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Prof. Barak Akabayov
Laboratory of Protein and Nucleic Acid
Chemistry

Our overarching goal is to understand DNA replication and
protein translation at the molecular level. Our research lab
utilizes innovative tools and approaches to assess the structural
nature and the biomolecular interactions in protein-protein and
protein-nucleic acid complexes. In turn, we learn how these
interactions determine and impact the biological catalysis. Our
multidisciplinary approach, spanning chemistry, biology, and
data science, employs both computational and experimental
techniques. The need to develop new antibacterial drugs will
lead us to discover inhibitors targeting components of central
molecular biology pathways in bacterial cells.

SELECTED PUBLICATIONS

(Full list is available at https://akabayov-lab.org/publications/)

1. H. Grimberg, V.S. Tiwari, B. Tam, L. Gur-Arie, D. Gingold, L. Polachek, B. Akabayov. Machine
learning  approaches to  optimize  small-molecule  inhibitors = for  RNA
targeting. (2022). Journal of Cheminformatics, 14 (4).

2. A.Soffer, S.A. Eisdorfer, M. Ifrach, S. llic, A. Afek, H. Schussheim, D. Vilenchik, B. Akabayov.
Inferring primase-DNA specific recognition by using a data-driven approach. (2021). Nucleic
Acids Research, 49(20), 11447-11458.

3. B.Tam, D.Sherf, S. Cohen, S. Adi Eisdorfer, M. Peretz, A. Soffer, D. Vilenchik, S.R. Akabayov,
G. Wagner, B. Akabayov. Discovery of small-molecule inhibitors targeting the ribosomal
peptidyl transferase center (PTC) of M. tuberculosis. , (2019). Chemical Science, 2019, 10,
8764-8767.


https://akabayov-lab.org/publications/
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Prof. Eyal Arbely

Synthetic Biology, Biochemistry, Chemical
Biology

Expanding the chemical repertoire of living organisms

Synthetic Biology is a new and rapidly evolving interdisciplinary
research field that aims to design and create new (synthetic) life
forms with enhanced functionalities that do not exist in natural
organisms. For example, genetic code engineering (also known
as genetic code expansion technology) now enables the site-
specific incorporation of non-proteinogenic (i.e., non-natural)
amino acids into ribosomally synthesized proteins. The
incorporated non-natural amino acid may carry a chemical group
that is not part of the engineered organism’s chemical
repertoire, thereby enable the expression of proteins with
unique chemical and physical properties. Our group develops
and utilizes genetic code expansion technology, with the aim of
unraveling the role of lysine post-translational modifications in
the regulation of enzymatic activity. Specifically, we conduct an
interdisciplinary research at the interface of chemistry, biology,
and engineering, to understand how metabolic processes are
regulated by lysine acetylation, and how these regulatory
mechanisms are modified in cancerous cells.

In addition, we devise and implement new technologies for site-
specific chemical modification of proteins in living organisms. To
this end, we explore new methodologies for expression of
proteins with non-natural chemical groups and chemically
synthesize new reagents for chemical reactions in living cells.
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SELECTED PUBLICATIONS

1. Cohen, S. and Arbely, E. Single-plasmid--based system for efficient non-canonical amino
acid mutagenesis in cultured mammalian cells. 2016, ChemBioChem, 17(11), 1008-1011.

2. Aloush, N., Schvartz, T., Konig, A.l., Cohen, S., Brozgol, E., Tam, B., Nachmias, D., Ben-David,
0., Garini, Y., Elia, N. and Arbely, E. Live Cell Imaging of bioorthogonally labelled proteins
generated with a single pyrrolysine tRNA gene. 2018, Sci. Rep., 8(1), 14527

3.  Avrahami, M.E., Levi, S., Zajfman, E., Clil, R., Ben-David, O. and Arbely, E. Reconstitution of
mammalian enzymatic deacylation reactions in live bacteria using native acylated
substrates. 2018, ACS Syn. Bio., 7(10), 2348— 2354, 2018

4. Cohen, S., Kramarsky, L., Deshe, N., Ben-David, O. and Arbely, E. Nonsense mutation-
dependent reinitiation of translation in mammalian cells. 2019, Nucleic Acids Res., 47(12),
6330-6338

5.  Kramarski, L., and Arbely, E. Translational read-through promotes aggregation and shapes
stop codon identity. 2020, Nucleic Acids Research. 48(7), 3747-3760
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Prof. Gonen Ashkenasy
Laboratory of Systems Chemistry

The Systems Chemistry of Peptide Networks

The main research effort in our lab is devoted to the design and
synthesis of multi-component chemical systems, termed as
Molecular Networks, and for analysis of their dynamic self-
organization. This study within the new field of Systems
Chemistry is inspired by the complexity in structure and function
observed within natural cells. We use peptides and proteins as
the active components in these studies, and thus the observed
structure-function relationships are further interpreted for
understanding fundamental processes, such as protein folding as
well as protein interactions with small molecules and bio-
macromolecules. Our findings can be used for understanding the
organizational principles of biological systems, to shine light on
plausible scenarios in early molecular evolution and the Origins
of Life, and to develop devices of nanotechnology and
biotechnology importance.

