Tools
Our tools include complementary biophysical,
biochemical, and computational techniques such as
solid-state NMR, surface plasmon resonance,
calorimetry, circular dichroism, and activity assays on
live cells and their mimics.
Our major technique to obtain structures and
dynamics of macromolecular assemblies is solid-state
NMR. It offers unique advantages that uniquely
positions it to the studies of biomolecular systems not
amenable to other techniques. Recently, solid-state
NMR has also been used to study phenomena in living
cells, a new methodology which is extracting high
resolution information about
in vivo phenomena.
At the College of William
and Mary, state-of-the-art
solid-state NMR can be
performed on the high field
wide bore 750 MHz
instrument. This is a rare
resource since very few labs
worldwide are equipped with
such a high field instrument.
Thanks to the higher sensitivity
provided by the high field, phenomena not observable
at lower fields can be investigated.
Our group collaborate with scientists at other institutions
and national laboratories, including the National High
Magnetic Field Laboratory, the National Institutes of Health,
the National Institute of Standards and Technology, and the
University of California San Diego.

Applied Science at W&M
The College of William and Mary, which was chartered in
1693 by the King and Queen of England, is the second
oldest institution of higher learning in the United States and
the oldest modern university. The W&M Department of
Applied Science offers interdisciplinary M.S. and Ph.D.
degrees that encompass the
physical, biological and
computational sciences. It is
hosted in the new Integrated
Science Building that was
dedicated in September 2016.

Graduate Program
If you are interested in our research, we encourage you
to apply to our PhD program. Features include:
 Flexible graduate research projects and courses that
are tailored to student needs and interests. For BCSB,
the curriculum typically includes Math, Physics,
Chemistry, and Biology courses.
 Graduate stipends and full tuition fellowships.
Students receive a Research Assistant stipend
($25,000 for 2016-17), tuition, and health insurance.
 A historical and scenic campus in Colonial
Williamsburg. Other local attractions include Busch
Gardens, Virginia Beach, Washington, D.C., the
Appalachian mountains, and Shenandoah National
Park.

College of William and Mary, Virginia
http://www.wm.edu/as/appliedscience/
http://mcotten.blogs.wm.edu

The deadline is the first Friday in February.

Contact Information:
Prof. Myriam Cotten
Applied Science Department
Integrated Science Center III
The College of William & Mary
Williamsburg, VA 23187-8795
Phone: (757) 221-7428
E-mail: mcotten@wm.edu
Department of Applied Science
The College of William & Mary
Williamsburg, VA 23187-8795
telephone: (757) 221-2563
fax: (757) 221-2050
email: info@as.wm.edu
web: http://as.wm.edu

Biophysical Chemistry & NMR Structural
Biology (BCSB) at W&M is an interdisciplinary
laboratory that bridges chemistry, physics,
biology, computer modeling and
mathematical analysis to investigate the
physical properties of biomolecules and
determine the relationship between their
structure, dynamics, and functions. Students
learn how to investigate the physical basis
and fundamental principles underlying
biological phenomena. This knowledge is
crucial to biotechnological applications such
as drug discovery, vaccine design, and
bioremediation.

Research Interests
Current research focuses on immune effector
peptides and proteins that are implicated in infec‐
tious diseases, inflammation, and cancer.
We use and develop various methods, including
static and magic angle spinning solid‐state Nuclear
Magnetic Resonance (NMR) spectroscopy, to eluci‐
date molecular recognition properties of bioactive
peptides in the context of living cells and their mim‐
ics, and therefore help identify principles for the
rational design and applications of biomaterials and
therapeutics.
Our experimental work encompasses:
‐ Expression & purification of labeled proteins.
‐ Reconstitution to mimic physiological conditions.
‐ Investigation of structure, dynamics, and function.
‐ Design of biomaterials derivatized with functional
constructs of the naturally occurring biomolecules.

Applications of antimicrobial
metallopeptides to drug resistant bacteria and biofilms
This ongoing project investigates the direct anti‐
microbial and immunomodulatory properties of
piscidins, host defense (antimicrobial) metallopep‐
tides from fish. We focus on identifying the cellular
targets of several isoforms and characterizing how
targets are disrupted by peptides in living cells and
their mimetics.
Our work supports the emerging concept that

anti‐infective host defense peptides use a sophisti‐
cated multi‐hit mode of action, and isoforms exhib‐
it complementary effects to target the Achilles’
heel of pathogenic cells. This approach helps identi‐
fy new strategies to treat drug resistant bacteria
and boost host immunity.

Targeted application of designer transmembrane peptides to dysregulated bitopic
receptors
This project targets protein‐protein interactions
between the transmembrane domains of mem‐
brane receptors because such protein‐protein in‐
teractions are not amenable to traditional tools
such as antibodies, which hinders sensing, treating,
and preventing associated diseases.
We are particularly interested in Toll‐like recep‐
tors (TLRs) implicated in the neuro‐inflammation
and ‐degeneration associated with Alzheimer’s dis‐
ease. Upon ligand binding, TLRs, pattern recogni‐
tion receptors in innate immunity, are recruited to
lipid rafts where they homo‐ and hetero‐dimerize
and initiate signaling.
Using solid‐state NMR to overcome issues relat‐
ed to studying membrane proteins, we aim at in‐
vestigating the effect of membrane composition on
the high resolution structures and dynamics of di‐
merized TLR transmembrane domains under physi‐
ologically relevant conditions and map the dimer
interface. This information could be used to design

peptides that modulate TLR dimerization and ad‐
dress immune‐related diseases.

Featured publications
‐ Hayden et al. Complementary Effects of Host De‐
fense Peptides Piscidin 1 and Piscidin 3 on DNA and
Lipid Membranes: Biophysical Insights into Con‐
trasting Biological Activities. 2015. J. Phys. Chem. B.
119:15235‐46. We provided the first characteriza‐
tion of DNA/peptide aggregates by solid‐state NMR
and showed complementary effects between pis‐
cidin isoforms.
‐ Perrin et al. High‐Resolution Structures and Orien‐
tations of Antimicrobial Peptides Piscidin 1 and Pis‐
cidin 3 in Fluid Bilayers Reveal Tilting, Kinking, and
Bilayer Immersion. 2014. J. Am. Chem. Soc. 136:
3491–3504. Cover story, podcast, and spotlight en‐
titled “Solid‐State NMR Reveals How a Kinky Pep‐
tide Slays Microbes”. We solved the first high reso‐
lution structures of ‐helical host defense peptides
bound to fluid bilayers and deposited them in the
Protein Data Bank.
‐ Fu et al. High resolution heteronuclear correlation
NMR spectroscopy of an aligned antimicrobial pep‐
tide: Direct evidence of spectral enhancement at
high magnetic field and peptide‐water interactions
at the water‐bilayer interface. 2009. J. Am. Chem.
Soc. 131: 10830–10831. We collected NMR data on
state‐of‐the‐art instruments, including the 900 MHz
ultra‐wide bore spectrometer at the National High
Magnetic Field Laboratory, and helped develop
new solid‐state NMR methodology for membrane‐
bound species.

