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From the Director
Dear Friends,

Prof. Yoram Reiter

Interdisciplinary education requires a balance
between depth and breadth. It requires
researchers to be at the frontiers of pure science
in their field, while at the same time being attuned
and ready for collaborations with experts in a
wide range of disciplines.

Bioinformatics Unit and the Structural Biology
Center that have been growing rapidly over
the years. In each, we supported research and
developed research capacity. These units are
constantly being developed to serve the widest
possible number of users.

At the Lorry I. Lokey Interdisciplinary Center for
Life Sciences and Engineering (LS&E), located
in the Emerson Family Life Sciences Building,
the aim is to give a genuine interdisciplinary
environment and education, which creates fertile
ground for new ways of thinking. In addition, LS&E
is a unique and open structure that allows the
coexistence and dynamic interplay between pure
science and engineering.

Another notable advance, continuing into 2015,
is the inauguration of the new 7th and 8th floors
of the Emerson Family Life Sciences Building.
This addition is very important and it will enable
the center to accelerate the pace of discovery
and innovation. It will provide capacity for new
scientists and new technology facilities.

2015 proved to be another outstanding year for
the Lokey Center, one that saw many important
advances in each area of our mission, including
groundbreaking discoveries by our researchers.
Aiming to facilitate convergence endeavors
and to develop partnerships, synergies and
collaborations with universities across the
world, we hosted in February the Umbrella
Symposium –themed: “When Life Sciences and
Engineering Converge.” This cooperation was
launched in 1983 by RWTH Aachen University,
Forschungszentrum Jülich and the Technion to
support and strengthen the research alliance
between Israel and Germany Additionally, in
December 2015, we held The First Pearl Seiden
International Meeting in Life Sciences. The
meeting was the first of its kind, bringing together
both synthetic and system biologists, to discuss
the latest developments in their fields, and to
jointly discuss how both fields can move forward.
This year, we continued to focus on the
development of the various units within the
clusters: The Infrastructure units (including
the Technion Genome Center, Microscopy and
Imaging Unit, and the Flow Cytometry Unit), the

The excitement I feel about the new facilities,
however, is not about getting bigger. It’s about
getting better! The Lokey Center has a rare
opportunity to both develop novel capabilities, to
lead a new era in science and strengthen existing
programs that make us unique and impactful.
We wish to expand and improve our best-inclass facilities, and grow our teams of talented
scientists and staff. The Lokey Center is designed
to ensure greater impact in the years ahead.
The Annual Report is presented in two parts: first,
a summary that highlights the substantial events
that have occurred in the center core units during
the year 2015; and second, a scientific report that
corresponds with the center researchers.
As in previous years, this report exemplifies the
strive of the Lokey Center staff and scientists
for excellence in their work and for the overall
prosperity of the center to benefit the wide
Technion scientific community in supporting
and advancing interdisciplinary research at the
interplay of Life Sciences, physics, chemistry,
computer sciences, and engineering. We look
forward for many years of scientific endeavors.
Yoram Reiter, Director
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LIFE SCIENCES AND ENGINEERING
(LS&E) INFRASTRUCTURE UNIT
Headed by Dr Maayan Duvshani-Eshet

The Infrastructure Center at the Lokey Center provides services,
technology training and teaching. The Center offers state-of-theart technologies for researchers on the forefront of life sciences
and engineering. The technology platforms offer services to both
academia and industry. In addition, the Center performs technology
development and teaching to ensure Technion scientists have
access to the latest methodologies and knowledge.
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The center is divided into three units:
> Bio-Imaging – Light Microscopy Facility
> Flow Cytometry
> Genomics – The Technion Genome Center
Investment in the top equipment and trained
personnel enable the Center to provide efficient
services to the research community.
Headed by Dr. Maayan Duvshani-Eshet, the
Center is now comprised of 11 highly trained
technicians, most with PhD degrees.
The Infrastructure Center’s agenda is for
every user to have sound knowledge in the
instrumentation and field in which they are
working. To this end, we have designed user
guide manuals for each piece of equipment
and we organize workshops and conferences in
each of the fields of the Center. The Center also
participates in academic courses in these fields.
Positioned at the forefront of technology in
the service of researchers in life sciences and
engineering, the Infrastructure Center continues
to expand. Plans for the coming years include
the addition of more sophisticated systems such
as another cutting-edge imager flow cytometer,
and new imaging technology.
It is also scheduling an additional academic
course in the field of light microscopy.

3

Research at LS&E
Infrastructure Center

Major Accomplishments in 2015
Our achievements over the past year have
been plentiful, and include:
> Purchasing a new cutting-edge microscopethe Light Sheet Microscope from Zeiss (the
first in Israel). This microscope enables fast
imaging of live specimens in large 3D
volume. This enables live, long-term
developmental studies, as well as other
studies of large 3D samples that it was not
possible to image before.
> Purchasing a new dedicated storage and
processing server for the Big Data coming
from the Light Sheet Microscope.
> Purchasing a new inverted fluorescent
microscope by Leica, with a high-speed
color camera.
> Organizing workshops and seminars in the
fields of Light Microscopy, Flow Cytometry
and Next Generation Sequencing.
> An increased number of publications were
published in peer-reviewed papers, that
utilized the Infrastructure Center for their
research.
> The number of labs and research groups
using the Infrastructure Center has grown
from 122 in 2014 to more than 198 in 2015,
with more than 500 users.

The LS&E Infrastructure Center promotes
the research of a wide range of fields from
medicine and biology, to biotechnology and food
engineering, biomedical engineering, physics,
chemistry and chemical and mechanical
engineering.
The center provides a wide variety of services
ranging from designing the experiments, to
working on the instruments and data analysis.
Selected examples of research projects that
utilized the LS&E Infrastructure Center and
acknowledged it in influential journals include:
> Spatiotemporal transcriptomics reveals
the evolutionary history of the endoderm
germ layer. Itai Yanai Lab, Nature 2015
> Translatome analyses capture of opposing
tissue-specific brassinosteroid signals
orchestrating root meristem differentiation.
Sigal Savaldi-Goldstein Lab. Proc Natl Acad
Sci. 2015
> Heterodimerization, Altered Subcellular
Localization, and Function of Multiple Zinc
Transporters in Viable Cells Using
Bimolecular Fluorescence Complementation.
Yehuda G. Assaraf Lab, JBC 2015.
> Pushing the Envelope in Tissue 		
Engineering: Ex Vivo Production of Thick
Vascularized Cardiac Extracellular Matrix
Constructs. Marcelle Machluf Lab, Tissue
Engineering, 2015
> Convergent evolution toward an improved
growth rate and a reduced resistance range
in Prochlorococcus strains resistant to phage
Debbie Lindell Lab, Proc Natl Acad Sci. 2015
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Objectives for 2016
> Continuing to provide service, support
and training on the various center
instrumentation.

