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Tunable Elliptical Cylinders for Rotational Mechanical Studies of Single 
DNA Molecules

CNF Project Number: 1738-08

Principal Investigator(s): Michelle D. Wang
User(s): Yifeng Hong

Abstract:
The angular optical trap (AOT) is a powerful 
technique for measuring the DNA topology and 
rotational mechanics of fundamental biological 
processes. Realizing the full potential of the AOT 
requires rapid torsional control of these processes. 
However, existing AOT quartz cylinders are 
limited in their ability to meet the high rotation 
rate requirement while minimizing laser-induced 
photodamage. In this work, we present a trapping 
particle design to meet this challenge by creating 
small metamaterial elliptical cylinders with tunable 
trapping force and torque properties. The optical 
torque of these cylinders arises from their shape 
anisotropy, with their optical properties tuned 
via multilayered SiO2 and Si3N4 deposition. We 
demonstrate that these cylinders can be rotated at 
about three times the rate of quartz cylinders without 
slippage while enhancing the torque measurement 
resolution during DNA torsional elasticity studies. 
This approach opens opportunities for previously 
inaccessible rotational studies of DNA processing.

Summary of Research:
We have achieved our goal by creating smaller 
elliptical cylinders with tunable trapping force 
and torque properties1. Instead of using optical 
birefringence for optical torque generation 
as with the quartz cylinders, these elliptical 
cylinders experience an optical torque via their 
shape anisotropy because the major axis of their 
elliptical cross-section tends to align with the 
laser’s linear polarization (Fig. 1, A and B). These 
cylinders are made of a metamaterial that affords 
an effective index of refraction higher than quartz 
via alternating layers of SiO2 and Si3N4 (Fig. 1C).

We optimized the optical force, torque, and trapping stability 
by tuning the size, shape, and composition of these particles 
via an established COMSOL simulation platform1,2. Then, 
we nanofabricated the metamaterial elliptical cylinders with 
the targeted dimensions obtained from simulations via a top-
down, DUV lithography-based process (Fig. 2A). The liftoff 
method for cylinder collection resulted in more uniform 
metamaterial elliptical cylinders with ~ 4-times volume 

Figure 1: Operational principle of a metamaterial elliptical cylinder in 

metamaterial.
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reduction compared with the conventional quartz 
cylinders (Fig. 2, B and C).
We validated the trapping properties of these 
nanofabricated metamaterial elliptical cylinders with 
the AOT. We showed that our metamaterial elliptical 
cylinders can generate a maximum force and a maximum 
torque comparable to the quartz cylinders (Fig. 3, A and 
B). In addition, we measured the rotational motion of 
metamaterial elliptical cylinders and found they show a 

resulted in ~ 3- times faster cylinder rotation rate without 
slippage (Fig. 3B).

 of the metamaterial elliptical 

noise ratio (SNR) in the torque measurement of a DNA 

of a DNA molecule, which was experimentally validated 
via the DNA torsional measurements (Fig. 4, A, B, and 
C).

Conclusions and Future Steps:
We demonstrated, both theoretically and experimentally, 
that our small-size biocompatible metamaterial elliptical 
cylinders can permit cylinder rotation about three 
times the rate of the quartz cylinders while providing 
high force and torque for DNA torsional mechanics 
studies with enhanced torque resolution. Moreover, our 
methodology offers versatility in tuning the refractive 
index, shape anisotropy, and cylinder size to optimize 
the trapping properties. We anticipate that using these 
cylinders can enable previously inaccessible rotational 
studies of DNA-based biological processes. 

References:
[1] Hong, Y.; Ye, F.; Gao, X.; Inman, J. T.; Wang, M. D. Tunable

Elliptical Cylinders for Rotational Mechanical Studies of

[2] Hong, Y.; Ye, F.; Qian, J.; Gao, X.; Inman, J. T.; Wang, M.
D. Optical Torque Calculations and Measurements for DNA 

.
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performs crucial tasks in enzymatic processes, 
protein structure formation, and transcriptional 
control (2,3). When zinc concentrations become 

microbial communities, leading to detrimental health 

microorganisms have evolved sophisticated molecular 

surroundings while simultaneously expelling surplus 
amounts to avoid cellular damage. Bacterial cells 
control these export mechanisms by regulating the 
production of transport proteins through metal-sensitive 
transcriptional controllers. These regulatory elements 
monitor intracellular metal ion concentrations, directing 
cellular processes toward optimal metal balance. This 
research aims to investigate and measure zinc ion 
(Zn²+) management within microbial communities, 
illuminating how single bacterial cells contribute to 
maintaining metal equilibrium across entire populations. 
We selected Escherichia coli as our experimental model 
to examine the intricate mechanisms of community-
based zinc regulation. The inherent mobility of E. 
coli and its weak surface adhesion properties create 
obstacles for extended microscopic observation studies. 

elegant solution by creating controlled experimental 

nutrient delivery and have proven successful in long-

cultivation chambers. The depth of these cultivation 

E. coli cell diameter (approximately 1 micrometer),
enabling effective bacterial colony containment.

Communities

CNF Project Number: 1844-09

Principal Investigator(s): Peng Chen
User(s): Felix Alfonso

Abstract:
Bacterial organisms have developed sophisticated 
biochemical mechanisms to absorb vital nutrients from 
their surroundings while expelling surplus materials 
to avoid toxic accumulation. This research seeks to 
understand how single microbial units contribute to 
maintaining metal equilibrium within larger bacterial 
populations. To accomplish this objective, we created 

cultivation of Escherichia coli colonies in carefully 
designed microscopic compartments. The size of these 
compartments was deliberately calibrated to match 
E. coli cell dimensions, creating controlled spatial
restrictions that serve as a fundamental component

platforms utilized in this work provide sophisticated
environmental regulation  capabilities, offering
exceptional opportunities to examine and comprehend
microbial behavior. Through this technology, we
could examine in detail how these microscopic
bacterial communities maintain equilibrium in their
zinc metabolism processes. We utilized cutting-edge
genetic engineering methods to develop E. coli variants
containing luminescent protein indicators. This
specialized genetic alteration enabled the observation
and measurement of the activity of genes associated
with complex ion transport systems, particularly

comprehension of microbial communities and their
environmental relationships.

Summary of Research:
As an essential trace element, zinc plays a critical role 
in the survival of all life forms (1). This micronutrient 
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with FOTS for easy PDMS removal. Completed devices 
are bonded to coverslips, loaded with bacterial cells, and 
imaged using appropriate microscopy equipment.

References:

[2] S. Tan, D. Guschin, A. Davalos, Y.-L. Lee, A. W. Snowden,
Y. Jouvenot, H. S. Zhang, K. Howes, A. R. McNamara, A.
Lai, C. Ullman, L. Reynolds, M. Moore, M. Isalan, L.-P.
Berg, B. Campos, H. Qi, S. K. Spratt, C. C. Case, C. O. Pabo,

[3] C. Andreini, I. Bertini, in Encyclopedia of Metalloproteins

[4] S. R. Gordon, S. Vaishnava, Zinc supplementation modulates

Gut Microbiota Composition and Function. Proc.AMIA Annu. 

