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varying both optical trap and fluorescence excitation intensity. In the fleezers,
the Cy5 fluorophore dramatically outperforms other commonly used fluoro-
phores. Second, we have devised a method that completely removes acousto-
optic device trap positioning errors. Acousto-optic devices have been applied
extensively in optical tweezers because of their flexibility and speed, however
these devices have well-known trap positioning inaccuracies (‘wiggles’) that
limit their usefulness, particularly for high-resolution applications. We show
that these inaccuracies are due to interference patterns within the device sound
fields. We have devised a method that removes these inaccuracies by reducing
the coherence of the sound fields by directly controlling and randomizing the
phase of the radio frequency control. We demonstrate that the trapping inaccur-
acies are completely eliminated, and that no additional measurement noise is
added, for both constant trap position and force-ramp measurements. We
show that this random phase method is applicable both to acousto-optic modu-
lator and deflector type devices and can be easily integrated via a software up-
grade into existing instruments.
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Live-cell microscopy revealed the transient nature of transcription factors (TFs)
binding to chromatin. However, it is still not clear whether the duration of these
binding interactions can be tuned in response to an activating stimulus, and
whether such modulation can control the transactivation of target genes. To
cover this issue we focused on the tumor-suppressor p53 by combining live-cell
single molecule tracking and single cell in-situ measurements of transcription.
We show that the fraction of chromatin bound p53 and its residence time are
increased following genotoxic stress. Moreover, we found that the modulation
of p53 residence time on chromatin requires post translational modifications
(PTMs) and correlates with the induction of transcription of target genes. These
results allowed us to depict a model in which the modification state of the TF,
that accompanies its increase, determines the TF transcriptional activity by tun-
ing its residence time on target sites. Our findings could have an important rele-
vance for those cancers that express an inactive wild type form of p53, like
neuroblastoma (NS), in which has been recently reported a defect in PTMs
of p53. Thus, we are currently performing SMT measurements in NS cell
line to verify whether p53 binding kinetics are affected and we aim to restore
the proper PTMs in order to rescue p53 binding kinetics and its transactivation
potential in these cancers.
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The self-assembly of biomolecules plays a central role in the physiological
and pathological function of proteins. Similarly, the role of drugs is often
to perturb protein-protein interactions, thereby altering native function and
regulation. The frequently associated polydispersity of the involved species,
however, poses a distinct challenge for analytical techniques. The state-of-
the-art in terms of mass resolution requires expert operation and functions
only in the gas phase in the form of native mass spectrometry, while
solution-based techniques are limited in mass resolution, accuracy and preci-
sion. Single molecule methods, while in principle applicable, suffer from the
need for the introduction of external labels and a lack of precision as a result
of imperfect labeling efficiencies and photochemical and photophysical ef-
fects. Here, we show that interferometric scattering mass spectrometry (iS-
CAMS) is capable of characterising protein polydispersity and oligomeric
(dis)assembly in solution in a label-free manner, one molecule at a time.
To illustrate this, we investigated the disassembly of the 24-mer small heat
shock protein, HSP16.5. We observed an increase in the proportion of small
oligomers compared to the predominant 24mer with decreasing monomer con-
centration. Critically, we were able to model the oligomeric distributions us-

ing a simple model assuming identical equilibrium constants for all oligomers
except the 24-mer, revealing a stability difference on the order of 5 kJ/mol.
Using the same approach, we are also able to reveal the function and ener-
getics behind the powerful HIV inhibitor banana lectin. We demonstrate high-
ly cooperative binding of banlec to HIV envelope protein and quantify the
associated equilibrium constants. Taken together, these results demonstrate
the unique capability of iISCAMS to directly and natively study oligomeric
distributions and dynamics of biomolecules in solution.
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The advent of single molecule detection and imaging with optical microscopes
has transformed our ability to interrogate structure and dynamics on nanoscopic
length scales. Most single molecule imaging techniques rely on detection of
fluorescence as a means of distinguishing the molecule of interest from the
background. To broaden the scope of single molecule techniques, recent efforts
have been aimed at label free imaging modalities, including approaches based
on plasmonically-enhanced whispering gallery mode detection and light scat-
tering, such as interferometric scattering microscopy (iSCAT).

Here, we demonstrate that numerical aperture based differentiation of back-
ground light from scattered light with a partially transmissive mask placed in
the back focal plane of a high numerical aperture objective enhances the
contrast of scatterers near an interface, thereby enabling routine label-free
imaging of single proteins in an iSCAT microscope. Combination of this
concept with a compact microscope construction strongly suppresses
external perturbations resulting in a detection noise floor of 6 kDa at 10
Hz frame rate. Using this instrument, we show that the iSCAT signal of a
single protein in solution is directly proportional to its molecular weight.
We achieve a mass accuracy comparable to native mass spectrometry of
1% and a mass precision of 1.8% of the molecular weight, enabling not
only mass quantification, but also direct observation of small molecule bind-
ing. Our approach is equally applicable to biomolecules composed of amino
acids, lipids, carbohydrates and combinations thereof, paving the way for
quantitative mass spectrometry in solution.
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Living cells are crowded with heterogeneous distributions of macromolecules
which influence protein folding, molecular transport, and biochemical reac-
tions. In addition to crowding, the viscosity in living cells varies based on
the cellular location. We hypothesize that the translational diffusion coeffi-
cient of fluorescent probes deviates from the Stokes-Einstein model of random
walks in a manner that depends on both the molecular size and shape of those
probes.

To test this hypothesis, we used fluorescence fluctuation analysis to measure the
translation diffusion coefficients of rhodamine green 110, enhanced green fluo-
rescent protein (EGFP), water-soluble quantum dots, and a family of
mCerulean-linker-mCitrine constructs with variable linker lengths and flexibil-
ities. The mCerulean-linker-mCitrine systems represent fluorescence resonance
energy transfer (FRET) probes that were rationally designed to be genetically-
encoded sensors of compartmentalized macromolecular crowding. Nanomolar
concentrations of these probes were prepared in PBS buffer enriched with var-
ied concentrations of glycerol (0-900 g/L) and Ficoll-70 (0-300 g/L). The bulk
viscosity of these environments was independently measured using a viscom-
eter. For fluorescence fluctuation analysis of the size and shape dependence
of these fluorescent probes, we employed different modalities of fluorescence
correlation spectroscopy (FCS) to quantify the diffusion coefficient in both ho-
mogeneous (glycerol-enriched) and heterogeneous (Ficoll-70-enriched) envi-
ronments. Our results suggest that the deviation from the Stokes-Einstein
model is dependent upon the size of the fluorescent probe, as well as the con-
centration of crowding agents. Currently, we are using global fits to quantify
the observed trends in the measured translational diffusion coefficients. Taken
together, these single-molecule studies of size-dependent fluorescent probes in
biomimetic crowding help elucidate the effects of homogeneous and heteroge-
neous environments on translational diffusion as a necessary step towards
in vivo studies.
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