Mathematical Modelling Disease Outbreaks

Predicting and controlling disease outbreaks would be easier and more reliable with the wider
application of mathematical modelling, according to a new study. [34]

Scientists have uncovered a novel antibiotic-free approach that could help prevent and treat one
of the most widespread bacterial pathogens, using nanocapsules made of natural ingredients.

[33]

A chance finding 10 years ago led to the creation by researchers of the Spanish National Cancer
Research Centre (CNIO) of the first mice born with much longer telomeres than normal in their
species. [32]

Researchers at the Department of Energy's Oak Ridge National Laboratory, the University of
Tennessee and Texas A&M University demonstrated bio-inspired devices that accelerate routes

to neuromorphic, or brain-like, computing. [31]

The fight against global antibiotic resistance has taken a major step forward with scientists
discovering a concept for fabricating nanomeshes as an effective drug delivery system for
antibiotics. [30]

The solution consisting of colloidal quantum dots is inkjet-printed, creating active photosensitive
layer of the photodetector. [29]

I'm part of a group of nanotechnology and neuroscience researchers at the University of

Washington investigating how quantum dots behave in the brain. [28]

Nanotechnology may provide an effective treatment for Parkinson’s disease, a team of

researchers suggests. [27]

Recent research from Kumamoto University in Japan has revealed that polyoxometalates
(POMs), typically used for catalysis, electrochemistry, and photochemistry, may also be used in a
technique for analyzing quantum dot (QD) photoluminescence (PL) emission mechanisms. [26]

Researchers have designed a new type of laser called a quantum dot ring laser that emits

red, orange, and green light. [25]

The world of nanosensors may be physically small, but the demand is large and growing,
with little sign of slowing. [24]

In a joint research project, scientists from the Max Born Institute for
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Nonlinear Optics and Short Pulse Spectroscopy (MBI), the Technische Universitdt Berlin
(TU) and the University of Rostock have managed for the first time to image free
nanoparticles in a laboratory experiment using a highintensity laser source. [23]

For the first time, researchers have built a nanolaser that uses only a single molecular
layer, placed on a thin silicon beam, which operates at room temperature. [22]

A team of engineers at Caltech has discovered how to use computer-chip manufacturing
technologies to create the kind of reflective materials that make safety vests, running
shoes, and road signs appear shiny in the dark. [21]

In the September 23th issue of the Physical Review Letters, Prof. Julien Laurat and his
team at Pierre and Marie Curie University in Paris (Laboratoire Kastler Brossel-LKB)
report that they have realized an efficient mirror consisting of only 2000 atoms. [20]

Physicists at MIT have now cooled a gas of potassium atoms to several nanokelvins—just
a hair above absolute zero—and trapped the atoms within a two-dimensional sheet of
an optical lattice created by crisscrossing lasers. Using a high-resolution microscope, the
researchers took images of the cooled atoms residing in the lattice. [19]

Researchers have created quantum states of light whose noise level has been “squeezed”
to a record low. [18]

An elliptical light beam in a nonlinear optical medium pumped by “twisted light” can
rotate like an electron around a magnetic field. [17]

Physicists from Trinity College Dublin's School of Physics and the CRANN Institute,
Trinity College, have discovered a new form of light, which will impact our
understanding of the fundamental nature of light. [16]

Light from an optical fiber illuminates the metasurface, is scattered in four different
directions, and the intensities are measured by the four detectors. From this
measurement the state of polarization of light is detected. [15] Converting a single
photon from one color, or frequency, to another is an essential tool in quantum
communication, which harnesses the subtle correlations between the subatomic
properties of photons (particles of light) to securely store and transmit information.
Scientists at the National Institute of Standards and Technology (NIST) have now
developed a miniaturized version of a frequency converter, using technology similar to
that used to make computer chips. [14]

Harnessing the power of the sun and creating light-harvesting or light-sensing devices
requires a material that both absorbs light efficiently and converts the energy to highly
mobile electrical current. Finding the ideal mix of properties in a single material is a
challenge, so scientists have been experimenting with ways to combine different
materials to create "hybrids" with enhanced features. [13]



Condensed-matter physicists often turn to particle-like entities called quasiparticles—
such as excitons, plasmons, magnons—to explain complex phenomena. Now Gil Refael
from the California Institute of Technology in Pasadena and colleagues report the
theoretical concept of the topological polarition, or “topolariton”: a hybrid half-light,
half-matter quasiparticle that has special topological properties and might be used in
devices to transport light in one direction. [12]

Solitons are localized wave disturbances that propagate without changing shape, a
result of a nonlinear interaction that compensates for wave packet dispersion. Individual
solitons may collide, but a defining feature is that they pass through one another and
emerge from the collision unaltered in shape, amplitude, or velocity, but with a new
trajectory reflecting a discontinuous jump.

Working with colleagues at the Harvard-MIT Center for Ultracold Atoms, a group led by
Harvard Professor of Physics Mikhail Lukin and MIT Professor of Physics Vladan Vuletic
have managed to coax photons into binding together to form molecules - a state of
matter that, until recently, had been purely theoretical. The work is described in a
September 25 paper in Nature.

