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Celebrating 10 years of the European Research Council
(ERC) at the Weizmann Institute of Science

One of the fundamental, unique traits of the human race is the
immense curiosity inherent in our drive to explore, discover and
invent. It is this trait that explains the success of humans in adapting
to life in extreme conditions, combatting disease, increasing our lifes-
pan and rapidly accumulating knowledge, all the while altering our
societies and changing our environment. The Weizmann Institute was
established to expand the limits of science for the benefit of human-
ity, its foundation arising from an understanding of the fundamental
impact of science as the fountainhead from which the river of prog-
ress and wellbeing flows. Curiosity-driven research is the essential
link — the shared core values of the Weizmann Institute and those of
ERC. This is, indeed, research that aims for the blue sky, reaching
beyond visible or tangible targets. By searching for the unknown,
such research leads to unforeseen discoveries on the nature of the
universe, the formation and destruction of stars, the secrets of life
and the causes of human disease. Since its inception, 10 years ago,
the ERC program has made a truly significant impact on research in
Europe, in general, and on the Weizmann Institute in particular. Today
it is hard to imagine science without the ERC. With its generous
funding, the ERC has enabled 96 Weizmann scientists at all stages
of their careers to take considerable risks and embark on extensive
journeys that, for all of the perils, have more than once resulted in
substantial rewards that would not have been attainable otherwise.
History demonstrates that the pursuit of fundamental knowledge can
often lead to material gains in the form of translatable ideas, discov-
eries and inventions that are exploited for direct human benefit. The
supplementary support introduced through the ERC Proof of Concept
program provides a novel model — one that we hope other funding
agencies will adopt — in which the translation of discoveries is
promoted, but not at the expense of the core science.

On behalf of the Weizmann Institute, we congratulate the ERC for the
first 10 years of outstanding support of the quest for knowledge.

Prof. Michal Neeman
Vice President
Weizmann Institute of Science
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Prof. Asaph Aharoni

The outer surfaces of leaves and petals are
covered in a protective polymer — cutin — that
is the plant’s main interface with the air. Prof.
Aharoni and his colleagues discovered that
when an enzyme called Defective in Cuticular
Ridges (DCR) is silenced, spaghetti-like
structures on the petals’ surface — cuticular
ridges (seen in the left-hand images) — did not
appear (right-hand images). Images were
obtained by scanning electron microscopy.
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MetKnock  Precise and non-GMO engineering of nutritional factors for breeding high quality crops
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THE ARABIDOPSIS DCR ENCODING A SOLUBLE BAHD ACYLTRANSFERASE IS REQUIRED FOR CUTIN POLYESTER
FORMATION AND SEED HYDRATION PROPERTIES Plant Physiology

Prof. Tal Alexander

The warping of the accretion disk by the stars
changes the average orientation of the disk in a
random way (blue point, its trajectory the light
blue line). This affects the spin axis of the massive
black hole in the center by the frame-dragging
effect of Einstein's theory of general relativity.

As a result, the spin axis of the black hole tries

to "catch up" with the orientation of the disk (red
point, trajectory traced by the magenta line). Prof.
Alexander and his colleagues showed this cosmic
game of "tag" may explain why strong radio jets
emitted by massive black holes into the empty
space between galaxies along their spin axes are
sometimes observed to have kinks and bends.
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FDP-MBH Fundamental dynamical processes near massive black holes in galactic nuclei

THE TORQUING OF CIRCUMNUCLEAR ACCRETION DISKS BY STARS AND THE EVOLUTION OF MASSIVE BLACK HOLES

Astrophysical Journal
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Prof. Uri Alon
EMbRACe Effective MultidRug cocktAils for CancEr

In the course of evolution, different traits
undergo optimization that ultimately determines
the chances of survival. A single trait, such as
beak shape, head width or body mass, may be
best suited to performing one task, but not
another. Prof. Alon and his colleagues looked at
the trade-off that natural selection imposes be-
tween multiple traits, each of which is best suited
to a particular task. These trade-offs, represented
here by the light-blue shaded triangles, were
found to obey the Pareto front concept, which
describes the most efficient allocation of
resources in economics and engineering.
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EVOLUTIONARY TRADE-OFFS, PARETO OPTIMALITY, AND THE GEOMETRY OF PHENOTYPE SPACE

Science
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Prof. Amit and his colleagues are developing
methods to understand the single cell within its
natural context of cells, tissue, organ and
organism. These methods, in which the RNA in
thousands of cells is sequenced in parallel,
reveal the heterogeneity and underlying biology
in various immune niches of supposedly identical
cells and the relationships between cells. The
images reveal a pyramid of differentiated cells
with a stem cell at its apex and the information
flow (from single cells).
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Prof. Ido Amit

HemTree2.0|SingIe cell genomic analysis and perturbations of hematopoietic progenitors: Towards a refined

model of hematopoiesis

MASSIVELY PARALLEL SINGLE-CELL RNA-SEQ FOR MARKER-FREE DECOMPOSITION OF TISSUES INTO CELL TYPES
Science
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The sperm, originally clumped in bundles,
are split apart from the head to the tail by the
passage of the individualization complex (bright
yellow). The motion of this molecular machine is
made possible by caspases, the executioner
enzymes of the cell death program, which help
to break down the cytoskeleton holding the sperm
cells together. Prof. Arama and his colleagues
have discovered the mechanism that keeps the
caspases in check. It includes the A-S-beta
protein (green) on the surface of energy-producing
organelles, the mitochondria, in the adult fruit
fly. The A-S-beta activates ubiquitin complexes
which, in turn, activate the caspases. Only those
caspases that have come into physical contact
with the ubiquitin complexes become activated.
This mechanism ensures that the caspases are
not activated all at once, which would kill the
sperm or cause unwanted damage.
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At one point in the process of cell divi-
sion, before it splits in two, the cell has double
the amount of genes. Since replication is not
synchronous, this doubling could lead to an
imbalance in the expression of early vs. late
expressing genes, with possibly deleterious
consequences. Prof. Barkai and her colleagues
discovered that in budding yeast a chemical tag
deposited on replicated DNA helps prevent their
activation. The graph shows this process over
time: In yeast lacking the tag, messenger RNA
peaks along with DNA synthesis.

NN '7X ‘OO Prof. Naama Barkai

Prof. Eli Arama
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SPERMDESTRUCT Cellular destruction mechanisms that create new lives PNet | Principles of biomolecular networks

A KREBS CYCLE COMPONENT LIMITS CASPASE ACTIVATION RATE THROUGH MITOCHONDRIAL SURFACE EXPRESSION HOMEOSTASIS DURING DNA REPLICATION
RESTRICTION OF CRL ACTIVATION Developmental Cell Science
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Dr. Haim Beidenkopf

During the past decade, topological
classification has revolutionized our conception of
the properties of materials. Topological materials
host exotic electronic states on their surfaces.