> Assimilating working procedures and
practices according to the Israel Laboratory
Accreditation Authority

> Purchasing new cutting-edge equipment
that will facilitate high level academic
research and thus position the LS&E
Infrastructure Center facility at the forefront
of scientific research:
> Advanced microscopy
		 imaging technique
> A new cutting-edge imager
		 flow cytometer analyzer

> Continuing to organize special seminars,
conferences, workshops and educational
training in the fields of microscopy, flow
cytometry and genomics

> Establishing an in vivo imaging facility
together with the pre-clinical research
authority
> Computerizing and automating the entire
workflow at the Technion Genome Center:
a new internet site will control all orders and
will follow all samples as they go through
the sequencing and bioinformatics pipelines

> Attending international conferences,
workshops and tutorials and courses to keep
all staff updated in scientific forefront
technology

Staff
Dr. Maayan Duvshani-Eshet
Dr. Tal Katz-Ezov
Dr. Efrat Barak
Dr. Nitsan Dahan
Dr. Tammar Gettengo
Anastasia Diviatis
Avital Polsky
Ahinoam Perl
Olga Karinski
Maor Hatoel
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B I O I N F O R M AT I C S
KNOWLEDGE UNIT
Headed by Prof. Yael Mandel-Gutfreund

AMBER Workshop Participants

The mission of the Technion Bioinformatics Knowledge Unit
(BKU) is to empower life sciences researchers at the Technion
and its affiliated hospitals by providing bioinformatics consulting
and assisting researchers in bioinformatics and statistical
analyses of their data, specifically data coming from high
throughput experiments.
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The BKU's activity is closely tied to the dynamic
development of biological and biomedical
research as reflected in its main research topics:
> Genomics and transcriptomics - basic
and advanced analyses of data derived from
high throughput genome sequencing such
as gene expression (RNA-seq), high
throughput transcription-factor binding
assays (ChIP-seq) and RNA-binding proteins
binding assays (CLIP-seq), exome capture,
metagenomics, de-novo genome assembly,
as well as those from other high throughput
technologies such as gene expression
microarray and protein mass spectrometry.
> Data integration – integration of “big data”
from different sources such as transcriptome,
metabolome, proteome, interactome, etc.
> Structural bioinformatics: structure-based
function prediction, protein-protein
interactions, small molecule docking to
proteins and RNA, protein-peptide docking,
study of molecular dynamics and prediction
of stability and deleterious mutations. Study
of hotspots in proteins and druggable sites
discovery.

Main Objectives of the BKU
> Service: Continue to provide bioinformatics
consulting, computational methods and tools
to researchers and medical doctors.
> Research and Development: Expand the
expertise of the unit by acquiring new skills
in state-of-the-art bioinformatics strategies
and methods to ensure the best consulting
and useful results.
> Education: Organize bioinformatics courses
and workshops to introduce cutting edge
technologies and research, new
bioinformatics approaches, tools
and algorithms.

Major Accomplishments in 2015
During 2015 the BKU has participated in 38
different research projects, in collaboration
with Technion researchers from a variety
of faculties, including the faculty of
Biology, Faculty of Biotechnology and Food
Engineering, the Faculty of Medicine, Faculty of
Biomedicine, Faculty of Material Engineering
and Faculty of Civil Engineering. The results
of seven of them have been published this
year and others are in different stages of
preparation for publication. The BKU members
continue to provide bioinformatics consulting,
computational methods and tools to
researchers and medical doctors. Collaborative
efforts between members of the unit and
Technion researchers have resulted this year
in 5 peer reviewed articles that were published
in high impact journals and one book chapter
(see below). In addition one paper has been
submitted and several papers are currently in
final stages of preparations for publication.
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Selected examples of research projects that
utilized the LS&E Infrastructure Center and
acknowledged it in influential journals include:
> Atomic picture of ligand migration in
toluene 4-monooxygenase
Hosseini A, Brouk M, Lucas MF, Glaser F,
Fishman A, Guallar V , J Phys Chem B., 2015
> Melatonin regulates antioxidative mechanisms
in microalgae Chlamydomonas reinhardtii
(Volvocales, Chlorophyceae),
Tal, O., Malkiel, H., Sinam, B., Harel, O.,
& Haim, A., Phycologia, 2015
> Predicting pubertal development by
infantile and childhood height, BMI,
and adiposity rebound.
German A, Shmoish M, Hochberg Z,
Pediatr Res. 2015
> Pheromone-encoding mRNA is transported
to the yeast mating projection by specific
RNP granules.
Aronov S, Dover-Biterman S, Suss-Toby E,
Shmoish M, Duek L, Choder M. J, Cell Biol. 2015
> Environmental rather than genetic factors
determine the variation in the age of the
infancy to childhood transition: a twins study.
German A, Livshits G, Peter I, Malkin I, Dubnov J,
Akons H, Shmoish M, Hochberg Z., J Pediatr. 2015
In April 2015, the unit organized a five-day
international workshop at the Technion on
Molecular Dynamics. The workshop was
organized by Dr. Fabian Glaser and Dr. Ofir
Tal from the BKU, jointly with the AMBER
Development Team and NVIDIA Inc, USA. The
course was led by one of the world experts in
molecular dynamics, Prof. Ross Walker from San
Diego Supercomputer Center & Department of

