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FROM THE DIRECTOR
I am pleased to present The Lorry I. Lokey
Center for Life Sciences and Engineering
annual report for 2016.
Biomedical innovation today happens at the
interface, where diverse fields, approaches
and technologies meet and focus on major
biological and medical questions. We count
ourselves at the Lorry I. Lokey Center as very
fortunate to experience firsthand how the
interdisciplinary environment is driving the
Technion student, researchers and contributing
to scientific discovery in various research fields
across Evolution, Systems Biology, Synthetic
Biology, Cell Biology and Metabolomics with
advanced and diverse technologies in Imaging,
Bioinformatics, Genomics and more. Much has
been accomplished, but there is much more
work to do and to figure out what programs and
resources are needed to support the continued
growth of interdisciplinary era that converges life
sciences and engineering, to create a community
of diverse faculties and individuals to share
ideas and create new innovations.

Biomedical engineering.
Yoav’s main interest is in
developing methods for
fast three-dimensional super-resolution optical
microscopy to answer fundamental biological
questions on the cellular level.

Towards a goal of building and strengthening a
highly creative interdisciplinary environment, we
launched in 2016 a campus-wide presidential
program for recruitment of exceptional
interdisciplinary candidates who bridge across
disciplines, combining new approaches from
Physics, Chemistry, Materials, Computer Sciences
or Mathematics to bear upon key questions in
Biology and Medicine. The goal of the program
is to recruit those interested in original and
creative “X-Bio” individuals, namely scientists and
engineers who are experts in one or more of the
disciplines above and interested in developing
and applying new technologies, experimental
approaches, or quantitative methodologies from
their home fields to enable novel perspectives on
important biological systems. After our search
committee has worked throughout the year we
recruited Dr. Yoav Shectman to the faculty of

Our unique facilities and innovative culture
allow researchers to form collaborations. While
an excellent research infrastructure is essential
to our community development, so are other
experiences that encourage them to challenge
and expand their creative boundaries.

This year we will continue our efforts to recruit
interdisciplinary researchers and we are
looking especially for researchers in the field of
Biomedical Informatics. Biomedical informatics
(BMI) is the interdisciplinary field that studies and
pursues the effective uses of biomedical data,
information, and knowledge for scientific inquiry,
problem solving, and decision making, motivated
by efforts to improve human health. The field
is becoming a central focus across academic
research centers, medical institutions and datascience industry and entrepreneurs, and we think
the Technion can provide unique setting for it.

In this report you can read in detail the center
units activities during the last year and
researchers summaries.
We are pleased with our productivity and
achievements, but by no way satisfied. We
will continue to develop into new areas and
continuously challenge ourselves to lead the
forefront of interdisciplinary science.
Prof. Roy Kishony, Director

LIFE SCIENCES AND ENGINEERING
(LS&E) INFRASTRUCTURE CENTER
Headed by Dr. Maayan Duvshani-Eshet

The Life Sciences and Engineering (LS&E)
Infrastructure Center at the Lokey Center provides
services on cutting-edge technology installed at
the center. Services include training and teaching
to all researchers throughout the Technion campus
and Israel-wide. The Center offers state-of-the-art
technologies for researchers in the front-line of life
sciences and engineering fields. The technology platforms offer
services to all academia – Technion and other Israeli institutes, as
well as for hospitals, government research centers and industry. In
addition, the Center performs technology development and teaching
to ensure that Technion scientist, and all users, will have access to
the latest methodologies and knowledge.
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The center provides service
with three facilities:
> Bio-Imaging – Light Microscopy Facility
> Flow Cytometry Facility
> Advanced Genomics –
The Technion Genome Center
Investments in the top equipment and trained
personnel enable the center to provide efficient
services to the whole research community.
In the last 9 years, the center is headed by
Dr. Maayan Duvshani-Eshet. The center is
constantly growing and in 2016 the Center
comprised of 14 highly trained technicians, most
of them are holding a PhD degree.
The Infrastructure Center has the agenda that
every user should have a firm knowledge in the
instrumentation and field he is working on. For
this reason, the Center has designed manual
user guides for each of the equipment. In
addition, the Center organizes special seminars,
workshop and conferences in each of the
fields of the Centers facilities. The Center also
participates in academic courses in these fields.
At the frontline of technology for the service of
researchers in life science and engineering, the
infrastructure center continues to expand. Plans
for the coming years include the addition of
more sophisticated systems such as additional
cutting-edge Flow Cytometer Imager, new
Cell Sorter, new imaging technology and new
sequencing technology.
It is also scheduling an additional academic
course in the field of light microscopy.
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Major Achievements
in 2016
During 2016, the center developed new
protocols, new instrumentation was added and
new academic activity was established. Few of
the yearly achievements include the following:
CelSeq –single cell sequencing protocol that
was developed at the Yanai’s lab (Hashimshony
et al. Genome Biol. 2016) is given at the center as
a service for all users. The experimental design
includes all steps of the protocol: from single cell
separation and sorting, to the unique sequencing
design and bioinformatics analysis.
Advanced image analysis working stations –
at the microscopy facility, new working stations
for image analysis where established with
upgraded software and modules. This includes
the purchase of additional storage and server for
the analysis.
Acceptance of a grant submitted to the
Israel Science Foundation for the new Flow
cytometer Imager.
Organizing a new course for lab managers:
engineers and microbiologists - During 2016 there
was a course dedicated for lab managers,
microbiologists and lab engineers, on advanced
technologies in life sciences. The course was
headed by Dr. Maayan Duvshani-Eshet and
included lectures on different technologies and core
facilities available for use throughout the Technion.