K.-E. Jaeger, D. Kohlheyer, T. Drepper, Comparative Single-
Cell Analysis of Different E. coli Expression Systems during 

In Figure 1, we can observe a single layer of E. coli 

marking indicates the chamber boundary, within which 
support pillars are positioned to prevent structural 
collapse while serving as reference points for distance 

measurements from the pillar to the chamber opening. 

concentration. The resulting curve displays initial 
S-shaped kinetics followed by sharp increases in later
time periods (Figure 2). By utilizing spatial coordinates
from the reference markers, we can organize our data
according to distance from the channel entrance,
providing insights into how gene expression varies
with spatial position. This visualization is achieved
through a two-dimensional histogram plotting distance
(y-axis) versus time (x-axis) with concentration values

enables comprehensive spatial-temporal analysis of

establishing a foundation for understanding metal
homeostasis mechanisms and developing therapeutic
strategies that target bacterial metal regulation systems.

nanofabrication. Silicon wafers are cleaned with 
piranha solution, coated with photoresist, and patterned 

Oxford Cobra ICP Etcher. Channels are formed via 
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Microfabricated Nanogrooves to Promote in Vitro Muscle Fiber 
Differentiation and Maturation

CNF Project Number: 2065-11

Principal Investigator(s): Jan Lammerding
User(s): Eitan Jentis, Maggie Elpers, Sarah Henretta, Anna Hazelwood

Abstract:
Muscular dystrophy encompasses a group of devastating 
diseases affecting skeletal muscle in young children 
and resulting in reduced mobility and premature death. 
Gaining a better understanding of the underlying disease 
mechanism is crucial for developing effective therapies, 
which are currently lacking. One challenge in studying 
the pathogenesis of muscular dystrophies is that common 
in vitro models based on the differentiation of skeletal 
muscle stem cells (myoblasts) do not match the form and 
function of skeletal muscle tissue in vivo, including the 

myoblasts on nanostructured surfaces that provide 
physical cues for the differentiating muscle cells has 
been shown previously to promote the formation of 

demonstrate the use of microfabricated silicon wafers 
that serve as molds to generate polydimethylsiloxane 

nm deep nanogrooves. These PDMS substrates, when 
coated with Matrigel extracellular matrix, enable the 
differentiation of primary mouse myoblasts into mature 

now using as a model system to study Emery-Dreifuss 
muscular dystrophy and other muscle diseases caused 
by mutations in the LMNA gene.

Summary of Research:
Mutations in the LMNA gene, which encodes the 

cause Emery-Dreifuss muscular dystrophy, congenital 
muscular dystrophy, and dilated cardiomyopathy. 

tissue, most LMNA mutations primarily affect striated 
muscle, i.e., skeletal and cardiac muscle. Both the 

defects and the pathobiology of the disease remain 
incompletely understood, presenting a major obstacle 
in the development of effective therapies. While animal 
models for these diseases are available, they are limited 
in their ability to allow detailed cell and molecular 
level observations of the disease progression, which is 
required to identify pathogenic mechanisms. In vitro 
models, on the other hand, are well suited for imaging 
but do not capture the structure and function of mature 
muscle tissue, limiting their usefulness. To overcome 
this challenge, we developed PDMS-based in vitro cell 
culture substrates with nanostructured ridges that are 

nm wide gaps, to resemble in vivo tissue architecture 
and promote muscle cell differentiation and alignment.

cast the nanostructured PDMS substrates (Figure 1). 

stepper to imprint the pattern into the photoresist layer. 

Etcher, removing silicon in the regions not covered by 
photoresist. After etching, the remaining photoresist is 

the wafer to prevent PDMS from sticking, thus making 
the wafer suitable as a mold to cast thin sheets of PDMS 

desired dimensions of the ridges on the silicon wafer 

microscopy (Figure 2). Subsequently, PDMS is spin-
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coated onto the silicon wafer and cured by baking 

removed from the wafer and coated with Matrigel, 
an extracellular matrix molecule that supports 
muscle cells in vivo. Primary mouse myoblasts are 
cultured on the nanostructured PDMS substrate 

starting one day after plating. We use an Airyscan 

and assess their alignment and maturity based 
on their sarcomeric structures. Figure 3 shows a 
representative image of wild-type muscle cells 

the characteristic striated sarcomere patterning and 

Having established this experimental platform, we 
are now using it to compare LMNA mutant and 
wild- type muscle cells and determine the molecular 
mechanism responsible for the muscle defects. 
In addition to promoting muscle differentiation 

enables us to apply mechanical strain to the muscle 

LMNA mutant muscle cells are more sensitive to 
mechanical stress, which could explain the muscle-

Taken together, this application illustrates new 
uses of the available nanofabrication technologies 
to create improved in vitro models to study normal 
muscle differentiation and muscle disease.
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Biomolecules

CNF Project Number: 2158-12

Principal Investigator(s): Lois Pollack
User(s): Scout Fronhofer

Abstract:

molecules. These silicon and glass devices improve 
upon our previous design by allowing the CNF-

time-resolved studies of interactions between biological 
molecules such as nucleic acids and proteins.

Summary of Research:

molecules including single-stranded nucleic acids. One 

(FCS) which can provide information about the size 
and interactions of molecules in solution by measuring 

labeled molecules in solution as they diffuse in and out 
of a laser confocal volume [1]. Another useful technique 
is Förster resonance energy transfer (FRET), which takes 
advantage of the distance dependence of energy transfer 

intra-molecular distances. At the single molecule level, 
these measurements provide insight into the dynamics 
and distribution of conformations in heterogeneous 
samples such as disordered single-stranded RNA [2]. 

of these experiments, where a biological interaction 
is initiated and probed as a function of time as the 

Here we describe the fabrication of durable, reusable 

terms of the techniques we can use and the biological 

systems we can investigate. The design is based on 
our previously established protocol for fabricating 

mixers depending on the properties of the system being 

with a water immersion objective lens. The fabrication 
process, outlined in Figure 1, consists of several steps 
making use of the photolithography, etching, and 
bonding tools at the CNF. First, a layer of silicon dioxide 
is deposited onto a silicon wafer using the Oxford 
PECVD tool. This oxide layer serves as a hard mask for 
deep etching of the silicon. Next, a layer of photoresist 
is spun and baked onto the wafer before being exposed 
through a mask using the ABM contact aligner. After 
developing to remove the exposed photoresist, we etch 
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silicon using the Unaxis deep silicon etcher, creating channels 

Finally, the bonded wafers are diced into 1 cm x 1 cm chips. 

channel, sealed on four sides and open on the ends to allow 

chip are shown in Figure 2.

