Water around DNA

"DNA's chiral spine of hydration,” published May 24 in the American Chemical
Society journal Central Science, reports the first observation of a chiral water
superstructure surrounding a biomolecule. [27]

Living cells must constantly process information to keep track of the changing
world around them and arrive at an appropriate response. [26]

A research team led by Professor YongKeun Park of the Physics Department at
KAIST has developed an optical manipulation technique that can freely control
the position, orientation, and shape of microscopic samples having complex
shapes. [25]

Rutgers researchers have developed a new way to analyze hundreds of
thousands of cells at once, which could lead to faster and more accurate
diagnoses of illnesses, including tuberculosis and cancers. [24]

An international team including researchers from MIPT has shown that iodide
phasing—a long-established technique in structural biology—is universally
applicable to membrane protein structure determination. [23]

Scientists in Greece have devised a new form of biometric identification that
relies on humans' ability to see flashes of light containing just a handful of
photons. [22]

A research team led by Professor CheolGi Kim has developed a biosensor
platform using magnetic patterns resembling a spider web with detection
capability 20 times faster than existing biosensors. [21]

Researchers at Columbia University have made a significant step toward
breaking the so-called "color barrier"” of light microscopy for biological
systems, allowing for much more comprehensive, system-wide labeling and
imaging of a greater number of biomolecules in living cells and tissues than is
currently attainable. [20]

Scientists around the Nobel laureate Stefan Hell at the Max Planck Institute
for Biophysical Chemistry in Gottingen have now achieved what was for a long
time considered impossible - they have developed a new fluorescence
microscope, called MINFLUX, allowing, for the first time, to optically separate
molecules, which are only nanometers (one millionth of a millimeter) apart
from each other. [19]

Dipole orientation provides new dimension in super-resolution microscopy [18]



Fluorescence is an incredibly useful tool for experimental biology and it just
got easier to tap into, thanks to the work of a group of University of Chicago
researchers. [17]

Molecules that change colour can be used to follow in real-time how bacteria
form a protective biofilm around themselves. This new method, which has been
developed in collaboration between researchers at Linképing University and
Karolinska Institutet in Sweden, may in the future become significant both in
medical care and the food industry, where bacterial biofilms are a problem.

[16]

Researchers led by Carnegie Mellon University physicist Markus Deserno and
University of Konstanz (Germany) chemist Christine Peter have developed a
computer simulation that crushes viral capsids. By allowing researchers to see
how the tough shells break apart, the simulation provides a computational
window for looking at how viruses and proteins assemble. [15]

IBM scientists have developed a new lab-on-a-chip technology that can, for the
first time, separate biological particles at the nanoscale and could enable
physicians to detect diseases such as cancer before symptoms appear. [14]

Scientists work toward storing digital information in DNA. [13]

Leiden theoretical physicists have proven that DNA mechanics, in addition to
genetic information in DNA, determines who we are. Helmut Schiessel and his
group simulated many DNA sequences and found a correlation between
mechanical cues and the way DNA is folded. They have published their results
in PLoS One. [12]

We model the electron clouds of nucleic acids in DNA as a chain of coupled
quantum harmonic oscillators with dipole-dipole interaction between nearest
neighbours resulting in a van der Waals type bonding. [11]

Scientists have discovered a secret second code hiding within DNA which
instructs cells on how genes are controlled. The amazing discovery is expected
to open new doors to the diagnosis and treatment of diseases, according to a
new study. [10]

There is also connection between statistical physics and evolutionary biology,
since the arrow of time is working in the biological evolution also.

From the standpoint of physics, there is one essential difference between living
things and inanimate clumps of carbon atoms: The former tend to be much
better at capturing energy from their environment and dissipating that energy
as heat. [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

Scientists have discovered a secret second code hiding within DNA which instructs cells on how
genes are controlled. The amazing discovery is expected to open new doors to the diagnosis and
treatment of diseases, according to a new study. Ever since the genetic code was deciphered over 40
years ago, scientists have believed that it only described how proteins are made. However, the
revelation made by the research team led by John Stamatoyannopoulos of the University of
Washington indicates that genomes use the genetic code to write two separate languages. [10]

Jeremy England, a 31-year-old assistant professor at the Massachusetts Institute of Technology, has
derived a mathematical formula that he believes explains this capacity. The formula, based on
established physics, indicates that when a group of atoms is driven by an external source of energy
(like the sun or chemical fuel) and surrounded by a heat bath (like the ocean or atmosphere), it will
often gradually restructure itself in order to dissipate increasingly more energy. This could mean that
under certain conditions, matter inexorably acquires the key physical attribute associated with life.

(8]



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]

I 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.

