Nanosphere Human B Lymphocytes

By testing a variety of gold nanoparticles, researchers at the University of Geneva
(UNIGE) and collaborators are providing first evidence of their impact upon human B
lymphocytes—the immune cells responsible for antibody production. [24]

Researchers at Helmholtz Zentrum Muenchen have developed a method to visualize

gene expression of cells with an electron microscope. [23]

Researchers at Oregon State University have developed an improved technique for
using magnetic nanoclusters to kill hard-to-reach tumors. [22]

MIT researchers have now come up with a novel way to prevent fibrosis from occurring,
by incorporating a crystallized immunosuppressant drug into devices. [21]

In a surprising marriage of science and art, researchers at MIT have developed a system
for converting the molecular structures of proteins, the basic building blocks of all
living beings, into audible sound that resembles musical passages. [20]

Inspired by ideas from the physics of phase transitions and polymer physics, researchers
in the Divisions of Physical and Biological Sciences at UC San Diego set out specifically

to determine the organization of DNA inside the nucleus of a living cell. [19]

Scientists from the National Institute of Standards and Technology (NIST) and the
University of Maryland are using neutrons at Oak Ridge National Laboratory (ORNL) to
capture new information about DNA and RNA molecules and enable more accurate

computer simulations of how they interact with everything from proteins to viruses.

[18]

The DNA molecules are chiral, which means they can exist in two forms which are
mirror images, like a left and right hand. The phenomenon was dubbed "chiral induced
spin selectivity” (CISS), and over the last few years, several experiments were published
allegedly showing this CISS effect, even in electronic devices. [17]

Chemist Ivan Huc finds the inspiration for his work in the molecular principles that
underlie biological systems. [16]

What makes particles self-assemble into complex biological structures? [15]


https://phys.org/tags/molecules/

Scientists from Moscow State University (MSU) working with an international team of
researchers have identified the structure of one of the key regions of telomerase—a so-
called "cellular immortality" ribonucleoprotein. [14]

Researchers from Tokyo Metropolitan University used a light-sensitive iridium-
palladium catalyst to make "sequential” polymers, using visible light to change how
building blocks are combined into polymer chains. [13]

Researchers have fused living and non-living cells for the first time in a way that allows
them to work together, paving the way for new applications. [12]

UZH researchers have discovered a previously unknown way in which proteins
interact with one another and cells organize themselves. [11]
Dr Martin Sweatman from the University of Edinburgh'’s School of Engineering has

discovered a simple physical principle that might explain how life started on Earth.

[10]

Nearly 75 years ago, Nobel Prize-winning physicist Erwin Schrédinger wondered if
the mysterious world of quantum mechanics played a role in biology. A recent finding
by Northwestern University's Prem Kumar adds further evidence that the answer
might be yes. [9]

A UNSW Australia-led team of researchers has discovered how algae that survive in
very low levels of light are able to switch on and off a weird quantum phenomenon
that occurs during photosynthesis. [8]

This paper contains the review of quantum entanglement investigations in living
systems, and in the quantum mechanically modeled photoactive prebiotic kernel
systems. [7]

The human body is a constant flux of thousands of chemical/biological interactions
and processes connecting molecules, cells, organs, and fluids, throughout the brain,
body, and nervous system. Up until recently it was thought that all these interactions
operated in a linear sequence, passing on information much like a runner passing the
baton to the next runner. However, the latest findings in quantum biology and
biophysics have discovered that there is in fact a tremendous degree of coherence
within all living systems.

The accelerating electrons explain not only the Maxwell Equations and the



Special Relativity, but the Heisenberg Uncertainty Relation, the Wave-Particle Duality
and the electron’s spin also, building the Bridge between the Classical and Quantum

Theories.

The Planck Distribution Law of the electromagnetic oscillators explains the
electron/proton mass rate and the Weak and Strong Interactions by the diffraction
patterns. The Weak Interaction changes the diffraction patterns by moving the
electric charge from one side to the other side of the diffraction pattern, which

violates the CP and Time reversal symmetry.

