, U. of Belgrade, andjela.rodic@bio.bg.ac.rs, dmarko@bio.bg.ac.rs
2 Institute of Physics, U. of Belgrade, bojanab@ipb.ac.rs, magda@ipb.ac.rs
3 Skoltech, Moscow, Russia, K.Severinov@skoltech.ru

In the advanced bacterial immune system CRISPR-Cas, CRISPR array, which consists of
foreign DNA sequences sampled during past infections, is transcribed into a long pre-crRNA.
One of the Cas proteins speci�cally processes (i.e. cuts) pre-crRNA into a large number
of crRNAs. A crRNA complementary to invasive DNA guides Cas proteins to destroy this
DNA. Experimentally established transcriptional regulatory feature of CRISRP-Cas is highly
cooperative repression of both CRISPR and cas promoters, which can be abolished by some
transcription activators. However, dynamics of the native system activation in E. coli have
not been observed as it stays silent under standard conditions even during phage infection.
We previously showed that fast non-speci�c pre-crRNA degradation signi�cantly contributes
to the fast system OFF-ON transition by dynamically modeling pre-crRNA processing upon
Cas overexpression [1]. To also investigate the role of the observed high cooperativity in
transcription regulation, we propose and biophysically model a synthetic circuit for CRISPR-
Cas activation in which cas genes are put under transcriptional control of a restriction-
modi�cation system exhibiting qualitatively similar regulatory features and performing a
common immune function [2]. Using this approach, we found that CRISPR-Cas regulation
is optimized to achieve fast switching on and generating very large amounts of crRNAs, which
is under some conditions close to physical limit of in�nitely abrupt induction. Additionally,
fast pre-crRNA degradation provides a delay in crRNA generation, which may be related
with evading autoimmunity, through favoring primed adaptation (sampling foreign, rather
than host, DNA in CRISPR array).

[1] Djordjevic M, Djordjevic M, Severinov K (2012) CRISPR transcript processing: a mechanism
for generating a large number of small interfering RNAs. Biol Direct 7:24.

[2] Rodic A, Blagojevic B, Djordjevic M, Severinov K, Djordjevic M (2017) Features of CRISPR-
Cas regulation key to highly e�cient and temporally-speci�c crRNA production. Front Microbiol
8:2139.
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Computational assessment of biological e�ects of some
xenobiotics
D.L. ROMAN1,2, M. ROMAN1,2, A. CIORSAC3, V. OSTAFE1,2, A. ISVORAN3*
1,2 Department of Biology-Chemistry and Advanced Environmental Research Laboratories, West
University of Timisoara, 16 Pestalozzi, 300115 Timisoara, ROMANIA
3 Department of Physical Education and Sport, Polytechnic University of Timisoara, Timisoara,
ROMANIA

The aim of this study is to use computational approaches to predict pharmacokinetics,
biological activity spectra and side/toxic e�ects of some synthetic steroids and commonly
used parabens in humans. The following computational tools are used: (i) SwissADME
for predicting pharmacokinetics;(ii) PASS online for predicting biological activities; (iii)
PASS online, admetSAR and Endocrine Disruptome for envisaging the speci�c toxicities;
(iv) SwissDock to assess the interactions of investigated xenobiotics with cytochromes in-
volved in drugs metabolism.

Synthetic steroids usually reveal a high gastrointestinal absorption and a good oral
bioavailability, may inhibit some of the human cytochromes involved in the metabolism
of drugs (CYP2C9 being the most a�ected) and re�ect a good capacity for skin penetration.
There are predicted numerous side e�ects of investigated steroids in humans: genotoxic car-
cinogenicity, hepatotoxicity, cardiovascular, hematotoxic and genitourinary e�ects, dermal
irritations, endocrine disruption and reproductive dysfunction. Investigated parabens reveal
no carcinogenicity and mutagenicity, a weak potential to inhibit the hERG channel and
skin irritation/sensitization, apnea, ulcer and muscle weakness as side e�ects. The parabens
under investigation are able to inhibit human cytochromes that are involved in metaboliza-
tion of numerous endogenous and exogenous compounds, butylparaben having the higher
inhibitory potential These results are important to be known as an occupational exposure
to steroids and/or parabens at workplaces may occur.
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Membrane-active antimicrobial peptide identi�ed in Rana
arvalis by targeted DNA sequencing
Tomislav Ron£evi¢1*, Lucija Krce1, Marco Gerdol2, Sabrina Pacor2, Monica Benincasa2,
Ivica Aviani1, Vedrana �ike²-�uli¢3, Alberto Pallavicini2, Ana Maravi¢4, Alessandro Tossi2

1 Department of Physics, Faculty of Science, University of Split
2 Department of Life Sciences, University of Trieste
3 Department of Medical Chemistry and Biochemistry, School of Medicine, University of Split
4 Department of Biology, Faculty of Science, University of Split
* troncevic@pmfst.hr

Skin secretions of many tested anuran species have been shown to contain a variety of
antimicrobial peptides (AMPs) acting directly towards pathogens, including multidrug re-
sistant isolates, and also showing immunomodulatory properties [1]. We have selectively
ampli�ed transcripts likely to encode for AMPs, thus providing their sequences. After RNA
extraction from frog skin tissue samples, cDNA synthesis followed by PCR ampli�cation was
performed. For this purpose, forward degenerate primers were designed based on highly con-
served signal peptide regions [2], together with a reverse primer designed on the poly-A tail
of mRNA. Signal peptide regions were derived from sequences deposited in DADP database
[3] and transcriptome data in SRA database [4]. Resulting amplicons were size-selected and
processed by ion semiconductor sequencing, obtaining several thousand sequencing reads.
Those were then assembled into contigs representing nearly full-length AMP-encoding tran-
scripts. Analysis of the assembled sequencing output allowed to identify more than a hundred
full-length mature peptides from 5 di�erent specimens belonging to 5 di�erent frog species,
mostly from Ranidae species. Based on appropriate biophysical properties (e.g. charge, hy-
drophobicity, amphipathicity) six of the most promising candidates were chosen for chemical
synthesis and extensive characterization.

All peptides were tested against a panel of Gram-negative and Gram-positive bacteria, as
well on tumour cell lines. One peptide, identi�ed in Rana arvalis, proved to be active against
both reference ATCC strains and epithelial cancer cell lines, while less toxic for circulating
MEC-1 cells in a range of concentrations several fold higher then minimal inhibitory concen-
tration (MIC) and IC50 values. Furthermore, the peptide was found to disrupt the bacterial
membrane even at sub-MIC concentrations, as observed by �ow cytometry and visualised
by atomic force microscopy (AFM).