Chemistry and Biochemistry and the University
of California, San Diego, USA. Prof Walker is
among the main developers of algorithms for
parallel computation of Classical, Quantum
Mechanical and hybrid Quantum/Molecular
Mechanical (QM/MM) techniques. The course
was jointly taught by Prof. Walker and two other
molecular dynamics experts, Dr. Adrian Roitberg
of the Department of Chemistry, University of
Florida, and Dr. Tom Kurtzman from Lehman
College, New York. We had 38 participants from
different universities in Israel and in Europe.
The majority of participants were graduate
students and postdoctoral fellows, studying in
the field of biomolecular simulations. During the
course, participants were introduced to the broad
collection of computational tools implemented
in the AMBER software packages for molecular
dynamics (MD) simulations. The course
consisted of a combination of lectures and
hands on tutorials that provided comprehensive
introduction to molecular dynamics and
molecular simulation. The highlight of the
course was the poster session in which the
students and post-docs presented their own
projects in the field of Molecular Dynamics. The
AMBER workshop was a great success and a
continuation workshop is planned for April 2017.

l-r: Dr. Tom Kurtzman, Prof. Ross Walker, Dr. Adrian Roitberg
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New staff recruited and
expertise, software and
hardware acquired
This year one new member joined
the unit - Dr. Guy Horev
Dr. Horev is a biologist with extensive experience
in computational biology and statistics. He
has knowledge in molecular biology, genetics,
neurobiology, statistics and bioinformatics.
Guy worked in biotech companies and
specialized in DNA microarray analysis. During
his post-doctoral training, Guy specialized in
quantification of animal behavioral patterns.
Guy’s expertise fits very well with the Technion
BKU mission to empower life sciences
researchers at the Technion by providing
bioinformatics advice using state of the art
computational methods and software tools.
Since joining the BKU, he has been collaborating
with multiple researchers at the Technion
on analyzing Next Generation Sequencing
experiments. These analyses include whole
genome sequencing and assembly, phylogenetic
analysis, RNA-sequencing, ChIP-sequencing and
meta-genomics. His work comprises experiment
design, algorithm development, data analysis
and integration of data from multiple resources.
This year the structural bioinformatics group
at the BKU has purchased a 4 GPU workstation
dedicated exclusively to performing AMBER
molecular dynamic simulations.
This GPU acceleration is considered to be
production ready, and has been heavily used
since its release as part of AMBER. The new
workstation enables us to run 5 to 10 times
faster molecular dynamics (MD) simulations
compared to 20 to 60 CPU on a MPI connected
nodes workstation and thus allows us to perform
effective and long MD simulations of membrane
proteins, crystal unit cells, large peptide clusters
and subsequent massive paralleled analyses.

Objectives for 2016
Organization of workshops,
courses and tutorials
In 2016, we are planning to organize several
courses and tutorials, among them we have
already conducted a one day workshop on “step
by step RNA sequencing organized by Dr. Guy
Horev. The purpose of the workshop was to
provide researchers with a conceptual workflow
for RNA-sequencing analysis, which builds upon
the reports provided by the Technion Genome
Center. In the workshop, we introduced tools
for performing downstream analysis following
RNA sequencing. The workshop included
an introduction to RNA sequencing analysis
and hands-on training using freely available
bioinformatics tools.
In addition, we are planning a lecture series on
R/Bioconductor which will be led by Dr. Michael
Shmoish and Dr. Guy Horev and a structural
bioinformatics workshop that will be led by
Dr. Fabian Glaser and Dr. Ofir Tal.
Other Activities
> Continuing to provide support and consulting
to running and future projects.
> Attending international conferences, workshops,
tutorials and educational programs to remain
updated on topics at the scientific forefront.

Staff
Prof. Yael Mandel -Gutfreund
Dr. Michael Shmoish
Dr. Fabian Glaser
Dr. Ofir Tal
Dr. Guy Horev
Alona Ravner
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TECHNION CENTER
FOR STRUCTURAL BIOLOGY
Headed by Dr. Yael Pazy Benhar
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2015 has been a year of continuous growth and
increase in users and projects benefitting from the
facility and its staff. With the appointment of the
new Head of TCSB in December 2015, the TCSB
is now aiming to reach new horizons.

Main Objectives
> To provide support and assistance to all TCSB
users in all stages of structure determination,
three dimensional analysis and
macromolecular structural projects.
> To establish teaching programs, targeted
workshops and training for students of all levels.
> To outreach to new users and promote
research in the field of structural
biology, particularly using macromolecular
crystallography techniques.

Dr. Yael Pazy Benhar
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Major Accomplishments
in 2015
A wide variety of projects are currently underway,
aiming to structurally define and analyze
proteins from diverse biological systems. Below
are descriptions of some of the projects and their
utilization of the TCSB facility:
Alian Lab
The Alian lab produced numerous successful
crystallization trials at the TCSB and is in the
process of analyzing new structures of the HIV-1
integrase protein, which integrates the viral DNA
into the host genome, in an attempt to identify
new intervention strategies and drug targets.
Adir Lab
The Adir team is seeking to solve structures of
phycobilisome and its components, involved in
light harvesting in the photosynthesis process
from different cyanobacteria species. The Adir
lab has used the TCSB facility for screening
crystallization conditions with the mosquito
robot. Protein crystals of a new pigment-protein,
Phycocyanin from Acaryochloris marina, were
screened extensively on the X-ray beam and
data analyzed at the graphics room at the TCSB.
Fishman Lab
The Fishman lab team have crystallized and
screened numerous crystals at the TCSB
and have incorporated the use of the TCSB
robotic actor system, in order to find suitable