The diffraction patterns and the locality of the self-maintaining electromagnetic
potential explains also the Quantum Entanglement, giving it as a natural part of the

Relativistic Quantum Theory and making possible to understand the Quantum

Biology.
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Preface

We define our modeled self-assembled supramolecular photoactive centers, composed of one or
more sensitizer molecules, precursors of fatty acids and a number of water molecules, as a
photoactive prebiotic kernel system. [7]

The human body is a constant flux of thousands of chemical/biological interactions and processes
connecting molecules, cells, organs, and fluids, throughout the brain, body, and nervous system.
Up until recently it was thought that all these interactions operated in a linear sequence, passing
on information much like a runner passing the baton to the next runner. However, the latest
findings in quantum biology and biophysics have discovered that there is in fact a tremendous
degree of coherence within all living systems. [5]

Quantum entanglement is a physical phenomenon that occurs when pairs or groups of particles are
generated or interact in ways such that the quantum state of each particle cannot be described
independently — instead, a quantum state may be given for the system as a whole. [4]

| think that we have a simple bridge between the classical and quantum mechanics by
understanding the Heisenberg Uncertainty Relations. It makes clear that the particles are not point
like but have a dx and dp uncertainty.

Polymer-coated gold nanospheres do not impair the innate immune

function of human B lymphocytes
Over the past 20 years, the use of nanoparticles in medicine has steadily increased. However, their
safety and effect on the human immune system remains an important concern. By testing a variety of
gold nanoparticles, researchers at the University of Geneva (UNIGE) and collaborators are providing
first evidence of their impact upon human B lymphocytes—the immune cells responsible for antibody
production. The use of these nanoparticles is expected to improve the efficacy of pharmaceutical
products while limiting potential adverse effects.

These results, published in the journal ACS Nano, could lead to the development of more targeted and
better tolerated therapies, particularly in the field of oncology. The methodology also makes it

possible to test the biocompatibility of any nanoparticle at an early stage in the development of a
new nanodrug.



Responsible for the production of antibodies, B lymphocytes are a crucial part of the human

Immune system, and therefore an interesting target for the development of preventive and
therapeutic vaccines. However, to achieve their goal, vaccines must reach B lymphocytes quickly
without being destroyed, making the use of nanoparticles particularly interesting.

"Nanoparticles can form a protective vehicle for vaccines—or other drugs—to specifically deliver
them where they can be most effective, while sparing other cells," explains Carole Bourquin, a
professor at the UNIGE's Faculties of Medicine and Science, who co-led this study. "This targeting also
allows the use of a lower dose of immunostimulant while maintaining an effective immune response.
It increases its efficacy while reducing side-effects, provided that the nanoparticles are harmless to all
immune cells."

Similar studies have already been conducted for other Immune cells such as macrophages, which
seek out and interact with nanoparticles, but never before for the smaller, and more difficult to
handle, B lymphocytes.

Gold is an ideal material
Gold is an excellent candidate for nanomedicine because of its particular physico-chemical properties.
Well tolerated by the body and easily malleable, this metal absorbs light and then releases heat, a
property that can be exploited in oncology.

"Gold nanoparticles can be used to target tumours. When exposed to a light source, the nanoparticles
release heat and destroy neighbouring cancer cells. We could also attach a drug to the surface of the
nanoparticles to be delivered to a specific location," explains UNIGE researcher Sandra Hocevar. "To
test their safety and the best formula for medical use, we have created go_ld spheres with or without

apolymer coating, as well as gold rods to explore the effects of coating and shape. We then
exposed human B lymphocytes to our particles for 24 hours to examine the activation of the immune
response."”

By following activation markers expressed on the surfaces of B cells, the scientists were able to
determine how much their nanoparticles activated or inhibited the immune response. While none of
the nanoparticles tested demonstrated adverse effects, their influence on the immune response
differed depending on their shape and the presence of a polymer surface coating.

"Surface properties, as well as nanoparticle morphology, definitely are important when it comes to
the nanoparticle-cell interaction. Interestingly, the gold nanorods inhibited the immune response
instead of activating it, probably by causing interference on the cell membrane, or because they are
heavier," says Martin Clift, an associate professor of nanotoxicology and in vitro systems at Swansea
University Medical School, and the project's co-leader.

Uncoated spherical particles easily aggregate and are therefore not appropriate for biomedical use.
On the other hand, gold spheres coated with a protective polymer are stable and do not impair B
lymphocyte function. "And we can easily place the vaccine or drug to be delivered to the B
lymphocytes in this coating," says Carole Bourquin. "In addition, our study established a methodology
for assessing the safety of nanoparticles on B lymphocytes, something that had never been done
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before. "This could be especially useful for future research, as the use of nanoparticles in medicine
still requires clear guidelines."