The simplicity of the design means that the mixer upstream 

Depending on the sizes of the biological molecules being 
mixed and the timescales of interest, a suitable mixer can 

measurements are recorded. For example, a system in which 
a small molecule is reacting with a large molecule might 
employ a coaxial diffusive mixer, while fast mixing of two 
large molecules requires a different method of mixing such as 
chaotic advection in a 3D printed mixer [4].

Conclusions and Future Steps:

biological molecules. Future experiments will use these 
devices to investigate systems such as nucleic acid-protein 
and nucleic acid-nucleic acid interactions. These experiments 
will complement the structural information that can be 
obtained from other techniques, particularly x-ray scattering.

References:

[2] Wang, Tong, et al. "Sequence-dependent
conformational preferences of disordered single-

to Re-Engineer Functional RNA Elements Using 

[4] Zielinski, Kara A., et al. "Chaotic advection mixer
for capturing transient states of diverse biological
macromolecular systems with time-resolved small-
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Metabolic Labeling of Mucin-Induced Extracellular Vesicles Isolated from 
Suspension-Adapted Cell Culture

CNF Project Number: 2272-14

Principal Investigator(s): Matthew Paszek
User(s): Erik Chow

Abstract:
Extracellular vesicles (EVs) are lipid-membrane-
bound secreted nanoparticles which transport 
DNA, RNA, and proteins between cells and 
therefore have great potential as tools for disease 

the glycocalyx in EV biogenesis and function is 
largely unexplored, and the capacity to effect 
EV production and properties through rational 
manipulation of the glycocalyx remains poorly 
understood. We have previously demonstrated 
that overexpressing the transmembrane mucin 
glycoprotein Muc1 in the glycocalyx drives EV 

inherent EV Muc1 biopolymer coatings as a proof-
of-concept for engineering EVs with designed 
molecular payloads.

Summary of Research:
Extracellular vesicles (EVs) have rapidly garnered 
attention in biomedical engineering research for 
their ability to transport DNA, RNA and proteins, 
making them promising candidates as tools for 
disease diagnosis and treatment. The glycocalyx 
is a polymer meshwork of proteins, nucleic acids, 
and glycans which governs numerous intercellular 
interactions, but its role in regulating EV biogenesis 
and function remains poorly understood. It has been 
previously shown that engineering the glycocalyx 
via the overexpression of mucin can result in 
membrane morphologies which are favorable for 
the formation of EVs1. This report summarizes 
research from the last year characterizing “mucin-
induced” EVs isolated from suspension-adapted 

bio-orthogonal labeling of EV mucin coatings 

were genetically engineered to express tetracycline-inducible 
Muc1 biopolymer. To induce Muc1 overexpression, cells 

Additionally, N-azidoacetylgalactosamine (GalNAz) was 

�
media was then harvested, and the EVs were isolated by 
PEG-enrichment according to an existing protocol2. EVs 
from non-induced cells and EVs from induced cells lacking 
GalNAz were used as negative controls. EV particle size 
and concentration were measured by nanoparticle tracking 

Expression of cell-surface Muc1 biopolymer in induced 

microscopy (Fig 1A). Notably, pearling membrane structures 
were observed similar to those previously reported on 

surface Muc1 could have a similar effect on EV secretion 
in different cell types (Fig 1B). Indeed, EV secretion was 
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cells compared to non-induced control (Figure 
2A). Additionally, Muc1 expression resulted in 
a modest increase in median EV hydrodynamic 
diameter, consistent with Muc1 biopolymer 
coatings on the surfaces of mucin-induced EVs 
(Figure 2B). Metabolic incorporation of GalNAz 
into the glycans of EV Muc1 biopolymer coatings 

GalNAz incorporation were treated with DBCO-

reporter to EVs containing GalNAz in their Muc1 
surface coatings. Lysates from metabolically 
labeled and click-conjugated EVs were run on 

EV lysates, and further demonstrated successful 

with GalNAz (Figure 3).
 

Conclusions and Future Steps:
These studies reinforce the role of the glycocalyx 
in EV secretion by demonstrating that the 
glycocalyx mucin Muc1 drives EV secretion in 
different cell types. These mucin-induced EVs 
carry innate mucin biopolymer surface coatings. 
EV mucin coatings can be further engineered 
using a combination of endogenous and 

as demonstrated by the successful bio-orthogonal 

metabolically labeled EVs.

References:

Membrane Shape Regulation by the Glycocalyx. 

Glycol-Based Method for Enrichment of Extracellular 



12 Cornell NanoScale Facility

B
IO

LO
G

IC
A

L 
A

P
P

LI
C

A
TI

O
N

S

Platform for Live Cells Infrared Chemical Imaging

CNF Project Number: 2472-16

Principal Investigator(s): Gennady Shvets
User(s): Dias Tulegenov, Steven Huang

Abstract:
Our group has been developing infrared spectroscopy 
and microscopy for live cells analysis by engineering 
nanostructured antennas on infrared transparent 
materials and coupling antenna resonances to molecular 
vibrations. The standard techniques and materials 

antenna made of gold) used in our device are not 

CMOS incompatible metals. In this report, we focus on 

in previous studies with a silicon wafer.

Summary of Research:
Infrared (IR) spectroscopy is a common non-destructive, 
label-free technique to identify chemical substances. 
Previously, we have demonstrated devices (MEIRS 
[1], 3D-ITS [2], 3D-MEIRS [3]) which are based 
on coupling plasmonic resonances of nanoantennas 
to molecular vibrations of chemical components. 
This allows us to monitor live cell activities such as 
intracellular activities, cholesterol depletion and cell 
adhesion. Additionally, by using a mid-IR quantum 
cascade laser (QCL) light source, our group designed a 
laser-scanning inverted confocal microscope. The QCL 
emission is focused on a diffraction-limited spot and 
scanned across the metasurface through movement of 
a motorized microscope stage. A liquid-nitrogen-cooled 
mercury-cadmium-telluride (LN-MCT) mid-IR detector 

we utilized this technique to study metabolic cell 

II and lipids (Figure 1) clearly show the high surface 
sensitivity of our device.

However, the current substrate (CaF2) is very fragile and 

typically used for drug discovery studies. This work 
focuses mostly on replacing CaF2 with a simple silicon 
wafer with an oxide layer.
The device is made of gold nanoantennas on a double-
side polished 4-inch Si wafer with a silicon dioxide 
spacer. First, the RCA cleaned silicon wafers were 

pattern nanoantennas, a thin layer of PMMA was 
spin-coated followed by the e-beam exposure with 

backside of the substrate to focus IR light, back etched 
marks located exactly under the metasurface arrays were 

overnight. Schott IR inspector was used to observe both 
sides of the wafer, top side having metasurfaces and 
bottom one having marks (Figure 2).
The metasurfaces are then brought to the lab where we 
culture cancer cells on top of them and acquire images 
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and spectrum. Figure 3 shows the IR spectra of cells 
in newly fabricated metasurface. The absorbances 
magnitudes (vibrational contrast) of amide peaks 
are comparable to our previous designs, thus 
making it possible to replace fragile and expensive 
CaF2 with an unexpensive and easy to make SiO2- 
on-Si substrates.

