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DEDICATION CEREMONY

We would like to welcome all of our
guests, invited speakers and meeting
participants to the Pearl Seiden
International Meeting in Life Sciences.

Seiden International Meeting in Life
Sciences and the Mark and Diane Seiden
International Workshop in Nanoscience
and Nanotechnology.

This meeting was made possible due
to the generosity of Mr. Norman Seiden
who established a series of scientific
workshops in honor of his children.

The Stephen and Sharon Seiden Frontiers
in Engineering and Science Forum was
dedicated at the Technion Board of
Governors Meeting in 2010 and three
meetings have been held since. The next
meeting will take place in 2017.

Norman Seiden has made innumerable
contributions to the Technion, American
Technion Society (ATS) and Israel. He
is the Vice Chairman of the Technion
Board of Governors, and the Honorary
Chairman of the Technion Guardians.
He has also served in every important
capacity on the ATS National Board of
Directors, and been a constant driving
force for the organization’s New York
Metropolitan Region. Together with
his beloved late wife, Barbara, Mr.
Seiden has made countless gifts to the
Technion, including the Barbara and
Norman Seiden/New York Metropolitan
Region Center for Advanced OptoElectronics, the Norman Seiden
Nanoelectronics Processing Laboratory
and several academic chairs. He was
also instrumental in the creation of the
Russell Berrie Nanotechnology Institute.
Mr. Seiden is the recipient of a Technion
Honorary Fellowship (1979), a Technion
Honorary Doctorate (1986) and the
Technion Medal (1991).
Our program will open with the
Dedication Ceremony for the Pearl

Our meeting this year will focus on the
interface between synthetic and systems
biology given the rapid developments
seen in both fields in recent years. The
ultimate goal for this meeting is to foster
the cross-fertilization of both fields by
finding ways to combine synthetic biology
approaches with quantitative research
techniques.
We hope that in the spirit of the
Hanukkah holiday and its celebration of
light, such interactions will lead to brainstorms or “flashes” of discovery that in
turn will advance our understanding of life
sciences and allow for the development of
new applications.
We hope you will enjoy the meeting and
have a pleasant stay in the Technion,

Roee Amit
Ruth Hershberg
Roy Kishony
Meeting Organizers
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08:30-09:00
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09:00-09:30
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The Pearl Seiden International Meeting in LifeSciences
(2015 - From Synthetic Biology to Discovery and Applications)
The Mark and Diane Seiden International
Workshop in Nanoscience and Nanotechnology
(2016 – Quantum Science Matter & Engineering)

09:30-10:15
Keynote
Adam Arkin, University of California – Berkley
		High-Throughput Genetics for Discovering and Designing Complex Phenotypes
10:15-10:30
Break
10:30-11:00		
Yaakov Benenson, ETH Zurich
		Biomolecular Computing Systems: From Concepts to Applications
11:00-11:30
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13:30-14:00
Wenying Shou, Fred Hutchinson Cancer Research Center
		The Survival of the Most Cooperative: Insights from
		
Biological and Mathematical Systems
14:00-14:30		
Adi Stern, Tel Aviv University
		Real Time Evolution: Adaptation and Robustness in RNA Viruses
14:30-14:45
Break
14:45-15:15		
Nathalie Balaban, Hebrew University of Jerusalem
		Distinguishing Between Stochasticity and
		
Determinism in Single Cells
15:15-15:45
		

Roee Amit, Technion- Israel Institute of Technology
Using Synthetic Enhancers to Reveal a Mechanism for Quenching Repression

15:45-16:15		

Takanari Inoue, Johns Hopkins University
Total Synthesis of Cell Functions:
Deconstructing and Constructing Chemotaxis and Phagocytosis

		
16:15-16:45
Coffee Break

16:45-17:15		
Mattia Zampieri, ETH Zurich
		Metabolic constraints on the evolution of antibiotic resistance
17:00-17:15		
Ishay Ben-Zion, Tel Aviv University
		Positive Feedbacks Promote the Evolutionary Stability of Cooperative Behaviors
17:15-20:30		
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09:00-09:30

Gathering and refreshments

09:30-10:15
Keynote
		
10:15-10h30
Break

Naama Barkai, Weizmann Institute of Science
The Cost of Making Proteins

10:30-11:00		

Debora Marks, Harvard University
3D Structure, Flexibility and Effects of Mutation
Inferred from Genomic Sequences

		

11:00-11:30		
Roy Kishony, Technion- Israel Institute of Technology
		Multi-step Adaptive Paths Leading to High Level
		
Antibiotic Resistance
11:30-12:00		
		
12:00-13:30
Lunch

Rama Ranganathan, University of Texas Southwestern
The Evolutionary “Design” of Proteins

13:30-14:00		
		
		

Ron Weiss, MIT - Massachusetts Institute of Technology
Mammalian Synthetic Biology: From Parts
to Modules to Therapeutic Systems

14:00-14:30		
		
14:30-14:45
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Tom Ellis, Imperial College London
Constructing Synthetic Biology at Lower Costs

14:45-15:15		
Ron Milo, Weizmann Institute of Science
		Rewiring E. Coli Central Metabolism for Carbon Fixation
15:15-15:45		
		

Lingchong You, Duke University
Programming Bacterial Dynamics in Time and Space

15:45-16:15		
Ruth Hershberg, Technion- Israel Institute of Technology
		
Studying Cancer Through an Evolutionary Prism
16:15-16:45
Coffee break
16:45-17:30

Postdoc Panel Discussion

19:00

Speakers Dinner

SCIENTIFIC INTRODUCTION

From Synthetic Biology
to Discovery and
Applications
"Synthetic biology" is an emerging field that is very rapidly
gaining currency within the scientific community and society
at large. Although in itself not an entirely new concept and
having been referred in literature for the first time as early as
1912, the advancements in molecular biology, high-throughput
"omics" analysis and on computer and engineering sciences,
only now begin to enable a serious, systematic approach to
the development and forward engineering of biological circuits
and cellular capabilities that may be ultimately translated into
processes or products.
The core of this concept is that, by
drawing on knowledge developed
in biology, chemistry, robotics and
adapting engineering design and
production principles stemming
from Information Technologies, it is
possible now to set off the creation of
artificial (i.e. "synthetic") and hybrid
systems using biological engineering
design principles with unprecedented
power and efficiency.
The pursuit of synthetic biology is
both the design and fabrication of
biological components and systems

that do not exist in the natural
world as well as the re-design
and fabrication of already existing
biological systems. Eventually, it is
envisioned to build up from scratch
- bottom-up approaches - cellular
components, compartments and
even cells to create living devices and
use them either as molecular-scale
factories, to detect chemical weapons,
clean up pollutants, make simple
computations, diagnose disease,
deliver vaccines, produce water for
water or sunlight, or to create new,
hybrid materials.
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Other on-going efforts - top- down
approaches - with ultimately the very
same goals focus on simplifying and
genetically reprogramming existing
cells with simple genomes.
This vision has thus tremendous
scientific, technological and
economical impacts. However,
regardless of a number of recent
advances in this regard of the
extraordinary possibilities, Synthetic
Biology is as yet in its infancy, with
knowledge being is highly scattered
and scarce, and facing many serious
scientific, technological and societal
challenges ahead.
This meeting provides an in-depth
discussion forum among practitioners
of the various fields underlying
Synthetic Biology. It aims to pin-point
the challenges, realistically assess
the potential and pitfalls and to lay
the basis for future developments
and consolidation of the field
towards fulfilling the envisaged - and
ambitious - goals.

Because of the lack of a common
language among the scientists from
the many different fields involved,
longer meetings with large blocks
of time dedicated to discussions,
rather than series of presentations
held at ‘traditional’ conferences,
are favored for establishing such
a forum. In addition to bringing
together a collection of investigators
who are at the forefront of their
field, this conference offers excellent
opportunities for junior scientists
and graduate students to present
their work in poster format and
exchange ideas with leaders in the
field. The collegial atmosphere, with
programmed discussion sessions
as well as opportunities for informal
gatherings in the afternoons and
evenings, provides an avenue for
scientists from different disciplines
to brainstorm and promotes crossdisciplinary collaborations in the
various research areas represented.

ABSTRACTS

High-Throughput Genetics for
Discovering and Designing
Complex Phenotypes
Jeff Skerker, Matt Mauer, Dominc Pinel, Harneet Rishi, Kelly Wetmore,
Esteban Toro, Stanley Qi, Amanda Muehlbauer, Lawrence Sutardja,
Adam Deutschbauer, Morgan Price & Adam Arkin1
1 University of California, Berkley, USA
Many key phenotypes we would
like to engineer into organisms
are multigenic and have complex
dependencies on host physiology and
environmental parameters. Examples
include microbes designed to for
production of biofuels in from variable
and dirty feedstocks, to organisms
engineered to support plant growth or
human health.
To discover the genetic determinants
of both survival and activity in
complex natural environments and
thence to stack these traits we have
adapted and scaled a number of high
throughput genetic technologies. For
discovery, we have developed and
applied approaches ranging from a
novel approach to bar-coded insertion
mutagenesis, through genetic
interaction mapping using CRISPRi,
to extreme QTL mapping and shown
how to map the significance of every

gene in an organism to survive and
activity in diverse environments.
For some of these we have
demonstrated the utility across a wide
diversity of microorganisms. We then
apply multiplex engineering methods
to optimize phenotypes by expression
engineering of multiple genes.
Here we demonstrate the use of
this workflow to dissect traits across
diverse bacteria and fungi and to
engineer better fuel production in
inhibitory hydrolysates for bacterial
and fungal biofuel strains.
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Biomolecular Computing
Systems: From Concepts
to Applications
Yaakov Benenson
ETH Zurich, Switzerland

Scientists have long recognized that
living systems process information,
or compute, to control their internal
processes and their interactions
with the environment. Diseases
often result from errors in the
information flow in individual cells,
organs and whole organism. Disease
treatment requires regaining control
over malfunctioning components
via precise chemical and genetic
interventions into human physiology.
Yet, state-of-the-art interventions
still lack the level of sophistication
observed in nature’s own control
systems. Reaching or surpassing
this level requires a new paradigm.
Ideas and concepts from information
and control theory, computer science,
and engineering are merged with
practical methods for manipulating
and creating biological components
in order to enable artificial biological
information-processing systems that
can be seamlessly integrated with
living objects.

The talk will present our contribution
to this paradigm, with the focus on
rational design and experimental
implementation of programmable
systems in mammalian cells. We
use genetic encoding to construct
and deploy these systems due to the
inherent biocompatibility of synthetic
genetic material. In addition, genetic
encoding allows facile programmed
integration of diverse natural
gene-regulatory molecular inputs.
I will discuss specific approaches
for large-scale logiccomputing in
mammalian cells using endogenous
microRNA and transcription factor
inputs. I will show how these general
approaches could address unmet
needs ranging from selective cancer
cell targeting to precision approaches
to drug discovery. While these and
other technologies are still a work in
progress, their eventual coming of age
will have far-reaching consequences
for precise control and manipulation
of living objects.