Dr. Beidenkopf and his colleagues have studied
the surface of the topological Weyl semimetal
tantalum arsenide using scanning tunneling
microscopy. Among various trivial surface states,
the scientists visualized and characterized the
unique properties of the topological Fermi-arc
states. The researchers achieved this visualization
through the interference patterns of quasiparticles
(purple and white) that scattered electrons embed.
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TOPO-NWlVisuaIization of Topological States in Pristine Nanowires
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Prof. Alon Chen

Stress regulation and energy balance share
common neuronal circuits in the hypothalamus.
Prof. Chen and his colleagues have shown that
a receptor for the protein called corticotropin-
releasing factor, or CRF, acts as a gatekeeper: It
makes sure that the brain neurons make optimal
use of available energy resources at times of
stress, for example, during fasting or exposure to
cold. In this sample of a mouse brain, the neurons
expressing the CRF receptor are marked in green.
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EURO-NEUROSTRESS|Dissecting the central stress response: Bridging the genotype-phenotype gap

CRFR1 IN AGRP NEURONS MODULATES SYMPATHETIC NERVOUS SYSTEM ACTIVITY TO ADAPT TO COLD
STRESS AND FASTING Cell Metabolism
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VISUALISING WEAKLY BOUND SURFACE FERMI ARCS AND THEIR CORRESPONDENCE TO BULK WEYL FERMIONS
Science Advances
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Prof. Irit Dinur

STRONGPCPlStrong probabilistically checkable proofs

Resilient encoding proofs are highly
useful for cloud computing. Prof. Dinur and her
colleagues described the encoding of proofs
(PCPs) that are very resilient. These proofs are
probabilistically checkable by looking at a
constant number of locations; for example, when
performing a complex bank transaction on a cell
phone, the server may check its integrity relatively
quickly using a PCP. A key idea is to break a
proof to pieces in a redundant way and then use
a recursive encoding on each piece, as shown in
the figure.
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POLYNOMIALLY LOW ERROR PCPS WITH POLYLOGLOG N QUERIES VIA MODULAR COMPOSITION

Electronic Colloguium on Computational Complexity, Report No. 85

10

Imaging of very small objects as nano-
crystals, viruses or single molecules is a
challenge in many research fields. Obtaining
very high resolution images in optical imaging is
limited by the wavelength of light, while x-ray
maging presents challenges in the reconstruc-
tion of the structure from the scattering of the
rays. Prof. Dudovich, working with Profs. Dan
Oron and Boaz Nadler attained a breakthrough
that enables one to reconstruct an object’s
shape from a single photo.
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Prof. Nirit Dudovich
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MIDASlMuItidimensionaI spectroscopy at the attosecond frontier

DIRECT SINGLE-SHOT PHASE RETRIEVAL FROM THE DIFFRACTION PATTERN OF SEPARATED OBJECTS
Nature Communications
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Dr. Eran Elinav

Up to 80 percent of overweight people
suffer from “relapsing” or “yo-yo” obesity: After
successful dieting, their weight rebounds. Worse
still, they usually regain more weight with each
dieting cycle. Dr. Elinav and Prof. Eran Segal,
together with colleagues, discovered that the gut
microbiome plays an unexpectedly important
role in exacerbated post-dieting weight gain, and
that this common phenomenon may in the future
be prevented or treated by altering the micro-
biome. In the figure, the curves (from black to
green) show the increased obesity of mice with
each repeated dieting-weight regain cycle.
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META-BIOME |Deciphering the molecular language orchestrating host-microbiome interactions and their

effects on health and disease

PERSISTENT MICROBIOME ALTERATIONS MODULATE THE RATE OF POST-DIETING WEIGHT REGAIN
Nature
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Dr. Ayelet Erez

Dr. Erez and her colleagues discovered that
an enzyme called Ass1, which plays a role in
the body’s urea cycle, is downregulated in the
intestines in villi when they proliferate. In the
study, they found that this downregulation may
also be used by cancer cells to proliferate. In
the image, Ass1 appears in green dots in the
intestine of a genetically engineered mouse.
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NO-DiseaselDeveIoping novel therapy for systemic disorders by regulating Nitric Oxide (NO) substrates'

availability

DIVERSION OF ASPARTATE IN ASS1-DEFICIENT TUMOURS FOSTERS DE NOVO PYRIMIDINE SYNTHESIS
Nature
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How does a cell know how large it is and how
much more it needs to grow? Prof. Fainzilber and
his colleagues found a mechanism that helps
large cell types “measure” their length and size
with molecular motors that travel up and down
microtubule structures. Their experiments showed
that the mechanism requires a nuclear import
factor that colocalizes with the motor
(colocalization shown by the red dots).
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This snapshot from a dynamic model
captures the three subunits of a protein called
laminin (blue, gray and purple) as they wrap
around one another to form the spine of the
protein. Laminin is a fibrous protein that helps
give structure to the extracellular matrix sur-
rounding and supporting our cells. To create the
dynamic model, Prof. Fass, Gad Armony and
their colleagues introduced chemical cross-links
(magenta and green) that revealed which parts
of the structure are close to one another.

Prof. Deborah Fass OX9 N1IAT ‘919

QSOX1BIOFUNC | Frontiers of oxidative protein folding and assembly: Catalysis of disulfide formation
downstream of the endoplasmic reticulum

Prof. Mike Fainzilber
NEUROGROWTH IAxonucIear communication in neuronal growth control

NUCLEOLIN-MEDIATED RNA LOCALIZATION REGULATES NEURON GROWTH AND CYCLING CELL SIZE
Cell Reports
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Dr. Firstenberg and his colleagues are
developing experiments in which photons —
particles of light that do not normally interact —
are coupled to atoms and thus interact strongly.
The illustration depicts new phenomena that
may arise from these experiments; for example,
the crystallization of light. As well, it may lead to
such applications as all-optical logic-gates for
quantum networks.

Proteins found on the outer surfaces of
bacteria, viruses and parasites can serve as
vaccines for preventing or blocking infection. But
these proteins are often unstable, and their pro-
duction is sometimes extremely costly. Using an
algorithm they developed, Dr. Fleishman and his
colleagues modified a protein from the surface
of the malaria parasite. On its 3D structure, the
modified spots are marked by orange spheres.
The altered protein is resistant to heat and can
be produced simply and cheaply.
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Dr. Ofer Firstenberg 2121007/ 191y V' T
Q-PHOTONICS |

QUANTUM FLUIDS OF PHOTONS IN OPTICALLY-INDUCED STRUCTURES
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Dr. Sarel Fleishman
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AbDesign |Computational design of novel protein function in antibodies

ONE-STEP DESIGN OF A STABLE VARIANT OF THE MALARIA INVASION PROTEIN RH5 FOR USE AS A VACCINE
IMMUNOGEN PNAS
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Prof. Lucio Frydman

“Super signals” in metabolic MRI: Prof. Frydman
and his colleagues rely on a method known
as dissolution Dynamic Nuclear Polarization
(dDNP), in which a cryogenic pellet containing a
chemical of interest is hyperpolarized and then
injected at room temperature into a body to
monitor cancer and other physiological processes.
Ultrafast spectroscopic imaging methods, known
by the acronym SPEN, developed in his group,
then provide the high resolution 3D MR images
of the metabolic products in the sub-second
timescales needed to characterize the processes.
In the image, the method is used on a mouse
liver and kidneys. Ultrafast MRI in combination
with dDNP could become a minimally invasive
way to monitor cancer treatments and other
metabolic changes in the body.
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SPENmrlUItrafast spatiotemporally-encoding: A superior approach to cancer diagnosis by non-invasive

diffusion-weighted MRI

IN VIVO SINGLE-SHOT 13C SPECTROSCOPIC IMAGING OF HYPERPOLARIZED METABOLITES BY SPATIOTEMPORAL
ENCODING Journal of Magnetic Resonance
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An exploding star detected in a nearby galaxy
just three hours into the process provided Prof.
Gal-Yam and his colleagues working with the
Palomar Transient Factory a unique opportunity
for studying how supernovae form. The Keck
Telescope in Hawaii provided the optical spectra
of the material thrown into space, which told the
story of a star that was already unstable at least
a year prior to the big explosion, and this yielded
new clues to the steps leading up to the formation
of core-collapse supernovae.