New ideas for interactions and particles: This paper examines the possibility to origin the
Spontaneously Broken Symmetries from the Planck Distribution Law. This way we get a
Unification of the Strong, Electromagnetic, and Weak Interactions from the interference
occurrences of oscillators. Understanding that the relativistic mass change is the result
of the magnetic induction we arrive to the conclusion that the Gravitational Force is also
based on the electromagnetic forces, getting a Unified Relativistic Quantum Theory of all
4 Interactions.
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Mathematical modelling vital to tackling disease outbreaks
Predicting and controlling disease outbreaks would be easier and more reliable with the wider application
of mathematical modelling, according to a new study.

The study was conducted by researchers at the University of Waterloo, University of Maryland and Yale's
School of Public Health.

In addition to the main findings, the study also concluded that modelling involving the information

from multiple medical and public health sources, such as microbiologists, immunologists and
epidemiologist, would be most informative for public health planners in contemplating intervention
strategies.

"Mathematical models of disease spread can be hugely beneficial in understanding and controlling
infectious diseases," said Chris Bauch, a professor in Waterloo's Department of Applied Mathematics.
"There are certain challenges that have to be overcome when attempting to use mathematical modelling,
for example, if you want to impact policy, you have to involve the policymakers at every step in the
process."

"Good data is also needed to carry out the objectives of modelling and to best control infectious
diseases."

Bauch conducted the research with Meagan Fitzpatrick, a professor at the University of Maryland, and
Jeffrey Townsend and Alison Galvani, both professors at Yale's School of Public Health.

The researchers also explained how mathematical models could help in understanding how ideas, opinions,
and beliefs about vaccines spread through social networks allowing for the formulation of interventions
that might convey the facts to the population and better support vaccination choices.

"It is very important for researchers who are constructing mathematical models to collaborate

with health authorities who are informing and helping to manage the outbreak response," said
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Bauch of Waterloo's Faculty of Mathematics. "Firstly, it will be easier to get the required data; secondly, it
will ensure the model is geared towards questions those on the frontline need answers to, and finally, it will
help foster trust in the modelling process.

"Another area in which mathematical modellinq can prove useful is in combating vaccine
hesitancy. As the access to vaccines become less of a problem worldwide, vaccine hesitancy will perhaps

become the most important barrier to ensuring high vaccine uptake."

The study, titled Modelling microbial infection to address global health challenges, authored by Fitzpatrick,
Bauch, Townsend, and Galvani, was published recently in the journal Nature Microbiology. [34]

A new approach to tackle superbugs
Scientists have uncovered a novel antibiotic-free approach that could help prevent and treat one of the
most widespread bacterial pathogens, using nanocapsules made of natural ingredients.

Helicobacter pylori (H. pylori) is a bacterial pathogen carried by 4.4 billion people worldwide, with the
highest prevalence in Africa, Latin America and the Caribbean.

Although the majority of infections show no symptoms, if left untreated the pathogen can cause chronic
inflammation of the stomach lining, ulcers and is associated with an increased risk of gastric cancer.

Bacteria posting threats to human health
In 2017, the World Health Organisation included H. pylori on its list of antibiotic-resistant

"priority Qathogen "—a catalog of bacteria that pose the greatest threat to human health and

that urgently need new treatments.

Current treatments involve multi-target therapy with a combination of antibiotics, but this has promoted
the emergence of resistant strains.

Now, UK and German scientists have uncovered a novel antibiotic-free approach using only food- and
pharmaceutical-grade ingredients, which are non-toxic and safe for consumption, to be used as a
supplement to complement antibiotic current therapies.

The formulation is delivered through billions of bundled together nanocapsules, which are smaller than a
human blood cell, and prevents the bacteria from attaching to and infecting the stomach cells.

Antimicrobial resistance

The team, which includes researchers from the universities of Leeds, Miinster and Erlangen, hope the
nanocapsules could be used as a preventative measure, as well as helping eradicate H. pylori and reduce
antibiotic resistant strains.

Study co-author Professor Francisco Goycoolea from the School of Food Science and Nutrition at Leeds said:
"Antimicrobial resistance is one of the biggest challenges facing the world and it is predicted to cause more
deaths than cancer by the year 2050 unless urgent action is taken.
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"Helicobacter pylori is a globally-spread pathogen. It is estimated that up to 70% of people host this
pathogen worldwide. The bacteria hide under the gastric mucus layer where antibiotics do not penetrate
effectively. This often leads to recurrent infections and gives rise to resistant strains.

"New integral approaches are needed to tackle antimicrobial resistance and research into

alternatives to antibiotics is vital. This novel formulation, consisting of small capsules made of natural

inqredients, could offer a new means to deter a globally-spread 'superbug' pathogen."

Novel antibiotic-free approach

The research, published in the journal ACS Applied Bio Materials, was carried out in vitro—using bacteria
and stomach cells outside a human body.

The nanocapsules are loaded with curcumin—a natural compound found in turmeric which has well-
documented anti-inflammatory and anti-tumor properties.

The capsules are coated with lysozyme, an enzyme that helps prevent bacterial infections, and a very low
concentration of dextran sulfate, a water-soluble polysaccharide that binds receptors in the bacteria and in
the mucosal layer that coats the stomach.