ABSTRACTS

Engineering Communication
and Collaboration in Synthetic
Microbial Consortia
Cynthia H. Collins
Rensselaer Polytechnic Institute, USA

The biosynthesis of compounds of
medical and industrial importance
often requires engineering and
optimization of complex metabolic
pathways. Traditionally, these
processes have employed a clonal
population of recombinant microbes.
There are many limitations of using
a single population of microorganism
that could be alleviated or addressed
by using a mixed community,
including metabolic load and the
number of exogenous elements
that can be cloned and optimized
in a single cell. In order to control
interactions required for these cells
to work together, it is important to
generate robust communication
pathways between biotechnologically
relevant species.
To this end, we have developed a
new set of transcriptional regulators
and promoters based on the esa
quorum-sensing system that can
be used to turn gene expression
on or off in response to a cell-cell

communication signal. To expand
our ability to use mixtures of diverse
microbial species, we have developed
a synthetic communication pathway
between a representative Gramnegative organism (Escherichia coli)
and representative Gram-postitive
organism (Bacillus megaterium).
An acyl-homoserine lactone (AHL)dependent system was adapted to
send signals from B. megaterium
to E. coli. Components of a peptidedependent microbial signaling
pathway were used to send signals
from E. coli to B. megaterium. The
peptide-based communication
elements have also been used to
engineer an autoinduction system
that enables density-dependent gene
expression in B. megaterium. Finally,
these new cell-cell communication
systems are being used in concert
with other ecological approaches to
coordinate the growth, manipulate
interactions and distribute functions
between microbes.
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Evolutionary Tradeoffs and
the Geometry of Biological
Shape Space
Uri Alon
Weizmann Institute of Science, Israel

Organisms, tissues and molecules
often need to perform multiple tasks.
But usually no phenotype can be
optimal at all tasks at once. This
leads to a fundamental tradeoff.
We study this using the concept of
Pareto optimality from engineering
and economics. Tradeoffslead to
an unexpected simplicity in the
range of optimal phenotypes- they
fall on low dimensional shapes in
trait space such as lines, triangles
and tetrahedrons. At the vertices
of these polygons are phenotypes
that specialize at a single task. One
does not need to know the tasks in
advance; tasks can be inferred from
the data.
We demonstrate this using animal
and fossil morphology, bacterial and
stem-cell gene expression and other
biological systems.

ABSTRACTS

The Survival of the Most Cooperative:
Insights from Biological and
Mathematical Systems
Wenying Shou
Fred Hutchinson Cancer Research Center, USA

Cooperation, the act of providing a
public benefit at a cost to oneself,
is wide-spread and has been
thought to drive major evolutionary
transitions. However, cooperators
may be displaced by competitively
superior “cheaters” who consume
benefits without paying a fair cost.
How have extant cooperative systems
survived cheaters? To eliminate
evolved mechanisms that protect
cooperation from cheaters, we have
engineered yeast strains to cooperate
(by exchanging distinct essential
metabolites) and cheat (by exploiting
metabolites without contributing).
Using this experimental system and
mathematical models, we uncover
two mechanisms that stabilize
cooperation against cheating:
adaptation to environmental stresses
and spatial self-organization.

These mechanisms can presumably
“buy” cooperators time to
eventually evolve sophisticated
cheater-recognition and exclusion
mechanisms.
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Real Time Evolution:
Adaptation and Robustness
in RNA Viruses
Adi Stern
Tel Aviv University, Israel

Under setting of low vaccine coverage,
the type-2 vaccine strain may evolve
over time into a neuropathogenic
form. Here we propose a
comprehensive model that describes
the gradual increase in virus fitness
from the attenuated strain into a form
indistinguishable from wild-type
polioviruses.
Our approach relies on a novel
phylogenetic model for detecting
substitutions under parallel adaptive
selection, and subsequent follow-up
of these mutations in an experimental
evolution setup of tissue culture
replication. Our model detects four
waves of events: (a) substitutions in
the non-coding and coding regions of
the virus genome, (b) recombination
with other eneteroviruses, (c)
synonymous substitutions
presumably allowing host immune
evasion, and (d) gradual reversion to
wild-type. Several of these mutations

have not been implicated previously
and may be used for forecasting the
distance between a novel cVDPV and
wild-type phenotype.
We show that the key features
involved in the global process of
regain of virulence of VDPV strains
are highly predictable, underscoring
the importance of adequate
immunization coverage.

ABSTRACTS

Distinguishing Between
Stochasticity and Determinism
in Single Cells
Nathalie Balaban
Hebrew University of Jerusalem, Israel

We describe a recent approach for
distinguishing between stochastic and
deterministic sources of variability,
focusing on the mammalian cell
cycle. Variability between cells is
often attributed to stochastic noise,
although it may be generated
by deterministic components.
Interestingly, lineage information
can be used to distinguish between
variability anddeterminism.
Analysis of correlations within a
lineage of the mammalian cell cycle
duration revealed its deterministic
nature. We discuss the sources of
such variability and the possibility
that the underlying deterministic
process is due to a discrete map
process coupling the circadian clock
to the cell cycle.
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Using Synthetic Enhancers
to Reveal a Mechanism for
Quenching Repression
Roee Amit
Technion - Israel Instistute of Technology, Israel

Transcriptional regulation-at-a-distance
is a poorly understood phenomenon in
Biology. Even though it is well-accepted
that many non-gene coding sequences
are capable of regulating the expression
of genes, which are located hundreds
to hundreds of thousands base-pairs
away, there is no satisfying mechanistic
explanation for this ubiquitous
phenomenon. Here, we will show that
polymer-physics considerations can
provide a suitable explanation for
regulation-at-a-distance.
To do so, we numerically simulate
chromatin as a thick chain with
protrusions, corresponding to DNA
occupied with transcription factors,
and compute the resultant probability
of cyclization or looping (i.e. when
the two ends are in close vicinity to
one another). Our results show that
protrusions placed near one end affect
the probability of looping in the entropic
regime, independently of looping length.

These entropic effects indicate that the
arrangement of protrusions, and their
total number can vary the probability of
looping over a wide-range as compared
with the probability of looping for a
thick chain without protrusions. This
long range-effect does not emerge in
the conventional wormlike chain model,
and is a consequence of taking the
volume of both the thick chain and the
protrusions into consideration.
Finally, our results imply that given
these entropic effects, proteins can
regulate expression from extremely
large distances, provided that a loop is
formed between a close target site in
their vicinity (<200 bp) to a promoter
located far away.

ABSTRACTS

Total Synthesis of Cell Functions:
Deconstructing and Constructing
Chemotaxis and Phagocytosis
Takanari Inoue
Johns Hopkins University, USA

Signaling events in cells are localized
and rapid. My scientific research
career to date has focused on
understanding how the complex
signaling gives rise to intricate cellular
functions in response to intrinsic and
extrinsic cues.
Toward this end, we have established
a series of molecular sensors and
actuators that enabled visualization
and manipulation of target signal
transduction at high spatioteompral
precision. Integrated use of these
molecular probes toward multitask
signaling molecules in different
biological contexts “deconstructed”
how cells achieve sophisticated
information processing using a finite
set of signaling molecules within a
confined space.

I will recapitulate these previous
studies as well as ongoing works in
an emerging field termed Synthetic
Cell Biology where we explore
“construction” of dynamic cell
functions using artificial cells.
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Metabolic Constraints on
The Evolution of Antibiotic
Resistance
Mattia Zampieri, Tim Enke, Victor Chubukov & Uwe Sauer
Institute of Molecular Systems Biology, ETH Zürich, Switzerland

Much progress has been made
in systematically mapping the
mutations that confer antibiotic
resistance. However, despite many
resistance mutations often inherently
impinging on core metabolic functions
and involving complex genetic
interactions, very little is known
about the functional constraints and
consequences of the environment on
the evolution of antibiotic resistance
and compensatory mechanisms.
To investigate the interplay between
evolution of antibiotic resistance
and bacterial metabolism we
monitored how the E. coli metabolome
is rearranged upon evolution of
resistance to three commonly used
antimicrobials, each under two
different nutrient conditions. By
profiling more than 500 intracellular
and extracellular metabolites in
about 200 different evolved E.coli
populations, we resolved metabolic
evolutionary trajectories throught the

acquisition of different resistance
mutations. We found that carbon
and energy metabolism strongly
constrained the evolutionary
trajectories, both in terms of rate
and mode of resistance acquisition.
Moreover, we demonstrated
that metabolism of evolved cells
undergoes significant conditiondependent rearrangements that
could not be intuitively related to the
acquired gene mutations identified by
whole genome sequencing analysis.
To this end, we developed a new
constraint-based approach enabling
to infer functional flux rearrangements
in evolved resistant strains from
metabolomics profiling data. Inferred
functional changes reflected non
obvious condition-dependent
compensatory mechanisms and
potential emerging weaknesses
of resistant strains, opening new
perspectives in the fight against
emergence of antibiotic resistance.

ABSTRACTS

Positive Feedbacks Promote
the Evolutionary Stability of
Cooperative Behaviors
Ishay Ben-Zion & Avigdor Eldar
Department of Molecular Microbiology & Biotechnology,
Tel Aviv University, Israel

Cooperative behaviors, which increase
the fitness of others at a cost to
the individual, are abundant in all
domains of life. Bacterial communities
cooperate to perform a variety of
complex behaviors that cannot be
performed efficiently by individual
cells. A well-studied example is the
secretion of “public good” molecules
such as extra-cellular enzymes,
antibiotics and virulence factors.
Bacterial cooperative behaviors are
often regulated by Quorum sensing
signaling systems, where bacteria
sense and respond to self-produced
signal molecules.
Cooperation is at risk of exploitation
by non-cooperating mutants,
which avoid the fitness cost while
potentially enjoying the benefit.
Commonly termed as cheaters, these
non-cooperating mutants could
eventually take over the population
and eliminate cooperation. Several

explanations have been suggested
for the paradoxical evolutionary
persistence of cooperation. However,
this paradox has mostly been studied
for “simple”, unregulated cooperative
behaviors, and little focus has been
given to the influence of regulatory
network architecture.
We address this issue using
mathematical modeling and
experiments with synthetic regulatory
networks in Bacillus subtilis. We
show that the addition of positive
feedbacks, either directly on public
goods or on the quorum sensing
signal, promotes the evolutionary
stability of cooperation. Our results
provide a possible explanation for
the abundance of positive feedbacks
controlling bacterial cooperation.
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The Cost of Making
Proteins
Naama Barkai
Weizmann Institute of Science, Israel

The economy of protein production
is central to cell physiology, being
intimately linked with cell division
rate and cell size. Attempts to model
cellular physiology are limited by the
scarcity of experimental data defining
the molecular processes limiting
protein expression.
We distinguish the relative
contribution of gene transcription
and protein translation to the
slower proliferation of budding
yeast producing excess levels of
unneeded proteins. Contrasting
widely held assumptions, rapidly
growing cells are not universally
limited by ribosome content.
Rather, transcription dominates the
cost in some conditions (e.g. low
phosphate), translation in others (e.g.
low nitrogen), and both in yet other
conditions (e.g. rich media). Further,
cells adapted to the enforced protein
production by becoming larger and

increasing their endogenous protein
levels, suggesting limited competition
for common resources.
We propose that rapidly growing
cells do not exhaust their resources
to maximize growth, but maintain
sufficient reserves to accommodate
changing requirements.