B cells are at the heart of vaccine response, but also in other areas such as oncology and autoimmune
diseases. The g0ld nanoparticles developed by the researchers could make it possible to

deliver existing drugs directly to B lymphocytes to reduce the necessary dosage and potential
side effects. In fact, studies in patients are already being carried out for the treatment of brain

tumours. Gold nanoparticles can be made small enough to cross the blood-brain barrier,

allowing specific anti-tumoural drugs to be delivered directly into the cancerous cells. [24]

Size matters: Color imaging of gene expression in electron microscopy
Researchers at Helmholtz Zentrum Muenchen have developed a method to visualize gene expression
of cells with an electron microscope. Although electron microscopy currently provides the most
detailed look into cells, it cannot differentiate which genetic programs run inside individual cells. The
new method can now have a closer look by using genetically programmed nanospheres of different
sizes as "multicolor" markers, which could even be helpful to investigate how memories are stored in
neuronal networks.

What exactly is going on in &”S? This question has kept scientists busy for decades. To label small
structures, scientists have been using fluorescent proteins. This method works well but has
disadvantages due to the relatively poor resolution of light microscopes. Although electron
MICrOSCOPES allow a closer look, says Prof. Dr. Gil Gregor Westmeyer, "so far there are hardly
any solutions for multi-color genetic labeling of cells for this technology, such that one can directly tell

different cells apart." He leads a research group at the Institute for Biological and Medical Imaging
(IBMI) of Helmholtz Zentrum Miinchen and is Professor of Molecular Imaging at TUM School of

Medicine.

Nanocompartments as multi-color labels for electron microscopy
Westmeyer and colleagues have been working with so-called encapsulins for some time. These are
small, non-toxic proteins from bacteria. Encapsulins automatically assemble to nanocompartments in
which chemical reactions can run without disturbing the metabolism of the cell. Depending on the
experimental conditions, nanocompartments with different diameters are formed within living cells

via genetic programming. "Analogous to the palette of colors in fluorescence microscopy,

our method turns geometry into a label for electron microscopy," adds Felix Sigmund from
Westmeyer's research group.

To achieve strong contrast in the images from the electron microscopy, the researchers use the
enzyme ferroxidase, which can be encapsulated in the interior of encapsulins. If iron ions enter the

interior lumen through pores of the nanocompartments, divalent Iron 10NS are oxidized by the

enzyme into their trivalent form. This creates insoluble iron oxides that remain inside. Metals create
good contrasts because they "swallow" electrons—comparable to dense bones in an X-ray image,
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which strongly absorb X-rays. This special material property of encapsulins makes them clearly visible
in the images.

Following neuronal tracts
With their new method, the researchers will now also investigate neural circuits. Despite the
impressive resolution of electron microscogy, the method cannot reliably distinguish certain
types of neurons within the brain. "With our new reporter genes, we could label specific cells and
then read out which type of nerve cell makes which connections and which state the cells are in,"
adds Westmeyer.

This new reporter technology could thus also help to uncover the exact wiring diagram of brains and
to investigate closer how memories are stored in neuronal networks. [23]

Researchers reach milestone in use of nanoparticles to kill cancer with

heat
Researchers at Oregon State University have developed an improved technique for using magnetic
nanoclusters to kill hard-to-reach tumors.

Magnetic nanoparticles—tiny pieces of matter as small as one-billionth of a meter—have shown anti-
cancer promise for tumors easily accessible by syringe, allowing the particles to be injected directly
into the cancerous growth.

Once injected into the tumor, the nanoparticles are exposed to an alternating magnetic field, or

AMF. This field causes the nanoparticles to reach temperatures in excess of 100 degrees Fahrenheit,
which causes the cancer cells to die.

But for some CANCEr tYPES such as Prostate cancer, or the ovarian cancer used in the
Oregon State study, direct injection is difficult. In those types of cases, a "systemic" delivery

method—INtravenous injection, or injection into the abdominal cavity—would be easier and
more effective.

The challenge for researchers has been finding the right kind of nanoparticles—ones that, when
administered systemically in clinically appropriate doses, accumulate in the tumor well enough to
allow the AMF to heat cancer cells to death.