New academic courses where established
using the Centers facility: Advanced cell biology
(5 academic points, Experimental approaches in
nucleic acids, 5 academic point).
Continuing to participate in the Flow
cytometry and Microscopy academic courses
(3 points each).
Increased number of publications where
published in peer-reviewed papers, that utilized
the Infrastructure Center for their research.
The number of labs and research groups
using the Infrastructure center had grown from
198 in 2015 to more than 204 in 2016, with more
than 500 users.

Research at LS&E
Infrastructure Center
LS&E staff is constantly participating in courses,
conferences and workshop in Israel and abroad to
study new technologies and get familiar with new
technologies and equipment.
The LS&E Infrastructure Center promotes the
research of large wide fields from medicine and
biology, to biotechnology and food engineering,
biomedical engineering, physics, chemistry and
chemical and mechanical engineering.
The center provides services from designing
the experiments, working on the instruments
and data analysis.
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Selected examples of research projects that
utilized the LS&E Infrastructure Center and
acknowledged it in high impact journals include:
Hashimshony T, Senderovich N, Avital G,
Klochendler A, de Leeuw Y, Anavy L, Gennert D, Li
S, Livak KJ, Rozenblatt-Rosen O, Dor Y, Regev A,
Yanai I. CEL-Seq2: sensitive highly-multiplexed
single-cell RNA-Seq. Genome Biol. 2016.
Yaari Z, da Silva D, Zinger A, Goldman E, Kajal
A, Tshuva R, Barak E, Dahan N, Hershkovitz D,
Goldfeder M, Roitman JS, Schroeder A. Theranostic
barcoded nanoparticles for personalized cancer
medicine. Nat Commun. 2016.

Objectives for 2017
In 2017 – the LS&E Infrastructure center will
enlarge its space and will encompass an
additional wing on the Emerson building first
floor. After the completion of this wing, the whole
Flow Cytometry facility will move to the first floor
to encompass this wing. The microscopy facility
will then have more space and the Genome
Center will have a whole wing of the building.

follow all samples as they go through the
sequencing and bioinformatics pipelines.
Continue to organize special seminars,
conferences, workshop and educations training
in the fields of microscopy, flow cytometry and
genomics.
Attend international conferences,
workshops and tutorial and courses to keep all
staff updated in scientific frontline technology.

Staff
Inbal Adir
Lavi Bar-Ziv
Dr. Efrat Barak
Dr. Nitsan Dahan
Anastasia Diviatis
Dr. Ma’ayan Duvshani-Eshet
Dr. Tal Katz-Ezov
Dr. Tamar Gattegno
Dr. Tamar Hashimshony

Maor Hatoel
Olga Karinski
Julia Kelman
Dr. Shay Kirzner
Dr. Efrat Kligon
Ahinoam Perl

Continue to provide service, support and
training on the various instrumentations located
at the center.
Purchase new cutting-edge equipment to
facilitate high level academic research and thus
locate the LS&E Infrastructure center facility in
frontline of the scientific research:
> Advanced microscopy imaging technique
> A new cutting-edge imager flow cytometer
analyzer
> High sensitivity flow cytometer sorter
> New sequencer – for long reads
Computerize and automate the whole
workflow at the Technion Genome Center: new
internet site will control all orderings and will
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BIOINFORMATICS
KNOWLEDGE UNIT (BKU)
Headed by Prof. Yael Mandel-Gutfreund

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 analysis assisting researcher 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:
The BKU is working closely with the
Technion Genome center to provide 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.
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.
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Major Achievements
in 2016
During 2016 the BKU has actively participated in
26 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.
3 projects are currently on-hold due to high
overload of work. The results of several of the
projects 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 and participate in dedicated courses
and workshops. 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 two submitted papers (see below).
In March 2016 the BKU organized a one day
workshop on “step by step RNA sequencing.”
The workshop aim was to provide researchers
with a conceptual work-flow 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 introduction to RNA
sequencing analysis and hands-on training
using freely available bioinformatics tools.
In November 2016 the BKU hosted an
international three days workshop on Next
Generation Sequencing (NGS) Data Analysis
using the R-programing language and the
Bioconductor project. More details about the
this workshop you can find in the International
Educational Activities on page 15.

New Members in 2016
This year one new member
joined the unit - Dr. Hagay Enav
Dr. Enav is a computational molecular biologists.
He completed his PhD at the faculty of Biology at
the Technion, under the supervision of Prof. Oded
Beja and Prof. Yael Mandel-Gutfreund. Hagay
PhD thesis concentrated on viral adaptation to
viral host in the marine environment. Hagay is
an expert in Methagenomics. His work combines
experimental and computational aspects of
metagenomics. In addition Hagay has extensive
experience in experimental molecular biology,
high throughput DNA sequencing analysis
and analysis of metabolic pathways. Hagay’s
expertise fit very well with the Technion
Bioinformatics Knowledge Unit (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 He joined 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, RNA-sequencing analysis
and metagenomics.

Lokey Center I Annual Report 2016

Objectives for 2017

Staff

Organization of workshops,
courses and tutorials
In 2017, we are planning to organize several
courses and tutorials. Among them we plan to
organize a R-Bioconductor workshop which will
follow the very successful workshop that took
place in 2016. The new workshop is planned
to be an advanced course, concentrating on
different statistical analysis to analyze and
interpret NGS data. In addition the BKU is
planning to organize an advanced molecular
dynamics course which be a follow up of the
very successful international AMBER course
organized by the BKU and hosted at the
Technion in 2015.