ABSTRACTS

3D Structure, Flexibility and
Effects of Mutation Inferred from
Genomic Sequences
Debora S. Marks
Harvard Medical School, Systems Biology Department, USA

Genomic sequences contain
rich evolutionary information
about functional constraints on
macromolecules such as proteins. This
information can be efficiently mined to
detect evolutionary couplings between
residues in proteins and address the
long- standing challenge to compute
protein three-dimensional structures
from amino acid sequences.
Substantial progress on this problem
has become possible because of
the explosive growth in available
sequences and the application of
statistical methods that use a global
probability model. In addition to threedimensional structure of single proteins,
RNA and DNA, this statistical analysis
of evolutionary constraints can identify
functional residues involved in ligand
binding, biomolecule-interactions,
alternative ensembles of conformations
and even “invisible” tertiary states of
disordered proteins.

In addition the model can be used to
predict the effect of single and higher
order mutations on organism fitness,
a key bottleneck in understanding the
effects of genetic variation and protein
design.
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Multi-step Adaptive Paths
Leading to High Level Antibiotic
Resistance
Roy Kishony
Technion - Israel Instistute of Technology, Israel

Antibiotic resistance is growing as a
major public health concern.
Understanding the evolutionary paths
leading to antibiotic resistance is key
for our ability to predict and controlling
drug resistance. I will describe a
series of experimental-theoeretical
methodologies that allow us to follow
the evolution of antibiotic resistance in
the lab.
These studies reveal specific constrains
on adaptive evolutionary pathways
and the limits for predictability of the
evolutionary process.

ABSTRACTS

The Evolutionary “Design”
of Proteins
Rama Ranganathan
The Green Center for Systems Biology,
UT Southwestern Medical Center, USA

Natural proteins can fold
spontaneously into well-defined
three-dimensional structures, can carry
out complex biochemical properties
such as signal transmission, efficient
catalysis of chemical reactions,
specificity in molecular recognition, and
allosteric conformational change. All of
this is achieved while also preserving
the capacity for rapid adaptive
variation in response to fluctuating
selection pressures, a central feature
of evolving systems. What are the
basic principles in the “design” of
natural proteins that underlie all of
these properties? To address this, we
developed an approach (the statistical
coupling analysis or SCA) for globally
estimating the pattern of functional
interactions between sites on proteins
through statistical analysis of the
evolutionary divergence of a protein
family.
This analysis indicates a novel
decomposition of proteins into sparse
groups of co-evolving amino acids

that we term “protein sectors”. The
sectors comprise physically connected
networks in the tertiary structure and
can be modular – with different sectors
representing different functional
properties. Experiments in several
protein systems demonstrate the
functional and adaptive importance
of the sectors and importantly, the
SCA information was shown to the
necessary and sufficient to design
functional artificial members of two
protein families in the absence of any
structural or chemical information.
These results support the hypothesis
that sectors represent the basic
architecture underlying folding,
function, and adaptive variation in
proteins.
We are now working on two key
problems: (1) understanding the
physical mechanisms underlying
sectors, and (2) defining how the
dynamics of the evolutionary process
controls the emergence and structural
architecture of sectors in proteins.
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Mammalian Synthetic Biology:
From Parts to Modules to
Therapeutic Systems
Ron Weiss
MIT - Massachusetts Institute of Technology, USA

Synthetic biology is revolutionizing
how we conceptualize and approach
the engineering of biological systems.
Recent advances in the genetic
engineering of mammalian cells
are allowing us to expand beyond
the construction and analysis
of small gene networks towards
the implementation of complex
multicellular systems with a variety of
applications.
In this talk I will describe our
integrated computational/
experimental approach to engineering
complex behavior in a variety of cells,
with a focus on mammalian cells. In
our research, we appropriate design
principles from electrical engineering
and other established fields. These
principles include abstraction,
standardization, modularity, and
computer-aided design. But we also
spend considerable effort towards
understanding what makes synthetic
biology different from all other
existing engineering disciplines

and discovering new design and
construction rules that are effective
for this unique discipline. We will
briefly describe the implementation
of genetic circuits and modules
with finely-tuned digital and analog
behavior and the use of artificial
cell-cell communication to coordinate
the behavior of cell populations.
The first system to be presented
is a genetic circuit that can detect
and destroy specific cancer cells
based on the presence or absence
or specific biomarkers in the cell. We
will describe a new biological circuit
platform based on RNA-only delivery
and regulatory interactions between
RNA binding proteins and RNA
aptamers, with an objective of safer in
vivo therapeutics. We will conclude by
discussing preliminary experimental
results for obtaining precise
spatiotemporal control over stem cell
differentiation, towards the creation of
programmable organoids.

ABSTRACTS

Constructing Synthetic
Biology at Lower Costs
Tom Ellis
Centre for Synthetic Biology and Innovation and Department of Bioengineering,
Imperial College London, UK

Synthetic biology seeks to understand
and derive value from biology
via its re-design and synthesis
using engineering principles. The
workhorses of this endeavour are
microbial cells, reprogrammed with
synthetic DNA constructs to perform
new tasks such as biosynthesis,
biosensing and computation. In this
talk, I will first introduce how we
are linking modular DNA assembly
and microfluidics with rapid mass
spectrometry to decrease the cost of
constructing cells for biosynthesis.
I’ll then discuss our recent work
characterising the cost synthetic
biology constructs impose on the
microbial cells that host them. By
combining a mathematical model of
protein synthesis with a novel assay
for measuring the expression capacity
of cells, we can assess and predict the
burden different parts and constructs
impose on their host and identify

designs that operate efficiently at a
lower cost to the cell’s economy. This
foundational work adds a crucial new
dimension to synthetic biology that
aids the design of engineered cells
more robust to mutation and with
predictable growth rates desirable for
use in industrial biotechnology.
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Rewiring E. coli Central Metabolism
for Carbon Fixation
Ron Milo
Weizmann Institute of Science, Israel

The assimilation of carbon dioxide
into organic material also known as
carbon fixation is largest biosynthetic
processes in the biosphere. While
carbon fixation pathways offer a
renewable alternative for biofuels and
numerous chemicals, integrating a
non-native carbon fixation pathway
into a microbial host is still a standing
challenge.
I will present a metabolic engineering
framework, which enforces a
heterotrophic to be dependent upon
carbon fixation even in the presence
of a carbon source. By rewiring the
native metabolic network of E.coli,
expressing Calvin-Benson cycle
components and selecting on specific
growth conditions we engineered
strains in which non-native RuBisCO
dependent carbon fixation is essential
for growth. Such selection systems
are beneficial both as a direct
selection tools for carbon fixation

enzymes, as well as a metabolic
engineering tool for the integration of
non-native pathways. We analyze the
metabolic and physiological effects
of such RuBisCO dependent growth
modes and explore the feasibility
for expressing a fully functional
non-native Calvin-Benson cycle
using a directed evolution approach.
Beyond practical implications for the
design, construction and testing of
synthetic carbon fixation pathways,
we believe such an approach can be
implemented for a variety of other
metabolic pathways.

ABSTRACTS

Programming Bacterial Dynamics
in Time and Space
Lingchong You
Duke University, USA

Microbes are by far the most
dominant forms of life on earth. In
every imaginable habitat, they form
complex communities that carry
out diverse functions. Microbial
communities drive the geochemical
cycling of diverse chemicals and
through these activities shape the
earth’s climate and environment. They
are also intimately tied to human
physiology and health. Members
of each microbial community may
compete for resources, collaborate to
process the resources, or to cope with
stress. They communicate with each
other by producing and responding
to signaling molecules. And they
innovate by exchanging genetic
materials. These interactions raise
fundamental questions regarding the
evolutionary and ecological forces that
shape microbial consortia.

Our lab has adopted a combination
of quantitative biology and synthetic
biology to explore these questions.
We engineer gene circuits to program
dynamics of one or more Escherichia
coli bacterial populations, and use
them to examine questions in cellular
signal processing, evolution, ecology,
and development.
Analysis of these systems had
led to mechanistic insights into
bacterial tolerance to antibiotics,
developmental pattern formation
and scaling, as well as strategies
to use bacteria to fabricate
functional materials.
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Studying Cancer through an
Evolutionary Prism
Ruth Hershberg
Technion - Israel Instistute of Technology, Israel

Cancer is a short-term evolutionary
process occurring within the body of
its host. In my talk I will describe two
studies in which we examine cancer
from the evolutionary perspective.
In the first study we demonstrated
that the somatic nature of cancer
contributes to its ability to target
genes that are both more functionally
important and more constrained
in evolution, compared to genes
implicated in other genetic disorders.
In the second study, we showed
that differences in both mutation
and natural selection contribute to
variation in the distribution of KRAS
driver substitutions between tumor
types. By accounting for the effects
of mutational biases we were able to
identify KRAS driver substitutions that
are more strongly favored by selection

in particular types of tumors. Such
driver substitutions tend to associate
with worse clinical outcomes for
patients suffering from the tumor
types in which they are more 		
strongly favored.
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Analog and Digital Approaches
for Engineering Large-Scale
Gene Networks
Luna Rizik, Yaron Ram & Daniel Ramiz
Faculty of Biomedical Engineering,
Technion - Israel Instistute of Technology, Israel

To date, the dominant computational
paradigm in synthetic biology has
been mainly digital. However, the
digital paradigm has failed to scale
up synthetic logic functions beyond
a few gates or to the level needed for
complex computations in living cells.
Given that cellular signals are often
graded and stochastic in their nature,
it is not surprising that the digital
paradigm is limited in the complexity of
computations that can be achieved in
living cells. Furthermore, there is often
a trade-off between the complexity of
synthetic devices and cellular resource
limitation which prevents digital
circuits from functioning properly in
large-scale-networks.
While hybrid analog-digital design
is widely used in nature, it was never
implemented in biological engineering.
In this study, we offer a novel synthetic
framework that combines analog and

digital design together to engineer
large-scale gene networks. Our design
takes advantages of the complex
operations already naturally present
in cells, termed analog computation,
executing sophisticated computational
functions in concert with decisionmaking digital circuits.
We have shown that PBAD promoter
is a universal logic gate. It can act
as a high-pass filter (implementing
AND logic gate), band-pass filter
(implementing XOR logic gate) or
a low-pass filter (implementing
NOR logic gate) and is determined
by a combination of our wide input
dynamic range circuit based-graded
positive feedback and decision making
behavior of Arabionse ,yielding analogto-digital convertors.
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Unraveling Grammatical Rules of
miRNA Mediated Regulation by
Systematic 3’ UTR Manipulations
Ilya Vainberg Slutskin, Ronit Nir, Shira Weingarten-Gabbay, Adina
Weinberger & Eran Segal
Weizmann Institute of Science, Israel