[1] A. Nijnik and R. Hancock, Emerg. Health Threats J. 2, (2009)

[2] V. Tessera, F. Guida, D. Jureti¢, and A. Tossi, FEBS J. 279, 724 (2012)

[3] M. Novkovi¢, J. Simuni¢, V. Bojovi¢, A. Tossi, and D. Jureti¢, Bioinformatics 28, 1406 (2012)

[4] Y. Kodama, M. Shumway, and R. Leinonen, Nucleic Acids Res. 40, D54 (2012)
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Martin-Luther-Universität Halle-Wittenberg, Institut für Chemie, Von-Danckelmann-Platz 4, 06120
Halle
* andreas.roos@student.uni-halle.de

Ionic self-assembly is responsible for constructing colloid-like ionic clusters in solution,
named ionoids. Mostly, these �soft� yet durable globular structures present a highly de�ned
size and shape [1]. Through utilizing various molecular building units we can build up such
systems with ionic components of di�erent size and charge ratios to study their in�uence on to
the dynamic self-assembly process. Due to acting electrostatic interactions as well as weaker
noncovalent interactions (hydrogen bonding, van der Waals, solvation) we receive tunable
structures with sensitivity to environmental changes, implying possible future technological
applications as �material by design� [1, 2, 3].

Here, we examine the size and long-term stability of the oligoamine-based system contain-
ing spermine and methanedisulfonic acid dipotassium salt in our established solvent mixture
DMSO:glycerol:water 50:43:7 (v/v/v) [1] with dynamic light scattering (DLS). Additionally,
to these systems we use electron paramagnetic resonance (EPR) spectroscopy to understand
the local structure and environmental constitution mainly around the anionic component.
We utilize the dianion of Fremy's salt as observer component. Intend to highlight expected
changes of the solvation shell around Fremy's salt while adding the oligoamine-based com-
pound. Therefore, we want to partially deuterate our established solvent mixture and mea-
sure the spin-spin as well as spin-lattice relaxation time through pulsed EPR spectroscopy.

[1] J. Eisermann, L. Prager, D. Hinderberger, Physical chemistry chemical physics : PCCP 2018,
20, 1421.

[2] B. Rybtchinski, ACS nano 2011, 5, 6791.

[3] Y. Haketa, H. Maeda, Chemical communications (Cambridge, England) 2017, 53, 2894.
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Enhanced protection of biological membrane using
�avonoid embedded nanoparticles
Anja Sadºak, Suzana �egota*, Vida �adeº
Division of Physical Chemistry, Ru�er Bo²kovi¢ Institute, Zagreb, Croatia

Flavonoids, polyphenolic biomolecules with antioxidative activity, have recently emerged
as potential novel therapeutics for neurodegenerative diseases[1]. In addition to the fact
that the mechanisms of their antioxidant e�ects have not yet been fully elucidated, their ap-
plicability is rendered by poor water solubility and chemical instability under physiological
conditions encountered during pharmaceutical product consumption[2]. Flavonoid incorpo-
ration in nanoparticles (NPs) as carriers has been proposed as possible solution to surpass
these obstacles. The aim of the research is to overcome the problem of poor water solubility
and chemical instability of �avonoids by delivering them loaded in biodegradable mesoporous
NPs to model membranes and neurons whereby their protective e�ects should be enhanced.
The incorporation of �avonoids from the subgroups of �avonols (quercetin[3], myricetin[4]
and myricitrin[5]), anthocyanins (cyanidin 3-0-glucopyranoside[6]) and �avons (luteolin and
apigenin[7]) was investigated. Such choice of �avonoids will enable determination of a re-
lationship between �avonoid structure and protective activity towards oxidative stress. All
selected �avonoids contain planar moiety but di�er in the degree of monosaccharide unit
substitution. In addition, cyanidin 3-0-glucopyranoside is the only one bearing charge. One
kind of biodegradable mesoporous NPs, Fe3O4 will be investigated as �avonoid nanocarri-
ers due to their superior drug-loading and controlled release properties. Mesoporous NPs
were selected with the goal to increase the �avonoid loading and entrapment e�ciency, as
compared to so far used organic or inorganic NPs, and to enable protection of �avonoids
in physiological conditions. This research will ultimately generate detailed knowledge about
the e�ects of the size, shape, charge, hydrophobicity and applied magnetic �eld of NPs with
�avonoids and their release.

Results from the studies proposed within research will pave the way towards development
of innovative and improved therapies for oxidative stress-associated neurological disorders.
In addition, the knowledge obtained within this research could be extended to designing
e�ective delivery systems for the incorporation, protection and release of other unstable
bioactive molecules with an aim to improve human health or to increase the shelf life of
pharmaceutical or food products.

[1] A. Federico et al., Neurol. Sci. 322 (2012) 2542-2562.
[2] H. Pool et al., J. Nanomater. 2012 (2012) 1-12.
[3] M. Jazvin²¢ak Jembrek et al., J. Mol. Neurosci. 47 (2012) 286-299.
[4] S. M. Choi et al, Chonnam. Med. J. 50 (2014) 45-51.
[5] R. Domitrovi¢ et al., Chem. Biolog. Interac. 230 (2015) 21�29.
[6] A. Tarozzi et al., Neurosci. Lett. 31 (2007) 36-40.
[7] S. S. Kang et al., Bioorg. Med. Chem. Lett. 14 (2004) 2261-2264.
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Evolution of monodispersity in vertebrate HSP27
Dominik Saman1, Georg Hochberg2, Miranda P. Collier1, Carol V. Robinson1, Justin L. P.
Benesch1*
1 Department of Chemistry, University of Oxford, UK
2 Department of Human Genetics, University of Chicago, USA
* justin.benesch@chem.ox.ac.uk

The small heat shock proteins (sHSPs) play an important role as a part of cellular protein
quality control and are present in all kingdoms of life. sHSPs exist as monomers and dimers,
but many also form larger oligomers. Even though some sHSPs, like wheat HSP16.9, only
form speci�c large oligomers, all characterized vertebrate sHSPs so far that oligomerize
beyond a dimer are polydisperse in nature.

Here, we present a vertebrate sHSP whose oligomeric state is monodisperse � HSP27
from Callorhinchus milii. Using native mass spectrometry and interferometric scattering
mass spectrometry, we show that in addition to monomers and dimers, Callorhinchus milii
HSP27 only forms octamers to appreciable extent. Despite this deviation from vertebrate
sHSP canon, Callorhinchus milii HSP27 still shows chaperoneactivity in assays that monitor
ability to suppress aggregation. Since the N-terminal region of sHSPs is known to a�ect
their oligomeric state, we hypothesize that this reduction of dispersity might be caused by
an approximately 15-residue-long insert in the N-terminal domain, speci�c to Callorhinchus
milii HSP27. Since monodispersity seems to be a quite unique trait among vertebrate sHSPs,
we use phylogenetics to trace their evolution through the vertebrate subphylum. We then
use native mass spectrometry to study HSP27 from Leucoraja erinacea to determine whether
this reduction in dispersity only developed in Callorhinchus milii, or is present in the whole
class of cartilaginous �sh (sharks, rays and skates).

