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A. Personal Statement 

My research seeks to create the full experimental cycle, in which one can measure and generate forces in the 
genomes of living cells, thereby gaining control over the input while detecting the response, and then perturb 
mechanical properties of the molecular constituents of the genome in situ to pinpoint their roles in directing the 
flow of mechanical energy across the genome. This technological platform will enable me to study in vivo 
mechanical signaling in the genome, with the long-term career goal to resolve the principles underlying the 
connection between mechanics and functional outputs of the genome. I am uniquely qualified to pursue the 
research proposed in this application, because my MS/PhD training was in the optics of semiconductor 
nanocrystals and microscopy, and, for my postdoctoral training, I transitioned to cellular biology to study the 
mechanics of chromosomes under the guidance of Dr. Nancy Kleckner, leading expert in chromosome biology.  

My doctoral studies focused on new optical properties which arise in an ensemble of anisotropic 
semiconductor nanocrystals as a result of their spatial alignment. After receiving a PhD, I joined an 
international research group led by Dr. Yurii Gun’ko where I studied chiral nanocrystals. My work uncovered 
that the product of conventional hot-injection colloidal synthesis is a racemate of left- and right-handed 
nanocrystal enantiomers (Citation [d]). This finding implies that, similarly to many drugs, constituent 
nanocrystal enantiomers should have profound differences in their biomedical properties. The method of 
enatioselective phase transfer that I developed in this project has been cited 199 times and reproduced by 
others (e.g. [Varga K et al., doi: 10.1021/acsnano.7b03555]).Towards the end of this period, I was the principal 
investigator of a group of 7 people, whose projects I formulated and guided. I also administered the projects 
(e.g. staffing, budget, reporting). We asked how ligand chemistry affects nanoscale chirality, implemented 
functional chiral nano/bio interfaces, and begun testing enantioselective cellular uptake of chiral nanocrystals. 
This work resulted in 4 peer-reviewed publications and 1 patent. Overall, my studies in the field of nanocrystal 
physics prior 2017 produced 7 peer-reviewed first-author publications. 

During my postdoctoral training at the Kleckner lab, I used fluorescence microscopy to investigate 
chromosomes from mechanical perspective. This project produced 3 peer-reviewed publications, in one of 
which I am the first co-author (Citation [c]). This work led me to appreciate that thinking of chromosomes as 
beautifully complex mechanical objects is fundamentally dependent on the existence of an instrument for 
measuring forces acting within chromosomes in living cells. Hence, I relied on my significant experience in 
nanotechnology to develop two in vivo force nanoprobes, both producing optical readout but through very 
different physical mechanisms. The development of the nanoprobes involved basic physical research which 
produced a first-author publication in the peer-reviewed journal (Citation [b]). For this work, I took 3 months of 
training in the laboratory of Dr. Paul Alivisatos at UC Berkeley whose group is a world expert in nanocrystal 
physics. My training included performing colloidal hot-injection synthesis of the nanocrystals. I also opted to 
take a course on chromosome biology taught by Dr. Kleckner at Harvard University. My role at the Kleckner lab 
also involved building a microscopy system with custom hardware and software (Citation [a]), which turned into 
a “workhorse” of the lab.  



In summary, I have the expertise, leadership, training, and motivation necessary to successfully carry out the 
proposed research project. Also, I would like to note that in 2022 my career was on pause for a maternity 
leave.  

Ongoing support that I would like to highlight includes: 
1R35GM156895 Mukhina (PI) 
National Institutes of Health / NIGMS 
In Situ Force Mapping to See Mechanical Communication in Action in Genomes of Living Cells 
The goal of this project is to develop force nanoprobes for measuring forces in living cells and then to use 
these nanoprobes to elucidate how highly heterogeneous 3D organization of the genome promotes and 
censors the generation, accumulation, and redistribution of forces. 
Role: PI 

Research Startup Fund Mukhina (PI) 
University of Maryland, College Park 
Research Startup Funds 
The purpose of this grant is to facilitate the establishment of PI’s research program, it is provided in equal 
parts by the Department of Physics and the University of Maryland, College Park.  
Role: PI 
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B. Positions, Scientific Appointments and Honors 

Positions and Scientific Appointments 
2024 -  Assistant Professor of Physics, University of Maryland, College Park, MD, USA 