crystals for full data set collection and
structure determination of Tyrosinases. The
Tyrosinases are metallo enzymes belonging
to the type-3 copper protein family, which are
responsible for pigmentation, wound healing,
radiation protection, and primary immune
response. Suitable crystals produced at the
TCSB have enabled the three-dimensional
structure determination of TyrBm with its native
substrates L-tyrosine and L-dopa. Crystals
of TyrBm with D-tyrosine are currently being
screened at the TCSB in order to determine the
mechanism of stereo-selectivity in the enzyme.
Kornitzer Lab
A bacterial expressed active pathogenic
fungi CFEM (Common in Fungal Extracellular
Membrane) protein, in its holo form (with
the heme group), has been crystallized and
its three dimensional structure solved and
analyzed at the TCSB by Dr. Hay Dvir who
utilized experimental phases derived from the
anomalous scattering of the native sulfur and
the heme-iron atoms. The structure revealed a
novel protein fold, called the ‘helical-basket’ fold,
unusual heme binding determinants, as well as
a novel heme-iron coordination system. Currently
the Kornitzer lab is screening for successful
crystallization conditions for the more native
form fungi protein in the apo (without the heme
group) and holo forms generated in fungi.
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Objectives for 2016
Our major goal at the TCSB is to highlight
the benefits of incorporating and conducting
structural biology research in any biological or
biomedical project. To this end, we aim to:
> Train users to work with protein analysis
techniques at the TCSB facility. We will
continue to guide users in analyzing protein
binding and in pursuing experiments,
leading to protein three-dimensional structure
determination and structural analysis.
Landau Lab
The Landau team focuses mainly on the study
of Amyloids. Amyloids are mostly known for
their involvement in neurodegenerative disease
such as Alzheimer’s, Parkinson’s, and ALS, but
they are also used for functions that are a part
of microbes' physiology and virulence, thus they
can serve as important antimicrobial drug targets.
The most recent structure determined, using the
crystallization facility at the TCSB, is of a novel
high-resolution amyloid structure of the cytolytic
22-residue peptide PSMα3 secreted by S. aurues,
which revealed an entirely new amyloid structure
composed of amphipathic-helices that tightly
pack into mated “α-helical sheets”.
Segal Lab
The Segal lab has been working with the
MicroScale Thermophoresis (MST) at the TCSB,
in order to characterize affinities between
aptamers immobilized on luminescent porous
silicon nanoparticles (PSiNPs), and their
analytes, in order to design and develop new
sensitive biosensing schemes.

> Create a center of knowledge and excellence
at the TCSB with targeted professional
workshops and courses that will bring
the knowledge and “know how” of protein
crystallography techniques and the
importance of protein research, on a
molecular level, to students and
researchers at all levels.
> Expand the usage and services of our facility
infrastructure to researches from other
faculties at the Technion and outside the
Technion. We hope to assist them in solving
and analyzing structures of their protein of
interest and to advance their research.
> Outreach to other protein related units and
form a network of services for users to expand
their studies using diverse methods such as
bioinformatics, genomics, proteomics,
and assist users with protein expression
and purification.

Staff
Dr. Yael Pazy Benhar
Dikla Hiya
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GENERAL ACTIVITIES
Headed by Shira Sagee

Umbrella Conference
In February, we hosted the Umbrella Symposium
– Cooperation, launched in 1983 by RWTH
Aachen University, Forschungszentrum Jülich
and the Technion, to support and strengthen the
research alliance between Israel and Germany.
The conference, marking 50 years since the
establishment of diplomatic relations between
Israel and Germany, was themed: “When Life
Sciences and Engineering Converge.”
Convergence is an approach to problem solving
that cuts across disciplinary boundaries.
It integrates knowledge, tools, and ways of
thinking from life and health sciences, physical,
mathematical, and computational sciences,
engineering disciplines, and beyond, to form
a comprehensive synthetic framework for
tackling scientific and societal challenges that
exist at the interfaces of multiple fields. This
convergence has led to the emergence of new
disciplines, such as: systems biology, synthetic
biology, bioinformatics and computational
biology, among others, which are a reflection of
how convergence is a serious and increasingly
important development in science. Recent
reports discuss the concept of transdisciplinary
research, a progression of the convergence
paradigm, which describes how convergence
research can be organized to deliver real benefit.
35 researchers participated in this symposium,
and covered a wide range of issues at the heart
of the convergence revolution in a fruitful and
successful meeting. New collaborative efforts
and exchange of ideas have already emerged
from it.

Umbrella Conference Participants
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The first Pearl Seiden
International Meeting
in Life Sciences
Aiming to facilitate convergence endeavors
and to develop partnerships, synergies and
collaborations with universities across the world,
we hosted The First Pearl Seiden International
Meeting in Life Sciences, entitled: “From
Synthetic Biology to Discovery and Applications,”
during December, 2015.
The meeting was held at the Department of
Biotechnology and Food Engineering of the
Technion, during the holiday of Hanukkah (Dec.
9-10, 2015). The meeting featured 18 speakers:
10 international speakers from the U.S. and
Europe and 8 local speakers from the Technion,
the Weizmann Institute, Tel Aviv University, and
the Hebrew University, Jerusalem. Attended by 150
researchers, students and professionals from the
local private sector and worldwide professionals,
the conference was truly an international gathering.

and to jointly discuss how both fields can move
forward. This framework was enthusiastically
embraced by our invited speakers, who gladly
attended the meeting, despite the current
political situation. In fact, we were successful
in bringing senior U.S. scientists including Prof.
Adam Arkin and Prof. Rama Ranganathan,
internationally recognized for their many
contributions to this field and others, to Israel for
the first time. The meeting was a great success
as it combined the presentation of top-notch and
exhilarating science, while maintaining a friendly
and collaborative atmosphere. This encouraged
students and researchers to discuss their own
research with the invited speakers.
The two-day meeting was organized
meticulously by the administrative team who
undoubtedly contributed to the satisfaction of
the participants.

The meeting was the first of its kind, bringing
together both synthetic and system biologists, to
discuss the latest developments in their fields,

Pearl Seiden Meeting Speakers
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iGEM Project
The center management understands the need
for engineers and technological advances– the
promise to provide Technion students with
an exciting education that will prepare them
for emerging technologies and equip them to
become adaptive and flexible to successfully
face the rapidly changing world. In 2015, the
Technion competed in the iGEM jamboree for the
third time. iGEM is the leading undergraduate
competition in bioengineering, synthetic and
quantitative biology, and has become a new
paradigm for cross-cultural multi-university
undergraduate research and education. In
2015, iGEM celebrated its 11th anniversary,
and for the second time a giant jamboree was
conducted in Boston, MA, during the last week
of September. 280 teams from universities
worldwide participated in the competition, and
the Israeli contingency included the Technion
and BGU teams as well as two high school
teams (Technion - HS and Danziger - Kiryat
Shmona). In brief, iGEM requires a group of
undergraduate students to devise a synthetic
and quantitative biology project, execute it in
the lab, and conduct social outreach to examine
ethical issues that arise from synthetic biology
and to educate the general public. Projects often
involve experimental aspects, a theoretical/
modeling element, and a software development
sub-project.