Future studies will examine the structure of the octamer and the exact role of the insert
region in the N-terminal domain. Using computational approaches, we can also obtain
protein sequence for HSP27 of the last universal common ancestor of all vertebrates and
�nd whether it was originally polydisperse, and monodispersity developed later, or vice
versa. The results will improve our understanding of the functions of di�erent modes of
oligomerisation in biology.
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FTIR spectroscopy of thin �lms made of human DNA
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5 Science centre of excellence for reproductive and regenerative medicine, Research unit Biomedical
reaserch of reproduction and development (CERRM)

Investigations of DNA vibrational properties using Fourier transform infrared spec-
troscopy can be traced back to 1960s. There is a high interest among researchers for this
method given the fact that it's nondestructive and suitable for investigation of DNAs vi-
brational properties which are related to the DNAs structural properties. In most cases,
fragments are short sequences of DNA which are extracted from Salomon testes or calves
gland timus. In this type of research, there is a little investigation of DNA from biological
tissues [1] and even less on human DNA [2]. FTIR spectrum of DNA with the range of
wave numbers from 4000 to 400 cm−1 contains about 40 spectral lines which are the result
of the DNAs double stranded structure. Range from 1800 to 800 cm−1 is of special interest
because in this range we can �nd the most vibrations that can be divided into two groups:
vibrations of bases and backbone of DNA [3].

In this research, we have used DNA that is extracted from the human placenta of regular
pregnancies (archive samples of CERRM). Measurements using infrared spectroscopy were
performed on thin �lms that were made from DNA solutions. Normalization and baseline
correction was performed using program Kinetics which is part of the MatLab software and
in program eFTIR. This processed spectra will enable us to assign the certain characteristic
vibrational bands so we can compare them with relevant information and �nally with the
pathological human placenta.

[1] P. Zucchiatti, K. Latella, G. Birarda, L. Vaccari, B. Rossi, A. Gessini, C. Masciovecchio, and
F. D'Amico, J Raman Spectrosc 49, 1056 (2018)

[2] Y. Nishida, S. Yoshida, H. J. Li, Y. Higuchi, N. Takai, and I. Miyakawa, Biopolymers 62, 22
(2001)

[3] K. Serec, S. D. Babic, R. Podgornik, and S. Tomic, Nucleic Acids Res 44, 8456 (2016)

14th International School of Biophysics 113



Participant contributions

Biophysical characterization of lipid-tagged peptides as fu-
sion inhibitors for respiratory viruses
Patrícia M. Silva1*, Marcelo T. Augusto1, Matteo Porotto2, Anne Moscona3, Nuno C.
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Columbia University Medical Center, New York, USA
* patriciamsilva@medicina.ulisboa.pt

Human parain�uenza viruses (HPIV) and respiratory syncytial virus (RSV) are paramyx-
oviruses and are among the most common respiratory pathogens a�ecting infants and chil-
dren worldwide. Nowadays, acute respiratory infections are the leading cause of mortality
in children, accounting for nearly 20% of childhood deaths worldwide (nearly 3 million chil-
dren each year). There are no e�ective treatments available. Consequently, there is an
urgent demand for e�cient antiviral therapies. Infection of healthy cells by these respira-
tory viruses requires fusion of the viral membrane with the target cell membrane, a process
mediated by a trimeric viral fusion protein, the F protein. Inhibitory peptides inhibit viral
fusion by binding to F's transient intermediate, preventing it from advancing to the next
step in membrane fusion. We assessed variants of lipid-tagged F-derived peptides to search
for properties that may associate with e�cacy and broad-spectrum activity. Fluorescence
spectroscopy was used to study the interaction of the peptides with biomembrane model
systems, using partition assays. Using acrylamide, a quencher of tryptophan �uorescence,
it was possible to understand the preferential localization of the peptides in lipid bilayers.
The interaction of the peptides with human blood cells was also evaluated, using the dipole
potential probe di-8-ANEPPS. Understanding the membrane biophysical processes involved
in enveloped viruses entry may enable the development of new therapeutic strategies.
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of malignant melanoma
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Malignant melanoma is one of the most common type of skin cancer originating from
melanocytes [1]. Its diagnosis is di�cult and generally relies on subjective assessments. In
particular, there is a lack of quantitative methods allowing melanoma diagnosis as well as
monitoring melanoma therapies.

Changes in the glycosylation pattern of cells are often associated with various diseases
including cancer [2]. Lectins are proteins recognizing various carbohydrate structures with
speci�c binding a�nities [3]. Lectin-carbohydrate interactions can be found in a wide variety
of regular biological processes (adhesion and migration) or can be applied for detecting
glycans present on cancerous cells [4].

Label-free methods like the quartz crystal microbalance with the dissipation monitoring
(QCM-D) or the atomic force microscopy (AFM) in the spectroscopy mode may be applied
for the di�erentiation of cancer cells in di�erent progression stages based on lectin-glycan
interaction as well as viscoelastic properties of cells [5, 6].

On the other hand, the only hope for patients with advanced melanoma is the inhibition
of metastasis. Anandamide is an endocannabinoid, that has a potential anti-tumor e�ect.
As for now, its in�uence on the cancer cells' proliferation, adhesion, apoptosis and cell cycle
was evaluated [7].

In our studies, the real-time binding between lectin Concanavalin A and glycans present
on the surface of melanoma cells from di�erent stages of cancer progression was examined
by label-free methods and compared with that observed on the melanocyte surface. Two
procedures have been developed to detect the di�erences in the cellular glycosylation pro-
�le using cell-based sensors. The observed changes in lectin-glycan interactions among the
studied cell types (melanoma cells and melanocytes) enabled an early cancer detection as
well as the distinction of melanoma cell types. The treatment of metastatic melanoma cells
with anandamide results in a possible change in the glycosylation pro�le towards the less
aggressive forms of melanoma.