The nanopsules are bundled together in the required dose and the formulation prevents the bacteria from
adhering to the stomach cells. The team has filed a patent based on this formulation.

Study co-author Professor Andreas Hensel from the Institute for Pharmaceutical Biology and
Phytochemistry of University of Miinster said: "Standard antibiotics used in today's clinical practice are
quite broad acting compounds, disturbing cell wall architecture, protein formation of membrane integrity.

"A new generation of antibacterials might be based on more specific molecular targets of the bacteria,
acting probably not as broad as the older compounds, but therefore more precisely against specific

virulence factors of specific bacteria.

"The research published in ACS Applied Bio Materials might pinpoint a new way towards controlled drug
targeting against H. pylori and its specific adhesion and virulence factors." [33]

Researchers obtain the first mice born with hyper-long telomeres

A chance finding 10 years ago led to the creation by researchers of the Spanish National Cancer Research
Centre (CNIO) of the first mice born with much longer telomeres than normal in their species. Telomeres
shorten throughout life, so older organisms have shorter telomeres. Given this relationship between
telomeres and aging, the scientists launched a study generating mice in which 100 percent of their cells had
hyper-long telomeres. The findings are published in Nature Communications and show only positive
consequences: The animals with hyper-long telomeres live longer and in better health, free from cancer
and obesity. This marks the first time that longevity has been significantly increased without any genetic
modification.
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"This finding supports the idea that, when it comes to determining longevity, genes are not the only thing to
consider," says Maria Blasco, head of the CNIO Telomeres and Telomerase Group and intellectual author of
the paper. "There is margin for extending life without altering the genes."

Telomeres form the ends of chromosomes in the nucleus of each cell in the body. Their function is to
protect the integrity of the genetic information in DNA. Whenever the cells divide the telomeres, they are

slightly shortened, so one of the main characteristics of aging is the accumulation of ShoOrter

telOMEreS in cells. "Telomere shortening is considered to be one of the primary causes of aging, given
that short telomeres cause aging of the organism and reduce longevity," the authors write in a paper
published in Nature Communications.

The CNIO Telomeres and Telomerase Group has already shown in diverse studies that preventing the

shortening of telomeres through the activation of the te|0mere-lengthening enzyme telomerase
extends longevity without any secondary effects.

However, until now, all interventions on the length of telomeres have been based on altering the
expression of genes through one technique or another. In fact, some years ago, the CNIO group developed

a gene therapy that fosters the synthesis of telomerase, obtaining MICE that live 24 percent longer
without developing cancer of other illnesses associated with age.

13 percent longer, slimmer and free from cancer

The most significant result is that there has been no genetic alteration in the mice born with hyper-long
telomeres. In 2009, researchers worked with so-called IPS cells—cells from an adult organism that have
pluripotency, or the capacity to generate a full organism—and they observed that after a certain number of
divisions in culture plates, these cells acquired telomeres twice as long as normal. Intrigued, they confirmed
that the same occurred in normal pluripotent embryonic cells as they are kept in cultivation after being
removed from the blastocyst.
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Scheme representing the telomeric elongation process associated with the cell division of pluripotent cells
and the generation of animals with hyper-long telomeres. Mouse embryonic stem cells are obtained and
cultured for a controlled number of cell divisions to allow telomeric elongation in the absence of any
genetic manipulation. Upon telomere elongation, pluripotent cells with hyper-long telomeres are
introduced into a recipient embryo with normal cells, thus generating a chimera with cells of different
origins (normal and hyper-long telomere embryonic stem cells). These chimeric embryos are re-implanted
in a mouse for the generation of mice in which 100% of their cells are derived from embryonic cells with
hyper-long telomeres. Credit: CNIO

On researching the phenomenon, Blasco's team found that during the pluripotency stage, there are certain
biochemical marks (epigenetic marks) on the telomeric chromatin that facilitate their lengthening by the
telomerase enzyme. For this reason, the telomeres of pluripotency cells in cultivation were extended to
twice the normal length.

The question was whether the embryonic cells with hyper-long telomeres could produce live mice. Some
years ago, the group demonstrated that they could in research also published in Nature Communications.
However, these first animals were chimerical—in other words, only between 30 percent and 70 percent of
their cells came from embryonic cells with hyper-long telomeres. Their good health may be attributed to
the proper functioning of the rest of the cells with normal telomeres.

In the study that has now been published, the authors induced hyper-long telomeres in 100 percent of mice
cells, so this entire peculiar feature is attributable to this phenomenon. Indeed, there are many
peculiarities.

"Unprecedented results”
"These mice have less cancer and live longer," the authors write. "An important fact is that they are slimmer
than normal because they accumulate less fat. They also show lower metabolic aging, with lower levels of



cholesterol and LDL (bad cholesterol), and an increased tolerance to insulin and glucose. Damage to their
DNA as they age is less, and their mitochondria, another Achilles heel of aging, function better."

In conclusion, "these unprecedented results show that longer than normal telomeres in a given species are
not harmful but quite the contrary: They have beneficial effects, such as increased longevity, delayed
metabolic age and less cancer."