Current research inciudes the following topics:

Self-organization of replication networks

Peptide fibrils self-assembly and self-replication

Chemical networks out of equilibrium

Mucleic-acid-peptide interaction netwaorks

Protein-based functional elements in molecular electronics

SELECTED PUBLICATIONS

1. G. Ashkenasy, T. M. Hermans, S. Otto, A. F. Taylor "Systems Chemistry" Chem. Soc. Rev.
2017, 46, 2543-2554.

2. M. Frenkel-Pinter, M. Samanta, G. Ashkenasy, L.J. Leman “Prebiotic Peptides: Molecular
Hubs in the Origin of Life” Chem. Rev. 2020, 11, 4707-4765.

3. J.Nanda, B. Rubinov, D. Ivnitski, R. Mukherjee, E. Shtelman, Y. Motro,Y. Miller, N. Wagner,
R.C. Luria, G. Ashkenasy “Emergence of native peptide sequences in prebioticreplication
networks" Nat. Commun. 2017, 8, 434.

4. |. Maity, N. Wagner, R. Mukherjee, D. Dev, E. Peacock-Lopez, R. Cohen-Luria & G. Ashkenasy
"A chemically fueled non-enzymatic bistable network." Nat. Commun. 2019, 10, 4636.

5. I. Maity, D. Dev, K. Basu, N. Wagner & G. Ashkenasy “Signaling in Systems Chemistry:
Programing Gold Nanoparticles Formation and Assembly Using a Dynamic Bistable
Network” Angew. Chem. 2021; Hot paper
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Prof. Maya Bar Sadan

Advanced functional nano-materials

CHEMISTRY AT THE ATOMIC SCALE

The research in our group is driven by questions about how to
design materials that can carry out important energy related
reactions in an efficient, selective and stable way. The main
targets are reactions such as water splitting to produce H,, the
production and use of alcohols as clean fuels and as precursors
for valuable chemicals, and the conversion of nitrate in industrial
waste into useful nitrogen containing compounds.

To address these questions, we study how the local atomic
arrangement in materials such as 2D layered compounds and
metal phosphides controls which reactions occur and how
efficiently they proceed. By linking specific atomic environments
to catalytic performance, the goal is to develop clear design
guidelines for creating catalysts and photocatalysts that
transform simple, abundant molecules from water and air into
alternative fuels in a cleaner and more sustainable way.

SELECTED PUBLICATIONS

(1) Bandyopadhyay, D.; Ghosh, S.; Roy, S.; Neyman, A.; Bar-Ziv, R.; Bar-Sadan, M. Efficient
alcohol oxidation reaction by Co-Cu bimetallic phosphides. Int. J. Hydrogen Energy 2026,
197, 152620.

(2) Bandyopadhyay, D.; Upcher, A.; Houben, L.; Ezersky, V.; Ganguly, S.; Ghosh, S.; Bar Sadan, M.
Unlocking Vacancy-Mediated Cation Exchange in Transition Metal Phosphides: Toward
Architected Catalytic Nanostructures. Small Struct. 2025, 6 (10), 2500338.

(3) Kadam, S. R.; Krishnappa, M.; Ghosh, S.; Sreedhara, M. B.; Neyman, A.; Upcher, A.; Nativ
Roth, E.; Houben, L.; Zak, A.; Enyashin, A. N.; et al. Nanotubes and other nanostructures of
VS2, WS2, and MoS2: Structural effects on the hydrogen evolution reaction. Appl. Mater.
Today 2024, 39, 102288.

(4) Ghosh, S.; Mondal, B.; Roy, S.; Shalom, M.; Bar Sadan, M. Alcohol oxidation with high
efficiency and selectivity by nickel phosphide phases. J. Mater. Chem. A 2022, 10 (15), 8238-
8244,10.1039/D2TA00863G.
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Prof. Joshua H. Baraban
Physical Chemistry, Spectroscopy

Research in the Baraban group focuses on understanding
reactive species. We pursue this goal by exploring high
temperature chemistry and developing spectroscopic tools to
interrogate kinetics and dynamics. Novel homebuilt sources of
reactive molecules, creative optical systems, and other
innovative experimental strategies are key to these efforts, as is
close coordination with high accuracy quantum chemistry.

SELECTED PUBLICATIONS

1.

N. Genossar, P. B. Changala, B. Gans, J.-C. Loison, S. Hartweg, M.-A. Martin-Drumel, G.
Garcia, J. F. Stanton, B. Ruscic, and J. H. Baraban. Ring Opening Dynamics of the Cyclopropyl
Radical and Cation: The Transition State Nature of the Cyclopropyl Cation. Journal of the
American Chemical Society, 144(40):18518-18525, 2022.

N. Genossar-Dan, S. Atlas, D. Fux, S. Har Lavan, U. Zamir, I. Rozenberg, T. L. Nguyen, P.
Hemberger, and J. H. Baraban. Direct Observation of the Ethyl Radical in the Pyrolysis of
Ethane. Angewandte Chemie International Edition, 62:€202305881, 2023.

1. S. Kallos, I. Bar, and J. H. Baraban. Significantly Improved Detection of Molecular Oxygen
by Two-Color Resonance-Enhanced Multiphoton lonization. The Journal of Physical
Chemistry Letters, 15(9):2639-2642, 2024. (Front Cover).