[1] Leiter U. et al., Advances in Experimental Medicine and Biology, 2008, 624, 89-103
[2] Bies C. et al., Advanced Drug Delivery Reviews, 2004, 56, 425
[3] Senkara-Barwijuk E., Kobiela T. et al., Biosensors and Bioelectronics, 2012, 36, 103-109
[4] Sharon N. et al., Science, 1989, 246, 227
[5] Sobiepanek A., Kobiela T. et al., Biosensors and Bioelectronics, 2017, 93, 274�281
[6] Pei Z. et al., Biosensors and Bioelectronics, 2012, 35, 200-205
[7] Pisanti, S. et al., Trends in Pharmacological Sciences, 2013, 34, 273�282
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Centrioles are barrel-shaped organelles essential for the formation of cilia, �agella, and
centrosomes. As such, they provide cell motility and mitotic spindle organization in almost
every cell type. A universal 9-fold radial symmetry is observed in cross-sections of most cen-
trioles across the evolutionary tree, and it is present in both the inner "cartwheel" structure
and the outer microtubule wall of the centriole. The inner cartwheel acts as the �rst step
in centriole assembly and is thought to determine the stability and the 9-fold symmetry of
centrioles. Although essential components of the cartwheel have been identi�ed, the exact
mechanism of the cartwheel assembly remains unclear. Glover lab has identi�ed a novel
cartwheel component in Drosophila centrioles � a Golgi-associated protein Gorab. In collab-
oration with them, we are investigating the role and function of this new centriolar protein
by employing various structural and biophysical techniques. Our results indicate that Gorab
binds directly to the main cartwheel protein Sas6 in such a way that suggests a crucial role
of Gorab in establishing a functional centriole with the speci�c 9-fold symmetry. Ongoing
structural studies will further help us elucidate the role of Gorab in Drosophila centriole
assembly.
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The maximum entropy production principle and maxi-
mum Shannon information entropy in enzyme kinetics
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Enzymes in living cells are involved in biochemical reactions that represent open non-
equilibrium thermodynamic systems. Such reaction systems are often shifted far from ther-
modynamic equilibrium. While classical thermodynamics o�ers elaborated theoretical in-
struments to study behavior of systems that are in or close to equilibrium, the processes
in biological organisms are mostly far from equilibrium, and therefore the search for prin-
cipia governing nonequilibrium systems is of great interest. The Maximum Entropy Pro-
duction Principle (MEP) is a type of thermodynamic optimization which states that open
non-equilibrium systems spontaneously approach toward steady states where they dissipate
energy and produce entropy with maximal possible rate. It is claimed that among all pos-
sible steady states the steady state of MEP is selected because it is statistically the most
probable one.

In this work the MEP principle is applied for analyzing the kinetics of enzymatic reaction
catalyzed by Triosephosphate-isomerase (TPI), which is an important enzyme in glycolysis.
It is investigated whether the most probable steady state of TPI enzyme is characterized
by the maximum in the entropy production. The entropy production and Shannon infor-
mation entropy are derived as functions of six independent enzyme rate constants. Mass
conservation of the reaction system and the �xed free Gibbs energy of the reaction are taken
as optimization constraints. The co-existence of well-de�ned maxima in the entropy pro-
duction and Shannon information entropy for an arbitrary chosen enzyme rate constant is
demonstrated. The calculated optimal enzyme rate constants are in good agreement with
experimental data[1]. Moreover, by using the local stability analysis, we found that co-
existence of the maxima in entropy production and Shannon information entropy might be a
consequence of �exible enzymatic structure, which is necessary for e�ective enzymatic catal-
ysis. In conclusion, our results suggest that the enzyme TPI operates close to the maximum
in entropy production and requires the most �exible enzymatic structure for its optimal
thermodynamic performance in the steady state.

[1] S. Rozovsky and A. E. McDermott (2001). The Time scale of the Catalytic Loop Motion in
Triosephosphate Isomerase. J. Mol. Biol. 310, 259�270.

14th International School of Biophysics 117



Participant contributions

Biophysical characterisation of patient-derived im-
munoglobulin light chains
Rebecca Sternke-Ho�mann1*, Stefan U. Egelhaaf2, Kai Stühler3, Rainer Haas4 and Alexan-
der K. Buell1

1 Institute for Physical Biology, Heinrich-Heine University, 40225 Düsseldorf, Germany
2 Condensed Matter Physics Laboratory, Heinrich-Heine University, 40225 Düsseldorf, Germany
3 Molecular Proteomics Laboratory, Biomedical Research Centre (BMFZ), Heinrich-Heine Univer-
sity, 40225 Düsseldorf, Germany
4 Department of Hematology, Oncology, Hematology and Clinical Immunology, Düsseldorf Univer-
sity Clinic, 40225 Düsseldorf, Germany
* Rebecca.sternke-ho�mann@hhu.de

Patients with a B-Cell proliferative disorder produce abnormally high amounts of mon-
oclonal plasma free immunoglobulin light chains. Each patient presents a monoclonal light
chain with a di�erent amino acid sequence due to the variable domain. Because of this high
sequence diversity, patient-derived light chains could serve as a model to correlate the di�er-
ences in the amino acid sequence with biophysical behavior, in particular with respect to the
tendency to aggregate to highly ordered �brillar structures. In this study, monoclonal light
chains isolated from the urine of patients were examined with di�erent biophysical methods.

118 14th International School of Biophysics



Participant contributions

Development of new functional supramolecular systems
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4 Institute of Physics, Zagreb, Croatia
5 Institute Rudjer Bo²kovi¢, Zagreb, Croatia
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The aim of the present study was preparation and characterization of supramolecular
systems with adamantyl guanidine (AG) and probing of their interaction with DNA using
�uorescence correlation spectroscopy (FCS). In the continuation of our study dealing with
adamantyl guanidines and investigations of lipid-based nanovesicles as drug delivery systems
[1, 2] we prepared and characterized functionalized supramolecular systems of AG 1-5 with
phosphatidylcholine liposomes, liposomes incorporating amphiphilic β-cyclodextrin (β-CD)
derivative and cyclodextrin vesicles composed only from the amphiphilic β-CD derivative.
E�ciency of incorporation of AG 1-5 into prepared supramolecular systems was measured
spectrophotometrically, and surface charge were determined by dynamic light scattering
method. FCS was applied to examine the interactions between functionalized supramolecular
systems and the Cy5 �uorescently labelled, double-stranded, 120 bp DNA (DNA120*). The
obtained results have clearly demonstrated that the supramolecular systems with entrapped
AG 1-4 present guanidinium groups on the surface of vesicles, which leads to interaction
with DNA120* via guanidine-phosphate interaction. Preliminary results have shown that
prepared functional supramolecular systems strongly bind DNA and as such could be used
in gene delivery.

[1] �ekutor M, �timac A, Mlinari¢ Majerski K, Frkanec R (2014) Synthesis and characterization
of liposome incorporated adamantyl aminoguanidines. Org Biomol Chem 12:6005-6013.