Prof. Avishay Gal-Yam

CosmicEprosionslThe nature of cosmic explosions
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CONFINED DENSE CIRCUMSTELLAR MATERIAL SURROUNDING A REGULAR TYPE Il SUPERNOVA
Nature Physics
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Prof. Benny Geiger

Which protein complexes go into creating
the focal adhesions that cells use to anchor
themselves, move around and “feel” their
environment? With multidisciplinary approaches
including biochemistry, native mass spectrometry
and cell biology, Prof. Geiger and his colleagues
identified a new class of hybrid protein complexes
comprising subunits involved in formation of actin
filaments and adhesion components. The image
shows that when one component, Arpcib (in red),
that is involved in cytoskeleton assembly is
over-expressed in cells, it interferes with focal
adhesion formation (green). (Scale bar is 10 ym).

p41-ARC (Arpclb)
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SynAd |Synthetic biology approach to adhesion-mediated environmental sensing

REGULATION OF FOCAL ADHESION FORMATION BY A VINCULIN-ARP2/3 HYBRID COMPLEX
Nature Communications
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Dr. Dmitry Gourevitch

The degenerate Whittaker models in the work
of Dr. Gourevitch and his colleagues are closely
related to Fourier coefficients of automorphic
forms used in analytic number theory and string
theory. These in turn are generalizations of the
classical Fourier series. Since their introduction
two centuries ago, Fourier series have had a
tremendous number of applications in math-
ematics and physics. The formula depicted above
describes a connection between the degenerate
Whittaker models and another important notion
in representation theory of real reductive groups:
wave-front set of representation.
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RelRep Distl Relative representation theory and distributions on reductive groups over local fields

DEGENERATE WHITTAKER FUNCTIONALS FOR REAL REDUCTIVE GROUPS
American Journal of Mathematics
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Dr. Itay Halevy

and numerical simulations

22

Microbes that live where oxygen is in short
supply, for example, under the ocean floor,
“breathe” sulfur, and these play an important
role in the planet’s carbon cycle. In this figure,
Dr. Halevy and his colleagues developed models
to predict the concentrations of various chemicals
within the cells of such microbes and relate the
growth conditions of these microbes to their
preference for the light isotope of sulfur.

"N70 TN YT
AEROBIC | Assessing the effects of rising O2 on biogeochemical cycles: Integrated laboratory experiments
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Dr. Jacob Hanna

CELLNAIVETYl Deciphering the Molecular Foundations and Functional Competence of Alternative Human
Naive Pluripotent Stem Cells

MEA MRNA METHYLATION FACILITATES RESOLUTION OF NAIVE PLURIPOTENCY TOWARD DIFFERENTIATION
Science

How do embryonic stem cells know how
and when to stop being stem cells and start
differentiating? Dr. Hanna and his colleagues
have identified a molecule they named Mettl3 that
works on the messenger RNA, silencing strands
that promote the embryonic stem cell state.
Mouse embryos lacking Mettl3 did not completely
shut down their “stemness,” and were only
partially able to differentiate.

NIN 2I7Y' YT
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Prof. David Harel

The image shows the interdependencies
of the behavioral scenarios in a program for the
game of tic-tac-toe: Dependent scenarios are
linked by edges. Scenario-based programming,
a new method developed by Prof. Harel and
his colleagues, is based on parallel execution
of scenarios that represent behaviors that the
system must, may or may not carry out, and
is used for building such complex systems as
industrial robots and medical instruments. The
image is from a paper about an adaptive version
of the method, in which the system is able to
“choose wisely.”
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LIBPRPOC|Commercia|ization and public dissemination of LIBPR research result
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Prof. Moty Heiblum

When one measures the trajectory of a
guantum particle, the particle behaves as a
classical particle. This process is called
dephasing via “which-path” detection. For the
particle to regain its lost quantum behavior, the
information gained in the “which-path” detection
must be “erased.” The image, obtained by
Prof. Heiblum and his colleagues, shows the
results of applying quantum erasing in a
mesoscopic electronic device. The white vertical
line crosses the interference pattern (bright and
dark regions) of a recovered quantum behavior,
while the nearby dotted white line crosses a
region of a dephased (classical) system.
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NEUTRALlNeutraI guasi-particles in mesoscopic physics

AN ELECTRONIC QUANTUM ERASER
Science
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Prof. Eran Hornstein

Red blood cells viewed under the electron
microscope reveal that the activity of a unique
RNA gene, microRNA-142, is required to
maintain their familiar “biconcave” shape.
Prof. Hornstein and his colleagues found that
when microRNA-142 was lacking (bottom),
the red blood cells were misshapen and
dysfunctional. An emerging conclusion from
the work in Hornstein’s group is that miRNAs
are essential to maintain normal cellular function
and physiology.
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miRNAbetaldentity |microRNAs confer robustness to adult beta-cell identity

ERYTHROCYTE SURVIVAL IS CONTROLLED BY MICRORNA-142
Haematologica
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The smallest nanoelectronics, which will be
measured in single electrons, will require extreme
precision. Prof. llani and his colleagues have
developed a method of producing ultra-pure
carbon nanotubes in which they can control the
movements of individual electrons. The image
tracks the passage of electrons through a nano-
tube which is moved and in which the current
is altered, revealing the possibility of complete
control over the process.

Prof. Shahal llani
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See-1D-Qmatter |Unrave|ing fragile 1D quantum states of matter with ultra-sensitive imaging

REALIZATION OF PRISTINE AND LOCALLY TUNABLE ONE-DIMENSIONAL ELECTRON SYSTEMS IN CARBON NANOTUBES
Nature Nanotechnology



(M1t Nim71) niT12 MRNA ni7zig7in 79 nim'T
102 NP2 N2 MATA 'Y 7V YD 'NoT1d NPj7Ia
717172 TI2YY 12'70N2 70 79N K700 WWR ,Pck1 pn
I'ONIYI 'YIZN'N 17W 1T DN7INY ,N7X 0'1 912
NIMIRA D'I0N TR 1IN NNIAA NP2 D'RLVIAD J7NNYT
IVAXIY XN 1WA :7IND ,0PRN DON{7 ;717 1100
INj7'n 30 :nTN-n17) DAPI nyaxa

Imaging of individual mMRNAs (red dots) in
intact liver tissue reveals a clear gradient in
the expression of the Pck1 gene, a key gene
involved in glucose processing. In research
performed by Dr. ltzkovitz and his colleagues,
these genes are highly expressed within the
periportal zone (PP) of the liver lobules. Green
shows cell membranes; blue, DAPI stained
nuclei. (Scale bar — 30um).

Dr. Shalev ltzkovitz
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LIVHET|SingIe cell heterogeneity in the mammalian liver

BURSTY GENE EXPRESSION IN THE INTACT MAMMALIAN LIVER
Molecular Cell
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Prof. Ernesto Joselevich

Scanning electron microscope images of
nanowires made of gallium nitride (GaN) that
grow horizontally on quartz, created by Prof.
Joselevich and his colleagues. The crystal
structure of quartz directs the nanowire growth,
and etching enables the nanowire structures
to be transferred to another substrate with their
orderly structure intact.
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Guided NW|Guided Nanowires: From growth mechanism to self-integrating nanosystems

GUIDED GROWTH OF HORIZONTAL GAN NANOWIRES ON QUARTZ AND THEIR TRANSFER TO OTHER SUBSTRATES

ACS Nano
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Prof. Jung and his colleagues investigate
the contributions of certain immune cells —
monocytes and tissue-resident mononuclear
phagocytes — to the maintenance of health and
the handling of such challenges as inflammation
and infection. In this specific experiment they
explored the regulation of microglia — macro-
phages in the brain that are mostly quiescent,
but which play a role in inflammation. Using
genetically-engineered mice, they investigated
the function of regulatory microRNAs at different
stages, finding that these limit the inflammatory
response, and that their performance may drop
over time. The figure reveals gene expression in
these mice when exposed to a toxin (blue low
expression, red high).
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Prof. Steffen Jung 211’ |DLD 'ODIND

MONOTOMACRO|Studying in vivo differentiation of monocytes into intestinal macrophages and their impact
on gut homeostasis

DIFFERENTIAL IMPACT OF DICER DEFICIENCY ON MICROGLIA OF THE DEVELOPING AND ADULT BRAIN
Immunity
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Prof. Adi Kimchi "NN{7 'TY 'S1ND

DEATHSWITCHINGlIdentifying genes and pathways that drive molecular switches and back-up mechanisms
between apoptosis and autophagy

DISCOVERING NOVEL PROTEIN-PROTEIN INTERACTIONS WITHIN THE PROGRAMMED CELL DEATH NETWORK
USING A PROTEIN FRAGMENT COMPLEMENTATION SCREEN Cell Reports
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Prof. Rafal Klajn

In the images, a nanoparticle aggregate
“explodes,” releasing molecules trapped
inside. Such aggregates, assembled from unique
nanoparticles by Prof. Klajn and his colleagues
upon exposure to light, become “nanoflasks”
in which chemical reactions take place at
unexpectedly rapid rates. Such nanoflasks
could improve both the rate and the selectivity
of chemical reactions.

|'"'7{7 '78©1 'DINO

CONFINEDCHEM |Synthetic confined environments as tools for manipulating chemical reactivities and

preparing new nanostructures

REVERSIBLE TRAPPING AND REACTION ACCELERATION WITHIN DYNAMICALLY SELF-ASSEMBLING NANOFLASKS

Nature Nanotechnology
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Prof. Bo'az Klartag

Imagine a globe partitioned north-to-south
with a large, but finite, number of lines. The
resulting slices will be two dimensional and
thicker in the middle than either end. This is a
manifestation of the curvature of the sphere.

