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* Computational research on interactions between peptides, proteins, organic compounds, RNAs/DNAs, clays

We perform MD simulations and free energy calculations CHARMM (Chemistry at HARvard Macromolecular
Mechanics). Additional analysis is performed using structure analysis tools, optimization-based design tools which
are either primarily developed in our lab, or are available in the literature.

Areas of interest and corresponding applications:
» Self-assembled peptide-or clay-based materials: tissue engineering, sorbents of toxic compounds, drug delivery.
* Amyloid self-assembly: elucidating key aspects of diseases and the design of novel therapeutics.

* Developing novel biophysics tools: elucidating biological axes of compound-protein and RNA-protein interactions
and designing novel “modulators”.

Our research is complemented with experiments, strong network of collaborations.

The following slides present an overview of key recent research accomplishments facilitated by HPRC of TAMU.
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Montmorillonite Clays as Sorbents of Paraquat and Glyphosate Clays: Effective Sorbents for Both
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Montmorillonites Can Tightly Bind Glyphosate and Paraquat 1838383
Reducing Toxin Exposures and Toxicity
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* Combination of in vitro, in vivo, and in silico studies
demonstrated that montomorillonite clays can potentially be
used effective sorbents of paraquat and glyphosate.

Glyphosate
Results from simulations YP
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* Sorption of paraquat: unaffected by pH (2 and 7) 4 el e
* Paraquat: binds with both bipyridinium rings parallel to the

surface

* Glyphosate: binds via its positive amide group at pH 2 and 7.
* At pH 2, glyphosate also binds via hydrogen bond
interactions between its phosphate group and the oxygens
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Experimental Collaborator: Tim Phillips (Texas A&M
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Montmorillonite Clays as Sorbents of Bisphenols Carnitine Amendment Improves BPA/BPS binding
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Snapshots from simulations showing how carnitine can
enhance binding of BPA and BPS to clays

Insights into the interactions of bisphenol and

_ A B
phthalate compounds with unamended and RS LSRN,
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* Simulations predicted that

* Parent, unamended, clay has higher binding propensity for BPA and BPS
(bisphenols) than for DBP and DEHP (phthalates).

* Carnitine-amended clay improved BPA and BPS binding.
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* Experimental isothermal analysis confirmed that carnitine- amended
clay has enhanced BPA binding capacity, affinity and enthalpy. [
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Experimental Collaborator: Tim Phillips (Texas A&M

sR._° e, )\



Montmorillonite Clays as Sorbents of PFAS [Simulaitions were used to study Interactions of PFOA, PFOS,

(Per- and polyfluoroalkyl substances) GenX, PFBS with montmorillonite clays

Major routes for human exposures to PFAS include the ingestion
Water Research

of PFAS-contaminated drinking water, fish, food packaged or processed P ?;"-] Volume 185, 1 January 2021, 116534
with PFAS-containing materials, and crops grown in contaminated soil or
water.

Enhanced adsorption of per- and polyfluoroalkyl
substances (PFAS) by edible, nutrient-amended

Objective: To identify the optimal mitigating sorbents for PFAS, delineating ; .
montmorillonite clays

mechanisms, and investigate efficacy of sorbents in reducing PFAS through

ARG HaTRE sy WA naker biiBested the key mode of e S
interaction of PFAS was through fluorinated carbon chains, and hevmere

