
Microtubules — the skeletal material  
in eukaryotic cells — that appear to store  
energy at their outer edges.

DO CELLS HAVE EXOTIC VIBRATIONAL 
PROPERTIES? 

The paper stems from research funded 
by a $1 million grant from the W.M. 
Keck Foundation awarded last year to 
Prodan and her collaborator, Emil Prodan, 
professor of physics at Yeshiva University, 
to research the role of topological phonon 
edges in the functioning of microtubules 
— the skeletal material in eukaryotic cells. 
Phonon edges are quanta of sound or 
vibrational energy confined to the edge or 
surface of a material.

The Prodans are particularly interested 
in how microtubules store energy at 
their edge that is not propagated in 
their cylinder-shaped bodies. Majorana 
edge modes are the equivalent of a 
type of subatomic particle — Majorana 
fermions — that appear in some types of 
superconductors. They are the energetic 
vibrations that appear at the edge of a 
material that cannot be destroyed by the 
environment or by the material breaking.  
The team is exploring the potential to 
engineer new materials with novel physical 
properties based on topological phonon 
edge modes.

“Ultimately, we would like to create 
materials that mimic this property — the 
ability to restrict energy to an edge — 
to enhance earthquake resistance in 
buildings or the protection of bullet proof 

vests, for example,” Camelia Prodan says. 
“We also think this property may be the 
key to a new generation of anti-cancer 
agents, because of the role topological 
phonons may play in cell division. 
Microtubules must fall apart before a cell 
can divide. Chemotherapy currently works 
by preventing cells from dividing, but 
recurrent cancers find a way to weaken 
these defenses.”

Working with nanotechnology experts at 
NJIT, Reginald Farrow, research professor 
of physics, and Alokik Kanwal, assistant 
research professor, they hope to provide 
the first experimental verification of the key 
role that these topological phonons play 
in many fundamental cellular processes, 
including cell division and movement.

In addition, based on the results of their 
study of microtubules and topological 
phonon edge modes, the research team 
will seek to predict and fabricate a new 
class of materials called topological 
phononic crystals, with applications ranging 
from energy-efficient solar cells, to sound 
deadening and amplification, to insulation.

Kanwal, Kyle Dobiszewski ’09, Ph.D. ’13, 
associate director of research initiatives 
for Albert Dorman Honors College, and 
John Palmieri ’17, a senior majoring in 
biomedical engineering, are co-authors of 
the article. n
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A little-understood biological 
property that appears to allow cell 
components to store energy on 

their outer edges is the possible key to 
developing a new class of materials and 
devices to collect, store and manage 
energy for a variety of applications, a 
team of researchers at NJIT and Yeshiva 
University has proposed.

In a paper published in Nature 
Communications, “Dynamical Majorana 
edge modes in a broad class of 
topological mechanical systems,” the 
researchers report the discovery of a large 
class of materials with such capabilities.

“Remarkably, we believe these 
properties may be present in many 
materials composed of dimers, a chemical 
structure in which two similar masses are 
linked to one another through a rigid, 
nearly unstretchable bond. Dimers make 
up the building blocks of many cellular 
components and so it appears that storing 
energy in this way is a strategy that a 
variety of cells use on a daily basis in many 
living organisms,” notes Camelia Prodan, 
associate professor of physics at NJIT and 
an author of the paper.

“This research could be used to 
explain cell behavior that is not yet fully 
understood,” she adds.
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