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Alpha-synuclein (αS) aggregation is the hallmark of a group of neurodegenerative diseases which
include Parkinson’s Disease (PD) [1]. The greatest risk factor for PD is aging, but a clear link
between an age-related change and αS aggregation remains elusive [2]. Recent studies have
suggested that Adenosine Triphosphate (ATP), whose levels decline dramatically with age, can
act as a hydrotrope at high – but still biologically-relevant – concentrations to prevent the
accumulation of and even dissolve protein aggregates [3]. However, ATP can also enhance the
aggregation of amyloid proteins like Tau, therefore its hydrotropic effect is highly protein-specific
[4]. Here we use a combination of Nuclear Magnetic Resonance (NMR) spectroscopy and
Thioflavin T (ThT) fluorescence studies to characterize the interaction of ATP with αS. We explore
how ATP-induced remodeling of the αS monomer conformational ensemble influences earlystage αS aggregation. Finally, we use ThT to investigate how ATP affects late-stage αS
aggregation and discuss the possible implications for PD development. Overall, our results
indicate that physiologically-relevant ATP concentrations elicit different effects on early- and latestage αS aggregation and that these effects are modulated by Mg2+, whose levels are often
decreased in PD patients [5].
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Proximity inducing bifunctional molecules modulate the recognition and elimination of cancer
cells by the immune system.1 For this interaction to take place, the ternary complex formed by
immunological receptors (e.g., serum antibodies, Fc receptors) with proteins on the cancer cell
surface must be sufficiently stabilized through high affinity binding interactions. Relatively
unexplored in cancer immunotherapy are viral peptide epitopes, which are known to induce a
significant antibody response in a large proportion of our population.2 By strategically
incorporating these peptide epitopes into a proximity-inducing bifunctional format, these
endogenous anti-viral antibodies may be directed to cancer epitopes, facilitating a cancer
killing response by effector immune cells.1 Here we demonstrate a covalent proximity induction
strategy using a herpes simplex virus (HSV)-derived peptide, incorporated into a covalent bifunctional molecule. Using sulfur (VI) fluoride exchange (SuFEx) chemistry, we explored how
ligand directed “effective molarity-EM” allowed for specific covalent labelling of antibodies to
achieve an “infinite affinity” binding interaction. We further demonstrate that this covalent
proximity-induction strategy efficiently stabilized ternary complexes between effector and
target cells with low nM potency. With the ability to covalently recruit endogenous anti-HSV
from human IgG, this covalent peptide strategy has potential for therapeutic use in vivo, and
broad applicability for other viral peptide epitopes.
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Currently the world is being challenged by a public health emergency caused by the
coronavirus pandemic (COVID-19). Rapid, accurate, and high-throughput testing is vital to
transmission control, clinical diagnosis, and therapy of viral infections. The enzyme-linked
immunosorbent assay (ELISA) is a microwell-plate-based assay technique for colorimetric or
quantitative detection of the virus via detecting either virus antibodies or antigens.[1] In a
traditional ELISA, horseradish peroxidase (HRP) is a commonly used enzyme that is
conjugated to antibodies and specifically generates color signals by catalyzing colorimetric
substrates. However, wide practical applications of protein enzymes remain a challenge mainly
due to susceptibility to denaturation and digestion, the complexity of preparation and
purification, and loss of catalytic activity during storage.[2] Pd-Ir core-shell nanocubes, one of
the peroxidase-mimicking nanozymes, exhibit promising features including high catalytic
efficiency, ease of production, stability, and uniformity of synthesis. These advantages over
protein enzymes make Pd-Ir nanocubes attractive for immunoassays. Aptamers have been
proposed as a potential substitute for conventional antibodies due to their similar recognition
properties in bioanalysis applications, especially immunoassays.[3] Herein, we proposed PdIr nanocubes and aptamer-based immunoassay for SASR-CoV-2 detection. In this ELISA-like
sandwich format assay, aptamers were utilized as the recognition element due to its high
sensitivity and specificity for SASR-CoV-2. In this project, our goal is to establish an easy to
perform, stable, reliable, and sensitive biosensing method for COVID-19, which will become a
good alternative even superior to antibody-based immunoassays due to extraordinary
advantages of Pd-Ir and aptamers over protein enzymes and antibodies, respectively.