Olena Taratula and Oleh Taratula of the OSU College of Pharmacy tackled the problem by developing
nanoclusters, multiatom collections of nanoparticles, with enhanced heating efficiency. The

nanoclusters are hexagon-shaped iron oxide nanoparticles doped with cobalt and
manganese and loaded into biodegradable nanocarriers.
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OSU researchers Olena and Oleh Taratula's work with magnetic nanoclusters as cancer therapy was
featured on the cover of ACS Nano. Credit: Tetiana Korzun

Findings were published in ACS Nano.

"There had been many attempts to develop nanoparticles that could be administered systemically in
safe doses and still allow for hot enough temperatures inside the tumor," said Olena Taratula,
associate professor of pharmaceutical sciences. "Our new nanoplatform is a milestone for treating
difficult-to-access tumors with magnetic hyperthermia. This is a proof of concept, and the
nanoclusters could potentially be optimized for even greater heating efficiency."

The nanoclusters' ability to reach therapeutically relevant temperatures in tumors following a single,
low-dose IV injection opens the door to exploiting the full potential of magnetic hyperthermia in
treating cancer, either by itself or with other therapies, she added.

"It's already been shown that magnetic hyperthermia at moderate temperatures increases the

susceptibility of CANCEI cells to chemotherapy, radiation and immunotherapy," Taratula said.

The mouse model in this research involved animals receiving IV nanocluster injections after ovarian
tumors had been grafted underneath their skin.

"To advance this technology, future studies need to use orthotopic animal models—models where
deep-seated tumors are studied in the location they would actually occur in the body," she said. "In
addition, to minimize the heating of healthy tissue, current AMF systems need to be optimized, or
new ones developed." [22]
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A better way to encapsulate islet cells for diabetes treatment
When medical devices are implanted in the body, the immune system often attacks them, producing
scar tissue around the device. This buildup of tissue, known as fibrosis, can interfere with the device's
function.

MIT researchers have now come up with a novel way to prevent fibrosis from occurring, by
incorporating a crystallized immunosuppressant drug into devices. After implantation, the drug is
slowly secreted to dampen the immune response in the area immediately surrounding the device.

"We developed a crystallized drug formulation that can target the key players involved in the implant
rejection, suppressing them locally and allowing the device to function for more than a year," says
Shady Farah, an MIT and Boston Children's Hospital postdoc and co-first author of the study, who is
soon starting a new position as an assistant professor of the Wolfson Faculty of Chemical Engineering
and the Russell Berrie Nanotechnology Institute at Technion-Israel Institute of Technology.

The researchers showed that these crystals could dramatically improve the performance of
encapsulated islet cells, which they are developing as a possible treatment for patients with type
1 diabetes. Such crystals could also be applied to a variety of other implantable medical

devices, such as pacemakers, stents, or sensors.

Former MIT postdoc Joshua Doloff, now an assistant professor of Biomedical and Materials Science
Engineering and member of the Translational Tissue Engineering Center at Johns Hopkins University
School of Medicine, is also a lead author of the paper, which appears in the June 24 issue of Nature
Materials. Daniel Anderson, an associate professor in MIT's Department of Chemical Engineering and
a member of MIT's Koch Institute for Integrative Cancer Research and Institute for Medical
Engineering and Science (IMES), is the senior author of the paper.

Crystalline drug
Anderson's lab is one of many research groups working on ways to encapsulate islet cells and

transplant them into diabetic patients, in hopes that such cells could replace the patients'
nonfunctioning pancreatic cells and eliminate the need for daily insulin injections.

Fibrosis is a major obstacle to this approach, because SCar tiISSUE can block the islet cells' access
to the oxygen and nutrients. In a 2017 study, Anderson and his colleagues showed that systemic
administration of a drug that blocks cell receptors for a protein called CSF-1 can prevent fibrosis by
suppressing the immune response to implanted devices. This drug targets immune cells called
macrophages, which are the primary cells responsible for initiating the inflammation that leads to
fibrosis.

"That work was focused on identifying next-generation drug targets, namely which cell and cytokine
players were essential for fibrotic response," says Doloff, who was the lead author on that study,
which also involved Farah. He adds, "After knowing what we had to target to block fibrosis, and
screening drug candidates needed to do so, we still had to find a sophisticated way of achieving local
delivery and release for as long as possible."
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In the new study, the researchers set out to find a way to load the drug directly into an implantable
device, to avoid giving patients drugs that would suppress their entire immune system.