Prof. Klartag and his colleagues discovered that a
similar partition may be obtained for any curved
surface in two dimensions, three dimensions or
even more, and they showed how such partitions
explain the isoperimetric inequality in curved
spaces.
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DIMENSION|High-DimensionaI Phenomena and Convexity

NEEDLE DECOMPOSITIONS IN RIEMANNIAN GEOMETRY
Memoirs of the American Mathematical Society
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Prof. Jacob Klein

Biological lubrication, for example, of our
knees and hips, must last for years under
continuous stress and slippage. Its secret may
be adding a bit of water: Prof. Klein and his
colleagues reveal how systems in which double
layers of liposomes (shown in blue) slide past
one another easily, due to highly hydrated head
groups. Such liposomes are believed to reduce
friction in living joints; understanding how the
body reduces friction may lead to better
treatments for osteoarthritis.
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BiofoulRepel Biofoulant-repelling surfaces for catheters and other biomedical devices

BOUNDARY LUBRICANTS WITH EXCEPTIONALLY LOW FRICTION COEFFICIENTS BASED ON 2D

Advanced Materials
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NI IN 7711 2¥01 ,0'WTIN Ad TIKY moomoxa | Several months in 2007. The rectangles mark
pristine areas in which the levels of aerosols
emitted into the atmosphere are lowest. Prof.
Koren and his colleagues investigated the
physical processes at work in the formation of
“aerosol-limited clouds” in these regions, offering
an explanation to observations showing
JINAITD N0 ANNA NMN' | invigorated clouds in polluted environments.
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CAPRI |Clouds and precipitation response to anthropogenic changes in the natural environment

FROM AEROSOL-LIMITED TO INVIGORATION OF WARM CONVECTIVE CLOUDS
Science
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,0'7IT2 212'Ya T{79N O'R70N DN .i77NNN7 1i7'090 X Cytoskeletal elements are stained in red in both
cell types. Senescent cells — cells that have not
died but don’t proliferate — play roles in both
tumor suppression and aging. Here, senescent
cells “reach out” to other cells by forming tiny
tubes that connect the cell membranes.
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0250 DY ,NYAN .0MIYXRY NNV 002 7y ,0nnini | electronic structure of molecules and materials
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(depicted right) are plotted according to their
predicted energy levels, given as a function of
numerical parameters.

Dr. Valery Krizhanovsky W7021Y'T7 71T Prof. Leeor Kronik i7'1N{7 1IN'7 ‘DN
EliminateSenescent | The role of elimination of senescent cells in cancer development PPOLAH | Predicting properties of large heterogeneous systems with optimally tuned range separated hybrid
functionals
SENESCENT CELLS COMMUNICATE VIA INTERCELLULAR PROTEIN TRANSFER OUTER-VALENCE ELECTRON SPECTRA OF PROTOTYPICAL AROMATIC HETEROCYCLES FROM AN OPTIMALLY TUNED
Genes and Development RANGE-SEPARATED HYBRID FUNCTIONAL Journal of Chemical Theory and Computation
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Optical instruments, for example, light micro-
scopes, are limited by the wavelength of light. An
instrument called an absolute optical instrument,
illustrated here in a study by Prof. Leonhardt and
his colleagues, might inject the waves at one
source and have them perfectly focused at the
correct image position, granting, in theory,
unlimited resolution.

Prof. Ulf Leonhardt
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TRANSFORM OPTICS ITransformation optics: Cloaking, perfect imaging and horizons

THEORY OF MAXWELL'S FISH EYE WITH MUTUALLY INTERACTING SOURCES AND DRAINS

Physical Review A
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Prof. Avi Levy

Genome editing requires the ability to cut
the DNA in the correct place and insert the
wanted sequence. Prof. Levy and his colleagues
conducted a comparative analysis of different
nucleases — gene cleavers — by inserting the
Luciferase gene into tobacco leaves. The success
of the insertion was revealed in luminescence
imaging. Pictured here are negative controls A,
B and D; Talen nuclease C; zinc finger nuclease
E; and a positive control, F. As often happens in
science, these methods have been supplanted,
in this case by the CRISPR-Cas nuclease, which
was assessed by Levy and his group in 2015.
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TRACTARlTracking and targeting a T-DNA vector for precise engineering of plant genomes

A RAPID ASSAY TO QUANTIFY THE CLEAVAGE EFFICIENCY OF CUSTOM-DESIGNED NUCLEASES IN PLANTA

Plant Molecular Biology
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Prof. Lipman and Noam Aigerman developed
a method for mapping surfaces in three
dimensions onto a two dimensional plane while
preserving the geometric properties of the
surface and respecting the symmetry of the
plane. The image depicts tiling of the plane with
a flat version of a three dimensional scan of the
face of Michelangelo’s David.
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One of the characteristic signs of Alzheimer’s
disease is the formation of amyloid-beta plaques
in the brain. Dr. Margulies and his colleagues
developed a synthetic molecule that acts as a
tiny sensor that can track the formation of such
plagues with fluorescent signals.

Prof. Yaron Lipman INO'7 |IN* 'OIND Dr. David Margulies o720 TIT 1”1

SurfComp |Comparing and analyzing collections of surfaces GlycoTracker |Tracking glycosylations with targeted, molecule-sized "noses"
HYPERBOLIC ORBIFOLD TUTTE EMBEDDINGS ACM transactions on graphics (TOG) — Proceedings of ANALYZING AMYLOID BETA AGGREGATES WITH A COMBINATORIAL FLUORESCENT MOLECULAR SENSOR

Journal of the American Chemical Society

ACM Siggraph Asia
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systems containing synthetic pathways, offering
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and point to means of fine-tuning their expression.
The E. coli colonies in the image produced by
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Newly formed proteins tend to undergo further
modifications before they perform their assigned
tasks. Post-translational modification (PTM)
profiling monitors these changes in thousands of
proteins within their biological context to reveal
global patterns of regulation and fundamental
cellular processes. PTM profiling was used here
by Dr. Merbl and her colleagues to understand
how ubiquitin and ubiquitin-like molecules create
an abnormal protein modification pattern in
cancer.
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Dr. Yifat Merbl 7270 nyo! 1T Prof. Ron Milo NI7'D N 'oNo
Ubl-Code | Revealing the ubiquitin and ubiquitin-like modification landscape in health and disease NOVCARBFIXlAnaIysis, design & experimental evolution of novel carbon fixation pathways

POST-TRANSLATIONAL MODIFICATION PROFILING — A NOVEL TOOL FOR MAPPING THE PROTEIN SPANNING HIGH-DIMENSIONAL EXPRESSION SPACE USING RIBOSOME-BINDING SITE COMBINATORICS

MODIFICATION LANDSCAPE IN CANCER Experimental Biology and Medicine Nucleic Acids Research
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Storing and using hydrogen safely and
efficiently has been a major stumbling block to its
use as a green fuel, particularly for transportation
purposes. Prof. Milstein and his colleagues used
a catalyst they designed to develop a new
system for carrying hydrogen. The system is
based on an organic liquid — ethanolamine —
which can store and release hydrogen chemically,
and can be readily regenerated. Pictured is the
ruthenium complex involved in the catalytic
process.
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lllustration of the chiral induced spin
selectivity (CISS) effect. Chiral molecules that
have screw-like symmetries — that is, they spiral
around in a right-or left-handed direction — can
be used to select electrons with a particular
spin. Such “spin filters” as those developed by
Prof. Naaman and his colleagues could prove
useful in the field of spintronics, in which data
is stored and computation is performed by the
electrons’ spin instead of their charge.