confirmed that PFOA and PFOS had enhanced binding to amended
clays compared to GenX and PFBS.
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Highlights
Our studies suggest that the inclusion of edible, nutrient-amended . Nutrient-amended montmorillonite clays were shown to strongly bind
clays with optimal affinity, capacity, and enthalpy can be used to s
decrease the bioavailability of PFAS from contaminated drinking
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+ PFOA, PFOS, and mixtures of PFAS were tightly adsorbed within
interlayers of clays.
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+ Hydrophobic/electrostatic interactions and hydrogen bonds were
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+ Low doses of sorbents protected a PFAS-sensitive organism from toxcity
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Cyclic-Dihistidine Peptide Materials Self-Assembly of Fluorescent Biomaterials for Cancer Drug Carriers
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High-Efficiency Fluorescence through Bioinspired Supramolecular Self-Assembly
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@ Movie from a simulation depicting an
% example case of cancer drug epirubicin
® ks % ) | ”’”* encapsulated by Cyclo-HH peptides and NO_°
f . i) n We used a combination of computational methods and experimental methods
g: h | in collaboration with Dr. Ehud Gazit’s lab (Tel Aviv University), and designed a
| % novel generation of cancer drug nanocarrier with enhanced fluorescence
2%, properties, and with the ability to self-encapsulate a particular cancer drug

epirubicin with in situ monitoring properties.

Experimental collaborator: Ehud Gazit (Tel Aviv University)



Amyloid Materials

Simulations of Cell-Penetrating Peptides for Potential Use as Gene Transfer Vehicles
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Interaction with the
negatively charged cell
membrane and
internalization

pDNA/peptide complex

Amyloid-forming CPP
peptide fibrils

We used a combination of computational and experimental
methods to design two peptides comprised of B-sheet
cores derived from naturally occurring protein sequences
and designed positively charged and aromatic residues
exposed at key residue positions.

The introduction of positively charged and aromatic
residues additionally promotes DNA condensation and cell
internalization by the self-assembled material formed by
the designed peptides.

Our results demonstrate that these designer peptide fibrils
can efficiently enter mammalian cells while carrying
packaged luciferase-encoding plasmid DNA, and they can
act as a protein expression enhancer. Interestingly, the
peptides additionally exhibited strong antimicrobial activity
against the enterobacterium Escherichia coli.

Cell Potential Future Directions-Applications:

Transfer of small interfering RNAs and protein therapeutic cargos.
Examining and improving their antimicrobial activity for different
bacteria and microbes.

Experimental collaborator: Anna Mitraki (University of Crete)



Protein Interactions with modified RNAs Using “computational evolution” to redesign proteins

Computational and Structural Biotechnology |:U - We have examined the interaction of PNPase with 8-oxoG in atomic
Journal | detail to provide insights into the mechanism of 8-oxoG
Volume 18, 2020, Pages 137-152 diSCriminatiOn .
Computational evolution of an RNA-binding We hypothesized that PNPase subunits cooperate to form a binding

site using the dynamic SFF loop within the central channel of the

protein towards enhanced oxidized-RNA binding PNPase homotri
ase nomotrimer.
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We found that evolving this single site resulted in a fold change
— increase in 8-0xoG affinity between 1.2 and 1.5 and/or selectivity

i i{ between 1.5 and 1.9.

In addition to the improvement in 8-oxoG binding, complementation
I A of K12 Apnp with plasmids expressing mutant PNPases caused
‘ : increased cell tolerance to H,O,,.

PNPase-RNA g _ _ _ _
Complex =— %jgjg%jg This observation provides a clear link between molecular




Amyloid Inhibition Interactions between Curcumin Derivatives and Amyloid-f8 Fibrils

Interactions between Curcumin Derivatives and Amyloid- Fibrils: Insights from
Molecular Dynamics Simulations
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» In a small subset of these simulations, curcumin derivatives partly
dissociate the outermost peptide of the Aﬁ1_42 fibril by disrupting [-sheets
within the residue domain ,VHHQKLVFF, .

LEARN ABOUT THESE METRICS

« A comparison between binding modes leading or not leading to partial
dissociation of the outermost peptide suggests that the latter is attributed
to a few subtle key structural and energetic interaction-based differences.

 Interestingly, partial dissociation appears to be either an outcome of high
affinity interactions or a cause leading to high affinity interactions between
the molecules and the fibril, which could partly serve as a compensation
for the energy loss in the fibril due to partial dissociation.
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