U. Zamir, M. Cohen, A. Lerer, Y. Kalisky, A. Kaplan, I. Rahinov, and J. H. Baraban. Ultraviolet
Intracavity Laser Absorption Spectroscopy. Sensors and Actuators B: Chemical,
398:134173, 2023.
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Prof. Leah Gheber

Biophysical chemistry, molecular nano-
motors, cytoskeleton, mitosis

Mitosis is a process by which duplicated genomic information is
transferred from mother to daughter cells. This essential process is
accomplished by the spindle, a highly dynamic, microtubule-based
structure, which in each mitotic cycle undergoes a well-programmed
set of morphological changes. Compromised spindle integrity is one of
the key factors for chromosome mis-segregation, which in turn may
lead to genetic disease, cell death and cancer. Recent evidence
indicates that molecular nano-motors from the Kinesin superfamily,
which bind and move along microtubules, play central roles in
mediating spindle dynamics.

Our research focuses on the Kinesin-5 mitotic motor proteins, whose
function is essential for chromosome segregation during mitosis. Our
objective is to explore the mechanisms by which Kinesin-5 motors
perform their multiple mitotic functions. To achieve this goal, we
combine biophysical, biochemical, cell biology and genetics
approaches such as single-molecule fluorescence motility assays and
live-cell and electronic microscopy.
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SELECTED PUBLICATIONS

1. S.K.Singh, N. Siegler, H. Pandey, N. Yanir, M. Popov, A. Goldstein-Levitin, M. Sadan, G. Debs,
R. Zarivach, G.A. Frank, I. Kass, C.V. Sindelar, R. Zalk, L. Gheber (2024) Noncanonical interaction
with microtubules via the N-terminal nonmotor domain is critical for the functions of a
bidirectional kinesin Science Advances 9;10(6): eadi1367

2. A. Goldstein-Levitin, H. Pandey, K. Allhuzaeel, Itamar Kass, L. Gheber (2021) Intracellular
functions and motile properties of bi-directional kinesin-5 Cin8 are regulated by neck linker
docking. eLife doi: 10.7554/ elife.71036.

3. H. Pandey, S.K. Singh, M. Sadan, M. Popov, M. Singh, G. Davidov, S. Inagaki, J.A. Bassam, R.
Zarivach, S.S. Rosenfeld, L. Gheber (2021) Flexible microtubule anchoring modulates the bi-
directional motility of the kinesin-5 Cin8 Cellular and Molecular Life Sciences 78(16):6051-6068.
doi: 10.1007/s00018-021-03891-x.

4. H. Pandey, E. Reithmann, Alina Goldstein-Levitin, J. Al-Bassam, E. Frey, L. Gheber (2021) Drag-
induced directionality switching of kinesin-5 Cin8 revealed by cluster-motility analysis. Science
Advances 7(6) eabc1687

5. A. Goldstein, N. Siegler, D. Goldman, H. Judah, E. Valk, M. Kdivomagi, M. Loog, and L. Gheber
(2017) Three Cdk1 sites in the kinesin-5 Cin8 catalytic domain coordinate motor localization and
activity during anaphase. Cellular and Molecular Life Sciences 74(18):3395-3412
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Prof. Yonatan Dubi

Theoretical nano-science

Research in the Dubi group is devoted to the theoretical study of
charge and energy transport in nano-scale systems such as
single-molecule junctions, self-assembled monolayers, nano-
particles, DNA-based structures, exciton networks and more.
Such processes are relevant to a wide variety of physical and
chemical phenomena, ranging from nanoscale photo-catalysis,
through molecular magnetism to quantum biology. The group
develops both models and theoretical tools needed to address
the problems, including a wide variety of numerical and
analytical methods.
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SELECTED PUBLICATIONS

1.

2.

E. Zerah-Harush & Y. Dubi, Do photosynthetic systems use quantum coherence to enhance
their efficiency? Probably not. Science advances, in press.

Y. Sivan, J. Baraban, I. W. Un & Y. Dubi,Thermal effects - an alternative mechanism for
plasmonic-assisted photo-catalysis, Chem. Sci., 2020, 11, 5017-5027

Y. Dubi & Y. Sivan, "Hot" electrons in metallic nanostructures - no -thermal carriers or
heating? Nature Light: Science & Applications 8, Article number: 89 (2019)

Elinor Zerah-Harush and Yonatan Dubi, Universal Origin for Environment-Assisted Quantum
Transport in Exciton Transfer Networks, J. Phys. Chem. Lett. 2018, 9, 7, 1689-169.

J. Zhou, K. Wang, B. Xu & Yonatan Dubi, Photoconductance from Exciton Binding in
Molecular Junctions, J. Am. Chem. Soc.,140 (1), pp 70-73 (2018).

C. Guo, K. Wang, E. Zerah-Harush, J. Hamill, B. Wang, Y. Dubi and B. Xu, Molecular rectifier
composed of DNA with high rectification ratio enabled by intercalation, Nature Chemistry
8,484-490 (2016)
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Prof. Idan Hod
Hybrid Materials for Sustainable Energy

In a world that is running out of natural resources, there is a
growing need to design and develop sustainable and green
energy resources. In that respect, photo-electrocatalytically
driven reactions to produce alternative fuels (such as water
splitting or CO; reduction) hold the potential to provide a route
for future carbon neutral energy economy. Nevertheless, the
slow kinetics of those catalytic reactions demands the
development of efficient catalysts in order to drive it at lower
overpotentials.