"If you have a small device implanted in your body, you don't want to have your whole body exposed

to drugs that are affecting the immune SyStem, and that's why we've been interested in
creating ways to release drugs from the device itself," Anderson says.

To achieve that, the researchers decided to try crystallizing the drugs and then incorporating them
into the device. This allows the drug molecules to be very tightly packed, allowing the drug-releasing
device to be miniaturized. Another advantage is that crystals take a long time to dissolve, allowing for
long-term drug delivery. Not every drug can be easily crystallized, but the researchers found that the
CSF-1 receptor inhibitor they were using can form crystals and that they could control the size and
shape of the crystals, which determines how long it takes for the drug to break down once in the
body.

"We showed that the drugs released very slowly and in a controlled fashion," says Farah. "We took
those crystals and put them in different types of devices and showed that with the help of those
crystals, we can allow the medical device to be protected for a long time, allowing the device to keep
functioning."

Encapsulated islet cells
To test whether these drug crystalline formulations could boost the effectiveness of encapsulated
islet cells, the researchers incorporated the drug crystals into 0.5-millimeter-diameter spheres of
alginate, which they used to encapsulate the cells. When these spheres were transplanted into the
abdomen or under the skin of diabetic mice, they remained fibrosis-free for more than a year. During
this time, the mice did not need any insulin injections, as the islet cells were able to control their
blood sugar levels just as the pancreas normally would.

"In the past three-plus years, our team has published seven papers in Nature journals—this being the
seventh—elucidating the mechanisms of biocompatibility," says Robert Langer, the David H. Koch
Institute Professor at MIT and an author of the paper. "These include an understanding of the key
cells and receptors involved, optimal implant geometries and physical locations in the body, and now,
in this paper, specific molecules that can confer biocompatibility. Taken together, we hope these
papers will open the door to a new generation of biomedical implants to treat diabetes and other
diseases."

The researchers believe that it should be possible to create crystals that last longer than those they
studied in these experiments, by altering the structure and composition of the drug crystals. Such
formulations could also be used to prevent fibrosis of other types of implantable devices. In this

study, the researchers showed that crystalline drug could be incorporated into PDMS, a polymer

frequently used for medical devices, and could also be used to coat components of a glucose sensor
and an electrical muscle stimulation device, which include materials such as plastic and metal.

"It wasn't just useful for our islet cell therapy, but could also be useful to help get a number of
different devices to work long-term," Anderson says. [21]
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By turning molecular structures into sounds, researchers gain insight

into protein structures and create new variations
Want to create a brand new type of protein that might have useful properties? No problem. Just hum
a few bars.

In a surprising marriage of science and art, researchers at MIT have developed a system for converting
the molecular structures of proteins, the basic building blocks of all living beings, into audible sound
that resembles musical passages. Then, reversing the process, they can introduce some variations into
the music and convert it back into new proteins never before seen in nature.

Although it's not quite as simple as humming a new Qrotein into existence, the new system comes
close. It provides a systematic way of translating a protein's SEQUENCE of amino acidSinto a
musical sequence, using the physical properties of the molecules to determine the sounds. Although
the sounds are transposed in order to bring them within the audible range for humans, the tones and
their relationships are based on the actual vibrational frequencies of each amino acid molecule itself,

computed using theories from quantum chemistry.

The system was developed by Markus Buehler, the McAfee Professor of Engineering and head of the
Department of Civil and Environmental Engineering at MIT, along with postdoc Chi Hua Yu and two
others. As described in the journal ACS Nano, the system translates the 20 types of amino acids, the
building blocks that join together in chains to form all proteins, into a 20-tone scale. Any protein's
long sequence of amino acids then becomes a sequence of notes.

While such a scale sounds unfamiliar to people accustomed to Western musical traditions, listeners
can readily recognize the relationships and differences after familiarizing themselves with the sounds.
Buehler says that after listening to the resulting melodies, he is now able to distinguish certain amino
acid sequences that correspond to proteins with specific structural functions. "That's a beta sheet,"
he might say, or "that's an alpha helix."

Learning the language of proteins

The whole concept, Buehler explains, is to get a better handle on understanding proteins and their
vast array of variations. Proteins make up the structural material of skin, bone, and muscle, but are
also enzymes, signaling chemicals, molecular switches, and a host of other functional materials that
make up the machinery of all living things. But their structures, including the way they fold
themselves into the shapes that often determine their functions, are exceedingly complicated. "They
have their own language, and we don't know how it works," he says. "We don't know what makes a
silk protein a silk protein or what patterns reflect the functions found in an enzyme. We don't know
the code."