[2] �timac A, �ekutor M, Mlinari¢-Majerski K, Frkanec L, Frkanec R (2017) Adamantane in Drug
Delivery Systems and Surface Recognition. Molecules 22:297-310.
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R. Szatkowska, M. Adamczyk*
Faculty of Chemistry, Warsaw University of Technology, Warsaw, Poland
rpitruska@ch.pw.edu.pl, madamczyk@ch.pw.edu.pl*

Maf1 has been identi�ed as a repressor of RNA Polymerase III (RNAP III), the enzyme
responsible for transcription of non-coding RNAs, among others tRNAs synthesis in yeast,
invertebrates and vertebrates [1]. Under unfavorable growth conditions, when cells grow
on glycerol, Maf1 is dephosphorylated by PP2A and PP4 [2] phosphatases and moves from
cytoplasm to the nucleus [3]. In the nucleus, Maf1 physically interacts with RNAP III. This is
the only RNAP III repression mechanism, so far revealed in Saccharomyces cerevisiae. Maf1
has several interaction partners in the nucleus, the kinases, such as: PKA, TORC, Sch9 [4] or
CK2 [5]. Due to this interaction, Maf1 is phosphorylated and changes its cellular localization
back to the cytoplasm. The biological role of Maf1, when localized in the cytoplasm, under
optimal growth conditions is not yet well understood.

Here, we investigate the protein-protein interactions of Maf1 and its cytoplasmic partners
using Bimolecular Fluorescence Complementation (BiFC) in vivo approach. We provide
evidence that the interactions are essential for transduction of glucose signaling within the
Snf1 pathway [6]. The novel protein-protein interactions require further studies and will be
investigated using biophysical methodologies in vitro.

[1] Khanna A, Pradhan A, Curran SP (2015) Emerging roles for MAF1 beyond the regulation of
RNA polymerase III activity. Journal of Molecular Biology 427(16):2577�2585.

[2] Oler AJ, Cairns BR (2012) PP4 dephosphorylates Maf1 to couple multiple stress conditions to
RNA polymerase III repression. EMBO J. 31(6):1440-14452.

[3] Cie±la M, Towpik J, Graczyk D, O�cjalska-Pham D, Harismendy O, Suleau A, Balicki K, Conesa
C, Lefebvre O, Boguta M (2007) Maf1 is involved in Coupling Carbon Metabolism to RNA
Polymerase III Transcription. Mol. Cell. Biol. 27(12):7693-7702.

[4] Soulard A, Cohen A, Hall MN (2009) TOR signaling in invertebrates. Curr. Opin. Cell Biol.
21,825�836.

[5] Graczyk D, D¦bski J, Muszy«ska G, Bretner M, Lefebvre O, Boguta M (2011) Casein kinase
II-mediated phosphorylation of general repressor Maf1 triggers RNA polymerase III activation.
Proceedings of the National Academy of Sciences of the United States of America 108(12):4926-
4931.

[6] von Plehwe U, Berndt U, Conz C, Chiabudini M, Fitzke E, Sickmann A, Petersen A, Pfeifer
D, Rosepert S (2009) the Hsp70 homolog Ssb is essential for glucose sensing via SNF1 kinase
network. Genes & Dev. 23:2102-2115.
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structure by acoustic impedance
Duygu Tarhan1, Bükem Bilen2, �e�k Dursun3, Alev Meltem Ercan1*
1 Department of Biophysics, Cerrahpasa Medical Faculty, Istanbul University, Istanbul, Turkey
2 Department of Physics, Bogazici University, Istanbul, Turkey
3 Department of Physiotherapy, Faculty of Health Sciences, Uskudar University, Istanbul, Turkey
* meltem@istanbul.edu.tr

Intermittent hypobaric hypoxia is de�ned as to be below the normal values of partial
oxygen pressure at tissue due to hypoxia periods [1]. It can lead to increased reactive oxygen
species which causes oxidative damage to bone tissue [2].The amount of oxygen in the or-
ganism a�ects the production of erythrocytes. Since erythrocytes are produced in the bone
marrow, the bone tissue is also a�ected by hypoxia. It can be characterized by measurement
of acoustic velocity in soft and hard tissues with acoustic microscope or by measurement of
acoustic impedance values [3]. The reason for using zinc (Zn), copper (Cu) and bicarbonate
(HCO3) in our work is due to their role in erythrocyte, oxygen transport and cellular struc-
ture. The aim of our study was to investigate the e�ects of intermittent hypobaric hypoxia
on bone structure by using acoustic impedance microscopy. Forty adult male Sprague Daw-
ley rats randomly divided into �ve groups (Control, Hypoxia, Hypoxia+Zn, Hypoxia+Cu
and Hypoxia+HCO3). Rats were exposured hypoxia a daily 8 hours for 5 days/week un-
til completing 3 weeks in hypoxia cabine at a simulated pressure of 400-500 mmHg. The
animals of Hypoxia+Zn, Hypoxia+Cu and Hypoxia+HCO3 experimental groups received
through drinking water 30 mg/kg Zn, 7 mg/kg Cu and 3 mmol/kg NaHCO3, respectively.
At the samples of bone taken from rats at the end of experiment were measured acoustic
impedance. Our study is a preliminary study and we believe that we will be able to shed
light on more molecular level studies considering statistical analyzes.

[1] Börekçi �, Umut S (2011) Oksijen tedavisi. Turk Thorac J 1:12-18.

[2] Ramanathan L, Gozal D, Siegel JM (2005) Antioxidant response to chronic hypoxia in the rat
cerebellum and pons. J Neurochem 93(1):47-52.

[3] Bilen B, Kafa U, Unlu MB (2018) Characterization of carotid atherosclerotic plaques by mea-
surement of acoustic impedance. Anadolu University Journal of Science and Technology A- Ap-
plied Sciences and Engineering (in press).
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2 Ru�er Bo²kovi¢ Institute, Zagreb, Croatia, sanja.tomic@irb.hr

Dipeptidyl peptidase III (DPP III) is a two-domain protein, a metallopeptidase from
the M49 family which contains a zinc ion within its active site and cleaves dipeptides from
N-termini of its substrates [1]. Structure and �exibility of DPP III from the mesophilic
bacterium Bacteroides thetaiotaomicron (Bt) and the thermophile Caldithrix abyssi (Ca) as
well as their complexes with synthetic substrates and selected inhibitors were studied using
computational methods in order to elucidate the di�erences between DPPs III from a ther-
mophilic and a mesophilic organism. Several force �elds have been tested to determine the
most suitable one for studying long-range conformational motions within the enzyme. Com-
parison of results obtained for a termophile with those of a mesophile revealed the structural
reasons behind thermal stability of CaDPP III. The biologically relevant binding modes of
substrates and inhibitors were identi�ed and correlated with structural characteristics of the
respective complexes, as well as with the enzyme �exibility [2]. The identi�ed binding modes
qualitatively agree with the kinetic data [3, 4]. These results were used to build a model
system of BtDPP III which was used in a quantum mechanics study in order to propose the
reaction mechanism behind the peptide bond hydrolysis.