Water forms 'spine of hydration' around DNA, group finds
Water is the Earth's most abundant natural resource, but it's also something of a mystery due to its
unique solvation characteristics — that is, how things dissolve in it.

"It's uniquely adapted to biology, and vice versa," said Poul Petersen, assistant professor of
chemistry and chemical biology. "It's super-flexible. It dissipates energy and mediates interactions,
and that's becoming more recognized in biological systems."

How water relates to and interacts with those systems — like DNA, the building block of all living
things — is of critical importance, and Petersen's group has used a relatively new form of
spectroscopy to observe a previously unknown characteristic of water.

"DNA's chiral spine of hydration," published May 24 in the American Chemical Society journal
Central Science, reports the first observation of a chiral water superstructure surrounding a
biomolecule. In this case, the water structure follows the iconic helical structure of DNA, which itself
is chiral, meaning it is not superimposable on its mirror image. Chirality is a key factor in biology,
because most biomolecules and pharmaceuticals are chiral.

"If you want to understand reactivity and biology, then it's not just water on its own," Petersen said.
"You want to understand water around stuff, and how it interacts with the stuff. And particularly
with biology, you want to understand how it behaves around biological material — like protein and
DNA."

Water plays a major role in DNA's structure and function, and its hydration shell has been the
subject of much study. Molecular dynamics simulations have shown a broad range of behaviors of
the water structure in DNA's minor groove, the area where the backbones of the helical strand are
close together.



The group's work employed chiral sum frequency generation spectroscopy (SFG), a technique
Petersen detailed in a 2015 paper in the Journal of Physical Chemistry. SFG is a nonlinear optical
method in which two photon beams — one infrared and one visible — interact with the sample,
producing an SFG beam containing the sum of the two beams' frequencies, or energies. In this case,
the sample was a strand of DNA linked to a silicon-coated prism.

More manipulation of the beams and calculation proved the existence of a chiral water
superstructure surrounding DNA.

In addition to the novelty of observing a chiral water structure template by a biomolecule, chiral SFG
provides a direct way to examine water in biology.

"The techniques we have developed provide a new avenue to study DNA hydration, as well as other
supramolecular chiral structures," Petersen said.

The group admits that their finding's biological relevance is unclear, but Petersen thinks the ability to
directly examine water and its behavior within biological systems is important.

"Certainly, chemical engineers who are designing biomimetic systems and looking at biology and
trying to find applications such as water filtration would care about this," he said.

Another application, Petersen said, could be in creating better anti-biofouling materials, which are
resistant to the accumulation of microorganisms, algae and the like on wetted surfaces. [27]

Scientists borrow from electronics to build circuits in living cells
Living cells must constantly process information to keep track of the changing world around them
and arrive at an appropriate response.

Through billions of years of trial and error, evolution has arrived at a mode of information processing
at the cellular level. In the microchips that run our computers, information processing capabilities
reduce data to unambiguous zeros and ones. In cells, it's not that simple. DNA, proteins, lipids and
sugars are arranged in complex and compartmentalized structures.

But scientists—who want to harness the potential of cells as living computers that can respond to
disease, efficiently produce biofuels or develop plant-based chemicals—don't want to wait for
evolution to craft their desired cellular system.

In a new paper published May 25 in Nature Communications, a team of UW synthetic biology
researchers have demonstrated a new method for digital information processing in living cells,
analogous to the logic gates used in electric circuits. They built a set of synthetic genes that function
in cells like NOR gates, commonly used in electronics, which each take two inputs and only pass on a
positive signal if both inputs are negative. NOR gates are functionally complete, meaning one can
assemble them in different arrangements to make any kind of information processing circuit.

The UW engineers did all this using DNA instead of silicon and solder, and inside yeast cells instead
of at an electronics workbench. The circuits the researchers built are the largest ever published to
date in eurkaryotic cells, which, like human cells, contain a nucleus and other structures that enable
complex behaviors.



"While implementing simple programs in cells will never rival the speed or accuracy of computation
in silicon, genetic programs can interact with the cell's environment directly," said senior author and
UW electrical engineering professor Eric Klavins. "For example, reprogrammed cells in a patient
could make targeted, therapeutic decisions in the most relevant tissues, obviating the need for
complex diagnostics and broad spectrum approaches to treatment."”

Each cellular NOR gate consists of a gene with three programmable stretches of DNA—two to act as
inputs, and one to be the output. The authors then took advantage of a relatively new technology
known as CRISPR-Cas9 to target those specific DNA sequences inside a cell. The Cas9 protein acts like
a molecular gatekeeper in the circuit, sitting on the DNA and determining if a particular gate will be
active or not.

If a gate is active, it expresses a signal that directs the Cas9 to deactivate another gate within the
circuit. In this way, the researchers can "wire" together the gates to create logical programs in the
cell.

