Nanoswimmers to Make Fantastic Voyage
to Deliver Countermeasures
Resembling a scene from the 1960s sci-fi
movie, “Fantastic Voyage,” a shrunken
crew of researchers journeys through
a human body using a miniature
submarine to do battle from within, as
does work sponsored by DTRA CB/

JSTO using nanoswimmers to deliver
life-saving countermeasures to protect
against chemical and biological threats
to warfighters. A team of researchers
led by Joseph Wang of the University of
California at San Diego demonstrates a

template electrosynthesis that allows
for large-scale and low-cost preparation
of magnetically driven tailored
nanoswimmers that display efficient
propulsion behavior and hold
considerable promise for future
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3-D Structure Prediction for Biomimetic
Functional Plastics
New work builds on research to make
bio-inspired plastics that could sense
and degrade chemical and biological
agents, ultimately saving the lives of
warfighters, first responders and civilians.
Scientists have now developed the
capability to accurately predict the threedimensional (3-D) structure of peptoids
(peptide resembling constructs), which
is a critical capability for devising these
robust functional materials. Eventually,
these materials will be used in sensing,
decontamination and protection measures.
In a recent Journal of Computational
Chemistry article titled “Development
and use of an atomistic CHARMMbased force field for peptoid simulation,”
the scientific team lead by Drs. Ronald
Zuckermann and Stephen Whitelam
of the Molecular Foundry at Lawrence
Berkeley National Laboratory developed
and validated a first-generation force field
to enable accurate molecular dynamics
simulations of peptoid oligomers and
polymers. The force field, which the
team named MFTOID (pronounced:
em-eff-toyd), after “Molecular Foundry”
and “peptoid,” is now freely available.
It is compatible with the CHARMM

biomimetic functional plastics (see the
article “Biomimetic Functional Plastics
Sense and Degrade Chem Bio Threats”
from December 2012’s JSTO in the News).

A

Because there are significant structural
differences between peptides and
peptoids, it is not possible to perform
accurate structure predictions using the
well-established peptide force fields. In
a multi-year effort, this team derived a
custom force field for the peptoid backbone
from first principles, using as target data
quantum mechanical calculations and the
experimental thermodynamic properties of
simple tertiary amide model compounds.

B

Figures: A) Differences between positional isomers: in
peptoids functional sidechains are attached to backbone
nitrogens (depicted in green), whereas in peptides they are
attached to α-carbons (depicted in light blue-green); Φ and
ψ represent two dihedral angles. B) Forcefield simulations
provide to obtain free energy landscapes.

(Chemistry at HARvard Macromolecular
Mechanics) platform, which is commonly
used for peptides, proteins, DNA, RNA
and lipids. This is a major step forward
that significantly boosts the science of
protein-mimetic polymer design and builds
on Zuckermann’s previous work to make

These force fields enable scientists to
accurately predict the conformation of
peptoid chains for the first time. The
chemical synthesis of peptoid polymers
is well established, but the scientific
community has been lacking the tools,
until now, to be able to rationally design
folded peptoid polymers.
The force field parameters developed here
can be used to understand the atomic-scale
3-D structure of self-assembled peptoids.
They will allow us to engineer peptoid
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miniature devices in
the human body.
In the article, Template
electrosynthesis of
tailored-made helical
nanoswimmers,
highlighted in
Nanoscale, a scientific
journal, the team
revealed their method
overcame a bottleneck
Representation of the template electrosynthesis of magnetically-driven helical
in the development of
nanoswimmers. Image courtesy: Dr. Joseph Wang, University of California at
San Diego.
nanoscale structures
capable of controlled
movement in liquids, which is a major current nanotechnological challenge.
Previous routes for fabricating helical micro/nanoswimmers required specialized and
expensive instrumentation, and dimensions were commonly limited by the resolution
of optical lithography. This new synthesis employed a method, template-directed
electrodeposition, which cost less, was more readily scalable to mass produce and was
not limited by optical resolution.
It is possible that such disruptive approaches to medical countermeasures will impact,
for example, DTRA’s Nanostructured Active Therapeutic Vehicles and Bioscavenger
programs. These nanoswimmers hold promise for advanced targeted drug delivery
systems and biocompatible catalytic countermeasures to ensure the warfighter remains
protected from within against biological and chemical attacks.
POC: Dr. Brian Pate, brian.pate@dtra.mil

Immunosignaturing to Help
Determine Vaccine Efficacy
Some of the guesswork might be taken out of
determining how effective a vaccine will be in
protecting warfighters and civilian first responders.
DTRA CB/JSTO-funded investigators at Arizona State
University (ASU) used a technology from their labs,
immunosignaturing, to develop a method to determine
whether a subject has received vaccination and if the
vaccination will be effective in preventing disease. The
method is seen as an effective way to facilitate new
vaccine developments and determine if current ones are
properly protecting people.