[1] Chen M, Barret A J (2004) Handbook of Proteolytic Enyzmes, eds Barret A J, Rawlings N D ,
Woessner, J F (Elsevier, London) pp 809�812

[2] Kazazi¢ S, Kara£i¢ Z, Sablji¢ I, Agi¢ D, Tomin M, Dadlez M, Tomi¢ A, Tomi¢ S (2018) Con-
servation of the conformational dynamics and ligand binding within M49 enzyme family. RSC
Advances 8: 13310-13322

[3] Vukeli¢ B, Salopek-Sondi B, �poljari¢ J, Sablji¢ I, Me²trovi¢ N, Agi¢ D, Abrami¢ M (2012)
Reactive cysteine in the active-site motif of Bacteroides thetaiotaomicron dipeptidyl peptidase
III is a regulatory residue for enzyme activity. Biol. Chem. 393: 37-46.

[4] Sablji¢ I, Tomin M, Matovina M, Su£ec I, Toma²i¢ Pai¢ A, Tomi¢ A, Abrami¢ M, Tomi¢ S
(2018) The First Dipeptidyl Peptidase III from a Thermophile: Structural Basis for Thermal
Stability and Reduced Activity. PloS One 13: e0192488
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and inhibitory synapses in the mouse hippocampus
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Spontaneous electrical activity guides developmental processes such as synapse maturation
and re�nement of neuronal circuits. The hyperpolarization activated current I(h), which is
conducted by the hyperpolarization-activated cyclic nucleotide-gated cation channel (HCN),
has been suggested to contribute to development-dependent network activity and matura-
tion of the CNS. By expressing a dominant negative HCN construct under the control of the
CaMKII alpha promoter and Tet-o� doxycycline system, we ablated I(h) in principal neurons
during di�erent developmental windows. We found that lifelong loss of I(h) starting around
birth a�ects behavior and cortico-basal ganglia circuits in that I(h)-de�cient mice developed
antipsychotic-sensitive locomotor hyperactivity with stereotyped circling. Notably, restrict-
ing I(h) loss to an early postnatal period, i.e., to the �rst three weeks of life, had more severe
consequences than lifelong ablation of I(h), and mutant mice, in addition to hyperactivity,
also exhibited cognitive de�cits. Our goal was to further investigate the e�ects of I(h) abla-
tion on the synaptic coverage of the hippocampus. Immuno�uorescently labeled sections for
vesicular glutamate transporters 1 and 2 (VGLUT1 and VGLUT2, respectively) and vesicu-
lar inhibitory transmitter transporter (VGAT) were used to assess excitatory and inhibitory
synaptic coverage of principal neurons in hippocampus subdivisions CA1, CA3 and den-
tate gyrus (DG). Results indicated that lifelong loss of I(h) causes an increase of VGLUT1
expression levels in stratum oriens and stratum radiatum of the CA1, indicating increased
commissural and CA3 input, respectively, into this region. Furthermore, we found increased
VGLUT2 expression in the hilus of the DG, probably originating from the mossy cells in this
region. There were no signi�cant di�erences in the number of perisomatic VGAT-positive
terminals in any hippocampal area, indicating undisturbed inhibitory transmission. Thus,
lifelong postnatal ablation of I(h) in the excitatory projection neurons causes increased exci-
tatory synaptic transmission in the hippocampus and does not change inhibitory synapses.
This increase in the excitation/inhibition ratio may be a potential mechanism to compensate
for altered network activity upon I(h) loss during postnatal development.
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Advancing Orthogonal Spin Labeling and pulsed EPR Dis-
tance Measurements
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Daniel Klose1*
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2 Department of Biochemistry, Genetics and Microbiology, University of Regensburg, Regensburg,
Germany, dina.grohmann@ur.de

Electron paramagnetic resonance (EPR) has become a versatile tool in the study of
biomolecular structures, particularly providing access to distance information in the low
nanometer range [1], typically in conjunction with site-directed spin labeling (SDSL) or by
exploiting suitable metal cofactors.

Beyond the canonical distance determination between two identical spin labels, using two
orthogonal labels holds the advantage of spectroscopic separability of the labeling sites. This
particularly enables the detection of distances between subunits of low-a�nity complexes,
which are challenging to probe otherwise [2]. Currently, we use the well-characterized het-
erodimeric protein Rpo4/Rpo7 [3] as a model system, which we genetically engineered to
contain one cysteine residue and one unnatural amino acid per subunit, both of which can be
speci�cally targeted by SDSL [4]. The resulting system opens up the possibility of speci�c
incorporation of up to four di�erent spin labels arranged in a well-de�ned protein complex.
Spectroscopically this poses the interesting possibility of selective excitation and detection
of the di�erent paramagnetic centers. From a structural biology point of view, it enables
the selective detection of speci�c distances as well as the correlation of multiple distances
within one sample, thus potentially reducing the required number of samples for structural
characterization.

[1] Jeschke G (2012) DEER Distance Measurements on Proteins. Annu. Rev. Phys. Chem. 63:
419�446.

[2] Lueders P, Jäger H, Hemminga MA, Jeschke G & Yulikov M (2013) Distance measurements
on orthogonally spin-labeled membrane spanning WALP23 polypeptides. J. Phys. Chem. B
117:2061�2068.

[3] Todone F, Brick P, Werner F, Weinzierl ROJ, Onesti S. (2001) Structure of an Archaeal Ho-
molog of the Eukaryotic RNA Polymerase II RPB4/RPB7 Complex. Mol. Cell 8:1137�1143.

[4] Kucher S, Korneev S, Tyagi S, Apfelbaum R, Grohmann D, Lemke EA, Klare JP, Steinho�
HJ, Klose D (2017) Orthogonal spin labeling using click chemistry for in vitro and in vivo
applications. J. Magn. Reson. 275:38�45.
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Recent DNA technologies enabled researchers around the world to sequence DNA of di�er-
ent species, even the extinct ones such as Neanderthals, human close relatives. Those DNA
sequences, publicly available, enabled us to investigate part of unjustly called "junk DNA" -
repeats of all kinds using computational tools. Our group developed special algorithm for re-
peat identi�cation called Global Repeat Map (download at http://genom.hazu.hr/tools.html
[1]). Using this algorithm, we identi�ed many tandem repeats of which some appear in form
of higher order -HORs (tandem within tandem arrays of DNA sequence). Those HORs are
mostly found in centromere with repeat basic unit of 171 bp, but some of them can be
found in genes (an example is NBPF family gene in humans responsible for brain develop-
ment and occurrence of diseases like macrocephaly, microcephaly and autism). We build
a database (http://genom.hazu.hr/) where we store those repeats and their higher order
structures along with sequence analysis for human, Neanderthal and chimpanzee DNA. This
database can serve to other researchers for experiment designs to reveal their roles, and
especially roles of higher order repeats, as is known form other research that some of them
might have regulatory roles [1, 2]. With this poster we present our database and some large
HORs based on alpha satellite sequence (see �gure), as one of the main result of our project.