Dr. Hagay Enav
Dr. Fabian Glaser
Dr. Guy Horev
Prof. Yael Mandel-Gutfreund (academic advisor)
Dr. Michael Shmoish
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.
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TECHNION CENTER
FOR STRUCTURAL BIOLOGY (TCSB)
Headed by Dr. Yael Pazy Benhar

The TCSB had expanded its scientific activity tremendously during 2016.
There has been a major increase in users and in projects, benefitting from
various services offered by the TCSB. Currently we are working with more
than twenty different groups on a wide range of structural related projects,
spanning from biophysics of macromolecules through crystallization, data
collection and structure determination. The TCSB has broadened its users
beyond the Technion scientific community to labs from other Universities,
research institutes and industry. Furthermore, the TCSB has expanded
its educational role with holding a variety of topic specific workshops and
overview seminars.
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Workshops and
Overview Seminars
In January the TCSB hosted three days
international workshop on Macromolecular
Crystallography - more details on page 14.
In February the TCSB hosted an MST
(Microscale Thermophoresis) seminar: theory,
troubleshooting and demonstration workshop.
This workshop was intended for users who are
already experienced and have already used the
MST. The major goal of this seminar was to
promote fruitful discussion between users who
have had some experience working with the MST
and have encountered problems or have
questions regarding the analysis of their results.
Beyond the assistance with specific MST issues
we aimed to expose our users to problems they
may encounter in the future. A thorough
introduction and discussion were presented by
Nina Schlinck from NanoTemper who offered her
expertise and guidance.
In March the nanoDSF (Differential
Scanning Fluorimetry) seminar was hosted by
the TCSB and presented by Dr. Moran JerabekWillemsen from NanoTemper Technologies
GmbH, Munich. We were highly impressed by
the ability of the nanoDSF, a label-free
technology, to rapidly analyze protein folding
and stability. This workshop served as a basis
for purchasing of the nanoDSF, which is
presently housed at the TCSB and is currently
the only nanoDSF in Israel. In March the TCSB
hosted a hands-on nanoDSF workshop
presented by Nina Schlinck from NanoTemper
Technologies. This workshop enabled several
labs to test the system and get familiar with its
capabilities for measuring protein stability and
aggregation. Currently the nanoDSF serves a

wide range of projects and has many different
applications, including analysis of protein
stability at different conditions prior to setting
crystallization attempts. Such analyses can
provide information that would give a better
prediction for successful crystallization
conditions. Another application of the nanoDSF
is to analyze alterations of protein stability due
to binding of pharmaceutical compounds.
In May the TCSB hosted an ITC (isothermal
titration calorimetry) seminar, presented by
Mathews Michael, a specialist in the microcalorimetry field. The workshop included a
theoretical introduction on measuring
biomolecular interaction binding affinity, ITC
assay set-up and optimization for experiments
and a demonstration.
Outreaching
In addition to our topic specific workshops and
seminars the TCSB held several seminars in
order outreach and expose the activity and
services offered by the TCSB to the Technion
community. These seminars included an
introduction seminar, a tour of the TCSB
and in some cases hands-on crystallization
experiments for the undergraduate Genetic
Engineering lab and as part of the Advanced
Protein course for graduate students. A similar
introduction and tour was given to lab managers
as part of a Technology course to students from
the Material Engineering-Biology program
and for the Technion purchasing department.
Furthermore, overview of the TCSB services
was given at the Chemistry and Biotechnology
council meetings and at the Biology retreat.
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Staff training
In order to better serve the scientific community
and advance structural biology research at
the Technion, it is of great importance that
the TCSB staff would be up-to-date with
both crystallization methods and with the
latest programs used for solving the threedimensional structures of various proteins and
that the staff expands its skills in the field. In
order to expand the staff capabilities and to
keep up with the newest developments in the
field and to have a better understanding of
the facilities’ infrastructure the staff attended
the ICCBM-2016 (the 16th International
Conference on the Crystallization of Biological
Macromolecules) in Prague.
Several techniques learned at this conference
have already led to successful results with
proteins that we were not able to crystallize
previously. Furthermore, the head of the TCSB
has attended a training class at the USA
Rigaku headquarters in Texas that included
training sessions specific for the unique system
at the TCSB. This class has enabled us to
better allocate problems and solve technical
issues with the Rigaku system. In addition,
an improved understanding of the system
is helping to practice better maintenance, to
overcome failures and provide many more
hours of functional X-ray.
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Major Objectives
In addition to our previous objectives, namely:
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.
We also intend to establish new collaborations
with other structural biology units in Israel and
to collaborate within the Technion, with units
such as the BKU (bioinformatics Knowledge
Unit) in order to prepare working strategies that
will advance projects and scientific research and
would broaden the understanding and benefit
various research projects.

Major Achievements
and Projects
A wide variety of projects are currently underway,
aiming to structurally define and analyze
proteins from diverse biological systems.
During 2016 there was a remarkable increase
in the usage of the TCSB facility. Currently we
have more than twenty laboratories leading
many research projects from various Technion
departments and laboratories coming from both
academia and industry, outside the Technion.

The extensive usage of the X-ray Rigaku
system and the automated mounting robotics,
has yielded many data sets and several new
structures that acknowledged the TCSB on
various scientific papers, including a recently
published Science paper by the Landau
laboratory (Tayeb-Fligelman et. al., Science
355(6327): 831-833; 2017).

Plans for 2017
Our major goal at the TCSB is to continue in
highlighting the benefits of incorporating and
conducting structural biology research in any
biological or biomedical project. We would like
to continue our attempts to 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.
Furthermore, we would like to continue and
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. We would continue
to 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. Efimov Vera
Dikla Hiya
Dr. Yeal Pazy Bnehar
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INTERNATIONAL
EDUCATIONAL ACTIVITIES
Headed by Shira Sagee

TCSB Workshop:
The 1st BioStruct-X
Mediterranean Maromolecular
Crystallography Workshop
Held in January at the Technion and hosted at
the TCSB., the three-day workshop combined
both excellent theoretical lecture sessions and
hands-on tutorial sessions.
Distinguished guest instructors, who are well
known and respected in their fields, delivered the
lectures and hands-on tutorials: Zbigniew Dauter
(Aragonne National Laboratory), Tom Terwilliger
(Los Alamos National Laboratory), Randy Read
(Cambridge Institute for Medical Research) and
Karine Sparta (Helmholtz-Zentrum Berlin fur
Materialien Energie).