The vast majority of human protein
coding genes are regulated by
miRNAs at the post transcriptional
level. Despite extensive research, the
sequence features affecting miRNA
mediated regulation are not fully
understood.
Here, a high throughput approach
was taken to investigate the effect of
~14,000 rationally designed 3’ UTR
sequences on gene expression in
a single experiment. The method is
used to precisely quantify the effect of
multiple factors, such as hybridization
energy, site accessibility and site
multiplicity, on miRNA binding site
activity. The regulatory impact of
synthetic miRNA binding sites
spans a dynamic range of up to
57 fold repression.
While some factors were found to
affect a broad range of miRNAs,
others presented a miRNA specific

behavior. Moreover, the data was
used to successfully train a predictive
model for miRNA mediated gene
expression regulation. Taken together,
these results highlight the intricate
relationships between various
sequence determinants of miRNA
binding site activity and their effect
on gene expression.
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A Synthetic Biology Approach
for Studying Fat4-Ds1 Planar
Cell Polarity Signaling
Olga Loza1, Idse Heemskerk2, Nadav Gordon-Bar1 & David Sprinzak1
1 Tel Aviv University, Israel
2 KITP, USA

Planar cell polarity (PCP) is the
process by which sheets of cells,
typically the epithelial cell layers,
acquire an orientation within the
plain of the sheet. Recent studies
highlighted the role of the atypical
cadherins Fat and Dachsous (Ds)
in this process. These proteins
segregate into opposite sides of the
cell and form heterophilic complexes.
Drosophila Fat and Ds were linked to
PCP and growth control in the wing
and eye imaginal disks. Fat4 and
Dachsous1 (Ds1), the mammalian
homologues, were also linked to PCP
in various tissues.
Models of PCP suggest that planar
polarity can arise through local
positive feedbacks between Fat-Ds
complexes pointing either in the same
direction or in opposite directions.
However, still little is known about the
molecular processes that can cause
such local feedbacks.

In this work we use a synthetic
biology platform, based on a
mammalian cell culture system
expressing Fat4 and Ds1 to
quantitatively study the formation of
Fat4-Ds1 complexes and characterize
the local feedbacks in the system.
We use various imaging techniques
including confocal imaging of
fixed and live cells, FRAP and TIRF
microscopy. Our results demonstrate
that Fat4/Ds1 fusion proteins form
stable heterophilic complexes at
the cell boundary. Furthermore, the
dynamics of complex formation
reveal non-linear dependence on the
concentration of Ds1, as predicted
from mathematical models of PCP.
Our results provide a quantitative
mechanistic framework for
understating PCP.
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Bioorthogonal Labeling of
Cellular Proteins in Live Cells Using Fluorescent Organic Dyes
Tomer Schvartz, Sarit Cohen, Noa Alush,
Dikla Nachmias, Eyal Arbely & Natalie Elia
Department of Life Science, Ben-Gurion University of The Negev, Israel

High-resolution fluorescence imaging,
combined with the latest labeling
techniques available today – have yet
been able to provide the necessary
spatiotemporal resolution when
capturing live cells images.
GFP had a vast impact on biology
following its discovery 40 years ago,
as it allowed the study of proteins in
live cells for the first time. However,
GFP has several drawbacks in the era
of super resolution microscopy (large
size, limited photophysical properties,
etc.). Small fluorescent organic dyes
(Fl-dyes) on the other hand, are
currently the best alternative for GFP
as they offer improved capabilities.
However, all available methods today
for attaching Fl-dyes to proteins in live
cells (SNAP-/CLIP-/HALO-tag, etc.)
still relies on the addition of a large
protein tag, which in turn reinstate
one of the major drawbacks of GFP.

Using recent advancement in genetic
code expansion (AMBER suppression)
and bioorthogonal chemistry (Click
chemistry), we are developing an
innovative system to specifically label
cellular proteins with fluorescent
dyes in live cells. This is done by
substituting the large fluorescent tags
with a much smaller and competent
Fl-dye, and directly attaching it to a
specifically chosen site on a cellular
protein in a non-invasive manner.
This system will provide a unique
tool to study cellular proteins in live
cells, using enhanced fluorescent
capabilities, and in high- and 		
super-resolution.
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Codon Usage Adaptation Leads to
Higher Likelihood for Maintenance
of Genes Horizontally Acquired by
Bacteria from Phages
Michal Savkin & Ruth Hershberg
Rachel & Menachem Mendelovitch Evolutionary Processes of Mutation &
Natural Selection Research Laboratory, Department of Genetics, the Ruth
and Bruce Rappaport Faculty of Medicine,
Technion - Israel Instistute of Technology, Israel

Most prokaryotes have the ability
to acquire novel DNA sequences
horizontally and integrate them
into their genomes. Such horizontal
gene transfer (HGT) is a mechanism
responsible for much of prokaryotic
interspecies genetic diversity. HGT
can occur via three mechanisms:
transfer of a plasmid from one
bacterium to another by direct contact
(conjugation), uptake of genetic
material from the environment
(transformation) or transfer of
genetic material from one bacterium
to another via a bacteriophage
(transduction).
Here we show that genes introduced
into the Escherichia coli lineage via
HGT through phage transduction
have a higher likelihood of persisting

within the species, compared to genes
introduced via other means. We
further demonstrate that at the point
of introduction, genes acquired via
HGT from phages have a codon usage
that better matches that of the E. coli
core genome.
Our results indicate that due to the
fact that phages are pre-adapted
to having codon usage that better
matches that of their hosts, genes
acquired by bacteria from phages
have a better chance of maintenance.
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Connect the Dots – Meshing Data
with Knowledge by Text Mining of
the Cell-Cytokine Interaction Network
Ksenya Kveler1, Amit Ziv-Kenet1, Netta Aizenbud-Reshef1, Gali ShalevMalul1, Nuaman Asbeh1, Yuval Kalugny1, Yuri Gorelik1, John Campbell4, Elina
Starosvetsky1, Tatiana Dubovik1, Jeff Wiser4 & Shai S. Shen-Orr1,2,3
1 Department of Immunology, Faculty of Medicine,
Technion - Israel Instistute of Technology, Israel
2 Rappaport Institute of Medical Research, Technion - Israel Instistute of Technology, Israel
3 Faculty of Biology, Technion - Israel Instistute of Technology, Israel
4 Northrop Grumman IT Health Solutions, Rockville, MD, USA
Protective immunity is not the end
outcome of any single cell, but rather
draws on functionality elicited by
many cell types communicating
be-tween one another. To date, using
reductionist techniques, immunologists have elucidated many of the
basic principles of individual cell
type behaviour at a given condition.
Complex inter-cellular circuitry and
whole system effects, however, are
difficult to capture or understand.
Here, we describe immuneXpresso, an
information extraction system, tailored
for parsing the primary literature of
immunology using Natural Language
Processing techniques and ontologies
at its core. We used im-muneXpresso
to compile a global high-resolution
cell-cytokine interac-tion network

together with the dimensions of
diseases, drug treatments, tissues
and biological functions.
We demonstrate how the literaturereported evidence can be further
computationally analyzed to build
dis-ease-specific interaction networks,
unveil disease/drug similarities,
inter-pret experimental data and
even predict novel cell-cytokine
interactions. immuneXpresso
facilitates ‘connecting the dots’
between very different areas
of immunology establishing a
framework for knowledge refinement as well as systematic de novo
hypotheses generation.
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High complexity DNA
Barcode Design Methodology
and Tools
Leon Anavy, Roy Navon & Zohar Yakhini
Department of computer science,
Technion - Israel Instistute of Technology, Israel

DNA barcodes are useful in several
applications including DNA storage
multiplexed sequencing. For DNA
storage, barcodes serve as data
block addresses that allow encoding
long messages using a pool of short
synthetic DNA oligos. Each oligo
contains a unique barcode used to
reconstruct the original message.
Multiplexing next generation
sequencing (NGS) samples is used
to reduce costs. To later distinguish
between reads coming from different
samples, barcodes are attached to the
DNA fragments.
Since NGS can introduce errors,
several requirements must be
imposed on the barcodes. The
barcodes should be relatively short to
save space to the sample sequencing
and substantially different from one
another to prevent miss-assignment
to samples. Furthermore, there
may be other sequence constraints

such as GC content, absence of
homopolymer runs and absence
of specific sequences (such as
restriction sites).
We will describe a heuristic method to
generate optimal edit-distance codes
which will also allow the addition
of other limitations on the code.
A standard heuristic approach to
producing optimal edit-distance codes
is called the Lexicode Approach. Our
suggested methodology modifies
this approach to produce codes with
properties that go beyond the editdistance while preserving the desired
edit-distance properties of the code.
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Facultative Cheating Supports the
Co-Existence of Multiple QuorumSensing Pherotypes
Shaul Pollak, Shira Omer, Eran Even-Tov, Valeria Lipsman,
Tasneem Bareia, Ishay Ben-Zion & Avigdor Eldar
Department of Molecular Microbiology and Biotechnology, Faculty of Life
Sciences, Tel Aviv University, Israel
Bacterial quorum sensing systems
regulate the cooperative production
of public goods, rendering them
susceptible to invasion by ‘cheater’
quorum sensing null mutants.
While null alleles are rare in wild
populations, many bacterial species
show high diversity of orthogonal
signal-receptor alleles, called
pherotypes. It is unclear what
mechanisms can explain pherotype
diversity and the suppression of
cheaters simultaneously. Here,
we show that the Bacillus subtilis
ComQXP quorum sensing pherotype
diversity is explained by facultative
cheating - a pherotype reduces its
cooperative investment when cocultured as a minority with another
pherotype.
We study the impact of two alternative
mechanisms for cheating suppression
on pherotype diversity – kin selection
and quorum sensing regulation of

private goods. We show that kin
selection is sufficient to maintain
diversity while suppressing Cheaters,
but private goods regulation is not.
Our work thus connects facultative
cheating to a specific molecular
mechanism on the one hand and to
observed patterns of genetic diversity
on the other.addition of positive
feedbacks, either directly on public
goods or on the quorum sensing
signal, promotes the evolutionary
stability of cooperation.
Our results provide a possible
explanation for the abundance
of positive feedbacks controlling
bacterial cooperation.