More specifically, the average longevity of mice with hyper-long telomeres is 13 percent higher than usual.
The metabolic alterations observed are also relevant, as this is the first time that a clear relationship
between the length of telomeres and metabolism has been found. The genetic route of insulin and glucose
metabolism is identified as one of the most important in relation to aging.

However, what is most striking for researchers is that this finding paves the way for extending longevity
without changing the genes of the organism. Biochemical changes in the telomeric chromatin that
facilitates the lengthening of telomeres in the pluripotency phase is epigenetic, or in other words, it acts as
a chemical annotation that modifies the work of genes, but does not alter their essence.

"Extending the time during which embryonic cells remain in pluripotency to generate mice with longer
telomeres, protected from cancer and obesity, and with increased longevity, has been enough to make
mice have longer telomeres and live longer," the authors write. "We present a new model of mice in which
aging has been delayed without any genetic manipulation." [32]

Bio-circuitry mimics synapses and neurons in a step toward sensory
computing

Researchers at the Department of Energy's Oak Ridge National Laboratory, the University of Tennessee and
Texas A&M University demonstrated bio-inspired devices that accelerate routes to neuromorphic, or brain-
like, computing.

Results published in Nature Communications report the first example of a lipid-based "memcapacitor," a
charge storage component with memory that processes information much like synapses do in the brain.
Their discovery could support the emergence of computing networks modeled on biology for a sensory
approach to machine learning.

"Our goal is to develop materials and computing elements that work like biological synapses and neurons—

with vast interconnectivity and flexibility—to enable AUtONOMOUS SYStEMS that operate
differently than current computing devices and offer new functionality and learning capabilities," said
Joseph Najem, a recent postdoctoral researcher at ORNL's Center for Nanophase Materials Sciences, a DOE
Office of Science User Facility, and current assistant professor of mechanical engineering at Penn State.

The novel approach uses soft materials to mimic biomembranes and simulate the way nerve cells
communicate with one another.

The team designed an artificial cell membraneg, formed at the interface of two lipid-coated
water droplets in oil, to explore the material's dynamic, electrophysiological properties. At applied voltages,
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charges build up on both sides of the membrane as stored energy, analogous to the way capacitors work in
traditional electric circuits.

But unlike regular capacitors, the memcapacitor can "remember" a previously applied voltage and—
literally—shape how information is processed. The synthetic membranes change surface area and thickness
depending on electrical activity. These shapeshifting membranes could be tuned as adaptive filters for
specific biophysical and biochemical signals.

"The novel functionality opens avenues for nondigital signal processing and machine learning modeled on
nature," said ORNL's Pat Collier, a CNMS staff research scientist.

A distinct feature of all digital computers is the separation of processing and memory. Information is
transferred back and forth from the hard drive and the central processor, creating an inherent bottleneck in
the architecture no matter how small or fast the hardware can be.

Neuromorphic computing, modeled on the NEI'VOUS SYStEem, employs architectures that are
fundamentally different in that memory and signal processing are co-located in memory elements—
memristors, memcapacitors and meminductors.

These "memelements" make up the synaptic hardware of systems that mimic natural information
processing, learning and memory.

Systems designed with memelements offer advantages in scalability and low power

consumption, but the real goal is to carve out an alternative path to artificial intelligence, said Collier.

Tapping into biology could enable new computing possibilities, especially in the area of "edge computing,"
such as wearable and embedded technologies that are not connected to a cloud but instead make on-the-
fly decisions based on sensory input and past experience.

Biological sensing has evolved over billions of years into a highly sensitive system with receptors in cell
membranes that are able to pick out a single molecule of a specific odor or taste. "This is not something we
can match digitally," Collier said.

Digital computation is built around digital information, the binary language of ones and zeros coursing
through electronic circuits. It can emulate the human brain, but its solid-state components do not compute
sensory data the way a brain does.

"The brain computes sensory information pushed through synapses in a neural network that is
reconfigurable and shaped by learning," said Collier. "Incorporating biology—using biomembranes that
sense bioelectrochemical information—is key to developing the functionality of neuromorphic computing."

While numerous solid-state versions of memelements have been demonstrated, the team's biomimetic
elements represent new opportunities for potential "spiking" neural networks that can compute natural
data in natural ways.

Spiking neural networks are intended to simulate the way neurons spike with electrical potential and, if the
signal is strong enough, pass it on to their neighbors through synapses, carving out learning pathways that
are pruned over time for efficiency.
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A bio-inspired version with analog data processing is a distant aim. Current early-stage research focuses on
developing the components of bio-circuitry.

"We started with the basics, a memristor that can weigh information via conductance to determine if a
spike is strong enough to be broadcast through a network of synapses connecting neurons," said Collier.
"Our memcapacitor goes further in that it can actually store energy as an electric charge in the membrane,
enabling the complex 'integrate and fire' activity of neurons needed to achieve dense networks capable of
brain-like computation."

The team's next steps are to explore new biomaterials and study simple networks to achieve more complex
brain-like functionalities with memelements.

The article, "Dynamical nonlinear memory capacitance in biomimetic membranes," is published in Nature
Communications. [31]

Nanomesh drug delivery provides hope against global antibiotic resistance
The fight against global antibiotic resistance has taken a major step forward with scientists discovering a
concept for fabricating nanomeshes as an effective drug delivery system for antibiotics.