Prof. David Milstein
SUSCATl New Directions in Sustainable Catalysis by Metal Complexes

|"ow'n TIT ‘9N Prof. Ron Naaman

INY1 |IN 'O
CISSlChiraI induced spin selectivity
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Prof. Edvardas Narevicius
QuCClChemistry of the quantum kind

Collisions between molecules — which govern
chemical reaction rates — are not impacts be-
tween two round “balls,” and in classical physics
their relative orientation affects these rates. But
at very low temperatures, where quantum effects
take over, this picture breaks down and the
rotational state of the molecule dictates its
“shape.” In the figure, Prof. Narevicius and his
colleagues show that rotationally excited
hydrogen molecules react differently than those
in the ground state, essentially “switching”
between shapes.
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Prof. Michal Neeman

IMAGOl Imaging regulatory pathways of angiogenesis

Preclinical research often involves imaging
the internal organs of small animals, sometimes
on different days or with different methods.
Prof. Neeman and her colleagues developed
a method for the automated extraction of
anatomical features by segmenting the images
according to the intensity of the signals. This
enabled the researchers to merge data from
such systems as MRI and CT, and images from
different days, producing multimodal imaging.
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Prof. Moshe Oren

How long does it take for a lengthy, complex
molecule known as messenger RNA (mRNA) to
be copied from the DNA in the genome? The
researchers, Profs. Oren and Amit, and their
colleagues developed a method for measuring
the rate of mMRNA production in live cells on a
global scale. The method entails stopping the
process — transcription elongation — adding a
label, and then allowing elongation to continue.
Harvesting RNA at different time points and
checking the progression of labeled strands
yields an overall rate for numerous genes.

NIN NWD ‘SIND

RUBICANlRNFZO and H2B ubiquitination: linking chromatin dynamics, transcriptional control and cancer

SIMULTANEOUS MEASUREMENT OF GENOME-WIDE TRANSCRIPTION ELONGATION SPEEDS AND RATES OF RNA

POLYMERASE Il TRANSITION INTO ACTIVE ELONGATION WITH 4SUDRB-sSeqQ Nature
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Prof. Dan Oron

To visually reconstruct a hidden object,
Prof. Oron and his colleagues turned to
interference — between measurements of the
way light scatters off an object. In the figure,
the images encoded in the interference pattern
between two partial measurements, with the
object partially illuminated, facilitates the
reconstruction of the image (in this case, the
letters WIS, not shown).

[NIX |T 'O

SINSLIM | Smart inorganic nanocrystals for sub-diffraction limited imaging

DIRECT PHASE RETRIEVAL IN DOUBLE BLIND FOURIER HOLOGRAPHY

Optics Express
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Prof. Roee Ozeri

IONOLOGYlQuantum metrology with trapped ions

A quantum logical gate, one of the basic
building blocks for a quantum computer, was
created by Prof. Ozeri and his colleagues with
the help of a diode laser on two trapped atomic
ions. The gate is intended for reversing one qubit
(the quantum analogue of the classical bit) in
accordance with the condition of another qubit.
This operation requires the two qubits to interact,
or “sense” one another. The result of the gate
is the creation of an entangled state. The three
images, based on experimental data, provide a
graphical representation for the probability, ex-
pressed by color (red: high probability; blue: low
probability) of finding the qubits: from left to right
—in the 00 state, the 01 and 10 states, and the
11 state, as a function of gate parameters.
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UNIVERSAL GATE-SET FOR TRAPPED-ION QUBITS USING A NARROW LINEWIDTH DIODE LASER

New Journal of Physics
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Prof. Rony Paz

To understand how emotions are involved
in learning and memory, Prof. Paz and his
colleagues investigate the connectivity between
brain regions, in this case the amygdala and the
anterior-cingulate-cortex (ACC). In this study they
investigated different types of negative reinforce-
ment: partial, that is, a surprise, unwelcome stimu-
lus; and full, when the outcome is predictable.
The partial reinforcement was linked to higher
connectivity and less ability to forget the lesson
— a factor that could play a role in post-traumatic
stress disorder (PTSD).
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LearnAnx_CircAmyg |Learning and Anxiety in Amygdala-based Neural Circuits

AMYGDALA-PREFRONTAL SYNCHRONIZATION UNDERLIES RESISTANCE TO EXTINCTION OF AVERSIVE MEMORIES

Neuron
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Prof. Gilad Perez

The discovery of the Higgs particle in the
Large Hadron Collider (LHC) confirms the
accepted theory about the origin of the
mechanism by which the mediators of the weak
interaction acquire their masses. Nonetheless,
the origin of the masses of the matter particles,
the building blocks of nature, called fermions
and presence of the large hierarchy between
the three generation of quarks remain unan-
swered. Prof. Perez and his colleagues have
now proposed a method to use the LHC to
probe the Higgs coupling to the light quarks
that is expected to be behind the origin of their
masses, which had been thought to be nearly
impossible in the LHC “noisy” environment.
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TOPCHARMlThe LHC battle for naturalness on the top charm front

EXCLUSIVE WINDOW ONTO HIGGS YUKAWA COUPLINGS
Physical Review Letters
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Prof. Yitzhak Pilpel

A number of ribosomes move down a strand
of messenger RNA at once, translating the gene
code into protein as they go. What prevents
“traffic jams?” Prof. Pilpel and his colleagues
found a code that slows down the translation
process at the beginning, like “ramp meters”
on highway entrances. In the image showing
the speed of MRNA translation across species,
(where green is slow, red fast), the evolution of
this code can be seen.
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tRNAProlif | Control of translation efficiency in proliferating and differentiating mammalian cells

AN EVOLUTIONARILY CONSERVED MECHANISM FOR CONTROLLING THE EFFICIENCY OF PROTEIN TRANSLATION
Cell
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Prof. Itamar Procaccia NYX{71ND IPNX ‘DN Prof. Irit Sagi N2W NN ‘DI
STANPASl Statistical and nonlinear physics of amorphous solids THZCALORIMETRY |Time Resolved THz Calorimetry explores Molecular Recognition Processes

WHAT DETERMINES THE STATIC FORCE CHAINS IN STRESSED GRANULAR MEDIA? CORRELATED STRUCTURAL KINETICS AND RETARDED SOLVENT DYNAMICS AT THE METALLOPROTEASE ACTIVE
Physical Review Letters SITE Nature Structural & Molecular Biology
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Metastatic cells degrade their surroundings to
break free. Cell lines derived from a melanoma
patient, stained for actin (left), and fluorescently
labeled for extracellular matrix, reveal massive
degradation of the matrix in the middle panel
(black holes) and cell nuclei in the right. The
study conducted by Profs. Samuels and Geiger,
and their colleagues revealed that the invadopodia
— cancer cell protrusions needed to degrade the
surrounding matrix — are regulated by one of the
main melanoma driver genes, RAC1.