assemblies, like the peptoid nanosheets,
to introduce new functionalities, such
as creating customized “active sites” for
molecular recognition and catalysis,
and to improve their stability. The
computational tools developed here
will allow the building of peptoid
nanostructures with the same level of
precision that is typically performed
with proteins. The combination of
these computational tools with the
already established peptoid synthesis
capabilities promises to be a very
powerful package to design rugged
protein-mimetic nanostructures.
The future research plan includes strategic
incorporation of appropriate functional
groups to achieve desired functionalities,
such as specific affinity binding and
catalysis. Functionalized peptoids can
be the basis for a new generation of
robust binders, catalysts, antimicrobials,
therapeutics, and nanomaterials for
Department of Defense applications
in sensing, decontamination,
and protection.
POC: Dr. Ilya Elashvili,
ilya.elashvili@dtra.mil

The Defense Threat Reduction
Agency’s (DTRA) Research and
Development (J9) Directorate,
Chemical and Biological (CB)
Technologies Department, serves as
the Joint Science and Technology
Office for Chemical and Biological
Defense. This newsletter highlights
the organization’s accomplishments
to protect warfighters and citizens
through the innovative application of
science and technology research.

Immunosignaturing takes blood from a subject and puts
it on a proprietary chip that can then reveal the pattern
of antibodies in the blood. From the knowledge of how
antibodies from vaccinated subjects appear on the chip,
“immunosignatures,” the ASU team can tell whether the
subject has received a vaccination. More importantly, the
(continued on Page 3)
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New Synthetics Lead to New Ways to
Destroy Nerve Agents
New, rugged functional synthetic polymers
could soon be available to better destroy
nerve agents, saving the lives of warfighters,
first responders and civilians. DTRA
CB/JSTO-sponsored research at
Northwestern University in Illinois has
led to the design and construction of
nanostructured materials that catalyze

the destruction of molecular simulants
of organophosphorous nerve agents
(such as sarin).
These agents are deadly, in part, because
they block neural signal transmissions
(including transmissions to essential
muscles, such as those responsible for

Grabbing and Killing
Harmful Bacteria
Warfighters could be better protected against some bacterial threats, thanks to work
managed by DTRA-CB/JSTO. Researchers including Dr. Gabriel Lopez of Duke
University have found a way to develop nanopatterned surfaces that can be controlled
to grab and kill bacteria, and then release their remains.
In the journal ACS
Applied Material &
Interfaces article,
“Nanopatterned
Smart Polymer
Surfaces for
Controlled
Attachment,
Killing, and Release
of Bacteria,” the
researchers describe
how they developed
surfaces that contain
both a biocidal
component and a
Triggered release of bacterial cells from biocidal, nanopatterned surface. Live bacteria
(green) attach to the surface and are killed (red). A temperature change alters the surface thermo-responsive
and releases the dead bacteria. Source: Dr. Gabriel Lopez, Duke University.
polymer to maintain
vigilance against
bacterial threats. Their model system responds to moderate temperature changes
to reversibly control the attachment and release of bacteria. During the process,
bacteria are killed while in contact with the surface. The ability of a surface to
undergo noncovalent, dynamic and reversible structural changes that modulate the
concealment and exposure of particular molecular components to the environment
will likely impact areas well beyond antimicrobial surfaces. These areas could include
coatings, garments, and in vivo therapeutic platforms designed to manifest the
countermeasure most appropriate to the particular threat encountered within an
evolving threat landscape.
Developing methods to prevent biofouling are of interest to counter colonization
and biofilm formation on surfaces by bacterial biothreats, within both civilian and
warfighter settings. For example, utility might be found for preventing life-threatening
infections associated with surgical implants and the spread of infections within the
military, public health and food industry settings.
POC: Dr. Brian Pate, brian.pate@dtra.mil
WE INVEST IN TRANSFORMATIONAL TECHNOLOGIES TO SAVE AND IMPROVE LIVES.