POSTERS

Parallel Embryonic Transcriptional
Programs Enable Morphological
Conservation While Allowing Adaptation
Tsvia Gildor, Assaf Malik, Noa Sher
& Smadar Ben-Tabou De Leon
University of Haifa, Israel

Embryonic development evolves by
balancing stringent morphological
constraints with genetic and
environmental variation. The design
principle that allows developmental
transcriptional programs to conserve
embryonic morphology while
adapting to environmental changes
is still not fully understood. To
address these basic conundrums
in development and evolution, we
compare developmental transcriptomes
of two sea urchin species that are
morphologically similar, yet genetically
and geographically distant. We
find that both developmental and
housekeeping genes show highly
dynamic and strongly conserved
expression patterns. However, of these,
only the interspecies correlation of
developmental gene expression is
tightly linked to morphological similarity.
Other gene sets, such as some
homeostasis genes, show divergent
expression which reflects adaptation
to dissimilar physiological conditions.

The interspecies correlation of all
orthologous genes is a superposition
of these different dynamic behaviors.
Hence, the association to morphological
similarity is partially masked compared
to that of only the developmental gene
subset, with important implications to
the positioning of the phylotypic stage.
Our study illustrates the various
transcriptional programs that coexist
in the developing embryo and which
evolve under different constraints.
Morphological constraints underlie
the conservation of developmental
gene expression while embryonic
fitness requires the conservation of
housekeeping gene expression and
the species-specific adjustments of
homeostasis gene expression. The
distinct evolutionary forces acting on
these transcriptional programs enable
the conservation of similar body plans
while allowing adaption to 		
local conditions.

34 -35

A Kinetic Model Describes the
Metabolic Response Of E. Coli
to Oxidative Stress
Dimitris Christodoulou, Hannes Link,
Luca Gerosa & Uwe Sauer
ETH Zurich, Switzerland

To counteract oxidative stress and
build-up of reactive oxygen species
(ROS), bacteria such as Escherichia
coli evolved various defense
mechanisms. A rapid defense
mechanism is reduction of ROS
through antioxidant systems that are
regenerated through NADPH. NADPH
replenishing metabolic pathways
such as the pentose phosphate (PP)
pathway are therefore upregulated,
but have so far been studied primarily
at the slow transcriptional level that
is not able to react at the necessary
time-scale of seconds. Here we
asked whether faster acting allosteric
regulation is important for the initial
increase in NADPH supply.
Therefore we exposed growing
E. coli to hydrogen peroxide and
quantified the dynamic metabolite
response over a few minutes. To
systematically infer active regulatory
interactions, we developed an
ensemble of approximately 10000

kinetic models for glycolysis and PP
pathway with different regulation
mechanisms and ranked them
by their ability to describe the
metabolite dynamics. From the
different regulatory interactions
tested, our results indicate that in
addition to the known inactivation
of the GAP dehydrogenase by
ROS, the previously overlooked
allosteric inhibition of the first PP
pathway enzyme by NADPH and a
feedback inhibition from glycolysis
to the PP pathway are necessary to
quantitatively explain the metabolite
dynamics.
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Integration of Organ Level
Phenotypic and Molecular Models
of Type 2 Diabetes Mellitus
Uluseker Cansu, Alberto Inga & Corrado Priami
Centre for Integrative Biology - CIBio, University of Trento, Italy

The whole-body level has recently
started to mature into more
physiologically realistic organbased
models. Detailed models for crucial
cellular processes are starting to
mature into complete modules that
can potentially be fitted into such
whole-body organ-based models.
Merging organ level models with
cellular and molecular ones results
in a multi-level modulebased model,
with a hierarchical structure. A
hierarchical model aims at connecting
different levels of detail of the same
biological system. The goal is to
create a unified environment
allowing to simulate and analyze
multiple models with different levels
of detail in the same platform.
We started to create a high level
organ model on the regulation of
glucose in the whole body. We
introduced a mathematical model with
parameters derived from published

data, describes the dynamics of the
glucose homeostasis and food intake
in human. In such a model, food
intake is regulated by the hunger
signal, defined as the amount of food
needed by the organism, by leptin,
ghrelin and by glucose variations.
The aim of this work is to develop
a hierarchical model of the glucose
intracellular transport with a wholebody homeostasis system. We will
develop a system embracing the
intracellular metabolic level, the
cellular level involving the interactions
of the cells, the organ level, and
the process within the whole body.
Different models will reproduce
aspects of physiology and pathology
that are represented at each of these
levels. The output of each model
will directly feed the variables
and/or the parameters of the next
aggregated model.
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Genetic Hurdles Limit the Arms Race
Between Prochlorococcus and the
Podoviruses Infecting them
Daniel Schwartz & Debbie Lindell
Faculty of Biology,
Technion - Israel Instistute of Technology, Israel

Antagonistic relationships such as
those between bacteria and their lytic
phages enhance genomic diversity
through a coevolutionary arms-race
which shapes genomic architecture
and population composition.
Mutations confering phageresistance in the abundant marine
cyanobacterium, Prochlorococcus,
occur primarily in genomic islands in
cell-surface related genes that prevent
adsorption of phages to the cell. A
fitness cost often accompanies phageresistance. Implicit in the arms-race
model is the ability of phage mutants
to overcome resistance of their hosts,
yet little is known of the prevalence
of such resistance-breaking mutants
and their effect on phage genomes
and fitness.
We therefore attempted to isolate
T7-like cyanopodovirus mutants that
infect previously isolated phageresistant Prochlorococcus strains.

Phage mutations were found in
genes implicated, in tail assembly
and structure. Exploration of other
T7-like cyanopodovirus genomes and
viral metagenomes reveals that the
arms-race enhances phage genomic
diversity preferentially in resistancebreaking genes. Two phenotypic
classes were found among phage
mutants: either those with a small
fitness gain on both their original
and new hosts; or a large fitness
gain on the new host accompanied
by a decreased specificity cost.
Overall, resistance-breaking mutants
were rare and in most interactions
undetectable, suggesting that the
arms-race alone cannot explain
coexistence in this system. Rather
we propose that coexistence is also
maintained by fluctuating selection
dynamics that are superimposed on
a background of a coevolutionary
arms-race that increases diversity
of both hosts and phages.
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Optimal Codon Choice
Throughout a Gene
Eric D. Kelsic1, Hattie Chung1, Niv Cohen2, Harris H. Wang3,4 		
& Roy Kishony1,2,5
1
2
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5

Systems Biology, Harvard Medical School, USA
Biology, Technion - Israel Instistute of Technology, Israel
Systems Biology, Columbia University Medical Center, USA
Pathology and Cell Biology, Columbia University Medical Center, USA
Computer Science, Technion - Israel Instistute of Technology, Israel
Synonymous codon choices at the
beginning of genes are optimized for
enhanced translation initiation, but
less is known about mechanisms
that drive codon optimization in later
gene regions.
Here, by systematic measurements
of 12,726 in situ codon mutants in the
Escherichia coli essential gene infA,
we find that codons throughout the
gene are chosen to prevent disruption
of optimal structures near the start
codon. Fitness effects of codon choice
decline across the gene but remain
correlated with formation of these
upstream structures even at distant
locations. Genome-wide RNA folding
predictions confirm that natural codon
choices generally prevent disruption
of these upstream structures.
Our results shed light on natural

codon distributions and should
improve engineering of gene
expression for synthetic biology
applications.
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Rules of Thumb in Gene Control:
How E. Coli Approximates Optimal
Resource Allocation
Benjamin D Towbin, Yael Korem, Anat Bren, 		
Shany Doron, Rotem Sorek & Uri Alon
Weizmann Institute of Science, Israel

To reach maximal growth rate,
bacteria need to optimally partition
their limited resources between the
uptake of nutrients and the synthesis
of biomass.
The proteome fraction that E. coli
devotes to carbon catabolism follows
a simple growth law, decreasing
linearly with the growth rate (You
et al., 2013). Does this growth law
always maximize the growth rate? We
experimentally tuned the activity of
the carbon catabolic regulator CRP to
show that the growth law is optimal
for growth on some carbon sources,
but is far from optimal on others. A
simple model explains the conditions
that gene control must obey for
optimality. Building on this prediction,
we experimentally re-engineered the
control of sub-optimal sugar systems

to make them optimal, and conversely
engineered optimal systems to be
sub-optimal.

We conclude that bacteria do not
compute the optimal resource
allocation in every environment.
Instead, they use a rule of thumb
that achieves optimality in many, but
not all conditions. Understanding the
rules underlying phenomenological
laws will in general facilitate the
targeted modification of biological
systems to reach desired behavior.
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Temporal Information Processing
by the Glucose-Sensing Network
of Saccharomyces cerevisiae
Luis Fernando Montaño, Ivan Clark & Peter Swain
University of Edinburgh, Scotland

To survive in changing environments,
cells must make fast decisions by
integrating environmental cues.
In this regard, budding yeast cells
switch from a fermentative to a
respiratory metabolism in response
to environmental glucose. This
is dictated by a highly complex
sensing network, which regulates the
expression 17 glucose transporters
(HXT). Importantly, those decisions
are made in a dynamic environment
–glucose levels drop over time;
however, they have mostly been
studied in ‘steady-state’ conditions.
As an explanation for the network’s
complexity, we hypothesized that
the network may have evolved to
sense dynamic glucose signals,
and to control the timing of hexose
transporters accordingly. We are
testing this hypothesis by using
microfluidics coupled to timelapse microscopy, which enables
us to control the cell environment

and measure transporter-green
fluorescent protein (GFP) protein
expression.
Our current results show that different
hexose transporters respond to specific,
time-varying glucose signals. Analysis
of the responses in wild-type
and mutant cells allows us to dissect
how certain pathway moieties are
responsible for particular features of the
dynamics. In parallel, we are building
a model to mechanistically explain
these observations. We aim at finding
the sequence determinants of such
responses in the transporter genes, and
at understanding the contributions of
glucose sensing to fitness.
Altogether, our results suggest that
the function of seemingly complex
networks may only become evident
when providing the specific stimuli
under which they have evolved.
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Expression Homeostasis
During DNA Replication
Yoav Voichek, Raz Bar-Ziv & Naama Barkai
Department of Molecular Genetics, Weizmann Institute of Science, Israel

Genome replication introduces a stepwise increase in the DNA template
available for transcription. Genes
replicated early in S-phase experience
this increase before late-replicating
genes, raising the question of how
expression levels are affected by
DNA replication.
We show that in budding yeast,
mRNA synthesis rate is buffered
against changes in gene dosage
during S-phase. This expression
homeostasis depends on acetylation
of H3 on its internal K56 site by
Rtt109/Asf1. Deleting these factors,
mutating H3K56 or upregulating
its deacetylation, increases gene
expression in S-phase in proportion
to gene replication timing. Therefore,
H3K56 acetylation on newly deposited
histones reduces transcription
efficiency from replicated DNA,
complementing its role in guarding
genome stability.