Health experts are increasingly concerned about the rise in medication resistant bacteria. Now, Flinders
University researchers and collaboraters in Japan have produced a nanomesh that is capable of delivering
drug treatments.

In studying the effectiveness of the hanomesh, two antibiotics, colistin and Vancomycin, were added

together with gold nanoparticles to the mesh, before they were tested over a 14 day period by
PHD student Melanie Fuller.

Flinders Institute for NanoScience and Technology Associate Professor Ingo Koeper says 20cm by 15cm
pieces of mesh were produced which contain fibers 200 nm in diameter. These meshes are produced using
a process called electrospinning with parameters being optimized to ensure the mesh material was
consistent.

"In order to deliver the antibiotics to a specific area, the antibiotics were embedded into the mesh
produced using a technique called electrospinning, which has gained considerable interest in the
biomedical community as it offers promise in many applications including wound management, drug
delivery and antibiotic coatings," says Assoc Prof. Koeper

"A hICIh Voltaqe is then applied between the needle connected to the syringe, and the collector plate
which causes the polymer solution to form a cone as it leaves the syringe, at which point the electrostatic

forces release a jet of liquid."
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Process which achieved adding two antibiotics, Colistin and Vancomycin, were with gold nanoparticles to
the mesh, before they were tested over a 14 day period. Credit: Flinders University

"Small charged nanoparticles altered the release of the antibiotics from the nanomesh. The addition
of gold nanoparticles likely neutralized charge, causing the antibiotic to migrate toward the center of the

fiber, prolonging its release."

The results also suggest dosages could be reduced when compared to traditional drugs which can also
diminish potential side effects and complications.

"Although the dosage is reduced compared to an oral dosage, the concentration of antibiotics delivered to
the infection site can still be higher, ensuring the bacteria cannot survive which will reduce instances of
resistance."

"This research, as a proof of concept, suggests an opportunity for fabricating nanomeshes which contain

gold nanoparticles as a drug treatment for antibiotics."

Working with Dr. Harriet Whiley, a Flinders environmental health scientists, the researchers studied how
the release of the drugs affected the growth of E. Coli. The in vitro study confirmed Colistin with negatively
charged gold nanoparticles produced the most efficient nanomesh, significantly affecting bacterial growth.

"Further investigation is needed to determine if other small charged particles affect the release of drugs
and how it affects the release over time. As it is a pharmaceutical application, the stability of the mesh
under different storage conditions as well as the toxicological properties also need to be evaluated." [30]
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Quantum dots technology to revolutionize healthcare and sensing technology
Researchers of the Optoelectronics and Measurement Techniques Unit (OPEM) at the University of Oulu
have invented a new method of producing ultra-sensitive hyper-spectral photodetectors. At the heart of
the discovery are colloidal quantum dots, developed together with the researchers at the University of
Toronto, Canada. Quantum dots are tiny particles of 15-150 atoms of semiconducting material that have
extraordinary optical and electrical properties due to quantum mechanics phenomena. By controlling the
size of the dots, the researchers are able to finetune how they react to different light colors (light
wavelengths), especially those invisible for the human eye, namely the infrared spectrum.

Their paper, Stable Colloidal Quantum Dot Inks Enable Inkjet-Printed High-Sensitivity Infrared
Photodetectors, was published recently in ACS Nano.

"Naturally, it is very rewarding that our hard work has been recognized by the international scientific
community but at the same time, this report helps us to realize that there is a long journey ahead in
incoming years. This publication is especially satisfying because it is the result of collaboration with world-
class experts at the University of Toronto, Canada. This international collaboration where we combined the

expertise of Toronto's researchers in synthesizing quantum dots and our expertise in printed

intelligence resulted in truly unique devices with astonishing performance," says docent Rafal Sliz, a leading
researcher in this project.

Mastered in the OPEM unit, inkjet printing technology makes possible the creation of optoelectronic
devices by designing functional inks that are printed on various surfaces, for instance, flexible substrates,
clothing or human skin. Inkjet printing combined with colloidal quantum dots allowed the creation of
photodetectors of impresive detectivity characteristics. The developed technology is a milestone in the
creation of a new type of sub-micron-thick, flexible, and inexpensive IR sensing devices, the next generation
of solar cells and other novel photonic systems.
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Credit: University of Oulu

"Oulus' engineers and scientists' strong expertise in optoelectronics resulted in many successful Oulu-based
companies like Oura, Specim, Focalspec, Spectral Engines, and many more. New optoelectronic
technologies, materials, and methods developed by our researchers will help Oulu and Finland to stay at
the cutting edge of innovation," says professor Tapio Fabritius, a leader of the OPEM.

The figure briefly introduces the concept of the study conducted by the researchers of the University of

Oulu and the University of Toronto. The solution consisting of colloidal quantum dotsis inkjet-
printed, creating active photosensitive layer of the photodetector. [29]

Quantum dots that light up TVs could be used for brain research
While many people love colorful photos of landscapes, flowers or rainbows, some biomedical researchers
treasure vivid images on a much smaller scale—as tiny as one-thousandth the width of a human hair.

To study the micro world and help advance medical knowledge and treatments, these scientists
use fluorescent nano-sized particles.