Our team included 10 students from 4 different
faculties. The multidisciplinary team chose a
challenging project of trying to engineer the
scalp microbiota to secrete an enzyme that can
treat male pattern baldness.
During the past summer, the group made
substantial progress in proving that their
concept can work. The group received many
accolades and praises from judges during the
competition, and won the prestigious Best
New Application award, a gold medal, and
were nominated for Best New Part, Best New
Model, and Best Poster awards.

iGEM Team Members
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Lokey Distinguished
Lecture Series
Prof. Michael Elowitz, a biologist and
professor of Biology, Bioengineering, and
Applied Physics at the California Institute of
Technology and investigator at the Howard
Hughes Medical Institute, talked about his
studies
These include: dynamics of genetic circuits in
individual living cells, using synthetic biology;
time-lapse microscopy, and mathematical
modeling, with a particular focus on the way
in which cells make use of noise to implement
behaviors that would be difficult or impossible
without it. Recently, his lab has expanded
its approaches beyond bacteria, to include
eukaryotic and mammalian cells.
Prof. Richard Lenski gave a talk entitled: “Time
Travel in Experimental Evolution: Phenotypic
and Genomic Dynamics Across 60,000
Generations” The E. coli long-term evolution
experiment is an ongoing study in experimental
evolution led by Richard Lenski that has been
tracking genetic changes in 12 initially identical
populations of asexual Escherichia coli bacteria,
since February 24th, 1988. Since the experiment's
inception, Lenski and his colleagues have
reported a wide array of genetic changes; some
evolutionary adaptations have occurred in all 12
populations, while others have only appeared
in one or a few populations. One particularly
striking adaptation was the evolution of a strain
of E. coli that was able to use citrate as a carbon
source in an aerobic environment.

Prof. Pamela Silver, one of the founders
of the emerging field of Synthetic Biology,
visited the Technion in March and gave a
talk entitled: “Designing Biology for Health
and Sustainability”
Applying synthetic biology to mammalian
cells is a new frontier in the field and has
a vast number of potential implications for
human, animal and plant health, as well as
environmental sustainability. Some of Silver’s
work in this area includes the engineering
of: mammalian cells to remember and report
past exposures to drugs and radiation, robust
computational circuits in embryonic stem cells
and bacteria and synthetic switches to moderate
gene silencing with the integration of novel
therapeutic proteins.
0n June 7th, 2015, we held a mini-symposium in
honor of Distinguished Profs Alfred L. Goldberg
and Michael Sherman, on “Mechanisms of
Protein Misfolding and Degradation in Disease”
Prof. Alfred Goldberg of Harvard Medical School
is one of the world’s leading experts on protein
degradation mechanisms via the ubiquitinproteasome system. He made several scientific
breakthroughs, among them is the discovery of
ATP-dependent proteases and proteasomes. In
his lecture at the Technion on June 7th this year,
Prof. Goldberg described how he discovered the
26S proteasome and developed proteasome
inhibitors, which are widely used as research
tools (i.e. MG-132) and in cancer therapy (i.e.
Bortezomib). In addition, he demonstrated
several new biochemical mechanisms and
critical physiological regulation of protein
breakdown in human disease.
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Prof. Michael Sherman of Boston University,
conducted his postdoc with Prof. Goldberg. His
work made breakthroughs in our understanding
of how proteolytic systems specifically
recognize and degrade abnormal, misfolded
and aggregated proteins. In his lecture, Prof.
Sherman introduced the specific roles of
Hsp70 chaperons in cancer development, and
presented new promising small molecule
inhibitors of Hsp70 that he developed for the
treatment of multiple types of cancer.
Prof. Hermann Steller of HHMI/Rockefeller
University delivered two talks during his visit
to the Technion as a Lokey Distinguished
Lecturer
Prof. Hermann Steller is one of the leading
figures and a pioneer in the field of programmed
cell death (apoptosis). His research focuses
on the mechanism by which cells undergo
apoptosis, how this process is regulated by
distinct signaling pathways, and how abnormal
regulation of apoptosis contributes to a variety
of diseases, including cancer. Many organs
and tissues can repair wounds and regenerate
cells lost upon injury. Dr. Steller discovered
that cells undergoing apoptosis in response
to stress or injury can stimulate their own
replacement by secreting mitogens to induce

proliferation of adjacent progenitor cells. These
mitogen pathways have been highly conserved
in evolution, and recently, similar phenomena
have been observed in mammals, with profound
implications for cancer therapy, stem cell
biology, and regenerative medicine.
Prof. Hans Clevers of Utrecht University visited
the Technion in September. He has described
the molecular signaling pathways disrupted
by cancer and has identified a protein that is
specific to stem cells in the intestine
He has then been able to grow ‘miniintestines’ from individual stem cells. These
are the first steps on the road to regenerative
medicine, in this case the regeneration of
intestinal tissue. He also studies the nonlethal
use of apoptotic proteins and the ubiquitinproteasome pathway for cellular remodeling.
His research deals with the intestine, in
both its healthy and diseased state. He
has discovered that there are numerous
similarities between the normal process
whereby intestinal tissue is renewed and the
development of intestinal cancer. Improved
understanding of these processes is crucial to
developing new ways of treating cancer.

l-r:
Prof. Eliezer Lifschytz,
Prof. Yaron Fuchs,
Prof. Ariel Kaplan,
Prof. Yoram Reiter,
Prof. Hemann Steller,
Prof. Shimon Gepstein
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S C I E N C E U P D AT E S
Lokey Center Researchers

Brik Lab
The Brik Laboratory is located in the Schulich
Faculty of Chemistry and partially in the Lokey
Center and is considered a relatively new one.
The group completed the move from Ben-Gurion
University of the Negev nearly a year ago. Since
then the group has been involved in developing
novel chemical and semisynthetic approaches to
prepare post-translationally modified proteins to
study the effect of these modifications on protein
structure and function.
For example, the group has developed efficient
approaches for the synthesis of ubiquitinated
and glycosylated H2b (Angew. Chem. 2015)
to unravel the role of these modifications in a
chromatin context. The ubiquitinated H2B was
used to examine how the SAGA deubiquitinases
removes this ubiquitin from H2B at the
molecular level (Science 2016).