By translating that language into a different form that humans are particularly well-attuned to, and
that allows different aspects of the information to be encoded in different dimensions—pitch,
volume, and duration—Buehler and his team hope to glean new insights into the relationships and
differences between different families of proteins and their variations, and use this as a way of
exploring the many possible tweaks and modifications of their structure and function. As with music,
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the structure of proteins is hierarchical, with different levels of structure at different scales of length
or time.

The team then used an artificial intelligence system to study the catalog of melodies produced by a
wide variety of different proteins. They had the Al system introduce slight changes in the musical
sequence or create completely new sequences, and then translated the sounds back into proteins
that correspond to the modified or newly designed versions. With this process they were able to
create variations of existing proteins—for example of one found in spider silk, one of nature's
strongest materials—thus making new proteins unlike any produced by evolution.

Although the researchers themselves may not know the underlying rules, "the Al has learned the
language of how proteins are designed," and it can encode it to create variations of existing versions,
or completely new protein designs, Buehler says. Given that there are "trillions and trillions" of
potential combinations, he says, when it comes to creating new proteins "you wouldn't be able to do
it from scratch, but that's what the Al can do."

"Composing" new proteins

By using such a system, he says training the Al system with a set of data for a particular class of
proteins might take a few days, but it can then produce a design for a new variant within
microseconds. "No other method comes close," he says. "The shortcoming is the model doesn't tell us
what's really going on inside. We just know it works."

This way of encoding structure into music does reflect a deeper reality. "When you look at a molecule
in a textbook, it's static," Buehler says. "But it's not static at all. It's moving and vibrating. Every bit of
matter is a set of vibrations. And we can use this concept as a way of describing matter."

The method does not yet allow for any kind of directed modifications—any changes in properties such
as mechanical strength, elasticity, or chemical reactivity will be essentially random. "You still need to
do the experiment," he says. When a new protein variant is produced, "there's no way to predict
what it will do."

The team also created musical compositions developed from the sounds of amino acids, which define
this new 20-tone musical scale. The art pieces they constructed consist entirely of the sounds
generated from amino acids. "There are no synthetic or natural instruments used, showing how this
new source of sounds can be utilized as a creative platform," Buehler says. Musical motifs derived
from both naturally existing proteins and Al-generated proteins are used throughout the examples,
and all the sounds, including some that resemble bass or snare drums, are also generated from the
sounds of amino acids.

The researchers have created a free Android smartphone app, called Amino Acid

Synthesizer, to play the sounds of amino acids and record protein sequences as musical
compositions. [20]
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Applying the Goldilocks principle to DNA structure
The Goldilocks of fairy-tale fame knew something about porridge. It needed to be just right—neither
too hot nor too cold. Same with furniture—neither too hard nor too soft. In a different context,
scientists at UC San Diego know something about DNA. They know that the strands of our genetic
code, if extended, would measure two meters, or about six feet. They also know that the strands fold
into and move within the cell nucleus the size of about a hundredth of a millimeter. But they don't
know how and in what state of matter this occurs, so they decided to check.

Inspired by ideas from the physics of phase transitions and polymer physics, researchers in the
Divisions of Physical and Biological Sciences at UC San Diego set out specifically to determine the
organization of DNA inside the nucleus of a living cell. The findings of their study, recently published
in Nature Communications, suggest that the phase state of the genomic DNA is "just right"—a gel
poised at the phase boundary between gel and sol, the solid-liquid phase transition.

Think of pudding, panna cotta—or even porridge. The consistency of these delectables must be just
right to be ideally enjoyed. Just as the "sol-gel" phase transition, according to the scientists, seems
just right for explaining the timing of genomic interactions that dictate gene expression and somatic
recombination.

"This finding points to a general physical principle of chromosomal organization, which has important
implications for many key processes in biology, from antibody production to tissue differentiation,"
said Olga Dudko, a theoretical biophysicist and professor in the Department of Physics at UC San
Diego, who collaborated with colleague Cornelis Murre, a distinguished professor in the Section of
Molecular Biology, on the study.