Quantum dots are one type of nanoparticle, more commonly known for their use in TV screens. They're
super tiny crystals that can transport electrons. When UV light hits these semiconducting particles, they can
emit light of various colors.

That fluorescence allows scientists to use them to study hidden or otherwise cryptic parts of Ce”S, organs
and other structures.
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I'm part of a group of nanotechnology and neuroscience researchers at the University of Washington

investigating NOW quantum dots behave in the brain.

Common brain diseases are estimated to cost the U.S. nearlv US$800 billion annually. These
diseases—including Alzheimer's disease and neurodevelopmental disorders—are hard to diagnose or treat.

Nanoscale tools, such as quantum dots, that can capture the nuance in complicated cell activities hold
promise as brain-imaging tools or drug delivery carriers for the brain. But because there are many reasons
to be concerned about their use in medicine, mainly related to health and safety, it's important to figure
out more about how they work in biological systems.

Quantum dots as next-generation dyes

Researchers first dIScovered guantum dots in the 1980s. These tiny particles are

different from other crystals in that they can produce different colors depending on their size. They are so
small that that they are sometimes called zero-dimensional or artificial atoms.

The most commonly known use of quantum dots nowadays may be TV screens. Samsung launched their
QLED TVsin 2015, and a few other companies followed not long after. But scientists have been eyeing
guantum dots for almost a decade. Because of their unique optical properties—they can produce
thousands of bright, sharp fluorescent colors—scientists started using them as optical sensors or imaging
probes, particularly in medical research.

Scientists have long used various dyes to tag cells, organs and other tissues to view the inner workings of
the body, whether that be for diagnosis or for fundamental research.

The most common dyes have some significant problems. For one, their color often cannot survive very long

in cells or tissues. 1 N€Y may fade in a matter of seconds or minutes. ror some
types of research, such as tracking cell behaviors or delivering drugs in the body, these organic dyes simply

do not last long enough.

Quantum dots would solve those problems. They are very bright and fade very slowly. Their color
can still stand out after a month. Moreover, they are too small to physically affect the

movement of cells or molecules.
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Tubes of quantum dots emit bright, colorful light. Credit: rebusy/Shutterstock.com

Those properties make quantum dots popular in medical research. Nowadays quantum dots are mainly
used for high resolution 3-D imaging of cells or molecules, or real-time tracking probes inside or outside of
animal bodies that can last for an extended period.

But their use is still restricted to animal research, because scientists are concerned about their
use in human beings. Quantum dots commonly contain cadmium, a heavy metal that is highly

poisonous and carcinogenic. They may leak the toxic metal or form an unstable aggregate,

causing cell death and Inflammation. some organs may tolerate a small amount of this, but the brain

cannot withstand such injury.

How quantum dots behave in the brain

My colleagues and | believe an important first step toward wider use of quantum dots in medicine is
understanding how they behave in biological environments. That could help scientists design quantum dots
suitable for medical research and diagnostics: When they're injected into the body, they need to stay small
particles, be not very toxic and able to target specific types of cells.

We looked at the Stability, toxicity and cellular interactions of guantum dots

in the developing brains of rats. we wrapped the tiny quantum dots in different chemical
"coats." Scientists believe these coats, with their various chemical properties, control the way quantum
dots interact with the biological environment that surrounds them. Then we evaluated how quantum dots
performed in three commonly used brain-related models: cell cultures, rat brain slices and individual live

rats.
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We found that different chemical coats give quantum dots different behaviors. Quantum dots with a
polymer coat of polyethylene glycol (PEG) were the most promising. They are more stable and less toxic in
the rat brain, and at a certain dose don't kill cells. It turns out that PEG-coated quantum dots activate a
biological pathway that ramps up the production of a molecule that detoxifies metal. It's a protective
mechanism embedded in the cells that happens to ward off injury by quantum dots.

Quantum dots are also "eaten" by microglia, the brain's inner immune cells. These cells regulate
inflammation in the brain and are involved in multiple brain disorders. Quantum dots are then transported
to the microglia's lysosomes, the cell's garbage cans, for degradation.

But we also discovered that the behaviors of quantum dots vary slightly between cell cultures, brain slices
and living animals. The simplified models may demonstrate how a part of the brain responds, but they are
not a substitute for the entire organ.

For example, cell cultures contain brain cells but lack the connected cellular networks that tissues have.
Brain slices have more structure than cell cultures, but they also lack the full organ's blood-brain barrier—
its "Great Wall" that prevents foreign objects from entering.

What's the future for quantum dots?
Our results offer a warning: Nanomedicine research in the brain makes no sense without carefully
considering the organ's complexity.

That said, we think our findings can help researchers design quantum dots that are more suitable for use in
living brains. For example, our research shows that PEG-coated quantum dots remain stable and relatively
nontoxic in living brain tissue while having great imaging performance. We imagine they could be used to

track real-time movements of viruses or cells in the Drain.

In the future, along with MRI or CT scans, quantum dots may become vital imaging tools. They might also be
used as traceable carriers that deliver drugs to specific cells. Ultimately, though, for quantum dots to realize
their biomedical potential beyond research, scientists must address health and safety concerns.