Our study provides the first
molecular insight into the mechanism
maintaining expression homeostasis
during DNA replication.
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Cooperative and Competitive
Interactions among Gut Bacteria
Dor Russ1 & Roy Kishony1,2
1 Faculty of Biology, Technion - Israel Instistute of Technology, Israel
2 Department of Systems Biology, Harvard Medical School, Boston, USA

The microbes that live in our gut
have many implications on our health
and wellbeing. In the gut, a diverse
microbial community of over 100
species lives in dense environment
where they constantly compete for
resources like space and nutrients.
In our lab, we look for interactions
between gut bacteria that promotes
the stability and diversity of the
bacterial community. To that end,
we developed a high-throughput
screening assay for microbial
interactions. Using high-throughput
sequencing of the phylogenetic
marker 16S we analyze the
fluctuations in the gut microbial
community structure following cross
feeding experiments. Interactions
are determined when the relative
abundance of a “fed bacteria” is
changed as a result of cross feeding
by a “feeding bacteria”.

We have identified hundreds of
interactions, 40% of them are
positive. Negative interactions are
enriched between phylogenetically
close bacteria, leading to correlation
between phylogenetic distance
and interaction strength. To look for
biological significance of our observed
interactions, we currently screen
published sequencing data of gutassociated bacteria for connection
between calculated interaction and
joined abundance of interacting
bacteria.
To conclude, we developed the
capability to analyze interactions
between gut bacteria, and to compare
our interactions to published data
sets. We now plan to combine those
two capabilities to study the impact
bacterial interactions have on gut
microbial community structure.
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Characterization of the Dynamics of
a Developmental Gene Regulatory
Network Using Transcription
Activator-like Effector Proteins
Alexandra Dickinson
Duke University, USA
Developmental gene regulatory
networks (GRNs) that control stem cell
differentiation and maintenance are
crucial for proper tissue patterning in
multicellular organisms. SHORTROOT
(SHR) and SCARECROW (SCR)
transcription factors are essential
components of a GRN that regulates
the asymmetric division of initial cells
(or stem cells) that form the endodermis
and cortex in Arabidopsis thaliana
roots. In the absence of either SHR or
SCR, asymmetric cell division does
not occur, and a single mutant tissue
layer is formed. Although the network
architecture of the SHR-SCR GRN is
well characterized, the dynamics of the
network that effect initial cell division
and differentiation are largely unknown.
In particular, a SCR autoregulatory
positive feedback loop (PFL) is predicted
to play a role in instigating asymmetric
cell division.
However, this has not been experimentally
tested due to limitations in precisely

modulating GRN architecture. Advances
in synthetic biology now enable direct
experimental measurements of the
dynamics of the SCR PFL and their
effects on initial cell division. This
work will utilize synthetic biology to
determine the effect of GRN dynamics
in a developing organism. An inducible
and tunable synthetic SHR-SCR network
has been designed using transcription
activator-like effector proteins (TALEs).
In this network, TALEs are used to
control transcription of SCR in order
to mimic the autoregulatory SCR PFL.
Two-photon selective plane illumination
microscopy (2P-SPIM) will be used to
directly measure the effects of SCR
levels on initial cell division. In addition,
two TALE networks, one that mimics
the SCR PFL and one that mimics the
network without the PFL, will be used
to calculate the effect of the SCR PFL on
initial cell division. This will provide the
first experimental characterization of the
role of the autoregulatory SCR PFL
in initial cell division.
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Bridging the Cross Species Gap:
Getting the Most out of your
Mouse Model
Rachelly Normand, Renaud Gaujoux, Gali ShalevMalul, Elina Starosvetsky & Shai S. Shen-Orr
Department of Immunology, Faculty of Medicine,
Technion - Israel Instistute of Technology, Israel

Inbred mice are widely used as
disease models in many areas of
biomedical research and are the
most cost effective and flexible
mammalian model organism. Despite
the various benefits of the murine
model, many successes in treating
mice are not translated into clinical
success, particularly in immunological
research. The ability to improve
mouse-human translation entails
many implications starting from
better diagnostics and treatment as
well as targeted and cheaper drug
development and safer clinical trials.
We have assembled hundreds of
mouse and human gene expression
arrays from the public domain in
order to compare human disease
samples to similar data from the
equivalent mouse models. We
use this comprehensive cohort to

systematically map similarities and
differences between the species
and show that at best only 1 in 4 of
the most differentially expressed
genes are shared between mice and
humans. By using statistical learning
techniques we developed a method
that allows bridging the cross-species
gap. Our method re-ranks genes
from a mouse experiment by their
relevance to human biology. We show
that applying our rank-adjustment
method on a new mouse expression
array can increase the human relevant
genes in up to 20%.
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Community-Level Metabolic-Network
Analysis of Functional Division within
Microbial Communities of Plant Roots
and Soil
Ofaim, S1,2., Ofek, M.2, Sela, N.2, Minz, D.2, Kashi, Y.1 & Frielich, S.2
1 Faculty of Biotechnology and Food Engineering,
Technion - Israel Instistute of Technology, Israel
2 Agricultural Research Organization, Beit Dagan, Israel
With the increase in ecological data
production, the need for robust
automated functional community
analysis approaches rises, creating
an information-analysis gap.
Metabolic networks, as a tool for
processing genomic information,
are used to describe the ‘lifestyle’
of microbial species. Here, the
reconstruction of a communal
metabolic network representation
allows for the investigation of
the functional division between
its participants. Thus, indicating
“metabolic hierarchy” in a community
within its niche. This work aims
at looking beyond the species
list towards the development of a
dynamic framework for finding the
functional significance and impact of
each member on its community.
Here we demonstrate the use of
metabolic network approaches for

a functional division analysis of
communities in the rhizosphere and
bulk soil niches from two plant root
systems (cucumber and wheat). By
dynamically removing the metabolic
gene pool of dominant taxonomic
groups from the different niches,
we observed that most of the
condition-divergent pathways are of
secondary biodegradation processes
and metabolism of terpenoids and
polyketides. The metabolic range
in the predicted networks may
reflect niche dependent functional
specialization linking niche to
function. Application of ecological
indices together with taxonomic data
and constructed network information
has led to the discovery of the
functional division in these four
niches.
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Selection for Antibiotic Production
in a Micro-Droplets System
Einat Tamar1, Ylaine Gerardin2, Allon Klein2 & Roy Kishony1,2
1 Faculty of Biology, Technion - Israel Instistute of Technology, Israel
2 Department of Systems Biology, Harvard Medical School, Boston, USA

Bacteria that produce antibiotics are
common in the natural environment,
but selecting for antibiotic production
in the laboratory has proved
challenging. Antibiotic production
cannot have selective advantage in
homogenous well mixed environments
due to diffusion and advection. Even
in structured environments, such
as on agar plates, producers gain a
local advantage but the chance for
a beneficial mutant is low due to a
limited number of colonies.

resistant competitors. When a mutant
with improved production capabilities
arises in one of the droplets, it takes
over its droplet population. Next,
release of the droplets is followed
by separation of producers from
competitors over selective media. To
further enhance the beneficial mutant,
the selected producers repeatedly
enter new cycles of co-culture in
droplets with new competitors. After
several cycles, the improved producer
frequency is sufficient for isolation.

We suggest a method for selecting
for antibiotic producers using microdroplets. Through high-throughput
droplet generation we create a large
set of isolated micro-environments
(~0.1nL) for bacteria to grow in. We
use the E. coli colicin E2 system
as a model for microbial antibiotic
production and resistance. Each
droplet is inoculated with a single
producing cell, outnumbered by

This method, which relies on the
natural co-evolution of producers and
resistants, can be applied to increase
the rate of antibiotic production or
even to derive new antibiotics from
known producers.
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Baseline Matters: Effect of Initial
Immune State on Outcome in Sepsis
Ayelet Alpert1, Ashham Mansur2, Elina Starosvetsky1, Timothy Sweeney3,
Kerstin Menck2, Purvesh Khatri3, José Hinz2 & Shai Shen-Orr1
1 Technion - Israel Instistute of Technology, Israel
2 Georg-August University, Goettingen, Germany
3 Stanford-University, Palo-Alto, USA

Sepsis is a severe life-threatening
systemic inflammatory response
caused by infection that is
responsible for more than 750,000
deaths annually in the US. The
immune response in sepsis is
composed of immune activation
followed by immune suppression,
dominated by T-cell exhaustion.
Despite wide variation in the immune
system, the effect of the initial
immune state on outcome in sepsis
is unknown.
Using CyTOF, we monitored the
peripheral-blood dynamics in sepsis,
including abundances of cell subsets
and signaling responses to IL-6. We
identified major shifts in the T-cell
compartment which occur gradually,
including an increased expression of
inhibitory receptors and a decreased
expression of co-stimulatory
molecules, both hallmarks of T-cell
exhaustion. Exhausted T-cells

responded poorly to IL-6 stimulation,
reflecting a functional defect of
T-cells in sepsis, and suggesting
baseline levels of exhausted cells
may affect outcome. To test this,
we computed a T-cell exhaustion
enrichment signature at baseline
hospitalization and over-time in a
gene expression dataset of trauma
patients that contracted nosocomial
infections. We identified a significant
correlation of severity and baseline
exhaustion enrichment, measured
less than one day following trauma.
Our findings highlight the role of
initial immune state on determination
of clinical outcome and suggest that
the baseline immune-state variability
may be a useful diagnostic tool for
identification of septic patients at risk.
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The Cost of Protein
Production
Moshe Kafri1, Eyal Metzl-Raz1, Ghil Jona2 & Naama Barkai1
1 Department of Molecular Genetics, Weizmann Institute 			
of Science, Israel.
2 Department of Biological Services, Weizmann Institute 			
of Science, Israel

The economy of protein production
is central to cell physiology, being
intimately linked with cell division
rate and cell size. Attempts to model
cellular physiology are limited by the
scarcity of experimental data defining
the molecular processes limiting
protein expression.
Here, we distinguish the relative
contribution of gene transcription
and protein translation to the
slower proliferation of budding
yeast producing excess levels of
unneeded proteins. Contrasting
widely held assumptions, rapidly
growing cells are not universally
limited by ribosome content.
Rather, transcription dominates the
cost in some conditions (e.g. low
phosphate), translation in others (e.g.
low nitrogen) and both in yet other
conditions (e.g. rich media). Further,
cells adapted to the enforced protein

production by becoming larger and
increasing their endogenous protein
levels, suggesting limited competition
for common resources.
We propose that rapidly growing
cells do not exhaust their resources
to maximize growth, but maintain
sufficient reserves to accommodate
changing requirements.
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From Growth to Fitness:
Predicting Competition Results 		
from Growth Curves
Yoav Ram, Eynat Dellus-Gur, Uri Obolski,
Maayan Bibi, Judith Berman & Lilach Hadany
Tel Aviv University, Israel