Our group utilizes Metal-Organic Frameworks (MOFs) as a
platform for heterogenizing molecular electrocatalysts. Their
unique properties (porosity and flexible chemical functionality)
enable us to use MOFs for integrating all the different functional
elements needed for efficient catalysts: 1) immobilization of
molecular catalysts, 2) electron transport elements, 3) mass
transport channels, and 4) modulation of catalyst secondary
environment. Thus, in essence, MOFs could possess all of the
functional ingredients of a catalytic enzyme.
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SELECTED PUBLICATIONS

1.

He, W.; Liberman, I|.; Rozenberg, I.; Ifraemov, R.; Hod, I.; “Electrochemically Driven Cation
Exchange Enables the Rational Design of Active CO2 Reduction Electrocatalysts”,
Angewandte Chemie, 2020, 132, 2 - 10.

Liberman, 1.S; Shimoni, R.S; Singh, C.P.PD; Hod, I.; “Active-Site Modulation in a Fe-Porphyrin-
Based Metal-Organic Framework Through Ligand Axial
Coordination: Accelerating Electrocatalysis and Charge-Transport Kinetics”, Journal of the
American Chemical Society, 2020, 142, 4, 1933-1940.

Liberman, I.; He, W.; Shimoni, R.; Ifraemov, R.; Hod, I.; “Spatially confined electrochemical
conversion of metal-organic frameworks into metal-sulfides and their in situ
electrocatalytic investigation via scanning electrochemical microscopy”, Chemical Science,
2020, 11, 180-185.

Ifraemov, R.; Shimoni, R.; He, W.; Peng, G.; Hod, I.; “A Metal-Organic Framework Film with
Switchable Anodic and Cathodic Behavior in a Photoelectrochemical Cell”, Journal of
Materials Chemistry A, 2019, 7, 3046-3053

He, W.; Ifraemov, R.; Raslin, A.; Hod, I.; “Room-Temperature Electrochemical Conversion of
Metal-Organic Frameworks into Porous Amorphous Metal Sulfides with Tailored
Composition and Hydrogen Evolution Activity”, Advanced Functional Materials, 2018, 28,
1870121.


http://hodlab.org/
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Prof. Raz Jelinek

Nanotechnology, Biophysical Chemistry, Two-
dimensional nanostructures, Biomimetic cellular
membranes

Research in the Jelinek laboratory is multidisciplinary and spans
biological chemistry, nanotechnology, advanced sensors, and
energy storage. The research activity in the laboratory has a
certain applied-science emphasis, with several patents
awarded/submitted. Current projects include amyloid-
mediated chemical catalysis; carbon dots for biological and
chemical applications; chromatic polymers; porous matrixes for
water purification; and advanced supercapacitors.

ADVANCED ".L\Trendsin
~SUSTAINABLE |Chem
\ .. SYSTEMS

Catalytidamylokd§: new
roles for proteinaggregates /
@ CellPress

WILEY ven

SELECTED PUBLICATIONS

1.  Staphylococcus aureus functional amyloids catalyze degradation of B-lactam antibiotics,
Elad Arad, Kasper B. Pedersen, Orit Malka, Sisira Mambram Kunnath, Nimrod Golan, Polina
Aibinder, Birgit Schigtt, Hanna Rapaport, Meytal Landau, Raz lJelinek, Nature
Communications, 2023,14, 8198.

2. Carbon dot / thermo-responsive polymer capacitive wavelength-specific photodetector,
Nitzan Shauloff, Noa Prishkolnik, Seema Singh, Rajendran Manikandan, Uri Ben Nun, Raz
Jelinek, Carbon, 2023, 213, 118211.

3. Multispectral and circular polarization-sensitive carbon dot polydiacetylene capacitive
photodetector, Nitzan Shauloff, Rajesh Bisht, Yury Turkulets, Rajendran Manikandan, Ahiud
Morag, Avi Lehrer, Joshua H. Baraban, llan Shalish, Raz Jelinek, Small, 2023, 19 (31),
2206519.

4.  High resolution cryo-electron microscopy reveals unique striated hollow structure of
photocatalytic macrocyclic polydiacetylene nanotubes, Nila Nandha Kadamannil, Jung-Moo
Heo, Daewoong Jang, Ran Zalk, Sofiya Kolusheva, Raz Zarivach, Jong-Man Kim, Raz Jelinek,
Journal of the American Chemical Society, 2022, 144, 17889-17996.

5. Stimulus-responsive Tubular Conjugated Polymer 2D Nanosheets, Daewoong Jang, Jung-
Moo Heo, Fadilatul Jannah, Mohammed Igbal Khazi, Young Ji Son, Jaegeun Noh, Hyosung
An, Soon Mo Park, Dong Ki Yoon, Nila Nandha Kadamannil, Raz Jelinek, Jong-Man Kim,
Angewandte Chemie International Edition, 2022, 61, 43, €202211465. Very Important Paper
(VIP).

6.  Native glucagon amyloids catalyze key metabolic reactions, Elad Arad, Gal Yosefi, Sofiya
Kolusheva, Ronit Bitton, Hanna Rapaport, Raz Jelinek, ACS Nano, 2022, 16, 8, 12889-12899.
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Prof. Sebastian Kozuch
Computational Chemistry

Chemistry from a Computational Perspective

Computational chemistry is an increasingly powerful tool to
understand chemical reactions. In our group we use quantum
chemistry tools to understand and predict molecular effects
mainly on three areas:

Homogeneous catalysis through mechanistic and kinetic modeling.
The nature of hole interactions and other novel types of chemical
bonds.