Prof. Yardena Samuels
COMDbAT | Commercialization of a novel tool for designing personalized nOvel MelAnoma Therapies
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Prof. Omri Sarig

Take a circle, divide it into two equal halves,
and randomly choose a point, X, on the circle.
Now start rotating X by a fixed angle, alpha.
Every time the rotated point falls in one half of
the circle take a step to the left, and every time
it falls in the other half of the circle take a step to
the right. You have now taken a "random walk."
The figure, from research by Prof. Sarig and his
colleagues, depicts two possible representations
of an infinite translation of surfaces.
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ErgodicNonCompact I Ergodic theory on non compact spaces

THE VISITS TO ZERO OF A RANDOM WALK DRIVEN BY AN IRRATIONAL ROTATION

Israel Journal of Mathematics
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The joint activity patterns of neuronal
electrical signals are “words” in the language of
the brain. Prof. Schneidman and his colleagues
investigated the “semantic” organization of these
activity patterns in the vertebrate retina as they

were shown either artificial (left) or natural (right)
movies. The top matrices plot the similarity in
meaning between neural words of a group of
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17¥ NNAITHA NIDSYW7 NR'RND NIRY - | intuitive matrix of the overlap of neural words
based on their syntactic similarity does not
reveal synonyms, demonstrating that the
language of our brain has a semantic design
that resembles natural language much more
than we might have expected.

Prof. Elad Schneidman
NEURO-POPCODElLearning to read the code of large neural populations

A THESAURUS FOR A NEURAL POPULATION CODE
elLife
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Prof. Maya Schuldiner

Prof. Schuldiner and her colleagues discov-
ered a protein, Pex9, and uncovered its role in
an organelle in the cell called a peroxisome.

The peroxisome is where fat is burned and con-
verted to utilizable energy; when this organelle
does not function, the result can be devastating
neurological diseases. Using the robotic setup in
her lab, the researchers found that Pex9 brings
a certain group of proteins into the peroxisome.
In the image, a green fluorescent protein was
engineered to have a piece of a Pex9-targeted
protein added to it. When Pex9 is overexpressed
in cells (right), this protein targeting can easily be
observed.
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PeroxiSystem | Systematic exploration of peroxisomal structure and function

CHARACTERIZATION OF PROTEOME DYNAMICS DURING GROWTH IN OLEATE REVEALS A NEW PEROXISOME-

TARGETING RECEPTOR Journal of Cell Science
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Prof. Oren Schuldiner

During development, neurons grow long
processes that are often pruned back and later
regrow to form the functional neuronal circuit.
Investigating this process in fruit flies, which
undergo several stages of growth, degenera-
tion and regeneration from larvae to adult, Prof.
Schuldiner and his colleagues discovered that a
gas, nitric oxide (NO), acts as a switch between
the two processes. In the fruit fly brain region
pictured, axons (green) exposed to low NO
grow well (right) while those exposed to high NO
levels (left) do not. Schuldiner notes that
this activity shares some similarities with nerve
repair following injury.
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AxonGrowth |Systematic analysis of the molecular mechanisms underlying axon growth during development

and following injury

NITRIC OXIDE AS A SWITCHING MECHANISM BETWEEN AXON DEGENERATION AND REGROWTH DURING
DEVELOPMENTAL REMODELING Cell
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Prof. Michal Schwartz

ICAM-1

ICAM-1

Prof. Schwartz and her colleagues
discovered a unique interface that facilitates
communication between the brain and the
immune system — the choroid plexus epithelium,
found within the blood-cerebrospinal fluid
barrier. The image, of the choroid plexus, reveals
reduced ability to enable immune cell passage
to help the diseased brain, which may be a
key factor in Alzheimer’s and other
neurodegenerative diseases.
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Immune/memory aging |Can immune system rejuvenation enable restoration of age-related memory loss?

BREAKING IMMUNE TOLERANCE BY TARGETING FOXP3* REGULATORY T CELLS MITIGATES ALZHEIMER’S

DISEASE PATHOLOGY Nature Communications
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Prof. Eran Segal

Prolifimeter |Growth detection and quantification (GDQ)

SYSTEMATIC DISCOVERY OF CAP-INDEPENDENT TRANSLATION SEQUENCES IN HUMAN AND VIRAL GENOMES
Science
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Prof. Segal and his colleagues mutated
different regions of messenger RNA (MRNA)
molecules in order to discover molecular
elements that attract the ribosome, the protein-
making “factory.” Each row represents a different
mRNA molecule; each column represents a
mutated region. Highlighted in blue are the
regions that were found to affect protein
manufacture. Using this approach, the scientists
identified two types of mMRNA sequences that
attract ribosomes.
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Prof. Ehud Shapiro

discovery

The history of an organism’s cells, from the
fertilized egg up to any moment in time, can be
captured by a lineage tree. Prof. Shapiro and his
colleagues have developed a method for recon-
structing cell lineage by examining mutations in
the highly variable regions of the genome. The
figure shows a mouse lineage tree for cells from
the large intestine, represented by pink dots; the
lines mark the progeny relations among them.
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LineageDiscovery |Laying the biological, computational and architectural foundations for human cell lineage

COMPARING ALGORITHMS THAT RECONSTRUCT CELL LINEAGE TREES UTILIZING INFORMATION ON
MICROSATELLITE MUTATIONS PLoS Computational Biology
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Prof. Michal Sharon

Advanced mass spectrometry enabled Prof.
Sharon and her colleagues to discover a new
subunit for one of the cell’s machines — the
signalosome complex. This complex regulates
ubiquitination — the “tagging” process by which
proteins are sorted for recycling. CSNAP, as the
group named it, adds to the other eight known
subunits of this important complex, and their
findings show that this subunit, which had evaded
detection for decades, probably because of its
small size, is crucial for the signalosome function.
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20SComplexity | An integrative approach to uncover the multilevel regulation of 20S proteasome degradation

CSNAP IS A STOICHIOMETRIC SUBUNIT OF THE COP9 SIGNALOSOME

Cell Reports
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Prof. Yaron Silberberg
QUAMI |The guantum microscope

Seeing under the skin — with a microscope —
would help biologists understand processes in liv-
ing organisms. The technique developed by Prof.
Silberberg and his colleagues can do just that. A
is a standard two-photon microscopy image of an
object observed through a diffuser; B is the same
object after optimization with the technique; and C
is the image of the object with no “skin” blocking
it, for comparison. (Scale bar 100 pm.)
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NONINVASIVE NONLINEAR FOCUSING AND IMAGING THROUGH STRONGLY SCATTERING TURBID LAYERS
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Visualizing individual olfactory fingerprints,
from research by Prof. Sobel and his colleagues.
The fingerprints are based on matrices of
perceived odorant similarity and provide
characterization of an individual's perception.
The study found that each person has a unique
perception and that this reflects their genetic
makeup. Here, subject one, shown in the middle
and 30 days later at right, maintained a highly
similar olfactory fingerprint, while subject two,
left, had a very different fingerprint. The study
suggests that a test based on 35 different
odorants could be used to “fingerprint”
everyone on Earth. (image: Ofer Perl)

Prof. Noam Sobel
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SocioSmell | Social chemosignaling as a factor in human behavior in both health and disease

INDIVIDUAL OLFACTORY PERCEPTION REVEALS MEANINGFUL NONOLFACTORY GENETIC INFORMATION

PNAS
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Prof. Rotem Sorek

Often viruses seem to “choose” between
two states: the direct, quick attack and a more
dormant state. Prof. Sorek and his colleagues,
working with viruses called phages that attack
bacteria, discovered a means of communication
used by the viruses to inform these decisions. A
peptide they name arbitrium is deposited into the
environment for other viruses to find, letting each
generation know how the infection process is
proceeding and what their best strategy entails.
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DrugSense ' Ribo-regulators that sense trace antibiotics

COMMUNICATION BETWEEN VIRUSES GUIDES LYSIS—LYSOGENY DECISIONS

Nature
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Prof. Ady Stern

lllustration of coupled quantum wires in a
magnetic field. This theoretical study conducted
by Prof. Stern and his colleagues investigates
the way in which the interactions of electrons
with one another and with the magnetic field
lead to so-called quasiparticles — particles which
are made of electrons, yet carry a fraction of an
electron's charge. Such fractional charges may,
among other things, be used to compute and
store information in the future.
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MUNATOPl Multi-dimensional study of non-abelian topological states of matter