A major challenge in evolutionary
biology is explaining differences
in fitness. Models in population
dynamics focus on changes in
population size and consider a
number of growth traits, such as
growth rate, maximum population
size, and lag duration. Population
genetic models focus on changes
in genotype frequencies within
populations and assume a single
fitness value per genotype. There is
some correlation between empirical
estimates of growth traits and fitness;
however, there is currently no method
to predict or interpret fitness from
growth traits.
Here we propose a new
computational method named
Curveball: a descriptive and predictive
framework for estimating growth traits
from growth dynamics, predicting
competition results, and inferring

fitness. We have tested our method
using growth curve and competition
experiments with E. coli.
Our integration between growth and
fitness will allow for a more holistic
approach to studies of microbial
diversity and adaptation. By providing
researchers with a simple yet
powerful method to estimate and
interpret fitness, Curveball will help
to standardize the way fitness is
measured and reported and improve
communication between empirical
and theoretical evolutionary biologists
and ecologists. Moreover, Curveball
will not only result in a simpler and
more cost-effective approach to
fitness inference, but also provide
information on the specific growth
traits that contribute to differences
in fitness.
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Integrated Lesional Profiles of
T-cell Prolymphocytic Leukemia
G. Crispatzu, A. Schrader, M. Herling
CECAD, University of Cologne, Germany

Our lab is developing a new approach
for the analysis and integration of
heterogeneous leukemic data sets.
All layers are stored in a semantic
graph, which facilitates modifications
by just adding edges (relationships/
attributes) and nodes (values/results)
as well as calculating biological
consensus and clinical correlation.
We used this frame-work to describe
the genomic landscape of T-PLL
(T-cell prolymphocytic leukemia),
which is a rare (~0.6/million) mature
T-cell malignancy with aggressive
clinical course, notorious treatment
resistance, and generally low overall
survival.
We have conducted gene expression
and copy-number profiling, as well as
NGS on a cohort comprising 94 T-PLL
cases. T-cell Leukemia/Lymphoma 1A
(TCL1A) overexpression and Ataxia
Telangiectasia Mutated (ATM)
impairment represent central

hallmarks of T-PLL, predictive for
patient survival, T-cell function and
proper DNA damage responses. We
identify new chromosomal lesions,
including a gain of AGO2 (57.14%
of cases), which is decisive for
the chromosome 8q lesion. While
we found significant enrichments
of truncating mutations in ATM
mut/no del (p=0.01365), as well
as FAT mutations in ATM mut/
del (p=0.01156), JAK3 mut/ATM del
cases may represent another tumor
lineage. Using whole-transcriptome
sequencing, we identify novel
structural variants affecting
chromosome 14 that lead to the
expression of a TCL1A-TCR fusion
transcript and a likely degradated
TCL1A protein. Two clustering
approaches of normal T-cell subsets
vs. leukemia further reveal a memorylike T-cell phenotype. This is to date
the most comprehensive, multi-level,
integrative study on T-PLL.
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High-Order Species Interactions
Shape Ecosystem Diversity
Eyal Bairey, Eric D. Kelsic & Roy Kishony1
1 Faculty of Biology, Technion - Israel Instistute of Technology, Israel

Nature provides countless examples
of diverse multispecies communities.
While species interactions are
important for maintaining natural
diversity, classical theory shows that
due to their randomness, interactions
among pairs of species destabilize
large communities, creating an
upper bound on ecosystem diversity.
Species interactions, however, are not
limited to species pairs--they also
occur in high-order combinations,
whereby the interaction between two
species is modulated by one or more
other species.
Here, by simulating the dynamics
of communities with random
interactions, we find that the classical
relationship between diversity and
stability is inverted for high-order
interactions. More specifically, while
a community becomes more sensitive
to pairwise interactions as its number
of species increases, its sensitivity

to 3-way interactions remains
unchanged, and its sensitivity to
4-way interactions actually decreases.
Therefore while pairwise interactions
lead to sensitivity to the addition of
species, 4-way interactions lead to
sensitivity to species removal. For
complex ecosystems with random
interactions of different orders, there
exists a range of stable diversities
with both an upper and a lower bound
on the number of species.
These findings highlight the
importance of high-order species
interactions in determining the
diversity of natural ecosystems.
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A Computational Algorithm for
Estimating Cleavage Specificity
of the CRISPR-Cas9 System
Abadi Shiran
Tel Aviv University, Israel

The CRISPR/Cas9 system, a microbial
adaptive immune system, was
recently adapted for modulating DNA
sequences within the endogenous
genome in many organisms. Cas9 is
an RNA-guided DNA endonuclease
that induces DNA breaks at genomic
targets that are complementary to
a ~20nt-long guide RNA (gRNA).
The CRISPR/Cas9 system is rapidly
becoming the technology of choice for
genome-editing. However, the efficacy
of a specific gRNA is not uniquely
defined by sequence homology
to the target site, thus unintended
genomic sites (termed off-targets)
might be cleaved. Current methods
for gRNA design employ rudimentary
rules based on sequential features
for ranking possible genomic
targets without any probabilistic
interpretation.
We introduce a novel data-mining
algorithm to determine the probability
of a genomic site being cleaved by

a given gRNA. The learning process
is performed on a training dataset
that includes several genome-wide
experimental studies of the CRISPR/
Cas9 system. It incorporates an
intricate set of attributes that could
affect the specificity and sensitivity
of different gRNAs, for example, the
nucleotides identities, the number of
mismatches between the genomic
site and the gRNA and their spatial
distribution, possible bulges in their
pairing, and structural elements of the
DNA or the CRISPR system.
This project is carried out in
collaboration with Zhang lab at
the Broad Institute, a leader in the
understanding and technological
development of the CRISPR/Cas9
system. Predictions made by the
computational algorithm are validated
experimentally, thereby uncovering
important components that affect
the mechanisms underpinning the
selectivity of CRISPR.
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Poised a54 Rnap Can Block Transcription
of an Upstream Approaching RNAP
from a Nearby Promoter
Lior Levy
Faculty of Biotechnology and Food Engineering,
Technion - Israel Instistute of Technology, Israel

Bacterial enhancers are nontranslated DNA sequences which
play an indispensable roll in gene
regulation. In bacteria, enhancers
function as molecular integrators
that are responsible for turning on
gene only in response to particular
stresses (e.g. Nitrogen deprivation).
The architecture of bacterial
enhancers typically consists of a
tandem of activator binding sites (e.g.
NtrC), which are located several tens
to hundreds of base-pairs upstream
of a poised a54-dependent promoter.
The intervening region usually also
harbors additional binding sites
for transcription factors, most often
IHF. Bacterial enhancers are able
to initiate transcription via DNA
looping, which allows the upstream
activator to interact with the poised
holoenzyme complex, facilitating its
release. We have discovered a new
transcription regulation mechanism
in which a poised a54 RNAP can
also block the transcription of an

upstream approaching RNAP from
a nearby promoter. This blocking
mechanism only works in the 5’-3’
directions, as RNAPs approaching
from the 3’-5’ direction are unhindered
by the presence of the promoter.
In order to test for the prevalence
of this mechanism, we are in the
process of analyzing data from a
high-throughput experiment, which
was design to screen for additional
“silencing” a54-dependent promoters.
Our screen consisted of 10,000
putative a54 RNAP binding sites that
were taken predominantly from two
genomes (E.coli, V. cholerae). This
new mechanism can shed light on
many promoter architectures found
in the genome, and become a new
tool for gene regulation in synthetic
biology.
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Gene Loss Dominates as a Source
of Genetic Variation within Clonal
Bacterial Species
Evgeni Bolotin & Ruth Hershberg
Faculty of Medicine, Technion - Israel Instistute of Technology, Israel

Some of the most dangerous
pathogens such as Mycobacterium
tuberculosis and Yersinia pestis
evolve clonally. This means that little
or no recombination occurs between
strains belonging to these species.
Paradoxically, while different members
of these species show extreme
sequence similarity of orthologous
genes, some show considerable
intraspecies phenotypic variation, the
source of which remains elusive.
To examine the possible sources of
phenotypic variation within clonal
bacterial species, we carried out an
extensive genomic and pangenomic
analysis of the sources of genetic
variation available to a large collection
of clonal and highly recombining
bacterial species. We show that while
highly recombining species diversify
via a combination of changes to gene

sequences, gene loss and gene gain,
gene loss completely dominates as
a source of genetic variation within
clonal species. Indeed, gene loss is
so prevalent within clonal species
as to lead to levels of gene content
variation comparable to those found
in highly recombining species that
are much more diverged in their
gene sequences and that frequently
acquire genes horizontally. Gene
loss therefore needs to be taken into
account as a potential dominant
source of phenotypic variation within
clonal bacterial species.
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The Somatic Nature of Cancer
Allows it to Target Highly
Constrained Genes
Sheli L. Ostrow & Ruth Hershberg
Faculty of Medicine, Technion - Israel Instistute of Technology, Israel

Cancer is special among genetic
disorders in two major ways: First,
cancer is a disease of the most
basic of cellular functions, such
as cell proliferation, differentiation
and the maintenance of genomic
integrity. Second, in contrast to most
genetic disorders that are mediated
by germline (hereditary) mutations,
cancer is largely a somatic disease.
Here we show that these two traits
are not detached and that it is the
somatic nature of cancer that allows
it to affect the most basic of cellular
functions. We begin by demonstrating
that cancer genes are both more
functionally central (as measured
by their patterns of expression
and protein interaction), and more
evolutionarily constrained than noncancer genetic disease genes.

We than compare genes that are
only modified somatically in cancer
to those that can also be modified in
a hereditary manner, contributing to
cancer development. We show that
both somatic and hereditary cancer
genes are much more functionally
central than genes contributing to
non-cancer genetic disorders. At the
same time, hereditary cancer genes
are only as constrained as other
hereditary disease genes, while
somatic cancer genes tend to be
much more constrained in evolution.
Thus, it appears that it is the somatic
nature of cancer that allows it to
target the most constrained genes
and therefore affect the most basic
of cellular functions.

POSTERS

Deciphering Enhancers Regulatory
Code Using Synthetic Biology
Michal Brunwasser-Meirom, Yeroslav Pollak & Roee Amit
Department of Biotechnology and Food Engineering,
Technion - Israel Instistute of Technology, Israel

Enhancers are DNA sequences
that regulate transcription, and are
typically located anywhere from
several hundred base-pairs to several
tens of kilo-base-pairs away from the
basal promoter. The mechanism of
regulation is assumed to be based
on DNA looping, which in turn
facilitates an interaction of a
transcription factor bound to the
enhancer with the polymerase
bound to the promoter region.
In this study, we design and construct
synthetic enhancers de novo in
bacteria using the poised σ54-based
bacterial enhancer architecture.
Our choice was predicated on the
simplicity of bacterial enhancers, and
the potential for rapid high-throughput
analysis, which can allow us to build
up the complexity of our designs in
a controlled and systematic fashion.
Specifically, we study how the location
and number of transcription factor

binding sites within the enhancer
region can affect the enhancer’s ability
to loop and initiate transcription.
Our results suggest that
transcriptional activity is strongly
dependent on the spacing between
individual transcription factor binding
sites within the enhancer, the number
of such sites, and their location
relative to the enhancer and promoter
complexes. In particular, strong
regulatory effects at a resolution of a
single base pair are observed. Finally,
using our analysis we show that the
size of the protein plays a crucial
role in the ultimate regulatory
response, suggesting a novel
mechanism for enhancer-based
transcriptional regulation.