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Immune recruiters are small molecule based immunotherapeutics designed to redirect
endogenous components of the immune system to target cells to elicit an anti-cancer
response. Current immune recruiters are hetero-bispecific molecules that simultaneously bind
cancer antigens and endogenous antibodies [1]. Complexes formed between the cancer cell,
the immune recruiter, and antibodies lead to the recruitment of effector immune cells which
carryout anti-cancer responses. The intensity of the anti-cancer response of antibody-based
immune recruiters are proposed to be dependent on the number and stability of immune
complexes formed between the target and immune cells. Implicit factors such as clearance of
the immune recruiter, affinity between the antibody and its target receptor, and endogenous
antibody concentrations limit the maximum amount of possible target cell killing.
This research proposes the design and use of monocyte covalent immune recruiters (mCIRs)
as the next step in immune recruiting technology. MCIRs target monocytes, which are innate
cells of the immune system and responsible for carrying out potent anti-cancer responses.
These mCIRS use a scaffold fitted with a reported cyclic peptide to target CD64, a constitutively
expressed receptor involved in monocyte activation [2]. The mCIRs have been equipped with
a fluorosulfonate-modified tyrosine to covalently label CD64. This project looks to evaluate
differences in immune activation due to direct engagement with monocytes and potential
enhancement due to the covalent stabilization of the interaction. Ultimately, the pursuit of
mCIRs could provide insight to how simplified synthetic immune recruitment can enhance anticancer responses.
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A “Graft-then-Shrink” method was developed for fabricating polymer coated wrinkled Au
surfaces that simultaneously improved antifouling properties and generated, first of their kind
wrinkled Au localized surface plasmon resonance (LSPR) biosensors. Graft-then-Shrink
involves grafting polymers to shrinkable substrates before shrinking. Here, thiol-terminated
zwitterionic polymers are grafted onto Au coated thermally shrinkable polystyrene. Compared
to “Shrink-then-Graft” controls, where polymers are immobilized after shrinking, Graft-thenShrink increased polymer amounts 2.5-fold in a defined footprint and improved anti-fouling
properties as demonstrated by an 80% reduction in macrophage adhesion. Graft-then-shrink
surfaces were used as LSPR biosensors by embedding into a 96-well plate format microfluidic
device, and absorbance measurements were made using a typical absorbance plate reader,
without specialized instrumentation or optics. The LSPR sensors had sensitivities of ~2001000 Δλ/ΔRIU, depending on polymer molecular weight, and Au thickness, comparing
favorably to commercial LSPR sensors, and were used to detect biotin-avidin and
desthiobiotin-avidin interactions.
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The "RNA world" proposed by Gilbert in 1986 [1] has aroused the curiosity of many
investigators. Researchers have tried to synthesized RNA without enzyme, but by using
different catalysts such as clay [2,3], lipids [4,5], or salts [6].
Here, we propose to investigate the formation of RNA by using hydration-dehydration
cycles in the presence of different compounds. This study used a novel simulator chamber to
mimic hot-cold and hydration-dehydration cycles with unprecedented resolution and duration.
When analyzed by gel electrophoresis and computer analysis, we found that
ammonium salts are an excellent catalyst for RNA synthesis, >150~bp. We used molecular
dynamic simulations to show that in the presence of ammonium ions, nucleotides formed tight
clusters, and hydrogen bonds between ions and nucleotides. However, each ammonium salt
gave a different rate of polymerization. That can be related to the molar Gibbs energy of
formation (ΔfG) of the salt. The more ΔfG is favorable, thus small, the better for RNA
polymerization. This observation can be explained by the size of the crystal formed. With a low
ΔfG, nucleation will start at many different places, and thus smaller crystals will grow.
Nucleotides, which are concentrated on the crystals, are then more homogeneously distributed
in the sample.
We also found that the RNA length was not related to the number of cycles. Moreover, irregular
cycling, with a more prolonged dehydration phase, increases the polymerization rate.
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