The lectures addressed all stages of threedimensional structure determination of
macromolecules via crystallographic methods.
The workshop enabled the participants to
learn about the latest advancements and
developments in the field of structural biology
and at the same time deepen and improve
their understanding of fundamental protein
crystallography. The workshop also served
as a wonderful opportunity to showcase our
exceptional infrastructure at the TCSB to the
twenty-two participants from countries around
the globe and many more attendees who joined
the open morning lectures.
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BKU Workshop: Next Generation
Sequencing Data Analysis with
R/Bioconductor
The bioinformatics knowledge unit (BKU) hosted
in November a three days workshop on Next
Generation Sequencing (NGS) Data Analysis
using the R-programing language and the
Bioconductor project. The aim of the workshop
was introducing the participants with state of the
art tools for NGS analysis. Dr. Haim Bar from the
University of Connecticut and Dr. Martin Morgan
from Roswell Park Cancer Institute and Director
of the Bioconductor project, world leaders in
statistics and NGS analysis, instructed the
workshop. Twenty seven students, bioinformatics
analysts and investigators from 10 institutions
and companies in Israel attended the workshop.
After introducing R programming principals
Dr. Bar focused on descriptive statistics,
statistical inference and supervised
classification. Dr. Morgan presented the
Bioconductor project, introduced the main
R-packages to manipulate NGS data and
focused on RNA sequencing workflow and
annotation tools. Both lectures discussed
concepts of reproducible science and efficient
programming in R.

Taken together the workshop was a great
success. All participants were extremely content
and expressed their wish to attend other
similar as well as more advanced workshops
in the future. The workshop was funded by the
The Moshe Yanai Fund for the Promotion of
International Conferences, Danyel Biotech and
Ornat biochemical and lab equipment.
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GENERAL ACTIVITIES
Headed by Shira Sagee
Lokey Distinguished Lecture Series

Prof. Michael Elowitz from California
Institute of Technology visited the Technion and
talked about: “An operational view of mammalian
signaling, memory, and cell state transition
circuits.” Dr. Elowitz pioneered brilliant new
methodologies and approaches to the
fundamental problem of understanding cellular
function, opening up whole new ways of thinking
about biological questions, which shattered the
foundations of cellular dynamics, and lead to the
development of two new fields: Single-Cell
Stochasticity and Synthetic Biology. Prof. Elowitz
is an HHMI Investigator and Professor of Biology,
Biological Engineering, and Applied Physics at
Caltech and is the Executive Officer for Biological
Engineering. His work has been recognized by the
Burroughs Wellcome Career Award, the Packard
Foundation fellowship, the Searle Foundation
fellowships, Discover Magazine “Top 20 under 40,”
the Technology Review magazine TR100 top
innovators, the Macarthur fellowship, and the
HFSP Nakasone Award.

Prof. Dianne Newman from Caltech
University gave a talk entitled: “The importance of
growing slowly: roles for redox-active ‘antibiotics’
in microbial survival and development.” Dr. Dianne
Newman’s research focuses on microbial stress
responses, with an emphasis on mechanisms of
energy generation and survival when oxygen is
scarce. The contexts that motivate her research
span ancient sedimentary deposits to chronic
infections yet are linked by similar physiological
questions. Dr. Newman earned her PhD in
Environmental Engineering at MIT with Francois
Morel, a geochemist, and trained as a postdoc at
Harvard Medical School with Roberto Kolter, a
bacterial geneticist.
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Prof. Anatoly Kolomeisky from the
Department of Chemistry, Rice University, TX,
USA gave a talk about “How to Understand the
Formation of Signaling Profiles in Biological
Development” Prof. Kolomeisky is a recipient of
multiple awards, including Dreyfus New Faculty
Award, Sloan Fellowship, NSF CAREER, and
Humboldt Research Fellowship. He was recently
elected as a Fellow of American Physical Society.
Prof. Kolomeisky is working in the area of
Statistical Mechanics, Theoretical Physical
Chemistry and Theoretical Biophysics. More
specifically, he is trying to understand the
microscopic mechanisms of complex chemical
and biological processes, including motor
proteins, biomolecular and artificial
nanomachines, cytoskeleton protein dynamics,
biological signaling, protein-DNA interactions,
enzymatic processes, transport through
channels and fluorescent proteins.”