Quantum mechanical tunneling reactions.

SELECTED PUBLICATIONS

1.

Switch Chemistry at Cryogenic Conditions: Quantum Tunnelling under Electric Fields”
Kirshenboim; Frenklah; Kozuch; DOI: 10.1039/D0SC06295B

“Isotope-Controlled Selectivity by Quantum Tunneling: Hydrogen Migration versus Ring
Expansion in Cyclopropylmethylcarbenes” Nandi; Gerbig; Schreiner; Borden; Kozuch; J. Am.
Chem. Soc. 2017, 139, 9097

“Tunnelling in Molecules: Nuclear Quantum Effects from Bio to Physical Chemistry” (Book)
Kastner; Kozuch (Eds.); 2020, RSC.

“History and Future of Dative Bonds” Nandi; Kozuch; Chem. Eur. J. 2019, 26, 759.

“On the o, mand & hole interactions: a molecular orbital overview” Angarov; Kozuch; New
J. Chem. 2018, 42, 1413.

“Catalysis: energy is the measure of all things” Solel; Tarannam; Kozuch; Chem. Commun.
2019, 55, 5306.

“Turning over definitions in catalytic cycles” Kozuch; Martin; ACS Catal. 2012, 2, 2787-2794.
“How to Conceptualize Catalytic Cycles? The Energetic Span Model” Kozuch; Shaik; Acc.
Chem. Res. 2011, 44, 101-110.
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Prof. N. Gabriel Lemcoff

Organometallic Chemistry, Olefin Metathesis,

Polymers, Organic Chemistry
Development of Novel Synthetic Methodologies, Catalysts, and
Polymers

Modern polymer science drives innovation through the
development of functional molecular architectures and
advanced macromolecular catalysts—goals that continue to
challenge and inspire the chemical community. Our research
focuses on synthesizing, characterizing, and analyzing novel
macromolecular compounds while developing new catalytic
systems and reactions. We specialize in latent ruthenium-based
catalysts, having pioneered the first thermoswitchable and
photoswitchable olefin metathesis systems. Over the past five
years, our achievements include: highly selective olefin
metathesis reactions; "plasmomer" hybrid materials that
generate heat under IR irradiation; innovative "solid solvent"
methodologies for accessible latent catalysts in 3D-printing
applications; and stereospecific alcohol halogenations using
simple thiourea additives with halosuccinimide donors. These
advances demonstrate our commitment to bridging
fundamental polymer and organic chemistry with practical
applications.
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SELECTED PUBLICATIONS

1. Lemcoff, N., Niv, R., ludanov, K., Gordon, G., Biswas, A., Ben-Nun, U. S., Shelonchik, O.,
Lemcoff, N. G. and Weizmann, Y. Photoswitchable olefins as latent metathesis monomers
for controlled polymerization. Nature Chemistry, 2025. DOI: 10.1038/s41557-025-02011-7

2. Assy, H., K. Mishra, U., Rosler, T., Khurana, R., Lemcoff, N. G., Reany, O. Stereospecific
Radical Bromination of B-Aryl Alcohols with Thiourea Additives Through A Serendipitous
Discovery of A 1,2-Aryl Migration. Chemistry - A European Journal, 2025, DOI:
10.1002/chem.202403831.

3. ludanov, K., B. Nechmad, N., Poater, A., Lemcoff, N. G., Selective Cross-Metathesis Versus
Ring-Closing Metathesis of Terpenes, Taking the Path Less Travelled. Angew. Chem. Int. Ed
2024, 63,52, DOI: 10.1002/anie.202412430.

4. Vaisman, A., Vidavsky, Y., Baranov, M., Lehrer, A., Baraban, J. H., Lemcoff, N.G., Latency
for All: Enabling Latency of Hoveyda—Grubbs Second-Generation Catalysts by Adding
Phosphite Ligands. J. Am. Chem. Soc., 2024, 146, 1, 73-78. DOI: 10.1021/jacs.3c10826.

5. N.Lemcoff, N. B. Nechmad, O. Eivgi, E. Yehezkel, O. Shelonchik, R. S. Phatake, D. Yesodi, A.
Vaisman, A. Biswas, N. G. Lemcoff, and Y. Weizmann. Plasmonic Vis-NIR photothermal
activation of olefin metathesis enabling photoresponsive materials. Nature Chemistry
2023, D0I10.1038/s41557-022-01124-7.

6.  N.B.Nechmad, V. Kobernik, N. Tarannam, R. S. Phatake, O. Eivgi, S. Kozuch and N. G.
Lemcoff, Reactivity and Selectivity in Ruthenium Sulfur-Chelated Diiodo Catalysts, Angew.
Chem. Int. Ed., 2021, DOI:10.1002/anie.202014929
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Prof. David Lukatsky

Theoretical Biophysical Chemistry, Biophysics
Design principles of protein-protein recognition,
promiscuity and plasticity versus specificity

The main focus of the research activity of the Dr. Lukatsky’s
laboratory is the problem of specificity and design principles of
protein-protein and protein-DNA interactions, and principles of
biomolecular recognition in general. The main finding of the last
academic year was the discovery of the genetic code for
nonspecific protein-DNA interactions. In particular, we predicted
that genomic DNA of eukaryotic organisms encodes its intrinsic
propensity for nonspecific binding to transcription factors (TFs),
and other DNA-binding proteins. Using extensive bioinformatics
analysis, we verified that the predicted effect is operational in the
yeast S. cerevisiae genome. We showed that nonspecific protein-
DNA binding significantly influences TF-DNA binding preferences
and nucleosome occupancy in yeast. We are currently analyzing
the consequences of the predicted effect in the worm and fly
genomes.