IMPRINT OF TOPOLOGICAL DEGENERACY IN QUASI-ONE-DIMENSIONAL FRACTIONAL QUANTUM HALL STATES

Physical Review B
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Prof. Amos Tanay
EVOEPICl Evolutionary mechanisms of epigenomic and chromosomal aberrations in cancer

Genes packed into chromosomes in the cell
nucleus can exchange information with their
close neighbors, and this may have an effect on
the organism, including the development of
disease. To understand which genes interact in
this way and how, Prof. Tanay and his colleagues
froze chromosomal elements, isolated DNA
fragments, and inserted DNA “barcodes” into
the segments. High-throughput sequencing and
computer modeling techniques enabled the
researchers to identify multiple genes that
showed up together in the analysis of the
fragments, and thus interacted.
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CAPTURING PAIRWISE AND MULTI-WAY CHROMOSOMAL CONFORMATIONS USING CHROMOSOMAL WALKS
Nature
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Fullerene-like nanoparticles and nanotubes
made of inorganic compounds already have
numerous applications — today mainly as solid
lubricants. But future applications include
medical technologies, reinforcement in polymer
composites and as part of future “smart”
materials. Doping — adding minute amounts of
foreign elements — is used in today’s semicon-
ductors to control their properties, and thus it will
play a role in creating new nanomaterials; for
example, the particle captured here by Prof.
Tenne and his colleagues in the high resolution
transmission electron microscope. This MoS,
fullerene-like nanoparticle is doped with rhenium
atoms, giving it unique physical/chemical
properties and superior lubrication capabilities.

Prof. Reshef Tenne
MEDIF-ZlMedicaI applications of IF nanoparticles
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CONTROLLED DOPING OF MS, (M=W, MO) NANOTUBES AND FULLERENE-LIKE NANOPARTICLES

Nanomaterials
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Prof. Eldad Tzahor
aNtHESISl Novel heart regeneration strategies

A section of the heart of a day-old-mouse
shows the receptor ERBB2 (red), cardiac tropo-
nin (green), and cell nuclei (blue). Prof. Tzahor
and his colleagues found that ERBB2 is involved
in cardiomyocyte (the contracting cells in the
heart) growth and renewal. Its levels diminish
soon after birth. Reintroducing this protein after
injury to the heart in mice promoted heart
regeneration.
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ERBB2 TRIGGERS MAMMALIAN HEART REGENERATION BY PROMOTING CARDIOMYOCYTE DEDIFFERENTIATION
AND PROLIFERATION Nature Cell Biology

71



19D 22NN 01T NIX LINYT 0970V D'NY7XN TND
,(NINN1) 0'o70yn 7w NDIYNN 71700 7w " THN-N7N
,OTY' 78 D'0OINN DNY [NT DNINA 2XYN 'RN DX 27YN0I
NI727 37NN7 I'SNIYY7I 'i702117IX DIN1 ‘D197 NYWO'NR
AWK D70 'RN”7 970VU0 NN 7Y DIDN{7IDNN TR
YNI71T1 DNINALLNIY [DIN2 2NN Y 7D IR DXV
.nTNn

Prof. Nachum Ulanovsky

How do bats — mammals that fly in all
directions — navigate that space? By mapping
the three-dimensional flight paths of bats
(pictured) and tracking the neurons in their
brains as they navigated toward a goal,

Prof. Ulanovsky and his colleagues found that
the “place cells” in the hippocampus brain
regions of bats represent all three axes in space
equally, with the same sharp resolution.
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NATURAL_BAT_NAVlNeuraI basis of natural navigation: Representation of goals, 3-D spaces and 1-km
distances in the bat hippocampal formation — the role of experience

REPRESENTATION OF THREE-DIMENSIONAL SPACE IN THE HIPPOCAMPUS OF FLYING BATS
Science
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Dr. Igor Ulitsky

Dr. Ulitsky and his colleagues discovered a
long-noncoding RNA called NORAD that works
in the cytoplasm of the cell, as revealed in the
dots in this image (the nuclei are stained
purple). NORAD increases the expression of
other RNAs, especially those that regulate genes
for cell division; when NORAD is deleted, the
result is an accumulation of cells with an
incorrect number of chromosomes.

X'7IN WMANR T

lincSAFARI |Sequence and function relationships in long intervening noncoding RNAs

A CONSERVED ABUNDANT CYTOPLASMIC LONG NONCODING RNA MODULATES REPRESSION BY PUMILIO
PROTEINS IN HUMAN CELLS Nature Communications
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NNV 179 17N0Y IONIWI N7IX [lypW ‘'oNo ?nr77n | Or partial images? Answering this question has
1712 712y NNt 0’02 [DINQ QUK NIT ¢ "MmIoR” NN fundamental implioations for understanding the
MNA K77 1ATY-NINA0 ANIK 191N napna viye iy | Visual system and for constructing machine
WIN NIDT 7XNWD NOPY NN DAt A7 1T | VSN applications. Prof. Ullman and his

colleagues discovered that there are “atomic”
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units of recognition that are basically the same
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for all of us. A minute change to an atomic image
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turns it from recognizable to puzzling. This is
MINIYIXN NNIOHA .NMINNA NIAT IN'7¥NY D'0197 | qemonstrated in the figure, bottom left, in which

ININN NIDDNI "NINIOXR” NIRINN NIX'D M non'7 the image of the eag|e’ (See top‘ red frame) is at
7V 7N N2I0 NAN7 DINY DUIYY D78 DZN0D .AWIN | the lower limit of recognizability. The center
JIWNINN DRI 7W NIDIYN NIND7 [21,0"RIN NN | image shows the detailed internal interpretation
of the participants; and the colored frames in the
right-hand image represent additional “atomic”
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Prof. Shimon Ullman IN7IX IYNY ‘911D

DigitaIBablehe emergence of understanding from the combination of innate mechanisms and visual
experience

ATOMS OF RECOGNITION IN HUMAN AND COMPUTER VISION
PNAS
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Prof. Assaf Vardi
INFOTROPHIC  Algal bloom dynamics: From cellular mechanisms to trophic level interactions

Prof. Vardi, Dr. Shilo Rosenwasser and their
colleagues show that, far from being passive
drifters in the ocean, phytoplankton sense their
environmental conditions and respond accord-
ingly. In this figure, they reveal a metabolic map
of diatom cells, identifying specific enzymes that
are sensitive to oxygen radicals, including the
nitrogen pathways. Elucidation of the function and
regulation of these key metabolic pathways can
help reveal the molecular, ecological secrets
underlying large scale algal blooms in the ocean.
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MAPPING THE DIATOM REDOX-SENSITIVE PROTEOME PROVIDES INSIGHT INTO RESPONSE TO NITROGEN STRESS

IN THE MARINE ENVIRONMENT PNAS

75



LN NLAT'ZR YT AWR DNIP YT 1171 2'00 '9ND
[PND NIYXNXI JAR'TN 1YX 7007 DNONIYI
71 U7INDINND INRA 17AN0YW DRXNN] 207RIT
71720 NDI7NA ,ANY{7NN 12W D20 W'Y) 'OXRD-7X
DIYTNN .NT7I 7R 11217 INXAL (M) NMY7o0 1'vin
DYDY 1900 NI DT7IN INKA 1Y'DIN D'NYW'750 1D 1712
7¥ NN :N1NN2A.0"N197 13-N INNN 9102 - ND TV
MY [NN D'RYNHNY NIDDYAN NNd qQUINN NRAN 770
.DIY7UN 7Y N7TA0 NINN :'D' T¥A NON7 JR'N

Prof. Steve Weiner

Drs. Yotam Asscher and Elisabetta Boaretto,
and Prof. Weiner and colleagues performed
radiocarbon dating at the Tell el-Safi/Gath
archaeological site, occupied by the Philistines
in the Iron Age. They found that the Philistines
had appeared at this site earlier than previously
thought — in the late 13t century BC. In the
image: A cross-section revealing some of the
sediment layers that were dated. The inset shows
a high magnification view of the sediments.