Conclusions and Future Steps:
TWe have demonstrated that our plasmonic 
metasurface-based devices can also be made with 
simple Si unlike a standard IR-transparent CaF2 
which paves the way for scaling up. We plan to 
replace expensive e-beam lithography with cheaper 
and more scalable photolithography (e.g. ASML 
DUV stepper) for metasurface patterning to large-
area microplates. Plus, gold is not a compatible 
CMOS metal, so we also envision to consider 
different metals like Ti or Al.

References:
[1] Huang, S. H. et al. Metasurface-enhanced infrared

spectroscopy in multiwell format for real-time assaying

[2] Mahalanabish, A. Huang, S. H. Shvets, G. Inverted

[3] Mahalanabish, A., Huang, S. H., Tulegenov, D., and
Shvets, G. Infrared Spectroscopy of Live Cells Using
High-Aspect-Ratio Metal-on-Dielectric Metasurfaces,

[4] Huang S. H., Shen, PT., Mahalanabish, A., Sartorello,
G., Li, J., Liu, X., and Shvets, G. Mid-infrared
chemical imaging of living cells enabled by plasmonic

quantum cascade lasers and plasmonic metasurfaces to 
monitor de novo lipogenesis with vibrational contrast 
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Circulating Extracellular Vesicles and Physical Stress in ME/CFS

CNF Project Number: 2590-17

Principal Investigator(s): Maureen R. Hanson
User(s): Ludovic Giloteaux

Primary Source(s) of Research Funding: NIH U54
Contact: mrh5@cornell.edu, lg349@cornell.edu
Research Group Website: https://neuroimmune.cornell.edu/research/vesicles-and-signaling/
Primary CNF Tools Used: Malvern NS300 NanoSight

Abstract:

illness that affects millions in the United States. 

cognitive impairment, unrefreshing sleep, and post- 
exertional malaise (PEM), a worsening of symptoms 
following physical or mental exertion. Growing 
evidence suggests that extracellular vesicles (EVs), 
membrane-bound particles released by all cells, play a 
role in mediating intercellular communication and may 
contribute to disease pathology. In this project, we used 

Analysis (NTA) system to measure concentration 

and matched controls across multiple time points 
surrounding a cardiopulmonary exercise test (CPET). 

assess physiological responses to exercise but also to 
normalize downstream EV cargo analyses, including 

RNA-based studies.

Summary of Research:

to characterize EV populations in plasma samples 

healthy controls. Blood samples were taken before, 
shortly after, and 24 hours following a CPET. EVs 
were isolated using standardized protocols to ensure 
consistency across samples.
Nanoparticle tracking analysis was performed to 
determine the concentration of EVs in each sample. 
The resulting data (Figure 1) demonstrate that there is 

was observed in both groups shortly after CPET. This 

was followed by a marked decrease in EV levels during 
the recovery phase (24 hours post- exercise), suggesting 
dynamic regulation of EV release in response to physical 
exertion in both healthy and diseased states.

to normalize EV input for multiplex surface marker 

analysis. This normalization step is crucial for ensuring 
meaningful biological comparisons across subjects and 
time points.

Conclusions and Future Steps:

after exercise and subsequently decline during recovery 

responsive EV dynamic highlights the utility of NTA 
for identifying physiologically relevant changes and 
enabling normalization across sample sets. Ongoing 
studies are expanding the dataset with additional 
subjects to improve statistical power. Future work will 
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focus on integrating surface protein signatures from 

cargo analysis, allowing us to correlate EV content 

CFS. These efforts aim to uncover biomarkers of PEM 

ultimately improving our understanding of disease 
mechanisms and therapeutic targets.

References:
[1] Giloteaux Ludovic and Maureen R. Hanson. Post-exercise

changes in mitochondrial DNA of extracellular vesicles in

presentation by L. Giloteaux at the International Society of
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Broadband Electrical Impedance Spectroscopy of Single Cells for Viability 
Assessment

CNF Project Number: 2827-19

Principal Investigator(s): Alireza Abbaspourrad
User(s): Amirhossein Favakeh, Amir Mokhtare, Mohammad Javad Asadi, James C. M. 

Hwang

Abstract:
Single-cell analysis plays an important role in 
disease diagnosis. However, many characterization 
methods are labor-intensive, costly, and time-
consuming. Electrical impedance spectroscopy 
(EIS) offers a label-free, non-invasive method for 
probing the biophysical characteristics of cells and 
assessing their viability. Here, we have designed 
and fabricated a coplanar waveguide (CPW) 

capture a single cell between the gaps of the CPW 
electrodes. By sweeping the frequency from low 

successfully extracted the cellular bilayer electrical 
properties in real-time monitoring and assessed the 
cell viability through modeling each layer of the 
cell with a suggested electrical equivalent circuit.

Summary of Research:

Mask Writer. Then, we patterned the design using 

of the fused silica wafer. After developing with 

gold) were deposited onto the substrate using an 
electron beam evaporator. This was followed by 
a lift-off process to remove unwanted metal and 
remaining photoresist (Figure 1b).

baking, exposure was done using the ABM contact aligner, 

We then hard-baked the pattern. Afterward, the PDMS was 

for 2 hours. Next, we peeled the PDMS off and bonded the 

a leak-proof seal. Finally, the CPW input and output were 
terminated with SMA coaxial connectors (Figure 1c).

The platform was connected to the vector network analyzer 

sucrose solution were injected through the microchannel for 
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the CPW gap (Figure 2a). With EIS, most of the electric 

probed the cell's intracellular properties. Using a two-
port measurement, we measured both the membrane and 
cytoplasm electrical properties, and we assessed cell 
viability through scattering (S) parameter measurement. 

S-parameters to the proposed equivalent circuit for the
cell (Figure 2b) via Advanced Design System (ADS)
software.

Conclusions and Future Steps:
We introduced a high-throughput electrical-impedance 

intracellular electrical properties of single cells. It can 
distinguish cell viability at high frequencies (3 GHz), 
where cytoplasm capacitance is dominant. The system 
enables real-time differentiation between live and dead 
cells with high accuracy, demonstrating a cytoplasmic 

fast, accurate, non-invasive, and label-free, enabling 
real-time monitoring of single cells. It can be used 

including mammalian and reproductive cells, for precise 
single-cell analysis. Future work will focus on EIS 
measurements of oocytes using this platform to select 
the best oocyte candidate for assisted reproductive 
technology (ART) purposes.