Moreover, the Brik group prepared
phosphorylated H2A to provide direct evidence
as to how this modification affects the activity
of the SAGA deubiqitinating module for the first
time and found that phosphorylation at Tyr57 of
H2b inhibits the activity of this enzyme (Angew.
Chem. 2015).
The Brik group continues to invest great
efforts in developing general methodologies to
expedite protein synthesis in general and has
reported the use of organometallic complexes
in the synthesis of complex and synthetically
challenging proteins for the first time (JACS 2016).

19

Fuchs Lab
During the course of 2015, we established
the Laboratory of Stem Cell Biology and
Regenerative Medicine. We have been privileged
to recruit extraordinary people from all over
the world with expertise in stem cell biology,
genetics, mass-spectrometry, microscopy as
well as various in vivo and in vitro assays. These
researchers have been able to conduct ground
breaking work in the fields of stem cell biology,
regeneration and cancer.
The newly established Fuchs lab is part of the
Faculty of Biology and the Lokey interdisciplinary
Center for Life Sciences and Engineering. The
lab is brand new and consists of 185m2, including
rooms for fluorescent and confocal/multi-photon
microscopy, refrigerators and tissue culture.
The microscope room houses a state of the art
Zeiss confocal/multi-photon 880 microscope
and allows the visualization of a large number
of fluorophores as well as conduct intravital
imaging (allowing for cellular resolution within
the living animal).
Since its establishment, the Fuchs laboratory
has focused on stem cells and the roles they
play in homeostasis, cancer and regeneration.
Work led by two talented Ph.D. students: Lana
Kostić and Egor Sedov, has shed light on genes
crucial for skin regeneration. Deletion of these
genes increases stem cell numbers and leads
to a dramatic improvement in wound healing.
Furthermore, the wounds of these knock out mice
display striking regeneration of hair follicles
and significantly smaller scars. These findings
have great scientific impact, demonstrating

the importance of stem cell expansion in
tissue regeneration. Furthermore, these results
also highlight novel targets which may have
therapeutic benefits, such as promoting wound
healing and regeneration.
In another project we have tried to answer a key
question in biology.
How is organ size regulated?
Pioneering work led by Dr. Yahav Yosefzon and
Dr. Despina Soteriou has unearthed a novel
mechanism that regulates both organ size and
skin regeneration. Utilizing genetically modified
mice as well as chemical inhibition in vivo, Dr.
Yosefzon and Dr. Soteriou have found a novel
signaling cascade which regulates proliferation,
organ size and skin regeneration. Of key
importance, this cascade also plays a chief role
in tumor development. These ground breaking
findings are now being patented and we are in
the process of submitting this important finding
to a high impact journal.
An important model for studying stem cell
behavior is organoid formation. In this model,
SCs are isolated and instructed using specific
cues to generate a mini organ (organoid) in vitro.
An M.Sc, Elle Koren, has been able to establish
this system and we are now growing intestinal
organoids and utilizing them to examine the
function of key genes. Employing this system,
Elle Koren and Art Linkov have been able
to discover important genes which regulate
intestinal homeostasis and regeneration.
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The Fuchs Lab Team

Building upon the experience of intestinal
organogenesis, Alona Feldman, a Ph.D. student
in the lab, has decided to pick up the scientific
gauntlet of generating sebaceous gland
organoids. These organoids have never been
generated before and Alona who has been
successful in her efforts is now in a position
where she can shed fresh new light on the
development and homeostasis of this unique
mini organ.

maintain skin tumors, and how these cancer
stem cells can be targeted.
We are now closing our first year in the
Technion and thrilled about this incredible work
environment. We would like to emphasize that
this work couldn’t have been performed without
the use of state of the art resource centers at the
Lokey interdisciplinary center and its terrific staff.

Finally, our lab has examined the function
of stem cells in cancer formation. Work Led
by Egor Sedov and Rotem Sinriech now tries
to understand how stem cells give rise and
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Kaplan Lab
Research in our lab is centered on the role that
mechanical forces play in biology. During recent
years, we have developed a single-molecule
high-resolution optical-tweezers apparatus, that
allows us to apply and measure mechanical
forces in a variety of biological systems and
follow their activity with high resolution. The
instrumental, environmental and Brownian noise
were thoroughly reduced and we have been able to
demonstrate that our system is capable of sensing
extension changes as small as single base-pairs.
With this system, we have made significant
progress in two different lines of research:

nucleosome potentially located at the TSS
and blocking transcription factor binding, is
evicted. The (+1) nucleosome is remodeled with
H2A.Z resulting in a weaker, and more mobile
nucleosome that facilitates elongation of RNA
polymerase II. In the case of Lhβ, for which a
lower level of expression is required, the TSS
nucleosome is remodeled with H2A.Z resulting
in a weaker nucleosome that enables binding
of transcription factors. Our results highlight
how DNA sequence, the usage of alternative
histone variants and remodeling machinery act
synergistically to modulate gene expression.

Chromatin structure and the
regulation of the LH genes
We used single-molecule chromatin “unzipping”
with high-resolution optical tweezers,
in combination with MNase mapping of
nucleosomal occupancy in cultured cells, to
study the roles that DNA sequence and the use
of histone variants play in shaping the chromatin
landscape at the promoters of genes, to achieve
their relative expression levels. Guided by
MNase mapping of nucleosome positioning at
the promoters of two model genes, Cga and Lhβ,
we reconstituted in vitro nucleosomes that mimic
the ones located near the transcription start site
(TSS) and immediately downstream of the TSS
(+1), and measured the forces required to disrupt
these nucleosomes, and their base-pair-scale
position along the DNA sequence. Our results
indicate that these two genes are regulated by
two distinct strategies, that exploit the
sequence of DNA and the identity of the histone
proteins: In the case of Cga, the relatively weak