Although there's a long way to go, my colleagues and | hope the future for qUuantum dots may be as

bright and colorful as the artificial atoms themselves. [28]

Quantum dots show promise for Parkinson’s treatment
Nanotechnology may provide an effective treatment for Parkinson’s disease, a team of researchers
suggests.

The scientists, led by Donghoon Kim from Johns Hopkins University School of Medicine in the US, report
that the deployment of graphene quantum dots (GQDs) into brain tissue severely disrupts the aggregation
of a protein called alpha-synuclein, thought to be a primary driver of the loss of neurons and synapses that
characterise the disease.

GQDs are made from graphene, which comprises carbon atoms arranged in a hexagonal lattice. They can
contain one or many layers, and range in size between 10 and 70 nanometres.
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The material is a hot focus for research, because it is non-toxic in biological systems, stable in
environmental systems, and exhibits predictable luminescence, making it attractive in areas as distant as
medicine and electronics.

In a letter published in the journal Nature Nanotechnology, Kim and his colleagues report the results of
introducing GQDs into the midbrains of test animals with Parkinson’s.

This is the region in which alpha-synuclein congregates, clumping into structures called fibrils. The fibrils
form into lesions known as Lewy bodies, which are characteristic of Parkinson’s and a similar condition

known as dementia with Lewy bodies (DLB).

The researchers report that the introduction of GQDs in test subjects inhibited the fibrilisation of the
protein, and reduced synaptic loss and neuronal cell death. Moreover, they reduced Lewy body formation.

Because they are so small they could pass through the brain-blood barrier —a major obstacle for many
medical molecules — and thus prevent the destruction by already formed alpha-synuclein fibrils of
dopamine-producing neurons, potentially mediating one of the most distressing symptoms of the disease.

Although the work reported is preliminary, the results suggest that GQDs might not only slow the
progression of Parkinson's, but may actually halt it.

Kim and colleagues measured the number and length of fibril segments in the midbrains of test subjects
and found that they grew shorter and more numerous. The process began just six hours after the dots were
introduced and peaked at 24. This, they suggest, indicates that larger fibrils were being broken up.

By the third day the number of fibril fragments started to decrease, and were undetectable by day seven.

There is still much work left to be done, but the scientists end their letter on a cautious but distinctly
optimistic note.

“It is expected that GQD-based drugs with appropriate modifications might provide a clue to support the
development of new therapeutic agents for abnormal protein aggregation-related neurological disorders
including Parkinson’s disease,” they write. [27]

Assessing quantum dot photoemissions

Recent research from Kumamoto University in Japan has revealed that polyoxometalates (POMs), typically
used for catalysis, electrochemistry, and photochemistry, may also be used in a technique for analyzing
guantum dot (QD) photoluminescence (PL) emission mechanisms.

Quantum dots (QDs) are small, semiconducting nanocrystals or particles typically between two to ten
nanometers in size. Discovered almost 40 years ago, their strong photoluminescent properties are a
function of their size and shape making them useful for optical applications ranging from bioimaging to light
emitting diodes. Advances in high-quality QD research in the last ten years has produced highly
luminescent but somewhat unstable QDs that also, unfortunately, use toxic or rare elements. Efforts to
create stable QDs without these toxic or expensive elements has been a driving force in recent research.
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To address these issues, researchers have been investigating how to change the size, morphology, and PL of
tin dioxide (Sn0O;) to produce cheap, stable, and nontoxic colloidal semiconductor nanocrystals for various
applications. Interestingly, the optical properties of SnO, have been found to be effected by defects in both
the bulk material and the QDs themselves.

Researchers from Professor Kida's Chemical Engineering Laboratory at Kumamoto University synthesized
Sn0; QDs using a liquid phase method to produce QDs of various morphologies. The sizes of the QDs were
controlled by changing the temperature during synthesis. All of the QDs produced a blue PL when exposed
to UV light (370 nm) and QDs 2 nm in size produced the best intensity. To examine the PL properties and
mechanisms related to defects in the synthesized QDs, the researchers used materials (POMs) that quench
florescence through excited state reactions.

POMs quenched emissions of the SnO, QDs at peak intensities (401, 438, and 464 nm) but, to the surprise
of the researchers, a previously unseen peak at 410 nm was revealed.

"We believe that the emission at 410 nm is caused by a bulk defect, which cannot be covered by POMs,
that causes what is known as radiative recombination—the spontaneous emission of a photon with a
wavelength related to the released energy," said project leader Professor Tetsuya Kida. "This work has
shown that our technique is effective in analyzing PL emission mechanisms for QDs. We believe it will be
highly beneficial for future QD research." [26]

Quantum dot ring lasers emit colored light

Researchers have designed a new type of laser called a quantum dot ring laser that emits red, orange, and
green light. The different colors are emitted from different parts of the quantum dot—red from the core,
green from the shell, and orange from a combination of both—and can be easily switched by controlling the
competition between light emission from the core and the shell.

The researchers, Boris le Feber, Ferry Prins, Eva De Leo, Freddy T. Rabouw, and David J. Norris, at ETH
Zurich, Switzerland, have published a paper on the new lasers in a recent issue of Nano Letters.