[1] Glun£i¢ M, Rosandi¢ M, Jelovina D, Dekani¢ K, Vlahovi¢ I, Paar V (2012) Global Repeat Map
Method for Higher Order Repeat Alpha Satellites in Human and Chimpanzee Genomes (Build
37.2 Assembly). Croat. Chem. Acta 85 (3): 327�351.

[2] Vlahovi¢ I, Glun£i¢ M, Rosandi¢ M, Ugarkovi¢ Ð, Paar V (2017) Regular Higher Order Repeat
Structures in Beetle Tribolium castaneum Genome. Genome Biology and Evolution 9 (10):
2668�2680.
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Morphogenesis and wound healing both require migration of large number of constituent
cells. We address these complex problems by using MDCK II model epithelium grown on
collagen I coated glass substrates. Usually, to study such a system, a part of an expanding
monolayer is carefully analyzed. Here we take the complementary approach and look at
the global development of an, initially droplet seeded, system of cells which is allowed to
expand freely over time. In contrast to most studies majority of our experiments performed
have very long time windows of at least 10 days. On the basis of experimental �ndings the
known model of exponential growth of small (< 0.1 mm2) cell clusters is expanded with an
additional parameter which accounts for the slowing down of area growth. Thus, with the use
of a simple di�erential equation, and easily interpreted parameters - initial colony area (A0),
colony doubling time (tau) and e�ective slowing down of growth (b) - one can successfully
predict the area expansion of clusters in the range of four orders of magnitude. Further data
analysis shows a stunning picture of a perpetually accelerating monolayer border, in stark
opposition to the concept of constant speed limits supposedly already reached by macroscopic
(> 10mm2) monolayers.

Quantitatively obtained parameters from 3 distinct experimental observations are com-
bined together and fed to simulations that approximate cells with 2D Voronoi objects [1].
Results of modelling show that even such a small set of parameters can be complete and
accurately predict the global colony morphology after as much as 10 days of growth.

Looking in, analysis of the �ow �elds down to microscopic scales shows the distinct be-
haviour not seen in simple di�usion processes. Distributions of velocities discern two di�erent
cell populations. A "static" and an "active" one. Non intuitively, monolayers show coexis-
tence of these two populations even deep inside the jammed colony bulk. To our knowledge
this aspect of "active jamming" has not been observed previously [2].

[1] Kaliman S, Phd Thesis

[2] Vurnek D et al., In preparation
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Studying the e�ect of anticancer drugs breast cancer cell
mechanics via AFM
Andreas Weber1*, Jagoba Iturri1, Rafael Benitez Suarez2, Maria d Mar Vivanco3, José Luis
Toca-Herrera1
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3 Cell Biology and Stem Cells Unit, CIC bioGUNE, Bilbao, Spain
* andreas.weber@boku.ac.at

The study of mechanical properties of eukaryotic cells has gained an increased interest in
recent years. An important �nding in this �eld is that di�erent cellular states (e.g. disease,
cancer, age . . . ) lead to signi�cant alterations in those properties [1]. By studying cell
mechanics, one can therefore derive important knowledge to further understand the complex
mechanisms of e.g. cancer formation. In addition, the quanti�cation of those changes can
be used as novel diagnostics tool [2].

In this study, atomic force microscopy (AFM) in force spectroscopy mode was used to
determine, at the nanoscale, the mechanical properties of MCF-7 (Michigan Cancer Foun-
dation) human breast cancer cells. The time and concentration dependent e�ect on cell
mechanics by di�erent agents (tamoxifen, resveratrol) was studied [3, 4]. Thus, mechanics-
related factors such as cell elasticity, adhesion, as well as cell rheology were obtained (and
their dependence upon incubation with the aforementioned substances). Batch data pro-
cessing was performed by means of self-developed R language protocols (afmToolkit) [5].
Complementarily, �uorescence microscopy experiments were performed to study cytoskele-
tal rearrangements. By this combined methodology new insights on drug treatment in�uence
(or resistance) on cancer cells could be achieved.

[1] Suresh S. Biomechanics and biophysics of cancer cells. Acta Biomater. 2007 Jul; 3(4): 413-438.
Available from doi: 10.1016/j.actbio2007.04.002

[2] Lekka M. Discrimination Between Normal and Cancerous Cells Using AFM. BioNanoSci. (2016)
6:65-80, available from doi: 10.1007/s12668-016-0191-3

[3] Jiang Z. et al. Resveratrol and cancer treatment: updates. Ann. N. Y. Acad. Sci. 1403 (2017)
59-69. Available from doi: 10.1111/nyas.13466

[4] Piva. M. et al. Sox2 promotes tamoxifen resistance in breast cancer cells. EMBO Molecular
Medicine Vol 6, No. 1, 2014, 66 � 79. Availaible from doi:10.1002/emmm.201303411

[5] Benitez R. et al. afmToolkit: An R Package for Automated AFM Force-Distance Curves Anal-
ysis. The R Journal (2017) 9:2, 291-308.
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Hydroxyl radical (OH), the most reactive form of reactive oxygen species, can react with
any amino acid side chains that are solvent accessible. Therefore, the reaction of reactive
oxygen with proteins has been used to probe the structure of proteins and protein complexes.
To introduce hydroxyl radicals to biological systems, several methods such as radiolysis [1],
photolysis [2] and Fenton chemistry [3] can be utilized.

In this study, Top Down mass spectrometry (FT-ICR) analysis has been applied to
the structural characterization of oxidized ubiquitin induced by metal-mediated hydroxyl
radicals. Oxidation of ubiquitin was achieved using the Fenton oxidant consisting of
(NH4)2Fe(SO4)2·6H2O, H2O2 and EDTA. Two parameters in the Fenton process were op-
timized in order to obtain higher yield of oxidized products - concentration of Fe(II) and
H2O2. When reasonable oxidation of ubiquitin was observed, Top Down analysis - collision
induced dissociation and electron transfer dissociation - of intact and oxidized ubiquitin was
performed in order to �nd the modi�cation sites. Detailed interpretation of the MS/MS
spectra from isolation of the +11, +10 and +9 charge states was used to identify the amino
acid side chains on the protein surface that are the most susceptible to oxidation. Our results
show that the Fenton reaction is a simple and an inexpensive way of radical generation for
protein structural foot-printing and Top Down strategy is the most promising technology for
such a comprehensive analysis.