References:
[1] A. Favakeh, A. Mokhtare, M. J. Asadi, J. C. M. Hwang and A.
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CNF Project Number: 2827-19

Principal Investigator(s): Alireza Abbaspourrad
User(s): Ali Karimi

Abstract:
Successful fertilization depends on sperm 
navigating the complex, dynamic female 

bovine sperm migration under two levels of 
structural and hydrodynamic complexity. First, we 
examined rheotactic swimming through tapered 

experiments revealed a novel behavior, rotary 
rheotaxis, where sperm follow stable, curved 

structure interaction understanding and assisted 
reproduction technologies.

Summary of Research:
Spermatozoa transverse through and interact with 
the female reproductive tract (FRT) where they are 
exposed to a complex microenvironment on their 
way to the oocyte. Rheotaxis is the reorientation 

conventional soft lithography technique. We used 
bovine sperm as a model for mammalian sperm.
During their journey in the female reproductive 
tract (FRT), sperm interact hydrodynamically 
with complex microstructures formed by the 
epithelial surfaces of the fallopian tubes. Spatial 
heterogeneity and muscle contractions cause 
spatiotemporal geometry changes. Although 
several studies simulate the FRT using simple 

sperm passage channels, none clarify how geometry 
alterations affect upstream sperm navigation. Previous work 
showed gate-like behavior of strictures in sperm migration. 
We systematically studied how barrier geometry affects sperm 

sperm passage. As shown in Fig. 1(h), accumulation at the 

under the same shear rate.
We observed that sperm interact and cooperate while passing 
through the barrier port, forming train-like groups (Fig. 

synchronization in the high-shear port enhances swimming 

into the upstream reservoir as shear decreases. To quantify 
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The SUN chip processes raw bull semen at various 

average path velocity (VAP) than raw semen (Fig. 4(b)). 
Amplitude of head oscillation (ALH) and beat cross 

rates, indicating more progressive sperm behavior under 

1) and outer (r2

The correlation function C(r), calculated across distance 
and time, captures the spatiotemporal dynamics of 
sperm cooperation (Fig. 2(b)).
We demonstrated that sperm navigate outward radial 

rates, sperm migrated toward the center; at higher rates, 
they exhibited a rotary rheotaxis, spiraling inward 
(Fig. 3(c)). This inspired the design of the SUN chip, 

strictures to enhance sperm selection (Fig. 3(e)). 
Stricture geometry, based on prior work, maximizes 
upstream navigation while maintaining high shear 
rates suitable for selecting motile sperm (Fig. 3(f)). 

Conclusions and Future Steps:

migration in complex environments, focusing on 

that pathway geometry, especially constriction angles, 

This work 
enhances understanding of microswimmer navigation 
in dynamic environments and lays groundwork for 
studying other motile microorganisms. Future efforts 
should scale processing volume and add automation for 
clinical use, particularly in IVF. The SUN chip’s larger 
features ease fabrication for mass production, though 
automation and commercialization challenges remain.

References:
[1] Suarez, S. S.; Pacey, A. A. Sperm Transport in the Female 

[2] Zaferani, M.; Palermo, G. D.; Abbaspourrad, A. Strictures of a 
Microchannel Impose Fierce Competition to Select for Highly 
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Obstructed Pathway Regulates Upstream Navigational Pattern 
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Fabrication of Microchip Devices for Organ-on-a-Chip and Lab- on- a-Chip 
Applications

CNF Project Number: 2857-19

Principal Investigator(s): Esak (Isaac) Lee
User(s): Wukun Ouyang, Renhao Lu, Yansong Peng

Abstract:

platform, integrated circuit (chip) that simulates 
the activities, mechanics, and physiological 
response of an entire organ or an organ system. 
Our lab aims to create organ-on-a-chip devices to 
study the mechanism of various diseases. In the 

(1) Astrocyte-driven vasoconstriction impairs
glymphatic clearance in a human tauopathy-
on-chip model; (2) Monomeric and oligomeric

pathophysiological characteristics in astrocytes in
human glymphatics-on-chip models; (3) Three-
Dimensional Lymphatics-on-a-Chip Reveals
Distinct, Size-Dependent Nanoparticle Transport
Mechanisms in Lymphatic Drug Delivery.

Summary of Research:

The glymphatic system is a critical pathway 
for clearing metabolic waste from the brain by 

protein accumulation is strongly associated with 
impaired glymphatic clearance, yet the underlying 

study, we employed a three-dimensional human 

transport and mass clearance in a brain-mimetic 
extracellular matrix containing engineered blood 
vessels (BV) surrounded by primary astrocytes. 
We found that phosphorylated tau (p-tau) induced 
morphological transformation of astrocytes into 
a hypertrophic, hypercontractile state, leading to 
astrocyte-mediated vasoconstriction and impaired 
glymphatic clearance. Notably, p-tau did not 
affect blood endothelial cells directly, implicating 
astrocyte-dependent mechanisms in glymphatic 
deregulation. Pharmacological inhibition of non-
muscle myosin II with blebbistatin reversed 

astrocytic hypercontractility, restored BV diameters, and 

and underscore astrocytic contractility as a promising 
therapeutic target in AD.

Alzheimer's disease (AD) is marked by the aggregation of 

understood. We cultured astrocytes in a brain-mimicking 
three-dimensional (3D) extracellular matrix and revealed 

reactivity, but showed distinct Ca2+ changes in astrocytes. 

chip model containing astrocytes and endothelial cells with 

only reproduced the astrocytic atrophy, hyper-reactivity, and 

the components of the dystrophin-associated complex (DAC) 
and aquaporin-4 (AQP4) were properly maintained by the 

in the astrocytes.

Although nanoparticle-based lymphatic drug delivery 
systems promise better treatment of cancer, infectious 
disease, and immune disease, their clinical translations are 

mechanisms. Here, we employed a three-dimensional (3D) 
lymphatics-on-a-chip featuring an engineered lymphatic 

nanoparticles. We tested lymphatic drainage of different 

(NPs) using the lymphatics-on-a-chip device. In this study, 
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as expected, but the smaller NPs were captured by lymphatic 
endothelial cells (LECs) and accumulated within their cytosol, 
delaying NP transport into the lymphatic lumen, which was not 
observed in larger NPs. To examine the mechanisms of size-
dependent NP transports, we employed four inhibitors, dynasore, 
nystatin, amiloride, and adrenomedullin, to selectively block 
dynamin-, caveolin-, macropinocytosis-mediated endocytosis-, 
and cell junction-mediated paracellular transport. Inhibiting 
dynamin using dynasore enhanced the transport of smaller NPs 

accumulation, but showed no effect on larger NP transport. 
Interestingly, the inhibition of caveolin by nystatin decreased the 
lymphatic transport of larger NPs without affecting the smaller 
NP transport, indicating distinct endocytosis mechanisms used by 
different sizes of NPs. Macropinocytosis inhibition by amiloride 
did not change the drainage of all sizes of NPs; however, 
paracellular transport inhibition by adrenomedullin blocked 
the lymphatic transport of NPs of all sizes. We further revealed 

lymphatic endosomes to delay their lymphatic drainage, which 

a potential target to enhance the lymphatic delivery of smaller 
NPs. Together, our 3D lymphatics-on-a-chip model unveils size-
dependent NP transport mechanisms in lymphatic drug delivery.