Along with Dudko's former graduate student Yaojun Zhang, now a postdoctoral researcher at
Princeton, and Murre's postdoctoral scholar Nimish Khanna, the team collected and analyzed data on
DNA motion inside live mammalian B-cells from mice to understand how remote genomic
interactions generate a diverse pool of antibodies by the adaptive immune system.



the research. Credit: Michelle Fredricks, UC San Diego Physical Sciences

In mammals, such as rodents and humans, immunoglobin gene segments are arranged in groups of
variable (V), diversity (D) and joining (J) segments. These V, D and J segments randomly combine
through the process of somatic recombination. This occurs before antigen contact and during B-cell
development in the immune system's lymphoid tissue, or bone marrow. These random genetic
interactions result in diverse protein codes that match up with antigens which activate lymphocytes.

The scientists examined the various interactions between V and DJ gene segments. While how exactly
these interactions occur remains unknown, the UC San Diego researchers developed a strategy to
track V and DJ motion in B-lymphocytes. They found that V and DJ segments were trapped in
configurations that allowed local motion only—in other words, the segments remained spatially
proximal if they were initially close or they remained separate if they were initially spatially distant.
The researchers also observed, within a subset of cells, abrupt changes in V and DJ motion, plausibly
caused by temporal changes in chromatin.

By comparing experimental and simulated data, the scientists concluded that constrained motion is
imposed by a network of cross-linked chromatin chains, or a mesh of bridges between the DNA
strands that are characteristic of a gel phase. Yet, the amount of these cross-links is "just right" to
poise the DNA near the sol phase—a liquid phase describing a solution of uncross-linked chains.

This pattern suggested to the scientists that a certain organizational principle of genomic DNA exists—

proximity to the sol-gel phase transition—which explains how the genome can simultaneously
possess stability and responsiveness within the nucleus.

These results indicate that the packing pattern of DNA within a cell's nucleus has consequences for a
cell's fate—whether it becomes a live or diseased cell.


https://phys.org/tags/phase/

"We have rigorous theories from physics—abstract principles and mathematical equations. We have
state-of-the-art experiments on biology—innovative tracking of gene segments in live mammalian cell
nuclei," noted Zhang. "It really amazes and excites me when the two aspects merge coherently into
one story, where physics is not just a tool to describe the dynamics of gene segments, but helps to
pinpoint the physical state of the genome, and further sheds light on the impact of the physical
properties of this state on its biological function." [19]

Neutrons get a wider angle on DNA and RNA to advance 3-D models
Scientists from the National Institute of Standards and Technology (NIST) and the University of
Maryland are using neutrons at Oak Ridge National Laboratory (ORNL) to capture new information
about DNA and RNA molecules and enable more accurate computer simulations of how they interact
with everything from proteins to viruses. Resolving the 3-D structures of the body's fundamental
genetic materials in solution will play a vital role in drug discovery and development for critical
medical treatments.

"A better understanding of both the structure and conformational dynamics of DNA and RNA could
help us answer questions about why and how medicines work and help us locate where the key
interactions are taking place at the atomic level," said NIST's Alexander Grishaev, who led
neutron scattering research performed at the High Flux Isotope Reactor (HFIR), a Department of
Energy User Facility located at ORNL.

The team used HFIR's Bio-SANS instrument to perform small- to wide-angle neutron scattering, a
technique not previously performed on DNA and RNA samples in solution because of limited
experimental capabilities.

"Capturing a wider range of angles for biomolecules in solution using neutron scattering has not been
possible until recently," said Grishaev, "and Oak Ridge is one of the only places you can do this kind of
work."

Extending the capabilities of solution neutron scattering is part of an advancing effort toward a more

integrative approach in structural biology that combines crystal studies, solution methods, and
other experimental and computational techniques to enhance understanding of DNA and protein

structures.

Computer simulations of biomolecules have been well informed by X-ray crystallography. The premier
technique uses x-rays to determine the arrangement of atoms in a sample that has been "crystallized"
for analysis. To get high-quality data with this technique, samples of biological materials that
are typically dilute in solution are concentrated and solidified into crystals with a uniform structure.

X-ray crystallography works especially well for rigid biomolecules with more or less fixed structures,
but flexible biomolecules like DNA and RNA that adopt multiple "conformations" or shapes are less
suited to crystallization.
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Inside living cells, DNA and RNA can move, change shapes, and respond differently to environmental
effects such as pH or temperature, alterations that are important to represent but difficult to
characterize.