2018 - 2019 Visiting Researcher, University of California, Berkeley, CA, USA 

2015 - 2015 Visiting Researcher, University of Manchester, UK 

2014 - 2016 Research Associate, Center of Information Optical Technologies, ITMO University, Russia 

2014 - 2014 Visiting Researcher, Trinity College Dublin, Ireland 

Honors 
2015 - 2016 The Scholarship of the President of the Russian Federation for Young Scientists and Graduate 

Students, National Council for the Support of Young Scientists of Russia 

2015 - 2016 ITMO Grant for Young Scientists, ITMO University 

2015 - 2015 Researcher Links Travel Grant, British Council 

Other Experience 

Reviewer for the following peer-reviewed journals: 



Nano Letters, ACS Nano, Science Advances, Chirality, Journal of Materials Chemistry C, Journal of 
Physical Chemistry, Chemistry of Materials, Nano Research, Analytica Chimica Acta, Materials 
Advances, Scientific Reports, Laser and Photonics Reviews, Advanced Optical Materials 

C. Contribution to Science 

1. Micron-scale mechanical stress patterns coincide with onset of segregation in mitotic 
chromosomes. Cells employ multiple levels of organization to compact 2 m of DNA constituting a diploid 
human genome into the cell nucleus. Naturally, this process can be expected to lead to an emergence of 
complex mechanics. As a postdoc at the Kleckner lab, I participated in the work, which elucidated the 
output of mitotic chromosome segregation in connection to the mechanical deformations arising within 
DNA and DNA-binding proteins, a point of view that remains quite unique in the field. Using conventional 
fluorescence microscopy, my co-authors showed that segregation of mitotic chromosomes is closely 
follows the onset and progression of micron-scale mechanical patterning in both chromatin and the protein 
axes tightly connecting sister chromosomes. I provided a mathematical definition to these mechanical 
patterns, identifying them as multiple helical perversions (Citation [b] below). These patterns indicate the 
presence of chromosome-wide mechanical communication and hint at its roles in genome function. 
Overall, this work introduces new framework of thinking about mechanical effects in chromatin, which occur 
on the scales way larger than the size of individual constituent proteins, and as such inherently insensitive 
to local biochemical alterations in chromatin and, thus, purely mechanical in nature. 

The results described above have proven that conventional fluorescence microscopy can be a valuable 
tool to study the morphology of chromosomes, which is likely shaped by the mechanical stress. 
Nonetheless, this method can only produce indirect evidence for the existence of in vivo mechanical 
effects, as it does not provide mechanical readout. This realization inspired me to develop the nanoprobes 
that enable measuring in vivo forces with a nanoscale precision and across length scales ranging from 
nanometers to microns. Two strategies that I am developing are described in Contributions 2 and 3. 

a. Chu L, Zhang Z, Mukhina M, Zickler D, Kleckner N. Sister chromatids separate during anaphase in a 
three-stage program as directed by interaxis bridges. Proc Natl Acad Sci U S A. 2022 Mar 
8;119(10):e2123363119. PubMed Central PMCID: PMC8915976.  

b. Chu L*, Liang Z*, Mukhina MV*, Fisher JK, Hutchinson JW, Kleckner NE. One-dimensional spatial 
patterning along mitotic chromosomes: A mechanical basis for macroscopic morphogenesis. Proc Natl 
Acad Sci U S A. 2020 Oct 27;117(43):26749-26755. PubMed Central PMCID: PMC7604413. 
*These authors contributed equally to this work 

c. Chu L, Liang Z, Mukhina M, Fisher J, Vincenten N, Zhang Z, Hutchinson J, Zickler D, Kleckner N. The 
3D Topography of Mitotic Chromosomes. Mol Cell. 2020 Sep 17;79(6):902-916.e6. PubMed Central 
PMCID: PMC7502541. 