References:
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Nanofabrication of Metallic Barriers for Single Molecule Imaging

CNF Project Number: 2927-21

Principal Investigator(s): John Brooks Crickard
User(s): David Moraga, Ilayda Korkmaz, Mitchell Woodhouse

Abstract:
DNA curtains are a powerful single-molecule technique 
that can analyze interactions between proteins and 
DNA in a high-throughput manner. This approach has 

by combining statistical power with the ability to observe 
proteins moving along individual DNA strands. While 
other approaches can achieve this statistical power, they 
generally lack away to control the organization of DNA 

chrome barriers onto microscope slides. This allows the 
alignment of hundreds of individual DNA molecules 

rate of protein movement along DNA. This powerful 
approach is made possible by equipment maintained in 
the center for nanofabrication at Cornell. 

Summary of Research:
Our research focuses on the application of the DNA 
curtain technology. We use this approach to perform 
visual biochemistry approaches and monitor enzymes 
that function in DNA repair pathways( Figure 1A and 

has focused on how related DNA motor proteins use 
translocation activity to facilitate the DNA repair 

with the CNF. 

but its biological role is still unclear. The dominant 

during HR is poorly understood. To improve our 
knowledge, we investigated the role of phosphorylation 

on the C-terminus of the protein. The kinase activity 
helps prevent the onset of a mutagenic type of repair, 
break-induced replication (BIR). This complemented 

to stabilize HR intermediates and provided a novel 

Figure 1: 
(A)

citation E. 

Figure 2: 
(A) (B).
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the strand exchange reaction. Our biochemical studies 

challenges in understanding the role of this protein. 

the template-switching process are ongoing. 

during recombination to catalyze strand exchange. A 
wealth of information exists on the biochemistry of 

hypomorphic alleles, which allowed us to connect in 
vitro observations with tangible in vivo phenotypes. 

resulted in severe sensitivity to genotoxins, which 

identifying and developing these hypomorphic alleles.  
These mutations slow translocation along DNA and in 
S. cerevisiae cause elevated genetic crossovers between
homologous chromosomes during mitotic growth. A

Interactions with CNF:

Our interactions with CNF are limited to the 

lithography and chrome deposition to make barriers 
on the glass slide. These methods require us to train 
biochemistry and biology students to use the equipment 
in the cleanroom. These students would not have any 
interactions with this type of equipment or lithography 
applications otherwise. This cross-disciplinary training 
is a part of my research program but is made possible 
by the CNF. 

Conclusions and Future Steps:

In the future we will continue to train students to make 
microscope slides. 

References:
[1] Keymakh M*, Dau J, Ferlez B, Lisby M, Crickard JB.

[3] Sridalla K&*, Woodhouse M&, Hu J, Scheer J*, Ferlez
B, Crickard JB. The DNA strand opening activity of

[4] Woodhouse M, Crickard JB. DNA curtains to visualize

Interactions Using DNA Curtains. Methods Mol Biol. 

Figure 3: 
(A) (B)
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Fabrication of Microelectrode Arrays for Oxygen Generation to Support 
Cellular Growth in Implantable Devices

CNF Project Number: 3066-23

Principal Investigator(s): Ahyeon Koh
User(s): Samavi Farnush Bint E Naser, Suk-Heung Song, Jafar Batayneh, Mousa 

Aldosari

Abstract:
This project aims to develop a microelectrode array for 
wireless generation of oxygen to support cell culture 
in implantable, therapeutic devices. To achieve this 
goal, we have fabricated Platinum (Pt) microelectrodes 
using tools available at Cornell Nanofabrication 
Facility (CNF). The microfabricated electrodes are 
electrochemically coated with Iridium oxide (IrOx) 

leading to oxygen evolution at a lower potential (~1.2 

the microelectrode design will be revised to optimize 

electrodes will be integrated with NFC chips to allow 
for wireless operation of the devices.

Summary of Research:

the steps in the schematic in Figure 1.1,2 The Si wafers 
are cleaned and primed with HDMS using the YES vapor 

process was employed to create the Pt electrodes with 

stack. Lift-off was achieved using Remover PG and 

to remove residual resists. Next, a polyimide insulation 
layer was patterned using photolithography, followed 

the metal electrodes. A Chromium (Cr) protection layer 
was used to prevent PI etching from undesired areas, 
which was removed after the PI etching step, rendering 

step (Figure 2).

thicknesses of the deposited metal and PI encapsulation 
layers (Figure 3).
The PMMA layer was dissolved in acetone and water-
soluble tapes were used to pick up the electrodes from 

Flexible gold 
wires are used 

to connect these microelectrodes to electrochemical 
stations for targeted compound deposition, such as IrOx, 
and characterization of oxygen evolution.
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Conclusions and Future Steps:
Based on our preliminary experiments using the 
microfabricated devices, the designs are being updated 
to enhance performance. Our group is currently working 
on evaluating and establishing protocols for the IrOx 
deposition on microelectrode systems. We are exploring 
and investigating micro-coil antenna designs to integrate 
the microelectrodes into a wireless oxygen generation 
system.

References:
[1] Brown, M. S., Browne, K., Kirchner, N. & Koh, A. Adhesive-

Free, Stretchable, and Permeable Multiplex Wound Care 
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Optimized T Cell Activation

CNF Project Number: 3089-23

Principal Investigator(s): Negin Majedi

Abstract:
This project aims to develop dendritic cell-mimetic 

pollens to enhance T cell activation. Polystyrene particles 
are fabricated via solvent evaporation-induced interfacial 
instability, while pollen shells are prepared through 
acid-base treatment. Both are coated with polydopamine 
and conjugated with activation antibodies. Particle size 

focus on improving surface morphology and antibody 
accessibility to enhance T cell stimulation.

