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~3 orders of magnitude weaker K, compared to conventional CDB nanopores,
is thought to be inextricably linked with the Ohmic nature, extremely stable
open-pore current during analyte translocation (hours), minimum analyte stick-
ing with self-correction of current signal (if analyte sticking causes current de-
viation) and higher analyte responsiveness. The transport phenomena through
these chemically modified nanopores are successfully tested by translocating
1 kb dsDNA and the human serum transferrin (hSTf) protein, with the highlight
being the yield of an excess of 200 thousand DNA translocation events. More-
over, a comprehensive noise analysis done for the low frequency regime of this
new class of SSNs revealed interesting characteristics which are distinct from
the conventionally fabricated SSNs.
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Biological nanopores have become useful nanosensors that can read single
DNA and RNA molecules with high resolution. The most common way to
use these nanosensors is to insert a protein channel (e.g. a-hemolysin) into a
phospholipid bilayer and apply voltage to drive ion current through the pore.
When a DNA molecule traverses the pore, electromotive force on the DNA
molecule drives it through the pore in a single-file manner. Compared to
DNA, proteins have more complex secondary structures and non-uniform back-
bone charge, which makes single-file translocation of proteins through the pore
difficult to achieve. Here we use a polymer-based membrane and a custom
wedge-on-pillar aperture to allow high voltage and chemical denaturing of pro-
teins for nanopore analysis. In comparison with a bilayer lipid membrane, the
polymer membrane has superior mechanical and chemical stability under these
conditions, which allows full-length protein translocation through alpha-
hemolysin. By tagging full-length proteins (range from 200 - 800 aa) with a
charged tail (10 aa), we demonstrate the efficient translocation of these proteins
through the hemolysin pore, and further, we demonstrate that mean transloca-
tion times are linearly related to the protein length, irrespective of its native
charge. Further, translocation times are slow enough to allow sufficient sam-
pling (~0.01 ms/aa). Simulations that probe the mechanism of such smooth
translocations of these weakly-charged proteins reveal the role of denaturant-
induced electroosmosis on the translocation process, which is key to successful
translocations. When combined with a higher-resolution nanopore, we antici-
pate the ability to fingerprint unmodified protein molecules based on single
molecule signals.
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The photoacoustic effect (PA) is a physical phenomenon based on the emission
of sound waves following light absorption in material samples. The photon ab-
sorption and subsequent non-radiative depletion of the chromophores rapidly
rises the temperature within the sample, increasing the pressure and inducing
a thermoelastic expansion, leading to the emission of a pressure wave called
photoacoustic wave. The reduced scattering of acoustic waves enables high-
resolution, deeply penetrating imaging in biological tissues. The difference
among the absorption coefficients of tissue components or suitable transgene
labels in the sample gives the base of contrast in PA imaging but the few num-
ber of probes showing high PA efficiency reduces the applications to living sys-
tems and processes at the cellular and subcellular levels. The development of
reversibly switchable fluorescent proteins (rsFPs) has revolutionized the life
science imaging contributing to optical nanoscopy as agents able to improve
contrast-to-noise ratio and spatial resolution. The competiveness between light
and heating emission in rsFPs optimized for fluorescence imaging considerably
reduces the acoustic emission efficiency making them not suitable for PA mi-
croscopy. The aim of this project is the development of a novel approach in
photoacoustic microscopy inspired by the toolbox of knowledge we have for

fluorescence imaging. The key point lies in the probes, belonging to two
different families of photochromic proteins, which will be characterized and
applied in the novel photoacoustic microscope: GAF3, and two new mutants
of GFPs obtained adding a fluorescence-decreasing mutation to wildQ and
wildQT proteins.
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Due to the central role of DNA, its interactions with inorganic salts and small
organic molecules are important. For example, such interactions play important
roles in various fundamental cellular processes in living systems and are
involved in many DNA-damage related diseases. Strategies to improve the
sensitivity of the existing techniques for studying DNA interactions with other
molecules is always appreciated in situations where the interactions are too
weak. Here we report our development and demonstration of bent DNA
bows for amplifying, sensing, and detecting the interactions of >10 inorganic
salts and small organic molecules with DNA. This method is based on perturb-
ing energy landscapes using mechanical energy stored in the bent DNA bows.
With the bent DNA bows, these interactions were easily visualized and quan-
tified in gel electrophoresis, which were difficult to measure without bending.
In addition, the strength of the interactions of DNA with the various salts/mol-
ecules were quantified using the modified Hill equation. This work highlights
the amplification effects of the bending elastic energy stored in the DNA
bows and the potential use of the DNA bows for quantitatively measuring
DNA interactions with small molecules as simple economic methods; it may
also pave the way for exploiting the bent DNA bows for other applications
such as screening DNA-interacting molecules and drugs.
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GPR68 is a class A G-protein coupled receptor activated by protons and me-
chanical stimuli. Here, we engineered a novel fluorescent reporter of GPR68
signaling by inserting a circularly permuted GFP (cpGFP) into the third intra-
cellular loop of the receptor, borrowing design principles from the dopamine
sensor dLight1.2. This reporter, which we call “iGlow” (indicator of GPR68
activation by flow and low pH), elicits robust and transient fluorescent re-
sponses when stimulated with extracellular protons, shear stress, or the syn-
thetic agonist ogerin. iGlow activation is not abolished by treatment with
chemical modulators of GPCR signaling, cytochalasin D, or GsMTx4, an inhib-
itor of stretch-activated ion channels. Like GPR68, iGlow is not solely local-
ized at the plasma membrane, but also populates intracellular compartments.
Remarkably, intracellular iGlow activates in response to shear stress, suggest-
ing that the internalized pool of endogenous GPR68 may also sense and
respond to shear flow. Furthermore, iGlow activation is not abrogated by the
deletion of helix 8, a conserved motif proposed to mediate mechanosensation
in other class-A GPCRs. As ligand- and force-sensing properties are interde-
pendent in GPR68 but decoupled in other mechanosensitive GPCRe, it is plau-
sible that GPR68 and related proton-sensing GPCRs (GPR4, GPR65 and
GPR132) use a ‘non-canonical’, helix-8 independent pathway to detect me-
chanical forces.
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Cells generate mechanical force to proliferate, locomote, and perform other
cellular functions. Measuring cell forces is vital for understanding their health
and behavior, but it has been challenging to find techniques that are compatible
with live and fixed samples and do not adversely affect cell function. To
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