[1] Xu G, Chance M R (2005) Radiolytic Modi�cation of Sulfur-Containing Amino Acid Residues
in Model Peptides: Fundamental Studies for Protein Foot printing. Anal Chem. 77: 2437�2449

[2] Charvátová O, Foley B L, Bern M.W, Sharp J.S, Orlando R, Woods R.J (2008) Quantifying
Protein Interface Foot printing by Hydroxyl Radical Oxidation and Molecular Dynamics Simu-
lation: Application to Galectin-1. J Am Soc Mass Spectrom. 19: 1692�1705

[3] Platis I.E, Ermacora M.R, Fox R.O (1993) Oxidative polypeptide cleavage mediated by EDTA-
iron covalently linked to cysteine residues. Biochemistry. 32: 12761�12767
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Competitive interaction of water and hydrogen peroxide
molecules with speci�c DNA recognition sites
Oleksii Zdorevskyi*, Sergey N. Volkov
Bogolyubov Institute for Theoretical Physics 14-b Metrolohichna str., Kiev, Ukraine
* zdorevskyi@bitp.kiev.ua

Water environment is an important factor in DNA secondary structure stabilization.
Thus, changes in the medium will a�ect signi�cantly on DNA stability. It was shown [1]
that hydrogen peroxide is highly accumulated in the water medium during ion beam can-
cer treatment. In the work [2] we studied interaction of hydrogen peroxide molecules with
non-speci�c DNA recognition sites.

In the present work the competitive interaction of water and hydrogen peroxide molecules
with speci�c nucleic recognition sites � DNA bases, are studied. Complexes of DNA bases
(Adenine, Thymine, Guanine or Cytosine) with solvent molecules (water or hydrogen perox-
ide) are under investigation. Interaction energies are calculated using atom-atom potential
functions method taking into account van der Waals, Coulomb interactions and hydrogen
bonds. As a result, the sites of DNA bases where hydrogen peroxide molecules can cre-
ate more stable complexes with nucleic base compared with the same complex with water
molecules are determined. Our study shows that recognition of Cytosine can be blocked
by hydrogen peroxide from major groove, and recognition of Guanine � from minor groove.
Adenine and Thymine can be blocked on the stage of DNA transcription when complemen-
tary pair is already opened. Therefore, the presence of hydrogen peroxide molecules in DNA
major and minor grooves can block the processes of genetic information transfer.

[1] Kreipl M, Friedland W, Herwig G. (2009) Time-and space-resolved Monte Carlo study of water
radiolysis for photon, electron and ion irradiation. Radiat. Environ. Biophys. 48, 1120.

[2] Pyatnitskyi D V, Zdorevskyi O O, Perepelytsya S M, Volkov S N (2015) Understanding the
mechanism of DNA deactivation in ion therapy of cancer cells: hydrogen peroxide action. Eur.
Phys. J D 69 255.
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Bacterial-phytoplankton interface in natural lake ecosys-
tems
Petar �utini¢1*, Sandi Orli¢2, Petra Pjevac3, An�elka Plenkovi¢-Moraj1, Koraljka Kralj
Borojevi¢4, Zrinka Ljube²i¢1, Sun£ica Bosak1, Maja �imunovi¢5, Igor Stankovi¢6, Filip
Stevi¢7, Dubravka �poljari¢ Maroni¢7, Tanja �una Pfei�er7, Gordana Goreta8, Gábor
Borics9, Gábor Várbíró9, Anita Vuci¢10, Ivan£ica Ternjej1, Marija Gligora Udovi£1

1 University of Zagreb, Faculty of Science, Department of Biology, Rooseveltov trg 6, 10 000 Zagreb,
Croatia
2 Ru�er Bo²kovi¢ Institute, Bijeni£ka 54, 10 000 Zagreb, Croatia
3 University of Vienna. Department of Microbiology and Ecosystem Science. Division of Microbial
Ecology. Althanstr. 14. A-1090 Vienna, Austria
4 Minnesota Drive, Great Sankey, Warrington, WA5 3SY, United Kingdom
5 Hrvatska agencija za okoli² i prirodu, Radni£ka cesta 80/7, 10 000 Zagreb, Croatia
6 Hrvatske vode, Central Water Management Laboratory, Ulica grada Vukovara 220, 10 000 Zagreb,
Croatia
7 Josip Juraj Strossmayer University of Osijek, Department of Biology, Cara Hadrijana 8/A, 31
000 Osijek, Croatia
8 Public Institution "National Park Krka", Trg Ivana Pavla II. br. 5, 22 000 �ibenik, Croatia
9 MTA Centre for Ecological Research, Department of Tisza River Research, Bem sqr. 18/c, 4026
Debrecen, Hungary
10 Institute of Public Health Zadar, Department of Enviromental Protection and Health Ecology,
Kolovare 2, 23 000 Zadar, Croatia
* petar.zutinic@biol.pmf.hr

Cryptophytes, chrysophytes and dino�agellates are groups of phytoplankton largely con-
sisting of species with well documented mixotrophy. These groups also comprise a major part
of phytoplankton biomass in karstic lakes with good to high ecological status. The aim of the
study was to establish the link between bacterial community and potential mixotrophs in the
planktonic community of a karstic mesotrophic Visovac Lake (Krka National Park, Croatia),
in order to provide a precise assessment of the ecological status of lake ecosystem. Integrated
vertical samples for phytoplankton, samples for physical-chemical parameters, water chem-
istry analyses and bacteriology were taken simultaneously from the deepest point of the lake,
once a month in the period between April and September 2016. Phytoplankton composition
and biomass were determined by standard methods, while �uorescence in situ hybridiza-
tion with signal ampli�cation and catalyzed reporter deposition (CARD-FISH) was applied
for bacterial microscopic quanti�cation. Additionally, �ltered water was used for DNA ex-
traction and 16S rRNA gene sequencing for bacterial identi�cation. Total phytoplankton
biomass varied from 0.24 mgL−1 (June) to 0.75 mgL−1 (July). Potentially mixotrophic
species characterizing the community were: Dinobryon divergens, Dinobryon bavaricum,
Dinobryon crenulatum, Chromulina sp., Ochromonas danica, Plagioselmis nannoplanctica,
Cryptomonas sp., Parvodinium inconspicuum and Ceratium hirundinella. The lowest total
bacterial abundance was determined in April (2.61 x 106 cell mL−1), whilst the highest was
in July (11.39 x 106 cell mL−1). Sequencing of 6 integrated samples resulted in a total of
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132 429 nucleotide sequences, with 5 bacterial groups identi�ed: Betaproteobacteria, Acti-
nobacteria, Bacterioidetes, Chloro�exi and Veruccomicrobia. Actinobacteria was the most
abundant class in all investigated months (avg. 34%), while Betaproteobacteria was sub-
dominant (avg. 22%). Multivariate analysis provided a statistically signi�cant corelation
between the selected phytoplankton species and determined bacterial groups. The results
will be used to determine relation between mixotrophic species and bacterial groups in lakes
with variable ecological status.
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