Prof. Georgios Skiniotis of the University
of Michigan, Ann Arbor, USA, talked about
“Molecular Choreography Of An Antibiotic
Assembly Line.” Prof. Skiniotis expertise is in the
application of high resolution molecular electron
microscopy techniques (cryo-EM and negative
stain EM) for the 3D structural characterization of
complex and dynamic protein assemblies,
methodologies that have revolutionized structural
biology. His experimental approach is based on
the application of hybrid methodologies, primarily
involving biochemistry, single-particle EM,
molecular modeling, and more recently molecular
dynamics simulations. Recent projects in his lab
are the structural biology of signaling cell surface
receptors and the mechanisms that govern
transmembrane signal instigation, with a main
focus on cytokine receptors and G protein coupled
receptor (GPCR) complexes . His lab is developing
experimental approaches for the structural
analysis of other biologically significant
complexes, such as chromatin modifiers and
ribosomes from human pathogens.
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iGEM Project
This year Technion competed for the fourth time
in the iGEM jamboree. For over 10 years, iGEM
has been encouraging students to work in teams
and solve real-world challenges by building
genetically engineered biological systems with
standard, interchangeable parts called BioBricks
from the Registry of Standard Biological Parts.
Participation in the iGEM competition empowers
teams to manage their own projects, advocate
for their research, and secure funding. Teams
are also challenged to actively consider and
address the safety, security and environmental
implications of their work.
In 2016, 265 teams from universities, colleges
and high schools from all over the world
participated in the competition, and the Israeli
representatives included the Technion and Ben
Gurion university teams as well as one high
school teams (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 issue 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 13 students from 5 different
faculties. The multidisciplinary team chose a
challenging project of trying new platform for
rapid, accurate and easy detection of various
materials. The project called S. Tar, aims to
provide the iGEM community with the ability
to control bacterial chemotaxis. The method
is based on the ability of the E. coli to move
towards or away from a certain substance, while
creating clusters visible to the human eye.
During the past summer, the group made
substantial progress in proving that their
concept can work. The group won a gold
medal, and their work is now under review
in Plus One Journal.
More details at:
http://2016.igem.org/Team:Technion_Israel
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SCIENCE UPDATES
Lokey Center Researchers

LABS
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BRIK LAB
DANIEL LAB
FUCHS LAB
KAPLAN LAB

KISHONY LAB
MANDEL-GUTFREUND LAB
MELLER LAB
SHLOMI LAB
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BRIK LAB
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Facilitating peptide and protein
synthesis using palladium
Facilitating peptide and protein synthesis is of
great importance in the contemporary research
owing to the vast utility of this important class
of compounds in drug discovery, understanding
their biophysical and biochemical properties in
biological processes and the development of
functional materials. Despite great advances
in developing novel tools for the synthesis of
aggregation prone sequences e.g. the synthesis
of those that are derived from membrane proteins
and ß-amyloid peptide is still remaining a
formidable task. Moreover, dissecting the proteins
into peptides fragments during chemical protein
synthesis and semisynthesis often leads to
hydrophobic fragments, which are difficult to
synthesize and purify. Therefore, the development
of efficient strategies to incorporate solubilizing
tag and its facile removal is highly important for
improving peptide and protein synthesis.
We have recently developed palladium assisted
rapid and efficient deprotection conditions
for the widely utilized Acm protecting group,
as well as other protecting groups, from Cys
and demonstrated the usefulness of these
conditions in chemical protein synthesis (JACS
2016, Angew Chem 2016, Chem. Eur. J. 2016).
Encouraged by these findings we decided to
link the phenylacetamidomethyl (Phacm) group
(an analogue of Acetamidomethyl (Acm)) and
attached to Cys residue, which would allow
linking a solubilizing tag to its free amine.
Towards this goal, Alloc protected 4-amino
phemylacetamidomethyl Cys was
synthesized in four steps as the anchoring

moiety (Organic Letter 2016). After testing the
feasibility of the approach in model system
the concept was applied for the preparation of
important histone protein H4. H4 was previously
synthesized from hybrid phase ligation method
and one-pot ligation of three fragments. The
synthesis of the middle fragment appeared
to be highly difficult due to the hydrophobic
nature of the sequence and ended with very
low yield. To circumvent this, we synthesized
H4 from two fragments where the Phacm linker
was placed at the position 69 by temporarily
mutating Ala to Cys. After Alloc removal, three
Arg residues were straightforwardly attached
to the Phacm linker, which allowed the facile
synthesis and purification of this fragment in
high yield. Following the efficient ligation of
the two fragments, the solubilizing tag was
rapidly removed using PdCl2 followed by final
desulfurization to convert the Cys residues to
Ala which afford the full length H4 in very good
overall yield.
The newly developed linker was proved
to be efficient for reversible attachment of
solubilizing tags for facilitating peptide and
protein synthesis. The linker can be placed not
only at the positions of Cys and Ala but also
can be at the positions of other thiol modified
amino acids which were originally developed
for native chemical ligation and desulfurization.
This strategy should be applicable for attaching
other types of modifications, e.g., biotin and
for generating useful bioconjugates, as well as
might also find useful applications in cellular
context and the general area of chemical biology.
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DANIEL LAB
The Laboratory for Synthetic
Biology and Bioelectronics
The central goal of my research is to use
principles inspired by electrical engineering
(analog circuit design and logic gates) and
neural networks (supervised learning) to build
adaptive systems with emergent collective
parallel computational abilities in living cells
and integrate them with nano-electronic circuits.
We build our own genetic networks and study
their functions and performance in several types
of organisms. Our work has wide applications
in medicine, biotechnology, and biomedical
electronics.
Important Scientific Achievements:
> Established the analog synthetic biology field
(Daniel et. al. 2013). We built the first analog
computer in bacteria using a minimum
number of proteins.
> Mapped biological systems to analog
electronic circuits (Daniel et.al. BIOCAS 2011).
We define a set of design principles of
morphing biological networks into electronics.
> Developed low-cost whole-cell biosensors
based on a single photon avalanche diode
(Daniel et. al. 2008).