Reverse Transcription and its inhibition
The process of reverse-transcription, in which
a single-stranded RNA (ssRNA) is copied
into a double-stranded DNA (dsDNA) is an
obligatory step in the life cycle of the Human
Immunodeficiency Virus (HIV), and is catalyzed
by a single enzyme, the Reverse Transcriptase
(RT). Using our dual-trap optical tweezers,
we have studied the activity of RT on a DNA
hairpin template, at the single-molecule
level. We characterized strand-displacement
polymerization by MLV-RT and HIV-RT, both the
wild type enzyme and a strand-displacement
deficient mutant. The dependence of the
pause-free polymerization rate on [dNTPs] and
applied tension on the hairpin reveals that RT
is basically a passive enzyme, exploiting the
spontaneous thermal opening of the hairpin to
translocate on a single-stranded track.
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Kishony Lab
Evolution of Bacteria within Human Host
The human body is inhabited by a variety of
bacterial species. Although stable for long
periods of time, these bacterial populations
are dynamic and respond to changes in their
environment: physico-chemical conditions,
host factors such as the immune system and
other bacterial populations. We track the
changes accumulating in the genomes of these
bacteria over time and from these changes
we deduce the key challenges they are facing,
which drive their evolution within the host. We
use several models in which we sample the
bacterial populations over a long period of time
(anywhere between one month and two years).
Clinical isolate are phenotyped by automated
in-house robotic system and genotyped at the
whole-genome level at the Technion Genomic
Center. Genetic changes are identified using an
in-house developed bioinformatic toolbox.
We focus on 3 different model systems:
1. How does staphylococcus aureus adapt
following its transmission from mothers to
their newborns? This pathogenic bacterium
is carried asymptomatically by ~30% of the
population. Interestingly, infants often carry
the same strain carried by their mothers. We
compare the genetic changes occurring in the
bacteria carried by the newly colonized infants
with the ones occurring within the mother
borne population. Different evolutionary paths
between them suggest different environmental
constraints applied on the bacteria.

The Kishony Lab Team

2. Does colonization of staphylococcus
epidermidis require its niche-specific
adaption to different human body parts? This
commensal non-pathogenic bacterium colonizes
neonates immediately after birth and is found on
the skin of each and every one of us. However,
due to a dysfunctional immune system, this
bacterium may grow unrestrictedly on the body
of premature babies, causing severe infections.
Comparing the patterns of dispersal of this
bacterium on the bodies of neonates and adults
alike, we track its routes of transmission and
infection.
In collaboration with Prof. Imad Kassis and Dr.
Ori Hochwald, Neonatal Intensive Care Unit,
Rambam Medical Center.
3. How can probiotic strains better survive
in the human gut? In this unique system we
track the evolution of probiotic strains, such as
lactobacillus, inside the human body. A better
understanding of the reasons leading to decay
of such bacteria in the human body may lead
to the design of better, more resilient, probiotic
treatments.
In collaboration with Prof. Ron Shaoul, Pediatric
Gastroenterology Unit, Rambam Medical Center.

In collaboration with the lab of Dr. Gili RegevYochay, Sheba Medical Center.
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The Ecology of Antibiotic
Resistance in Natural Habitat
The antibiotics we use at the clinic are actually
natural products produced primarily by soil
microbes as part of warfare and communications
within complex microbial consortia. A major
enigma in the field is understanding how so
many species coexist in natural communities
without a single or few species taking over. In the
past year, we have revealed key factors that help
explain how species coexist:
> We have shown that species that degrade
antibiotics can dramatically change the
dynamics of the community, introducing
ecological stability into an otherwise
inherently unstable community (Kelsic et al,
Nature 2015).
> Pairwise interactions between species
are known to introduce an upper threshold on
diversity. Interactions between species,
however, can go beyond pairwise, whereby
the way two species interact is affected by a
third species. We showed that such high
order interactions put a lower rather than an
upper threshold on community diversity
(Bairey et al, Nature Communications, in press).
These results were founded on theoretical
analysis and modeling. Moving forward, we
have started to test some of these predictions
and better understand the actual composition
of microbes and their interactions in situ in the
soil’s natural environment. In particular, we focus
on the coexistence of antibiotic producers with
bacteria resistant and sensitive to the antibiotic.

We believe that studying that multi-species
ecology may unveil forces that counter antibiotic
resistance. To that end, we explore two
ecological questions:
> What is the fitness advantage of antibiotic
resistance in the soil? Although reach in
antibiotic producing bacteria, bulk soil
contains a very low concentration of
antibiotic, if any at all. Hence, selection for
antibiotic resistance is not seen in the
bulk. That observation led us to look for such
selection on small confined volumes of soil –
such as single grains. To that end, we
inoculate bulk soil with antibiotic resistance
and sensitive bacterial probes, and measure
the fitness differences between the two, both
on the bulk and the single grain level.
> How variable is the microbial community
occupying distinct grains of soil? Since the
soil is a structured environment, co-existence
of bacteria in small, confined areas can point
to relatedness between them. To study the
correlation between bacterial existences we
wish to characterize the bacterial communities
occupying single grains of soil. To that end,
we developed a method for amplicon-based
metagenomics sequencing of the 		
phylogenetic marker 16S from single grains.
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Meller Lab
During 2015, the Meller Lab continued its
research in the area of single-molecule
biosensing.
> We published the first report of direct
electronic mapping of transcription
factors binding to its DNA targets (Squires et
al. Sci Rep. 2015).
> We also demonstrated that native ubiquitin
dimers can be identified and
discriminated using solid-state nanopores
(Nir et. al. Biophys. J. 2015).
> Another paper published in PLoS One
(Squires et al. 2015) showed that we can
discriminate among antimicrobial resistant
and susceptible gDNAs at extremely high
precision using only a handful of copies of the
target genomes.
> This paper joins a publication in Nano Letters
(Assad et al. 2015) which shows that we can
bar-code individual DNA molecules and read
them one by one using an electro-optical
sensing technique.
> Finally, in collaboration with the Grinstaff Lab
at the Bioinformatics Unit, we improved an
immunosorbent assay using a functionalized
nanofiber meshe (Hersey et al. Anal. Chem.
2015). We also published a review paper
about Optical sensing in Nanopores (Gilboa
and Meller, Analyst 2015), which made it to
the Journal front cover.
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Shlomi Lab
I established my lab at the Lokey Center for
Life Science and Engineering in 2014, after
joining the Technion Department of Computer
Science in 2008. Since I joined the Technion,
my group’s research has focused on developing
computational models that describe the
metabolism of cells, focusing on metabolic
dysfunction in cancer. Opening a wet lab as part
of the Lokey Center enables us to extend this
line of study, employing a unique combination
of experimental and computational approaches,
spanning molecular biology, analytical
chemistry, and computational methods.
Our research during 2015 focused on developing
methods for gaining deep spatial-temporal
understanding of cellular metabolism, and
the application of such methods to studying
metabolic dysfunction in cancer:
> We developed a novel and computationally
efficient approach, constraint-based isotope
tracing (CBIT), for designing isotope tracing
experiments that enable optimal inference of
intracellular metabolic fluxes.
> Development of integrated experimental and
computational methods for analyzing spatial
temporal aspects of metabolic processes
within cells. This research involves the
development of methods for exploring
metabolic activity in specific subcellular
compartments, focusing on mitochondrial
versus cytosolic metabolism. It also involves
dissecting characterizing alterations in
metabolic processes through the cell cycle.