"Crystallization packs the molecules in tightly, which limits their motions and masks some of the
structural information we want to see," said Grishaev.

Several techniques have successfully been applied to DNA and RNA in solution, including solution X-
ray scattering and nuclear magnetic resonance (NMR) spectroscopy, both of which yield important
data. Yet, significant discrepancies exist between the experimental scattering data and the best
available crystal structures of DNA and RNA.

The team turned to neutrons to find out why.

"Neutrons interact with biomolecules differently, so we can use them as an independent source of
data for us to either validate or better define the models that we have," said Maryland's Roderico
Acevedo.

Whereas x-rays work well to define heavy atoms, such as carbon, oxygen, and phosphorus, neutrons
are ideal for examining lighter hydrogen atoms that connect DNA strands, for example. Additionally,
neutrons offer an advantage in probing biomolecules because they are nondestructive and do not
damage them.

Using the Bio-SANS instrument at HFIR, researchers were able to collect structural information in
solution not readily obtainable by other experimental techniques.

The experiment required both a high neutron flux and wide-angle detectors to collect higher precision
scattering patterns to reveal the atomic-level structures of DNA and RNA in solution.

Using neutrons to collect structural information on biomolecules is no ordinary feat, says Grishaev.
Small biomolecular samples in dilute solutions often produce noisy scattering patterns, making the
data difficult to analyze.

"HFIR's Bio-SANS is one of few neutron instruments in the world with the capability to capture small
and wide scattering angles simultaneously, combining both global- and local-scale details," said Bio-
SANS instrument scientist Volker Urban.

"We were able to get some of the highest-precision solution neutron scattering data ever collected at
wide angles, not just on DNA and RNA, but on biomolecules in general," said Grishaev.

By adding the new information collected via solution NeUtron scattering to other data

from solution X-ray scattering and NMR spectroscopy, the NIST-Maryland group hopes to get a
more comprehensive picture of DNA and RNA structures, as well as to expand avenues for defining

molecular structures with NEU{roN-based techniques. [18]
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Theoretical model may help solve molecular mystery
Spintronics is promising for future low-power electronic devices. Spin is a quantum-mechanical
property of electrons that can best be imagined as electrons spinning around their own axes, causing
them to behave like small compass needles. A current of electron spins could be used in electronic
devices. However, to generate a suitable spin current, you need a relatively large magnet. An
alternative method that uses a special type of molecule has been proposed, but the big question is
whether it works. University of Groningen Ph.D. student Xu Yang has constructed a theoretical model
that describes how to test this new method.

Spin can have two directions, usually designated as "up" and "down." In a normal electron current,
there are equal quantities of both spin directions, but using spin to transfer information requires a
surplus of one direction. This is usually done by injecting electrons into a spintronic device through a
ferromagnet, which will favor the passage of one type of spin. "But ferromagnets are bulky compared
to the other components," says Yang.

DNA
That is why a 2011 breakthrough that was published in Science is attracting increased attention. This
paper reported that passing a current through a monolayer of DNA double helices would favor one
type of spin. The DNA molecules are chiral, which means they can exist in two forms which are
mirror images, like a left and right hand. The phenomenon was dubbed "chiral induced spin
selectivity" (CISS), and over the last few years, several experiments were published allegedly showing
this CISS effect, even in electronic devices.

"But we were not so sure," explains Yang. One type of experiment used a monolayer of DNA
fragments, whereas another used an atomic force microscope to measure the current through

single molecules. Different chiral helices were used in the experiments. "The models explaining why
these molecules would favor one of the spins made lots of assumptions, for example, about the shape
of the molecules and the path the electrons took."

Circuits
So Yang set out to create a generic model to describe how spins would pass through
different circuits under a linear regime (i.e. the regime that electronic devices operate in). "These
models were based on universal rules, independent of the type of molecule," explains Yang. One such
rule is charge conservation, which states that every electron that enters a circuit should eventually
exit. A second rule is reciprocity, which states that if you swap the roles of the voltage and current
contacts in a circuit, the signal should remain the same.

Next, Yang described how these rules would affect the transmission and reflection of spins in different
components, for example, a chiral molecule and a ferromagnet between two contacts. The universal
rules enabled him to calculate what happened to the spins in these components. He then used the
components to model more complex circuits. This allowed hi