SELECTED PUBLICATIONS

1. -Afek, A.; Lukatsky, D.B. Positive and Negative Design for Nonconsensus Protein-DNA
Binding Affinity in the Vicinity of Functional Binding Sites, Biophys. J. 105(7), 1653-1660
(2013).

2.  -Afek, A.; Lukatsky, D.B. Genome-Wide Organization of Eukaryotic Pre-initiation Complex is
Influenced by Nonconsensus Protein-DNA Binding, Biophys. J. 104(5), 1107-1115 (2013).

3. -Afek, A.; Lukatsky, D.B. Nonspecific Protein-DNA Binding is Widespread in the Yeast
Genome, Biophys. J. 102(8), 1881-1888 (2012).

4.  -Elkin, M.; Andre, I.; Lukatsky, D.B. Energy Fluctuations Shape Free Energy of Nonspecific
Biomolecular Interactions, J. Stat. Phys. 146(4), 870-877 (2012).
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Prof. Michael M. Meijler

Synthetic Bioorganic Chemistry, Chemical
Biology, Quorum Sensing

Bacterial Intra- and Interspecies Communication

Every living being on Earth talks —chemically; an important focus
of our research is the study of bacterial intra- and interspecies
signaling molecules. Cell-to-cell communication is used by all
organisms to coordinate their behavior and function in such a
way that they can adapt to changing environments and possibly
compete with multicellular organisms. Chemical communication
amongst bacteria has been termed “quorum sensing” (QS).
Examples of QS-controlled behaviors are biofilm formation,
virulence factor expression, antibiotic production and
bioluminescence. These processes are beneficial to bacterial
populations only when they are carried out in a coordinated
fashion. Quorum sensing systems exist in both Gram-positive
and -negative bacteria and a wide range of peptides,
acylhomoserine lactones and other motifs have been identified
as QS molecules. We aim to clarify the role of various QS
molecules in bacterial signaling through synthesis and evaluation
of QS molecules and potential antagonists and we develop
methodologies to study a wide variety of newly discovered and
undiscovered QS molecules.
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Interkingdom Signaling within Microbiomes: Intriguingly, QS
molecules can also have direct effects on eukaryotes, including
on the human immune system and perhaps also directly on our
brain. My group currently examines the hypothesis that diverse
eukaryotic species have developed mechanisms to react to the
presence of specific bacterial QS molecules in a receptor
mediated fashion, with focused experiments that are designed
to provide greater insight into the primary molecular
mechanisms signaling effects on mammals, fungi and others.
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sensing modulators ACS Chem. Biol. 13(1), 247-252, 2018
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Prof. Anat Milo

Physical Organic Chemistry, Catalyst design,
Selectivity, Stereochemistry

From energy conversion, through the production of polymers
and materials, to the synthesis of natural products,
pharmaceutics, and fine-chemicals — catalysts have been key to
advancing our modern lifestyle. However, most industrial
catalytic processes rely on toxic, expensive metals that have to
be rigorously removed from the products. Organocatalysis offers
a greener alternative, but often requires high catalyst loading,
suffers from reproducibility issues, and is tailored for a limited
range of substrates. To overcome these limitations and unlock
organocatalysts’ full potential, it is necessary to uncover the
structural origin of their reactivity and selectivity, thereby
providing a knowledge-driven approach to their design and
optimization.

My research group synergistically integrates experimental,
computational, and statistical methods to design and construct
modular catalyst libraries and provide a powerful strategy for
discovering and optimizing selective catalytic reactions. To this
end, we experimentally introduce transient directing groups to
diversify known organocatalysts in situ under reaction conditions
by forming orthogonal bonds. These directing groups serve to
control and tune the secondary-sphere interactions between the
organocatalyst and substrates or intermediates in the rate- and
product-determining transition state(s). Modifying a catalyst
structure in situ is challenging due to the required orthogonality
between the binding mode and catalytic activity. Nonetheless,
this approach is appealing as it can uncover general molecular
design principles for the facile introduction of highly modular
selectivity- and reactivity-controlling handles into a variety of
catalytic systems.
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Prof. Yifat Miller

Computational Biophysical Chemistry,
Computational Physical Chemistry

Our research activity mainly focuses in self-assembly of amyloids
— proteins that are related to type 2 diabetes, Alzheimer’s
disease, and Parkinson’s disease. Our computational laboratory
conducts fundamental and applied research at the interface of
computational structural biology, biomaterial, and bio-
nanotechnology, with the goal to better understanding of

GET IN TOUCH biophysicochemical interactions in the self-assembly of peptides
WEBSITE: for practical applications in biomaterials and medicine.
https://in.bgu.ac.il/en/
natural_science/chem/yim Our main research interests:

1. Molecular mechanisms of amyloid plagues formations in
EMAIL: Alzheimer’s disease, Parkinson’s disease and type 2 diabetes.
ymiller@bgu.ac.il 2. Link between type 2 diabetes and neurodegenerative

diseases.