2. Discovery of the nanoscale mechanism of mechanoluminescence in ZnMnS that opens a pathway 
to intracellular mechanoluminescent force nanoprobes. In mechanoluminescence (ML), a crystal 
deformed as a result of force application produces photons, thus serving as a force sensor with a direct 
optical readout. To implement the ML nanoprobes, I first needed to explore ZnMnS, a material, which I 
identified as a promising candidate for the ML sensor. For this work, I first spent 3 months in the laboratory 
of Prof. Paul Alivisatos at UC Berkeley whose group is a world expert in nanocrystal synthesis. This work 
led me to appreciate that the mechanism of ZnMnS ML, while widely discussed, was in fact unclear and 
that further understanding was required for successful use of this material. Upon returning to Harvard, I 
carried out studies of ML in single ZnMnS microparticles, which identified stacking faults, a nanoscale 
structural defect, as vital for ML in this material (Citation [a] below). This finding resolved fundamental 
paradoxes in the field. I concomitantly showed that this ML operates at excitation pressures between 0.2 
and 47 pN/nm2, i.e. in the range of intracellular forces. With this knowledge in hand, I have engaged in a 
collaboration with Raymond Schaak laboratory to synthesize nanorods small enough for in vivo use and 
having the stacking faults that I predicted to be essential for ML. I then used a single-particle correlational 
AFM and optical microscopy to show that these nanorods do indeed exhibit exceptionally bright ML, with 
45-fold increase over analogous nanocrystals without stacking faults, thus setting the stage for disruptive in 
vivo force sensing technology, free from autofluorescence background and phototoxicity. 



a. Mukhina MV, Tresback J, Ondry JC, Akey A, Alivisatos AP, Kleckner N. Single-Particle Studies Reveal 
a Nanoscale Mechanism for Elastic, Bright, and Repeatable ZnS:Mn Mechanoluminescence in a Low-
Pressure Regime. ACS Nano. 2021 Mar 23;15(3):4115-4133. PubMed Central PMCID: PMC7995957. 

b. Mukhina M, Young H, McCormick C, Butterfield A, Schaak R, Kleckner N. Nanoscale 
mechanoluminescence excitation in faulted ZnMnS nanorods. ACS Nano, under review. 2025. 

3. DNA-origami based nanoprobes for real-time force mapping in genomes of living cells. 
Complimentary to the ML nanoprobes, I utilized well-established DNA origami technology to create 
dynamic DNA nanostructure, which reports applied force by switching between the open and closed states 
with different cumulative color of photoexcited luminescence. I have demonstrated that these nanoprobes 
can be covered with protective polymer coating for in vivo stability and delivered to the nucleus via 
microinjection or electroporation assisted by Nuclear Localization Signal (NLS) peptides. I then used 
CuAAC click chemistry to attach the origami force nanoprobes to nuclear DNA non-loci-specifically to 
produce a micron-scale map of compressive forces with a nanoscale precision (~ 100 nm, the size of the 
probe). The results of this project have been presented at the APS annual meeting and are being prepared 
for publication. 

a. Mukhina M, Tsai V, Gromova Yu, Kleckner N. In Situ Observation of Compressive Forces Experienced 
by DNA Loci in the Nucleus of Living HeLa Cell. APS Global Summit; 2025 March 20. 

4. Microscope with custom hardware and software for fast imaging and mechanical stimulation. 
Concomitant with the nanoprobe studies, I built an optical microscopy system with the capacity to integrate 
7 automatic controls (x, y, z, time, wavelength, multiple xy locations, mechanical deformation). Custom 
software and hardware allow to apply mechanical deformation and record induced optical response with 
sub-millisecond temporal resolution of 1580 fps. The software package alongside the design files for the 
microscope controller are made publicly available through publishing in GitHub repositories (Citation [a]). 
The above setup had been used to obtain recordings of a single mechanoluminescence pulses 
(Contribution 2 above) with temporal resolution of 633 µsec, thus providing direct evidence that the 
mechanoluminescence was emitted from stacking faults (Fig. 4 of Citation [b] below). 

a. Mukhina M, Chang F, Kleckner N. ScopeScript: Fast Matlab Microscope with Custom Hardware 
Controller. Cambridge, MA, USA: GitHub; 2022 November. DOI: 10.5281/ZENODO.10516520 

b. Mukhina MV, Tresback J, Ondry JC, Akey A, Alivisatos AP, Kleckner N. Single-Particle Studies Reveal 
a Nanoscale Mechanism for Elastic, Bright, and Repeatable ZnS:Mn Mechanoluminescence in a Low-
Pressure Regime. ACS Nano. 2021 Mar 23;15(3):4115-4133. PubMed Central PMCID: PMC7995957.  
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