Summary of Research:
Mechanical cues such as substrate stiffness and surface 
topography are important in regulating T cell activation 
[1]. This project aims to generate dendritic cell-mimetic 

activation using synthetic polystyrene particles and 

protruding morphology facilitates the formation of an 

cells that mimics the natural immune synapse, which 
enhances T cell activation and proliferation.
The polystyrene particles are generated using interfacial 
instability of emulsion droplets during solvent 
evaporation using the method similar to the method 
described by Liu et al [2]. Polystyrene emulsion droplets 
are via homogenization, where the organic phase has 
polystyrene and 1- hexadecanol dissolved in chloroform, 
while the continuous phase has sodium dodecyl sulfate 
and glycerol dissolved in deionized water. The droplet 
size is optimized by tuning the polymer concentration 
and homogenization speed. After homogenization, 

evaporation condition to trigger interfacial instability 

polystyrene particles are incubated with deionized water 
and ethanol respectively to remove residual chloroform, 
sodium dodecyl sulfate, glycerol, and 1-hexadecanol. 
Clean particles are coated with polydopamine and 
conjugated with activation antibodies for T cell 
activation.

with acid and base respectively to obtain clean, hollow 
pollen shell for biomedical applications combining 
the protocols in previous literatures [3], [4]. For the 

with deionized water, acetone, and cyclohexane. Defatted 

and then potassium hydroxide to remove the internal 
cytoplasmic contents. Clean pollen shells are also coated 
with polydopamine and then conjugated with activation 
antibodies for T cell activation.

cells are co-cultured with native CD4 T cells extracted 
from mice for three days. After the three-day activation, 

to check for activation markers.
Two CNF tools are used to characterize the polystyrene 

ZS Zetasizer is used for dynamic light scattering 
measurements to measure the diameter of polystyrene 
particles generated under different homogenization 

pollens.

Conclusions and Future Steps:

the effect of homogenization speed on particle diameter 
is shown in Figure 1. The optimal particle diameter is 
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compared to those generated at a homogenization speed of 

concentration is further increased. The resulting particles are 
characterized with instruments outside of CNF and the results 
are not shown here. The largest polystyrene particles have a 

ethanol, suggesting that wrinkling is not due to 
1-hexadecanol leaving the structure. Alternatively, 
we assume that wrinkling happens during 

imaging, we later switched to Gemini SEM, and 
the results are not shown here.
The morphology of untreated pollens, acid treated 
pollens and acid and base treated pollens are 
shown in Figure 3. Pollens remain intact after 
acid treatment and base treatment and the spiky 
features are preserved. Acid treatment opens the 
apertures on pollen surface, suggesting removal of 
internal components.
Future work will focus on optimizing the 
accessibility of conjugated antibodies on pollen 
shells for more effective activation and increasing 
the percentage of wrinkled polystyrene particles.

References:
[1] K. Lei, A. Kurum, and L. Tang, “Mechanical 

Immunoengineering of T cells for Therapeutic 

[2] S. Liu, R. Deng, W. Li, and J. Zhu, “Polymer 
Microparticles with Controllable Surface Textures 
Generated through Interfacial Instabilities of Emulsion 
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ethanol wash when 1-hexadecanol leaves the droplet, and 

incubation. Figure 2 shows the morphology of polystyrene 
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Exploring Microfabrication Parameters of Template-Based Carbon 
Nanotube Arrays for Gene Transfer

CNF Project Number: 3106-23

Principal Investigator(s): Michael Schrlau
User(s): Mujtaba YK Siddiqui 

Abstract:
Carbon nanotube (CNT) arrays are a promising new 
technology which can greatly reduce the costs of novel 

at the Cornell Nanoscale Facility (CNF) using a 
template-based manufacturing technique. Exploration 
of the various manufacturing parameters involved in 
the fabrication would allow for the development of a 
streamlined and optimized recipe. CNF tools were 
utilized to study various manufacturing recipes to gain 
insight into how they affect the surface structure of the 
device.

Summary of Research:
Carbon nanotube (CNT) arrays are a promising 
technology towards developing safer, more 
economically and technologically accessible method for 
the transfection of genetic and biomolecular load into 
cells. Current treatments for diseases like cancer require 
dangerous and toxic processes. Novel treatments for 
leukaemia involve gene therapies, the introduction 
of proteins into white blood cells modifying them to 
identify cancer. CNT arrays can be used to transfer these 

CNT arrays are manufactured from an initial Anodic 
Aluminum Oxide (AAO) template. Aluminum forms a 
self-aligned hollow honeycomb-like porous surface when 
oxidized anodically, allowing AAO to be a commonly 
used mask for microfabrication at the nanoscale for 
freestanding nanostructures. Carbon is coated into the 
pores by means of a chemical vapor deposition (CVD) 
process. Carbon coated AAO templates are processed 

device with tips of carbon tubes exposed on the surface.

Previous research at the CNF was focused on the 
scale up of the CNT array manufacturing process. In 
that work, the manufacturing process was altered by 
introducing ion milling and employing a larger carrier 
wafer for producing devices at a larger scale. The work 
done since that report has built further upon the initial 
improvements. Exploring alternative starting templates 
and exploring manufacturing parameters were steps 
taken towards optimizing the manufacturing process.
The current standard for AAO templates is 13mm 
diameter disks, this limits the number of cells which can 

provides a much larger surface area for cell transfer. 

and manufacture larger devices. However, the following 
standard recipe for 13mm did not produce devices with 

during the CVD step.
Alternative 13mm diameter templates were tested. A 
template with smaller pore diameters and larger pore 
density resulted in devices with thicker nanotubes when 
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undergoing the standard fabrication process. Due to a 
smaller starting diameter and constant carbon mass 

from other manufacturers were also tested and showed 
similar surface parameters as standard devices when 
undergoing the standard fabrication process.
A parametric study of the RIE process time and power 
was conducted, these parameters are likely to produce 

was conducted to determine the maximum tube height 
over etch time, as longer etch time is expected to lead to 
linear growth in exposed tube heights. Followed up by a 
study of RIE power to determine how increasing power 
affects tube height. The standard values for RIE etch 

Figure 2 and Figure 3 show the results of these 
experiments; the measurable outputs were the tube 
height and tube thicknesses of the exposed CNT tips. 

and time increase, while tube thickness is maintained 
until a noticeable drop in thicknesses at larger parameter 
values. Micrographs showed that at higher powers 
and etch time the nanotubes tended collapse upon 

References:

[3]  “Leukemia - Diagnosis and Treatment - Mayo Clinic.” 

Nanoparticle Arrays with High Aspect Ratio AAO 

and Biocompatibility of Nanometre Scale Porous 
Anodic Aluminium Oxide Membranes for Use as a Cell 

Intracellular Delivery and Biological Applications" 

Production of CAR-T Cells for the Treatment of Melanoma 

themselves due to lateral etching thinning them down.

Conclusions and Future Steps:
Exploring alternative starting templates gives an insight 
into how to scale up the CNT arrays further while 
making them more useful for researchers and healthcare 
companies.
Determining the effects of RIE parameters would 
help establish upper and lower boundaries for future 
experiments to optimize the process. Next steps would 
include optimizing the process for 13 mm diameter 

diameter AAO templates.
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CNF Project Number: 3193-24

Principal Investigator(s): Anne Meyer
User(s): Danielle Bennett

Abstract:

microscopy imaging of Shewanella oneidensis 
interactions with CdSe quantum dots by immobilizing 
motile bacteria physically within a channel instead of 
through chemical binding. To achieve this, we designed 

composed of parallel microchannels branching from a 

be dimensionally matched to the diameter of individual 

while maintaining media exchange, thus facilitating 
continuous observation over time. Fabrication of the 
device required high-resolution soft lithography using 
polydimethylsiloxane (PDMS) cast 
from a silicon mold. The Cornell 
NanoScale Science and Technology 
Facility (CNF) was essential for the 
creation of this master silicon mold. 

laser writer for mask patterning, 
followed by photolithographic 

i-line Stepper. Feature development 

using the Oxford PECVD for surface 

system for precise etching. This 
platform aimed to allow us to resolve 
real-time nanoscale interactions 

dynamics. The machinery at the CNF facility was 

the channel features, which was not attainable using our 
equipment or any commercial equipment.