Ongoing projects:
magicBIT: Molecular and Adaptive
Genetic Networks for Intelligent Computation
and Bio-Inspired Technology
The construction of synthetic gene networks
and biological systems are receiving a
widespread attention as a novel engineering
field that applies design principles of electrical
and computer engineering into living cells, for
biomedical and biotechnological applications.
Yet, the dominant digital design-based
computational paradigm, has failed to both
scale-up the architecture of synthetic gene
networks beyond a few gates and build adaptive
biological systems. This failure primarily stems
from the fact that biology is not purely digital,
and combines analog signals for processing
and actuation (e.g., neural networks). In our lab,
we propose a novel cognitive neural biologymotivated framework, inherently present
in evolutionary biological systems, to build
adaptive gene networks with emergent collective
parallel computational abilities. This framework
is based on an abstract mathematical
transformation that maps architecture of neural
networks onto molecular biological networks.
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Synthetic robust and large-scale gene
networks: towards next-generation living
bio-computers
One of the main aspects of synthetic biology
research is the study of the design principles
of biological systems by applying forward
engineering. Scaling the architecture of synthetic
gene networks and the construction of robust
biological systems are expected to provide new
insights into the fundamental mechanisms that
cells utilize to make decisions via genetically
encoded molecular networks. This work aims
(1) to delineate the fundamental principles
required to engineer robust gene networks in
living cells that can reliably function in changing
environments and (2) to define the biophysical
fundamental elements needed for engineering
large-scale gene networks in living cells. These
objectives will be the first step towards creating
living bio-computers equipped with biological
knowledge that can interact with our bodies and
environments to execute complex tasks under
specific activation conditions.

Integrated Genetics and Memristors
breaking through the scaling limits of
Moore’s law
“Cytomorphic electronics” is a novel field that
was introduced recently in the design of bioinspired, ultra-low power, analog-digital circuits
with parallel computational abilities (beyond
Von-Neumann architecture) and in the study
of biological systems. Cytomorphic electronics
aims to (1) simulate cells, organs, and tissues,
including the stochastic behaviors of single cells
and their cell-to-cell variations, distortions and
cross-talks, using supercomputer-integrated
electronics. Such simulations are extremely
computationally intensive, e.g., solving 4000
gene regulation stochastic reactions in
Escherichia coli bacteria using digital computer
can take weeks or even several months.
(2) Design of novel large-scale synthetic
biological systems by providing a fast and
simple simulation/emulation framework.
(3) Design of molecular biology-inspired
electronic circuits and networks with uniquely
emergent characteristics and concepts, to be
adopted to realize energy efficient hardware, just
as neuroscience has led to biologically inspired
electronic circuits.
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FUCHS LAB

During the course of 2016 our laboratory has
grown significantly and it is now comprised of
10 exceptional scientists who come from all over
the world. These researchers have been able to
conduct ground breaking work in the fields of
stem cell biology, regeneration and cancer.
We work on several important projects:
A Novel Stem Cell population
The epidermis consists of three main
compartments: the hair follicle (HF), sebaceous
gland (SG) and the interfollicular epidermis (IFE).
While the stem cells (SCs) committing to the HF
lineage have been well described, very little is
known regarding the exact SC population which
replenishes the IFE.
Alona Feldman, a talented PhD student in
our lab, has revealed the existence of a novel
population of SCs that resides in the basal
layer of the IFE. These SCs are homogenously
distributed in the basal layer of the mouse
dorsalskin and are located in the label retaining
zone of the tailskin. These unique cells are
retained in a quiescent state, express a unique
gene signature and can be easily expanded in
vitro for extended periods of time. Multicolor
lineage tracing analysis reveals that these
multipotent SCs are key in maintaining the IFE.
Furthermore, these cells contribute to epidermal
repopulation and the neogenesis of HFs upon
injury, indicating they play a crucial role in
epidermal homeostasis and regeneration.
Stem Cells and Apoptosis:
A Matter of Life and Death
Work of 3 outstanding PhD students: Lana
Kostić, Egor Sedov and Elle Koren has shed light
on genes crucial for stem cell death and tissue
regeneration. Manipulation of the apoptotic
pathway was found to affect stem cell function

and leads to a dramatic improvement in tissue
regeneration. Furthermore, the wounds of these
genetically manipulated 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.
How is organ size regulated?
In another project we set out to answer a key
question in biology of regarding the regulation
of organ size. 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 have been
patented and we are in the process of submitting
this important finding to a high impact journal.
Roi Ankawa, a terrific MSc student, who has
recently joined the lab now seeks to understand
how different layers of regulation affect these
signaling pathways.
Generation of organoid models
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.
Elle Koren, an incredible PhD student, 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
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Organoids analysis stained with specific markers

this system, Elle Koren and Art Linkov, who
have both transferred to direct PhD. track for
outstanding students this year, have been able
to discover important genes which regulate
intestinal homeostasis and regeneration.
Building upon the experience of intestinal
organogenesis, Alona Feldman 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.

Stem cells and Cancer
Our lab has made major advances in
understanding skin cancer progression. We have
focused on how stem cells contribute to cancer
formation as well as the intricate signaling
pathways that regulate these unique cells. Work
led by a talented PhD student, Egor Sedov and
Dr. Despina Soteriou reveals how stem cells give
rise and maintain skin tumors, and how these
cancer stem cells can be targeted. Additionally,
Rotem Sinriech, a MSc in the lab, has made
important discoveries into the progression of
melanoma development and she has found
important ways of inhibiting the progression of
this deadly disease.
Our lab has been running for two years now
and we are thrilled about this incredible work
environment and the advances we have made.
Of great importance we want 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 for Life Sciences
and Engineering and its truly incredible staff.
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KAPLAN LAB
The information encoded in DNA provides
instructions for how an organism will develop
and function, with consequences throughout
life in sickness and in health. This information
is ‘read’ by dedicated cellular machines
responsible for activating the expression of
genes. However, DNA does not exist in the
cell in isolation, but in the form of chromatin,
a complex structure of DNA and positivelycharged histone proteins whose basic building
block is the “nucleosome.” Packaging of DNA
into chromatin protects it from various hazards
and reduces dramatically the volume it occupies,