The work demonstrates the interesting effects that are possible with lasers based on quantum dots, which
are nanosized crystal spheres made of semiconducting materials. In these lasers, the quantum dots are
often coated with shells of a different material. When illuminated, the shells not only emit light of their
own, but they also channel photoexcited carriers (excitons) to the cores of the quantum dots, which
enhances the |laser's core light emission.

In order to make quantum dot lasers that can switch between emitting light from only the cores or only the
shells, the researchers designed a special laser cavity, which is the central part of the laser responsible for
confining and reflecting light until it becomes highly coherent. Although quantum dot lasers have been
widely researched, the effect of the laser cavity on quantum dot laser performance has been largely
unexplored until now.
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In the new study, the scientists fabricated high-quality laser cavities made of arrays of highly structured
guantum dot rings. The resulting lasers exhibit very high cavity quality factors—almost an order of
magnitude higher than those of typical quantum dot lasers, which usually have random cavities.

"We were able to demonstrate a simple fabrication approach that led to high-quality ring cavities that
allowed us to explore this 'color switching' behavior in a quantum dot laser," Norris, Professor of Materials
Engineering at ETH Zurich, told Phys.org. "In poor-quality cavities it is unlikely that we would have been able
to observe this effect."

The researchers demonstrated that, at low powers, the new lasers emit red light from their cores, whereas
at higher powers, they emit green light from the shells. At intermediate powers, the light comes from both
the core and shell, and so appears orange. As the researchers explain, it's possible to completely stifle core
emission because the core emission takes place on a picosecond timescale, while shell emission occurs on a
subpicosecond timescale and so can greatly outpace core emission, as long as the laser power is sufficiently
high.

In the future, the unique properties of the quantum dot ring lasers may lead to applications in laser
displays, chemical sensing, and other areas. But before these applications can be realized, the researchers
plan to further improve the laser's performance.

"We demonstrate the 'color switching' effect in this work, but the color change occurs at very high powers,"
Norris said. "Further research is required to see if the same effect can occur at more reasonable powers.
This would be useful for applications. Fortunately, guantum dots continue to improve (in terms of their
performance for lasers), and we can immediately apply these improvements to our devices." [25]

Sensing with a twist: A new Kkind of optical nanosensor uses torque for

signal processing

The world of nanosensors may be physically small, but the demand is large and growing, with little
sign of slowing. As electronic devices get smaller, their ability to provide precise, chip-based
sensing of dynamic physical properties such as motion become challenging to develop.

An international group of researchers have put a literal twist on this challenge, demonstrating a
new nanoscale optomechanical resonator that can detect torsional motion at near state-of-the-art
sensitivity. Their resonator, into which they couple light, also demonstrates torsional frequency
mixing, a novel ability to impact optical energies using mechanical motions. They report their work
this week in the journal Applied Physics Letters.

"With developments of nanotechnology, the ability to measure and control torsional motion at the
nanoscale can provide a powerful tool to explore nature," said Jianguo Huang from Xi'an Jiaotong
University in China, one of the work's authors. He is also affiliated with the Nanyang Technological
University and with the Institute of Microelectronics, A*STAR in Singapore. "We present a novel
'beam-in-cavity' design in which a torsional mechanical resonator is embedded into a racetrack
optical cavity, to demonstrate nanoscale torsional motion sensing."

Light has already been used in somewhat similar ways to detect the mechanical flexing or
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"breathing" of nanomaterials, typically requiring complex and sensitive coupling to the light source.
This new approach is novel not only in its detection of nanoscale torques, but also in its integrated
light-coupling design.

Using a silicon-based nanofabrication method, Huang and his team designed the device to allow
light to couple directly via an etched grating to a waveguide configuration, called a racetrack cavity,
in which the nanoresonator sits.

"As light is coupled into the racetrack cavity through a grating coupler, mechanical torsional motion
in the cavity alters the propagation of light and changes [the] power of output light," said Huang.
"By detecting the small variation of output light, the torsional motions can be measured."

Beyond just detecting torques on their micron-length lever arms, the resonators can also affect the
resulting optical properties of the incident signal. The torsional frequency of the mechanical system
mixes with the modulated optical signals.

"The most surprising part is that when we modulate the input light, we can observe the frequency
mixing," Huang said. "It is exciting for frequency mixing since it has only been demonstrated by
flexural or breathing modes before. This is the first demonstration of torsional frequency mixing,
which may have implications for on-chip RF signal modulation, such as super-heterodyne receivers
using optical mechanical resonators."

This is just the start for potential uses of torque-based nanosensors. Theoretically, there are a
number of frequency tricks these devices could play for signal processing and sensing applications.

"We will continue to explore unique characters of this torsional optomechanical sensor and try to
demonstrate novel phenomena, such as inference of dispersive and dissipative optomechanical
coupling hidden behind the sensing," Huang said. "For engineering, magnetic or electrically-
sensitive materials can be coated on the surface of torsional beams to sense small variations of
physical fields, such as magnetic or electric fields to serve as multifunctional sensors." [24]

First imaging of free nanoparticles in laboratory experiment using a

high-intensity laser source

In a joint research project, scientists from the Max Born Institute for Nonlinear Optics and Short
Pulse