Summary of Research:

challenge of imaging interactions between motile 
Shewanella oneidensis bacteria 1,2 and CdSe quantum 
dots, which are used in our broader research on 
nanoparticle-based catalysis. Traditional imaging 
platforms require timescales too long to monitor these 
highly motile cells over time, so we engineered an 
ultraminiaturized “mother machine” to trap individual 

those used in previous designs3—pushing the limits of 
soft lithography resolution.

a high-resolution “mother machine” 
with sub-micron precision, featuring 
narrow side channels approximately 

wide. The chip was constructed from 
PDMS cast on a silicon mold, with 

mold’s surface relief. The layout was 
designed in KLayout software with 
extensive support from CNF staff, 
particularly Garry Bordonaro and 
Aaron Windsor, who provided critical 
guidance on optimizing the design for 
photolithography and transitioning 
from square to rounded channel 
geometries. This design adjustment, 

Fabrication at CNF involved multiple cleanroom steps, 
including photomask writing with the Heidelberg 
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approach developed with the help of Jeremy Clark, who 
also provided expertise on the Oxford PECVD system 
for wafer preparation. Extensive cleanroom training and 

executing this complex fabrication process.
To test the chip, PDMS was cast onto the fabricated 

structure, which was then plasma treated and bonded 
to a glass coverslip to seal the channels. Fluidic testing 
involved introducing S. oneidensis cells into the device 

the microchannels. This functional testing revealed two 

narrow to trap individual bacteria effectively, as shown 

rates, suggesting inadequate bonding or minor defects at 

the need for tighter feature tolerances and improved 
sealing, prompting a redesign of the channel dimensions 
and further optimization of the fabrication protocol.

Conclusions and Future Steps:

not fully meet the functional requirements for long-term 

several critical aspects of the design and demonstrated 
the capabilities of CNF's advanced lithographic and 
etching tools. The pattern transfer from the KLayout 
design to the silicon mold using the Heidelberg 

successful, yielding clean and reproducible features at 
both the sub-micron and tens-of-micron scale. The two-
step etching process developed with guidance from CNF 
staff, particularly Jeremy Clark, allowed for precise 
control over feature depths, which is essential for the 

did not achieve full bacterial trapping due to overly large 
side channels, these outcomes provided direct feedback 
that will inform future improvements.
The ability to prototype a custom-designed, high-

have been possible without access to CNF's advanced 
photolithography and etching infrastructure, nor without 
the expert technical support provided throughout 
the process. This project has laid the groundwork for 
developing a next- generation mother machine capable 
of precisely trapping S. oneidensis for extended imaging 

geometries and optimized bonding techniques to address 
current limitations. At this point no publications have 
been drafted.
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CNF Project Number: 3229-24

Principal Investigator(s): Christopher J. Hernandez
User(s): Jay VanDelden

Abstract:
In this project we seek to understand the biomechanical 
properties of individual bacteria as well as bacterial 
mechanobiology (the response of living bacteria to 

1) to determine mechanical properties of bacterial cell 
envelope of various species; 2) to understand how 
to embed and maintain viable bacteria within rigid 
materials, the so-called “engineered living material.” 3) to 
utilize mechanical stimuli to promote biomineralization 
of ureolytic bacteria; and 4) to understand how bacteria 
grow into constricted space.

Summary of Research:
Currently, we are working on to demonstrate 
that mechanical stimuli can be used to promote 
biomineralization of ureolytic bacteria by using 

strain to link mechanosensitive gene to biomineralization 
gene. Additionally, we are working on to analyze how 
S. aureus grow and devide in a constricted space using 

the inception of this project number we have been 
manufacturing devices with the help of Jay VanDelden 
(Eignphase).
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the sarcomere. This novel labelling system allowed us 

during sarcomeric extension and show evidence for 
titin-actin binding caused by eccentric activation.

Summary of Research:

performed using CellSens® Dimensions software. Both 

to a glass needle and custom silicon nitride cantilever 
pairs. Stretching protocols were performed using the 
glass needle, moved using a piezoelectric motor. Force 
measurements were performed using optically measured 

CNF Project Number: 3236-52

Principal Investigator(s): Walter Herzog
User(s): Andrew Sawatsky

Abstract:
Measurement of nano-Newton forces produced by 

possible using custom silicon-nitride cantilever pairs 
[1]. Advanced imaging techniques, including phase-

the correlation of visible physiological features with 

titin without compromising mechanical properties of 
the sarcomere. Thus, the purpose of this study was to 

calcium-activation causes titin-actin binding, as has 

from rabbit psoas, we performed labelling of titin 
using N2A (anti-TTN-N2A, Myomedix, Germany) and 

which is primarily responsible for titin elongation 
at physiological sarcomere lengths. Simultaneous 
measurement of the length of titin’s PEVK segment 
during sarcomere elongation showed similar behavior 
to non-simultaneous previous experiments [3]. Post 
eccentric activation, measured PEVK segments were 

suggesting increased force on titin caused by a proximal 
binding site. In all experiments tested, antibody labels 
had no effect on mechanical force production compared 
to protocol-matched unlabelled controls. In conclusion, 

titin without compromising mechanical function of 
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displacement of custom silicon-nitride cantilever pairs 
with known spring constants.

not compromise passive force production during passive 
sarcomere extension (Figure 2). Since titin is primarily, 
if not completely, responsible for the production of 
passive force during sarcomere extension, we concluded 
that our labelling system did not affect the mechanical 
behaviour of titin.

We captured the passive extension of titin’s PEVK 

Extension of the PEVK segment was well modeled 

titin’s PEVK region [3]. Thus, we found that in-situ 
extension of titin’s PEVK, when titin is in its natural 

previously shown extension of isolated titin molecules.
It has been long theorized that titin-actin binding may 
occur during eccentric activation of muscle, thus leading 
to ‘over-extension’ of titin, and sustained increased force 

of titin’s PEVK post eccentric stretch. Titin’s PEVK was 

isometrically activated controls, thus providing strong 
evidence for titin-actin binding proximal to the PEVK 
region (Figure 4).

Conclusions and Future Steps:

In conclusion, simultaneous measurement of forces 

evidence for titin-actin interactions during eccentric 

advanced microscopy for subcellular biomechanics.
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