3. Effect of metals on type 2 diabetes and neurodegenerative

diseases.

4, Investigating inhibitors for amyloid plagues: Prevention and
treatment for neurodegenerative diseases.

5. In silico design of novel self-assembling peptides for
nanotechnology applications.

PCCP

Controlling the properties and self-assembly Mecahnistic pespective and functional Link between type 2 diabetes and
of helical nanofibrils by engineering zinc- activity of insulin in Amylin aggregation Alzheimer’s disease
binding B-hairpin peptides Baram et al. Chem. Sci. 2018 Baram et al. PCCP 2015

Simonovsky et al. J. Mater. Chem. B 2020
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Prof. Taleb Mokari

Nanochemistry, Nanomaterials, Photovoltaics,
Renewable Energy

Synthesis, characterization and application of nanostructures
The primary focus of our research activity is development of
novel nanostructures for optical, electrical, biological and energy
application. Our Laboratory studies the science of optimally
preparing and characterizing metal, semiconductor, magnetic,
insulating inorganic nanostructures, and multi-component
nanostructures with various interfaces, including nanocrystals,
nanotubes and nanowires with controlled size, shape, and
composition. The synthesis of 1-dimensional nanostructures is
conducted by gas- and solution-phase, where we develop our
own approaches to achieve new nanomaterails and a better
control of the synthesis parameters. The research encompasses
the design and synthesis of precursors, the study of microscopic
elementary processes in nanostructure nucleation and growth,
and the use of nanostructures in functional, multi-component
devices.

The applications our group focuses on are catalysis and solar
energy conversion USING nanomaterial composite systems. As
catalysts, nanomaterials could improve product selectivity,
thereby reducing chemical waste and produce cleaner fuels. As
energy conversion materials, they could lower the final cost per
kWh to the end user. From precursor design to impact on the
environment, we examine the possible contributions
nanomaterials could have on our world.
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21,11626.

4. Rawalekar, S.; Mokari, T.; “Rational Design of Hybrid Nanostructures for Advanced
Photocatalysis” Adv. Energy Mater. 2013., 3, 12.

5. Jen-La Plante, I.; Mokari, T.; “Harnessing Thermal Expansion Mismatch to Form Hollow
Nanoparticles” Small, 2013, 9, 56.
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Dr. Benjamin A. Palmer
Organic biomineralization and bio-inspired
optical materials

Many animals use crystals of small organic molecules to
manipulate light. For example, crystals of the nucleotide base
guanine are used to produce the silvery reflectance of fish, the
tunable iridescent colors of chameleons and crustaceans and
image-forming mirrors in animal eyes (Fig. 1). These organisms
exert exquisite control over the shape and size of the constituent
crystals, utilizing crystallization strategies far beyond the
capabilities of solid-state chemistry.

The Palmer lab sits at the interface between solid-state
chemistry, photonics and cell biology. Our aim is to uncover the
crystallization 'tricks' which organism use to produce biological
optical materials, revealing new synthetic methods for the
design of organic materials. We have three main research
directions: (i) the discovery and characterization of new organic
bio-crystals in animals, (ii) mechanisms of biologically controlled
crystallization and (iii) bio-inspired crystallization of novel
organic optical materials. We utilize a raft of physical
characterization techniques to explore these problems including
cryo-electron microscopy (Fig. 1), optical microscopy, X-ray and
electron diffraction.

Figure 1. Cryo-SEM micrograph of the image-forming mirror in the eyes of
scallops, formed from square guanine crystals (left). The scallop Pecten
maximus with hundreds of iridescent eyes lining the mantle tissue.
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Prof. Doron Pappo
Synthetic Organic Chemistry

Organisms Synthetic Methodologies

The research in the Pappo group focuses on the design and
development of novel redox C—H functionalization catalytic
systems based on earth abundant metals. Our main aim is to
offer a strategy to synthesize a vast array of complex arene-
based materials that exist in many pharmaceuticals and natural
products and used in catalysis in a direct manner, starting from
simple and available starting materials.

Number of iron, cobalt, manganese and copper catalysts that
bring together two arene, arenol or aniline units in a single step
were developed. By adopting a mechanistic oriented approach,
the chemoselectivity, regioselectivity and stereoselectivity in
these sustainable transformations were controlled. Therefore,
by selecting one catalytic system over another, a given pair of
substrates can lead to different coupling products and hence to
unlimited possibilities.
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Prof. Menny Shalom
Materials Science, Supramolecular Chemistry,
Photoelectrochemistry

One of the promising technologies for future alternative energy
sources is the direct conversion of sunlight into chemical or
electrical energy by using photocatalysis or
photoelectrochemical cells (PEC), respectively. The greatest
challenge in these fields is to develop new types of advanced
materials with the desired electrical and optical properties that
will replace the conventional raw materials that are currently
used. Although in the last years a significant progress has been
made, it is still an essential task to find efficient and low-cost
materials as photoactive materials and co-catalysts. More
importantly, it is necessary to gain a basic understanding of the
physical properties and the fundamental operation mechanisms
in this field.