but also makes it largely inaccessible to the
gene-expression machinery. Thus, the degree
and shape of chromatin packaging comprise
the most basic layer in the complex regulation
of gene expression, and are topic of intense
research. However, the complexity and dynamic
nature of the chromatin structure present
a major challenge for scientists interested
in elucidating its role in controlling gene
expression.
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To overcome these limitations, the group of Ariel
Kaplan is using an innovative tool: the ‘optical
tweezers’, which use laser beams to apply
mechanical forces on individual molecules.
With this tool, researchers in the Kaplan lab
are able to ‘unzip’ a single chromatin molecule
and study its characteristics, such us the
nucleosome’s stability and mobility, and the
role they play in controlling gene expression. In
a recent work, performed in collaboration with
the group of Philippa Melamed, also from the
Technion’s Faculty of Biology, they discovered a
new mechanism of modulating gene expression
via the structure of key nucleosomes located
around a gene’s start-site. PhD. student
Sergei Rudnizky demonstrated that these
nucleosomes, which often contain a slightly
different histone protein, exhibit lower stability

The introduction of the
histone H2A.Z increases
the nucleosome’s
mobility on the DNA,
thus encouraging gene
transcription, i.e. gene
expression.

and higher mobility on the DNA, than those
containing the more common histones. They
show in their study, recently published in
Nature Communications, that these increased
dynamics can either increase or decrease gene
expression, acting at transcriptional initiation
and elongation, to provide a versatile regulatory
tool. The study examined, as a model, the genes
encoding hormones that control reproduction,
and the findings have clear implication on
regulatory mechanisms involved in fertility.
However, the control of gene expression is
central to all aspects of life-sciences, comprising
the cornerstone of developmental biology as
well as the basis for much human disease.
These results are thus expected to have broad
and far-reaching implications.

Optical tweezers are used to
apply mechanical forces on
single chromatin molecules.
Unzipping the DNA leads
to disassembly of the
nucleosome, making it possible
to study its stability and
mobility.
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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
times, 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 2 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 at the mother borne
population. Different evolutionary paths between
them suggest different environmental constraints
applied on the bacteria. In collaboration with the
lab of Dr. Gili Regev-Yochay, Sheba medical center.
(2) Does colonization of Staphylococcus
epidermidis requires 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 dysfunctioning 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 at Rambam medical center.
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:
(a) We have shown that species that degrade
antibiotics can dramatically change the
synamics of the community, introducing
ecological stability into an othgerwise
inhently unstbal eocmmunity (Kelsic et al,
Nature 2015).
(b) 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, 2016).
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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
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 counters antibiotic resistance.
To that end, we explore two ecological questions:
(1) What is the fitness advantageous of
antibiotic resistance in the soil? Although reach
in antibiotic producing bacteria, bulk soil contain
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.
(2) 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.

resistance. An effective strategy to combat
microbial infectious disease requires therefore
“anticipatory diagnostics” that can predict the
pathogenicity of the microbe, its immediate
response to different antimicrobial treatments,
its longer-term capacity to evolve resistance,
and its likelihood of epidemic spread. Such
a strategy is now possible through highthroughput genome sequencing, recent
advances in predictive analysis of microbial
evolution, and big-data science. We envision
a future for clinical microbiology in which
treatment is guided by such predictive genomebased diagnosis. Pathogenic microbes will be
routinely sequenced at the genome-scale. The
resulting data will be sent for analysis in centers
that have large genome sequence databases of
individual clinical isolates and their associated
clinical indications, treatments, and outcomes.
As a first step toward this future, we are
collaborating with clinical laboratories
in Hospitals and Health Maintenance
Organizations (HMO) in Israel, as well as
with the Central Laboratories of the Ministry
of Health. Together, we are collecting and
sequencing bacterial pathogens from the clinic,
including the relevant clinical patient data.

Predicting antibiotic resistance and the
potential for evolution of resistance from
pathogen’s genome
In the clinic, current approaches to diagnosis
and tracking of pathogens are based on
culturing clinical samples. These approaches
are inherently slow and, more importantly,
analyze the current state of the pathogen,
but cannot predict its future evolution and
spread and the impact of antibiotic use on
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MANDEL-GUTFREUND LAB

Traditionally, gene expression, from the
first steps of transcription to the final post
translational regulations, has been regarded
as composed of separate independent steps.
This notion has led to classical reductionist
approaches of studying each system
separately. Clearly, these strategies contributed
tremendously to the understanding of basic
biological processes; nevertheless, they are not
sufficient for appreciating the
entire cellular complexity.
Over the last decade,
accumulating evidence
support the coupling and
interconnectivity between the
different steps of the gene
expression pathway.
Computational approaches
to study gene expression regulation
The Mandel-Gutfreund laboratory focuses
on studying protein-nucleic acid recognition
and regulation, specifically concentrating on
understanding the cross talk and co-regulation
in the gene expression pathway. Yael joined the
Faculty of Biology at the Technion in October
2009 and since then she has been leading a
computational molecular biology laboratory. The
main focus of the computational biology lab is to
develop new computational approaches to study
gene expression regulation in an attempt to
decipher the principles of protein-nucleic acids
recognition and regulation. Among the main
contributions of our group are the discovery of