breathing) that lead to immediate and
long-term effects that are broad and
complex and could end in a coma or
death. Therefore, materials are needed
that can act similarly rapidly to destroy
these agents. In a recently published
Angewendte Chemie International Edition
article titled “Simple and Compelling
Biomimetic Metal-Organic Framework
Catalyst for the Degradation of Nerve
Agent Simulants,” the researchers at
Northwestern report polymeric catalysts
that could be useful for destruction of
these agents.
The work was done by postdocs Michael
Katz and Joseph Mondloch under the
joint direction of Drs. Joseph Hupp and
Omar Farha. The team initially set out
to build chemical structures resembling
the active sites of enzymes known to be
active for the hydrolytic degradation of
nerve agents. The aim was to mimic the
desirable activity of these sites, but with
catalysts that are much more stable than
typical enzymes. In particular, the team
sought to design materials that could
withstand extremes of temperature and
pH (both acid and base), while retaining
their effectiveness even after years
of storage.
The team’s initial efforts yielded
materials having good stability but
poor activity. Many hours and high
temperatures were required to achieve
(continued on Page 4)

Vaccine ...
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ASU workers can predict whether animals
that had been vaccinated previously
would still succumb to the disease, in this
instance influenza. The inventors believe
immunosignaturing could potentially tell
which people are successfully immunized
and also which vaccines are most effective
against disease.
The team’s work appears in the Proceedings
of the National Academy of Sciences of
the United States of America article
titled, “Immunosignatures can
predict vaccine efficacy.”
POC: Dr. Nate Adams,
Nathan.adams@dtra.mil
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metal sites, bound water and hydroxide
units) could all be improved upon
by turning to a new MOF material,
NU-1000, that the Northwestern
researchers themselves had developed.
This material yielded the as-yetunpublished half-lives of 3 minutes
at room temperature for hydrolytic
destruction of the agent simulants.
Illustration of a portion of the porous structure of the MOF material NU-1000 (left) with a zoom in of the
hexa-zirconium(IV)-cluster node (middle) that catalyzes the hydrolysis of methyl paraoxon (right).
Source: Dr. Joseph Hupp, Northwestern University

simulant decomposition. Acting on a
hunch that the catalysts might perform
better if positioned in a more porous
environment, the team turned to a class
of materials known as metal-organic
frameworks (MOFs). While MOFs had
previously been considered as candidate
catalysts, they were considered too fickle
structurally to survive under the chemical
conditions used for simulant destruction.
Fortunately, new chemistry and new
design rules had yielded advanced
MOFs having the ability to withstand
temperatures as high as 450 degrees

Celsius and as harsh as boiling solutions
at pH zero. Initial work focused on a
known class of compounds (the “UiO”
series) developed in Norway and yielded
reaction times of less than an hour
half-lives at room temperature, as
described in more detail in the recent
publication cited above.
The team also realized that the observed
catalysis must be occurring by a distinctly
different molecular mechanism than
used by conventional hydrolase enzymes.
The salient features (open pores, exposed

A key question going forward is how
effective the catalysts will be when
tasked with destroying real nerve
agents. This work is planned to be
conducted by scientists at the
U.S. Army Edgewood Chemical
Biological Center (ECBC), since the
handling of the nerve agents requires
the use of special facilities along with
the collaboration of technical experts,
as the nerve agents are too dangerous
to be handled in academic settings.
Nevertheless, if NU-1000 or its
successors prove similarly effective for
degradation of real nerve agents, the
materials might merit evaluation in
field-deployable test systems.

Dr. Ilya Elashvili, ilya.elashvili@dtra.mil

Materials Research Society Recognizes Performer
for Sensing Materials Efforts
Award winning work with
hydrogel-based sensor materials that
can quantitatively detect glucose, which
is often considered the “5th vital sign,”
garnered a DTRA CB/JSTO-sponsored
performer a prestigious honor from a
group that promotes materials research.
Chunjie Zhang, a graduate student in
the Department of Materials Science and
Engineering at the University of Illinois
(Urbana-Champaign), received one of
only nine Gold Graduate Student Awards
(out of 260 applicants) at the recent
Materials Research Society fall 2013
meeting in Boston, Mass.
Zhang’s work focuses on hydrogels
containing built-in chemical potential
gradients for molecular transport,

separation and detection. This offers
the potential – for example – to
monitor warfighter health in real time
in order to reduce the time to treatment
after exposure to a chemical or
biological threat.
Zhang presented his work on hydrogelbased sensor materials for continuous
chemical monitoring and demonstrated
a hydrogel that provides a linear readout to the concentration of cis-1 and -2
diols in solution. These sensors contain
an embedded photonic crystal to convert
the linear hydrogel volume change to a
quantitative shift in the
color of reflected light. This sensor
approach can be applied to a broad
range of analytes.

Recognition of
this research demonstrates the
progress and visibility of DTRA’s science
and technology efforts as well as its
unique role in engaging with academia
and supporting the science, technology,
engineering, and math (STEM) fields
of study.

POC: Dr. Brian Pate, brian.pate@dtra.mil
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