711 2'00 '9IND

RAIELSP |Ancient (biblical) Israel: The exact and life sciences perspective

RADIOCARBON DATING SHOWS AN EARLY APPEARANCE OF PHILISTINE MATERIAL CULTURE IN TELL ES-SAFI/
GATH, PHILISTIA Radiocarbon
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Dr. Karina Yaniv

Lipoproteins — proteins-lipid complexes
that carry cholesterol and triglycerides in the
blood — have numerous functions in the body.
Dr. Yaniv and her colleagues investigated the
role of lipoproteins in angiogenesis — the growth
of new blood vessels. In the images, a mutation
in the lipoprotein signaling cascade causes the
excessive growth of blood vessels in the zebra
fish embryo. These experiments led the group to
discover Atx, which mediates this cascade,
providing new insights into the connection
between lipids and angiogenesis.

2 N7 T

LIPintoECtion |Lipoproteins and angiogenesis: A new look at an old problem

AUTOTAXIN—LYSOPHOSPHATIDIC ACID AXIS ACTS DOWNSTREAM OF APOPROTEIN B LIPOPROTEINS IN

ENDOTHELIAL CELLS Arteriosclerosis, Thrombosis, and Vascular Biology
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Prof. Yosef Yarden

A hallmark of aggressive cancer is the
hijacking of growth factors. Prof. Yarden and his
colleagues asked whether these growth factors,
like many substances in the body, are tied to our
biological clocks. Indeed, they found that growth
factors are mainly active at night; the hormone
cortisol suppresses their activity in the daytime.
The three figures show how a growth factor, EGF,
enhances cell migration, and cortisol (DEX) in-
hibits that migration. The conclusion: Anticancer
drugs that repress growth factor activities might
be more effective at night.

TV QoI ‘DN

oncRobustlUnraveIIing oncogenic defects in feedback control of receptor tyrosine kinases

DIURNAL SUPPRESSION OF EGFR SIGNALLING BY GLUCOCORTICOIDS AND IMPLICATIONS FOR TUMOR

PROGRESSION AND TREATMENT Nature Communications
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Dr. Ofer Yizhar

Using light to control neurons in the brains
of live mice — optogenetics — enables Dr. Yizhar
and his colleagues to turn them on and off and
to understand how they connect to other parts of
the brain. In this image, neurons in a brain region
called the “basal nucleus of the stria terminals”
have been labeled with a fluorescent protein,
revealing their activation in behaviors linked to
stress recovery and coping with anxiety.

N 191y 1T

OptoNEUROMOD |Optica| dissection of prefrontal neuromodulation: From synapses through networks

to behavior

CRF RECEPTOR TYPE 2 NEURONS IN THE POSTERIOR BED NUCLEUS OF THE STRIA TERMINALIS CRITICALLY
CONTRIBUTE TO STRESS RECOVERY Molecular Psychiatry
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Many antibiotics attack the ribosomes of
bacteria, preventing them from manufactur-
ing proteins. The image, from research by Prof.
Yonath and her colleagues, shows a part of the
backbone (in gray) of the large ribosomal subunit
of the bacterium S. aureus, a common pathogen
that is, in some cases, resistant to multiple
antibiotics. The colors highlight ribosomal RNA
regions that exhibit fold variability compared with
other, non-pathogenic bacteria, and the green
crescent delineates a location that could be
exploited with designed antibiotics.
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This theorem describes the extreme values
of a random field, which is the characteristic
polynomial of a random matrix. The theorem
demonstrates, in one particular case, a phenom-
enon that is the focus of Prof. Zeitouni and his
colleagues’ research, namely, finding that the
behavior of the extrema of random fields which
are logarithmically correlated is universal, and
does not depend on details of the field or
whether it is Gaussian.

Prof. Ofer Zeitouni IIN'T 191V 'O1ND

LogCorrelatedFields |Extremes in logarithmically correlated fields
THE MAXIMUM OF THE CUE FIELD
International Mathematics Research Notices
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Prof. Ada Yonath nar nTy ‘oo

NOVRIB | Novel insights into multi-drug resistance to antibiotics and the primordial ribosome
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Prof. Eli Zeldov

Superconducting QUantum Interference
Devices (SQUIDs) are used as sensors capable
of demonstrating record sensitivities to small
magnetic signals. Prof. Zeldov and his colleagues
have designed a SQUID that simultaneously
measures two magnetic field components. It can
serve for mapping current flow on a nanometer
scale or for measuring isolated magnetic nano-
objects. The figure shows that experimental
interference patterns (left) of the electric current
flowing through the sensor, used to calibrate
the device, match the theoretical predictions of
these patterns (right).
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UltraTherMicroscope | Ultra-sensitive thermal nanoscale microscope

THREE-JUNCTION SQUID-ON-TIP WITH TUNABLE IN-PLANE AND OUT-OF-PLANE MAGNETIC FIELD SENSITIVITY

Nano Letters

82

702 17N MY 7Y 7N INR L NNINN NYTN 19-7Y
PONIWIX7T 17X 'O1ND T 78 IT NNWIND ' NINXYNY
AWK WY 12210 0Y7 NNYYX NINXYIY LI 7Nn0nY7
7¥ DNIAYN NHY7N AWK ("7'27) N2aN7 anIT 719
I7'9R1) D'N'RNN X7 O'DI7'NA ' 12DY 700 NINXY
D"INDON NINID XA L(YININN 'OI7N7 NI DI7'NA
1210 [PI7NT NATh NINXYN NNYWPNNYT 1072 WX

Prof. Eli Zelzer

Common wisdom says that broken bones
must be realigned to heal properly, but research
by Prof. Zelzer and his colleagues suggests that
young bones have a realignment mechanism
that works something like a car jack. When the
fractured ends of mouse leg bones were back
to back, mechanical forces were generated that
moved the bones into place, even when there
was a large displacement.

X'77 '7N 'O1ND

kiNESISl NovE! Strategies for treating tendon-to-bone injurieS - KiINESIS

A MECHANICAL JACK-LIKE MECHANISM DRIVES SPONTANEOUS FRACTURE HEALING IN NEONATAL MICE
Developmental Cell

83



IWNI NINWNY [DIN NINDAN NIA0 DN X
= "INT NIPNIN" 172 37NNY7 PONIYI PT 22 V' T . |PTN
NN'ION |NT NTI71 DD'YN TWKR N'AXY NI7'VYO 'DIDT
7w DA'NININA 19¥1 TWK ,N7N 0'0IDT .NI7'YD 727
70 ,NANTNA DNYD  NIYIAY 7Y NDI7N 1WN1 012Dy
[PT NINNIN |2 20 [PHNT XXNI,ANINN IWi7NNn 11911
[PNYY D 7Y D'YIAND 7R DIRXND .0AN7 DINT 7Y
[PTN VX X NINN NP INIYXNNIAY (11220 DY7 D
[DTN 'D=7Y D'YN'N 2 NTION IN 1IW7 YXADI,|ND'Ta
.DN" TONY

Dr. Yaniv Ziv

Our experience of familiar environments is not
static but changes over time. Dr. Ziv and his
colleagues discovered “timestamps” — specific
patterns of neuronal activity that add a point in
time to even the most routine experience. These
patterns, shown in the brains of mice over a
period of weeks, gradually changed over time so
that, regardless of the spatial context, timestamps
of events that occurred close together were highly
similar, whereas timestamps of events that
occurred farther apart were distinct. The findings
suggest a mechanism by which the brain creates
a mental timeline of experienced events, associ-
ating or disassociating them in memory by their
temporal distances from one another.

T2 YT

NeurogenesisCode|Deciphering the role of adult neurogenesis in hippocampal memory codes by optically
imaging neuronal activity in freely behaving mice

HIPPOCAMPAL ENSEMBLE DYNAMICS TIMESTAMP EVENTS IN LONG-TERM MEMORY
eLife
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