56 -57

PARTICIPANTS
Abadi Shiran
Adir Inbal
Adler Miri
Admon Yasmin
Afek Yehuda
Akiva Amit
Alon Uri
Alpert Ayelet
Amit Roee
Amirav-Drory Omri
Arkin Adam
Asher Yossi
Asif Gil
Atar Orna
Avrani Sarit
Baasov Timor
Bairey Eyal
Barkai Naama
Balaban Nathalie
Bar-Ziv Raz
Bareia Tasneem
Barger Natali
Beja Oded
Benenson Yaakov
Ben-Tabou de-Leon Smadar
Ben-Zion Ishay
Bercovici Moran
Blank Miri
Bolotin Evgeni
Bren Anat
Brychkova Galina
Cassel Dan
Chait-Berman Karen
Chmelnik Oleg
Christodoulou Dimitris
Cohen Niv
Cohen Ofer
Collins Cynthia
Crispatzu Giuliano
Dahan Nitsan
Daniel Ramez
Davidov Tzila
Ellis Tom
Elul Ofek
Enav Hagay
Evron Itay
Frenkel-Pinter Moran
Fried Tal

shiranabadi@mail.tau.ac.il
inbaladir@gmail.com
lavimiri@gmail.com
yasminad@campus.technion.ac.il
afek@post.tau.ac.il
amitakiva@campus.technion.ac.il
uri.alon@weizmann.ac.il
ayelethappy@gmail.com
roeeamit@technion.ac.il
omri@genomecompiler.com
aparkin@berkeley.edu
yossi.asher@gmail.com
asifgil21@gmail.com
atar@tx.technion.ac.il
sarit.avrani@gmail.com
chtimor@techunix.technion.ac.il
baeyal@gmail.com
naama.barkai@weizmann.ac.il
nathalieqb@phys.huji.ac.il
raz.barziv@weizmann.ac.il
tasneem.bareia@mail.huji.ac.il
Natalashka@gmail.com
beja@tx.technion.ac.il
kobi.benenson@bsse.ethz.ch
sben-tab@univ.haifa.ac.il
ishaybenzion@gmail.com
mberco@technion.ac.il
mblank@post.tau.ac.il
seb85il@gmail.com
anat.bren@weizmann.ac.il
galina.brychkova@nuigalway.ie
danc@tx.technion.ac.il
kchait@tx.technion.ac.il
olegc@gmail.com
christodoulou@imsb.biol.ethz.ch
cohen.niv@gmail.com
oferc@iibr.gov.il
ccollins@rpi.edu
gcrispat@uni-koeln.de
ndahan@technion.ac.il
ramizda@bm.technion.ac.il
tzila937@gmail.com
t.ellis@imperial.ac.uk
ofekelul@gmail.com
hagayenav@gmail.com
evron@campus.technion.ac.il
moranfre@post.tau.ac.il
talff.tf@gmail.com

Tel Aviv University
Technion
Weizmann Institute
Technion
Tel Aviv University
Technion
Weizmann Institute 			
Technion
Technion
Genome Compiler
University of California
Technion
Technion
Technion
Technion
Technion
Technion
Weizmann Institute
Hebrew University of Jerusalem
Weizmann Institute
Tel Aviv University
Technion
Technion
ETH Zurich
University of Haifa
Tel Aviv university
Technion
Tel Aviv University
Technion
Weizmann Institute
University of Ireland, Galway
Technion
Technion
Technion
ETH Zurich
Technion
IIBR
Rensselaer Polytechnic Institute
CECAD / University Hospital Cologne
Technion
Technion
Technion
Imperial College London
Technion
Technion
Technion
Tel Aviv University
Technion

PARTICIPANTS
Geisler-Edelbaum Sivan
Glaser Fabian
Goldberg Sarah
Gorochovski Olga
Granik Naor
Greenberg Syd
Gross Rotem
Hershberg Ruth
Hill Tara
Hiya Dikla
Horev Guy
Inoue Takanari
Jaiyeola Emmanuel
Jiao Joy
Kafri Moshe
Karin Omer
Katz Ira
Katz Noa
Katz Sophie
Kaufmann Beate
Kishony Roy
Koltin Yigal
Kveler Ksenya
Lavid Noa
Lerner David
Lesnik Chen
Levi Ben-Zion
Levy Lior
Liao Weixi
Litovco Yana
Loza Olga
Marks Debora
Mayo Bar
Meirom Michal
Metzl-Raz Eyal
Milo Ron
Montano Luis
Moor Andreas
Mussa Rawan
Naor Tal
Nehme Elias
Normand Rachelly
Ofaim Shany
Ohayon Shilo
Oks Olga
Ostrow-Galili Sheli
Polianski Yaroslav
Pollak Shaul

sivangei@tx.technion.ac.il
fglaser@technion.ac.il
gsarah@tx.technion.ac.il
olga267@gmail.com
naorgranik@gmail.com
syd@copper.org.uk
rotemgross1@gmail.com
ruthersh@technion.ac.il
thill@twistbioscience.com
hdikla@tx.technion.ac.il
guyho@tx.technion.ac.il
jctinoue@jhmi.edu
redeemerhost@yahoo.com
yjiao@fas.harvard.edu
moshekafri@gmail.com
omer.karin@gmail.com
kirena@technion.ac.il
katznoa@gmail.com
sophiek@tx.technion.ac.il
beate.kaufmann@gmx.de
rkishony@technion.ac.il
yigalk1@bezeqint.net
k.kveler@gmail.com
lavid@technion.ac.il
david.lerner@weizmann.ac.il
lesnik@tx.technion.ac.il
blevi@technion.ac.il
liorlevyzzz@gmail.com
15210591858@163.com
sphyana@tx.technion.ac.il
olgaloza28@gmail.com
debbie@hms.harvard.edu
mayo.bar@gmail.com
michalb12@gmail.com
eyal.raz@weizmann.ac.il
ron.milo@weizmann.ac.il
nando.mgu@gmail.com
andreas.moor@weizmann.ac.il
rawanmu@campus.technion.ac.il
tal.naor86@gmail.com
seliasne@gmail.com
rachelly@tx.technion.ac.il
shashany@gmail.com
shilo.ohayon@gmail.com
oksoly@gmail.com
sheliostrow@hotmail.com
y.polianski@gmail.com
shaulpol@tau.ac.il

Technion
Technion
Technion
Technion
Technion
Technion
Technion
Twist Bioscience
Technion
Technion
Johns Hopkins University
Bio-med the Gambia
Harvard University
Weizmann Institute
Weizmann Institute
Technion
Technion
Technion
Technion
Technion
Tel Aviv University
Technion
Technion
Weizmann Institute
Technion
Technion
Technion
Tsinghua University
Technion
Tel Aviv university
Harvard University
Technion
Technion
Weizmann Institute
Weizmann Institute
University of Edinburgh
Weizmann Institute
Technion
Technion
Technion
Technion
Technion/ARO
Technion
Technion
Technion
Tel Aviv university

58 -59
Pollak Yuroslav
Ram Yaron
Ram Yoav
Ranganathan Rama
Retter Liat
Rimon Shira
Rizik Luna
Rotem Shahar
Rusinek Itai
Russ Dor
Sagee Shira
Salama Rachel
Sand Andy
Sarig Shiran
Savkin Michal
Schulman Omri
Schvartz Tomer
Shasha Nofar
Sheftel Hila
Shen-Orr Shai
Sherman Shachar
Shmoish Michael
Shoham Yuval
Shou Wenying
Shulami Smadar
Slomovic Shimyn
Sprinzak David
Starosvetsky Elina
Stern Adi
Szekely Pablo
Tamar Einat
Tenenbaum Guy
Towbin Benjamin
Tsedef Shiran
Uluseker Cansu
Vainberg Slutskin Ilya
Vaknin Inbal
Weiner shani
Weiss Ron
Yaakov Gilad
Yakhini Zohar
Yannai Adi
Yelin Idan
Yin Ning
You Lingchong
Zampieri Mattia
Zegman Yonatan
Zeltzer Tal
Zimmer Anat

yaro.plk@gmail.com
yaronram142@gmail.com
yoav@yoavram.com
rama.ranganathan@utsouthwestern.edu
liatre@bfe.technion.ac.il
shira125@campus.technion.ac.il
luna.rizik@gmail.com
shaharotem@gmail.com
itai.rusinek@gmail.com
dorr@campus.technion.ac.il
shira@tx.technion.ac.il
salamar@campus.technion.ac.il
andys@tx.technion.ac.il
shiran.sarig@gmail.com
michalsa@campus.technion.ac.il
omri.schulman@gmail.com
tomersch@post.bgu.ac.il
nofars256@gmail.com
hila.sheftel@weizmann.ac.il
shenorr@technion.ac.il
shermas@post.bgu.ac.il
mshmoish@cs.technion.ac.il
yshoham@tx.technion.ac.il
wshou@fhcrc.org
smadars@technion.ac.il
shimyns@mit.edu
davidsp@post.tau.ac.il
elinastar@gmail.com
sternadi@post.tau.ac.il
pablo.szekely@weizmann.ac.il
einat.tamar@tx.technion.ac.il
guy.te24@gmail.com
benjamin.towbin@weizmann.ac.il
shirants@campus.technion.ac.il
cansu.uluseker@unitn.it
sl.ilya1987@gmail.com
enbal.vaknin@gmail.com
shanyw1212@gmail.com
rweiss@mit.edu
gilad.yaakov@weizmann.ac.il
zohar_yakhini@agilent.com
adietz6@gmail.com
idan.yelin@gmail.com
yin.137@gmail.com
you@duke.edu
zampieri@imsb.biol.ethz.ch
yonatan.zegman@weizmann.ac.il
talz@tx.technion.ac.il
anat.tzimmer@weizmann.ac.il

Technion
Technion
Tel Aviv University
University of Texas Southwestern
Technion
Technion
Technion
IIBR
Tel Aviv University
Technion
Technion
Technion
Technion
Technion
Technion
Technion
Ben-Gurion University / NIBN
Technion
Weizmann Institute
Technion
Ben-Gurion University
Technion
Technion
F. Hutchinson Research Center
Technion
MIT
Tel Aviv University
Technion
Tel Aviv University
Weizmann Institute
Technion
Technion
Weizmann Institute
Technion
Trento University- COSBI
Weizmann Institute
Technion
Technion
MIT
Weizmann Institute
Agilent Laboratories
Technion
Technion
Technion
Duke University
ETH Zurich
Weizmann Institute
Weizmann Institute
Weizmann institute

NOTES

60 -61

NOTES

ORGANIZING
COMMITEE
Roee Amit
Sivan Geisler-Edelbaum
Ruth Hershberg
Roy Kishony
Liat Retter
Shira Sagee
Omri Schulman

Faculty of Biotechnology
and Food Engineering

SPONSORED BY