a new type of alternative splicing regulation at
tandem acceptors which was found to be highly
frequent in the human genome, the introduction
of a novel method for predicting RNA binding
proteins and developing a novel approach for
predicting the binding sites of DNA and RNA
binding proteins at the genomic/transcriptomic
levels. One of the most fundamental questions
in gene regulation is how do the regulatory
proteins recognize their specific targets in a
highly efficient manner. In a recent study we
have shown that transcription factor binding
sites possess unique sequence environment
that can help to attract the proteins to their
cognate binding sites, therefore narrowing down
the search space of the transcription factors
to efficiently locate their binding sites in the
genome.
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Developing tools for predicting nucleic
acid binding proteins and their target sites
In addition to the original research work in the
Mandel-Gutfreund’s laboratory, our group has
been actively involved in developing tools and
building web services for predicting nucleic acid
binding proteins and their target sites. Among
the widely used web services are:
> SFMAP for predicting splicing factor binding sites
http://sfmap.technion.ac.il
> RBPMAP for predicting the binding sites of
RNA binding proteins
http://rbpmap.technion.ac.il
> DRIMUST for discovering ranked imbalanced
motifs in biological sequences
http://drimust.technion.ac.il
> SMARTIV for predicting combined sequence
and structure enriched motifs in RNA
http://smartiv.technion.ac.il
> BINDUP for predicting DNA and RNA binding
proteins based on the three dimensional
structure of the proteins
http://bindup.technion.ac.il
These web services are heavily used by
the research community for studying gene
regulation.

Dissecting the regulatory network of
DNA and RNA Binding Proteins in human
pluripotent cells
Due to the tight coupling between the processes
the existence of individual proteins which
can specifically bind both DNA and RNA is
highly probable. However, quite surprisingly
little is known about these dual DNA and
RNA binding proteins. Given their unlimited
self-renewal capacity, human embryonic stem
cells provides a biologically valuable and
experimentally tractable model system to
study the unappreciated group of dual DNA
and RNA binding proteins, which are likely to
bridge between the different steps of the gene
expression pathway in these cells. In an attempt
to identify novel RNA and DNA binding proteins
that can contribute to the fine-tuned gene
expression regulation in human pluripotent cells,
a couple of years ago Yael Mandel-Gutfreund
has established an experimental laboratory
accompanying the active computational lab.
The main research direction in the new
experimental laboratory is to study co-regulation
between transcription and post-transcription
regulation in human embryonic stem cells.
In the new experimental lab we are currently
developing a novel high throughput technology
for detecting multifunctional (moonlighting)
proteins which bind DNA and RNA. In addition,
we are employing state-of-the-art high
throughput binding assays to detect the targets
of multifunctional proteins which are involved in
maintaining and driving pluripotency. In parallel,
in the computational lab we are developing new
algorithms to analyze the data and reconstruct
co-regulatory networks attempting to better
understand the cross talk between the different
steps in gene regulation.
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MELLER LAB
During 2016, the Meller Lab published its
research about a novel method to detect and
quantify DNA Methylation, titled: SingleMolecule DNA Methylation Quantification
Using Electro-optical Sensing in Solid-State
Nanopores.
Detection of epigenetic markers, including
5- methylcytosine, is crucial due to their role
in gene expression regulation and due to the
mounting evidence of aberrant DNA methylation
patterns in cancer biogenesis. Single-molecule
methods to date have primarily been focused
on hypermethylation detection; however, many
oncogenes are hypomethylated during cancer
development, presenting an important unmet
biosensing challenge. To this end, we have
developed a labeling and single-molecule
quantification method for multiple nmethylated
cytosine−guanine dinucleotides (CpGs). Our
method involves a single-step covalent coupling
of DNA with synthetic cofactor analogues using
DNA methyltransferases (MTases) followed
by molecule-by-molecule electro-optical
nanopore detection and quantification with
single or multiple colors. This sensing method
yields a calibrated scale to directly quantify
the number of unmethylated CpGs in the target
sequences of each DNA molecule. Importantly,

our method can be used to analyze ~10 kbp
long double-stranded DNA while circumventing
PCR amplification or bisulfite conversion.
Expanding this technique to use two colors,
as demonstrated here, would enable sensing
of multiple DNA MTases through orthogonal
labeling/sensing of unmethylated CpGs (or
other epigenetic modifications) associated with
specific recognition sites. Our proof-of-principle
study may permit sequence-specific, direct

targeting of clinically relevant hypomethylated
sites in the genome. Another paper summarized
the work done on Light-Enhancing PlasmonicNanopore Biosensor for Superior SingleMolecule Detection. We presented a radically
improved and more general approach, which
produces much stronger signal and orders of
magnitude smaller background in a quencherfree system.

SHLOMI LAB
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Our research during the year 2016 focused
on developing integrated experimental and
computational methods for studying cellular
metabolism at a spatio-temporal resolution and
the application of these methods to studying
metabolic alterations in cancer.
Specifically, we work on the following
research projects:
Developing a rapid cell fractionation
method that when coupled with LC-MS based
metabolomics and isotope tracing enables to
infer subcellular compartmentalized metabolic
fluxes, focusing on mitochondrial versus
cytosolic fluxes.

Developing an approach for quantifying
oscillations in metabolic activity throughout
the cell cycle in proliferating cancer cells.
This works integrates experimental and
computational cell synchronization, advanced
mass-spectrometry, and metabolic flux
modelling. Preliminary results show major
oscillations between glucose and glutamine
utilization throughout the cell cycle and oxidative
versus reductive TCA cycle metabolism.
Inferring the metabolic adaptation of
cancer cells to clinically used drugs and
somatic mutations in enzyme coding genes.
The goal of this project is to identify metabolic
adaptations in cancer cells that can be exploited
for selective eradication of cancer cells. We focus
on metabolic alterations due to the common
deletion of MTAP in pancreatic cancer. In another
project we study metabolic changes due to
emergent resistance to antifolates.
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“While an excellent research
infrastructure is essential to our
community development, so are
other experiences that encourage
them to challenge and expand their
creative boundaries.”
- Prof. Roy Kishony, Director