> Inferring the metabolic adaptation of cancer
cells to clinically used drugs, focusing
on antifolates. The goal of this project is to
identify metabolic alterations that underlie
the development of drug resistance as a
means to identify novel targets for eradicating
resistant cancer cells. Our preliminary
analysis has already revealed intriguing
changes in amino acid metabolism that we
are currently following up.
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Yanai Lab
2015 Research
The mid-developmental transition and
the evolution of animal body plans.
Animals are grouped into ~35 ‘phyla’, based
on the notion of distinct body plans: 1, 2, 3,
4. Morphological and molecular analyses
have revealed that a stage in the middle
of development—known as the phylotypic
period—is conserved among species within
some phyla. Although these analyses provide
evidence of their existence, phyla have also been
criticized as lacking an objective definition, and
consequently based on arbitrary groupings of
animals. Here we compare the developmental
transcriptomes of ten species, each annotated
to a different phylum, with a wide range of life
histories and embryonic forms. We find that
in all ten species, development comprises the
coupling of early and late phases of conserved
gene expression. These phases are linked
by a divergent ‘mid-developmental transition’
that uses species-specific suites of signaling
pathways and transcription factors. This
mid-developmental transition overlaps with
the phylotypic period that has been defined
previously for three of the ten phyla, suggesting
that transcriptional circuits and signaling
mechanisms active during this transition are
crucial for defining the phyletic body plan and
that the mid-developmental transition may
be used to define phylotypic periods in other
phyla. Placing these observations alongside
the reported conservation of mid-development
within phyla, we propose that a phylum may be
defined as a collection of species whose gene
expression at the mid-developmental transition
is both highly conserved among them, yet
divergent relative to other species.

A single-cell transcriptomic map of the
human pancreas reveals inter- and intra-cell
population structure. The function of the human
pancreas hinges on complex interactions of
distinct pancreatic cell types, however gene
expression profiles have largely been analyzed
for bulk cell populations. Here, we invoked
inDrop, a droplet-based single-cell RNA-Seq
method, to determine the transcriptomes of
~8,500 individual pancreatic cells from four
human donors. Cells could be divided into 14
clusters that matched previously characterized
cell types: all endocrine cell types, including
rare ghrelin-expressing epsilon-cells, exocrine
cell types, vascular, quiescent and activated
pancreatic stellate cells, and three types of
immune cells. We detected subpopulations
of ductal cells corresponding to what may
be terminal and centroacinar cells. Moreover,
among beta-cells, we detected heterogeneity
in the regulation of genes relating to functional
maturity and levels of ER-stress. Thus, our
dataset provides a resource for the discovery of
novel cell type specific and cell type restricted
transcription factors, signaling receptors, ligands,
and medically-relevant genes.
Host and pathogen simultaneous single-cell
transcriptome analysis reveals interacting subpopulations during infection. The interaction
between a pathogen and a host is a highly
dynamic process in which both agents activate
complex programs. Single-cell RNA-Seq
is typically limited to the poly-adenylated
component of the transcriptome, thereby
preventing the study of both the host and
intracellular bacterial pathogens.
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Here, we introduce a single-cell RNA-Seq
method that simultaneously captures both
host and pathogen transcriptomes. We use this
method to study the transcriptomes of individual
mouse macrophages along with that of their
intracellular pathogen Salmonella typhimurium,
and identify their sub-population structure and
expression heterogeneity throughout infection.
Our single-cell approach has diverse potential
applications for novel insights into the biology
of infection through the molecular study of both
host and bacterium in individual encounters.
General Topics of Research
> Single-cell transcriptomics
The lab developed CEL-Seq, a popular
method for single-cell RNA-Seq that is highly
multiplexed and uses linear amplification by
in vitro transcription. We have shown that our
latest CEL-Seq2 protocol is the most sensitive
method for single-cell transcriptomics. We
are adapting this method to capture small
RNAs and intracellular bacterial pathogens,
and have rendered its high-throughput for
studying thousands of cells.
> Gene expression atlas construction
We identified the time and germ-layer of
expression of all genes throughout the
embryonic development of the C. elegans
nematode. Using this information, we were
able to infer the evolutionary history of the
endoderm germ layer. We are now identifying
the expression of all cells throughout C.

elegans embryogenesis. We are also
extending our atlas construction to the
mammalian pancreas and melanoma tumors.
> Evolution of developmental
gene expression programs
Comparing developmental transcriptome
across species, we discovered that
developmental milestones punctuate gene
expression. Recently, we examined the
development at the transcriptome level of
ten different species, each of a different
phylum, and discovered a universal ‘phyletictransition’ in mid-embryogenesis.
> Genome evolution and the genetic
basis of genotype-environment interactions
In one experiment, we analyzed the
transcriptomes of five C. elegans strains
cultivated in five growth conditions and
characterized the genotype-environment
interactions. We also study how novelty is
patterned in the genome and we reported a
relationship between gene duplication and
alternative splicing. We found that a gene’s
length and expression level together control
its fate of either accumulating splice variants
or multiplying by gene duplication.

Clonal analysis in mouse epidermis using the multi
color fluorescent Confetti system, Fuchs Lab