Our group develops new methods to synthesize metal-free
materials and earth-abundant metal-containing materials with
welldefined structure and properties toward their utilization in
energy-related applications such as photo- and electro-catalysis.
Our focus is the synthesis of materials appropriate for utilization
in solar-to-fuel conversion reactions.

SELECTED PUBLICATIONS

1. J.Tzadikov, M. Amsellem, H. Amlani, J. Barrio, A. Azoulay, M. Volokh, S. Kozuch, M. Shalom,
Angew. Chem. Int. Ed. 2019, 58, 14964.

2.  Barrio, J., Mateo, D., Albero, J., Garcia, H., Shalom, M., Adv. Energy Mater. 2019, 1902738.

3. G.Peng, J. Qin, M. Volokh, C. Liu, M. Shalom, J. Mater. Chem. A, 2019, 7, 11718-11723.
Selected as a hot paper.

4. Volokh, M.; Peng, G.; Barrio, J.; Shalom, M. Angew. Chem. Int. Ed. 2019, 58, 6138. Invited
Minireview.

5. J.Xia, M. Volokh, G. Peng, Y. Fu, X. Wang, M. Shalom, ChemSusChem, 2019, 12, 2780-2787

6. Peng, G.; Xing, L.; Barrio, J.; Volokh, M.; Shalom, M., Angew. Chem. Int. Ed. 2018, 57, 1186.
Selected as Hot Paper.

7.  Peng, G.; Volokh, M.; Tzadikov, J.; Sun, J.; Shalom, M., Adv. Energy Mater. 2018, 1800566.
Zhang, W.; Barrio, J.; Gervais, C.; Kocjan, A.; Yu, A.; Wang, X.; Shalom, M., Angew. Chem. Int.
Ed. 2018, 57, 9764.

9. Barrio,J.; Lin, L.; Amo-Ochoa, P.; Tzadikov, J.; Peng, G.; Sun, J.; Zamora, F.; Wang, X.; Shalom,
M., Small 2018, 1800633.
highlighted in Advanced Science News.

10. J.Barrio, A. Grafmdiller, J. Tzadikov, M. Shalom, Appl. Catal. B., 2018, 237, 681-688.

11. J.Barrio, L. Lin, X. Wang, M. Shalom, ACS Sustainable Chem. Eng., 2018, 6, 519-530.



GET IN TOUCH
WEBSITE:
https://www.bgu.ac.il/~avardi

EMAIL:
avardi@bgu.ac.il

Prof. Amichay Vardi

Quantum Dynamics and Thermodynamics

We theoretically study the dynamics of many-body quantum
systems, focusing on fundamental questions concerning the
emergence of irreversible macroscopic thermodynamics from
the reversible microscopic quantum dynamics of isolated
systems. We aim to construct minimal models for demonstrating
guantum ergodization, thermalization and many-body
localization and to establish the role of dynamical chaos in
mesoscopic thermodynamics and quantum control. Recent
research achievements include the study of adiabatic passage
through chaos and the discovery of quantum detours around it,
the suggestion of probabilistic hysteresis in isolated Bose-
Hubbard models, the observation of prethermalization in an
array of subsystems exhibiting negative specific heat, and the
development of semiclassical methods for characterization of
many-body localization. Notable past results include the
discovery of anisotropic solitons in Bose-Einstein condensates of
dipolar particles, the stabilization of coherent matter-wave
states in driven atom interferometers via a Kapitza inverted
pendulum effect and a many-body quantum Zeno effect, the
optimization of atom interferometry below the standard
guantum limit, phase-space tomography via temporal
fluctuations, the discovery of interferometric signatures of chaos
in  bosonic Josephson junctions, the discovery of
incoherent matter-wave solitons, and the proposal of Bose-
enhanced chemistry.
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Prof. Ira A. Weinstock

Metal-oxide cluster science

Numerous intellectually substantive phenomena and societally
important issues can be addressed using metal-oxygen cluster
anions (polyoxometalates, or POMs), and much of Weinstock’s
work involves their use as physicochemical probes of molecular
processes, as molecular catalysts and photocatalysts of
renewable-energy processes and organic transformations, as
supramolecular capsules for exploring the effects of
nanoconfinement on complex reaction systems, and as ligands
and building blocks for the design of functional nano-scale
assemblies of metal nanoparticles and metal-oxide nanocrystals

Molecular catalysis Supramolecular host-
& solar energy guest chemisty

Metal Metal-oxide
nanocrystals
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Prof. Yossi Weizmann

Laboratory of DNA Nanotechnology and

Materials Science

Our research focuses on designing functional nanomaterials and
nucleic acid nanostructures to address key challenges in
chemistry, materials science, and biomedicine. We develop
plasmonic and photothermal nanoparticles that use light to drive
precise, energy-efficient chemical synthesis, catalysis, and
environmental processes. In parallel, we engineer
programmable DNA and RNA architectures that act as scaffolds,
sensors, and dynamic molecular machines for probing biology
and enabling advanced molecular diagnostics.

Central to our approach is building hybrid systems with
emergent function by integrating biomolecules, synthetic
components, and inorganic nanostructures through covalent and
supramolecular interactions. This multidisciplinary strategy
yields nanoscale platforms for selective polymerization, real-
time biosensing, water harvesting, and light-triggered molecular
transformations.

We also cultivate a collaborative, interdisciplinary research
environment that empowers students and trainees to develop
independence and creativity, training the next generation of
innovators in nanoscale science and technology.
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