What sets the study apart from previous work, researchers said, is the scale and complexity of the
circuits successfully assembled—which included up to seven NOR gates assembled in series or
parallel.

At this size, circuits can begin to execute really useful behaviors by taking in information from
different environmental sensors and performing calculations to decide on the correct response.
Imagined applications include engineered immune cells that can sense and respond to cancer
markers or cellular biosensors that can easily diagnose infectious disease in patient tissue.

These large DNA circuits inside cells are a major step toward an ability to program living cells, the
researchers said. They provide a framework where logical programs can be easily implemented to
control cellular function and state. [26]

Controlling 3-D behavior of biological cells using laser holographic

techniques

A research team led by Professor YongKeun Park of the Physics Department at KAIST has developed
an optical manipulation technique that can freely control the position, orientation, and shape of
microscopic samples having complex shapes. The study has been published online in Nature
Communications on May 22.

Conventional optical manipulation techniques called "optical tweezers," have been used as an
invaluable tool for exerting micro-scale force on microscopic particles and manipulating three-
dimensional (3-D) positions of particles. Optical tweezers employ a tightly-focused laser whose beam
diameter is smaller than one micrometer (1/100 of hair thickness), which can generate attractive
force on neighboring microscopic particles moving toward the beam focus. Controlling the positions
of the beam focus enabled researchers to hold the particles and move them freely to other locations
so they coined the name "optical tweezers," and have been widely used in various fields of physical
and biological studies.



So far, most experiments using optical tweezers have been conducted for trapping spherical
particles because physical principles can easily predict optical forces and the responding motion of
microspheres. For trapping objects having complicated shapes, however, conventional optical
tweezers induce unstable motion of such particles, and controllable orientation of such objects is
limited, which hinder controlling the 3-D motion of microscopic objects having complex shapes such
as living cells.

Real-time optical control of arbitrarily shaped particles by combining the wavefront shaping of
atrapping beam and measurements of the 3-D refractive index distribution of samples. Credit: KAIST

The research team has developed a new optical manipulation technique that can trap complex
objects of arbitrary shapes. This technique first measures 3-D structures of an object in real time
using a 3-D holographic microscope, which shares the same physical principle of X-Ray CT imaging.
Based on the measured 3-D shape of the object, the researchers precisely calculates the shape of
light that can stably control the object. When the shape of light is the same as the shape of the
object, the energy of the object is minimized, which provides the stable trapping of the object having
the complicated shape.

Moreover, by controlling the shape of light to have various positions, directions, and shapes of
objects, it is possible to freely control the 3-D motion of the object and make the object have a
desired shape. This process resembles the generation of a mold for casting a statue having desired
shape so the researchers coined the name of the present technique "tomographic mold for optical
trapping (TOMOTRAP)." The team succeeded in trapping individual human red blood cells stably,
rotating them with desired orientations, folding them in an L-shape, and assembling two red blood
cells together to form a new structure. In addition, colon cancer cells having a complex structure
could be stably trapped and rotated at desired orientations. All of which have been difficult to be
realized by the conventional optical techniques.

Professor Park said, "Our technique has the advantage of controlling the 3-D motion of complex
shaped objects without knowing prior information about their shape and optical characteristics, and
can be applied in various fields including physics, optics, nanotechnology, and medical science."

Dr. Kyoohyun Kim, the lead author of this paper, noted that this technique can induce controlled
deformation of biological cells with desired shapes. "This approach can be also applied to real-time
monitoring of surgical prognosis of cellular-level surgeries for capturing and deforming cells as well
as subcellular organelles," added Kim. [25]

Researchers develop protocol to analyze many cells at once

Rutgers researchers have developed a new way to analyze hundreds of thousands of cells at once,
which could lead to faster and more accurate diagnoses of illnesses, including tuberculosis and
cancers.

With the new FISH-Flow protocol, researchers are able to evaluate multitudes of cells at once for
telltale mRNA species and proteins. The blended procedure provides a chance to see how multiple
kinds of immune cells are responding to a foreign substance, making it possible to detect the
presence of disease faster and earlier.



"This new process allows us to see how individual immune cells are reacting in real time without
using artificial reagents that alter what the cells are doing when they respond to a foreign
substance," said Maria Laura Gennaro, a professor of medicine at Rutgers' Public Health Research
Institute (PHRI).

Gennaro is the lead author of a paper published in the journal Nature Protocols, which details the
new method to observe how cells respond to antigens. The protocol could be used to identify
telltale indicators of other illnesses. Gennaro said researchers plan to study applying it to early
diagnosis and treatment of other infectious and non-infectious lung diseases and certain cancers.

"This powerful diagnostic technology exploits a person's own immune system to assess their
potential for developing a wide range of acute and chronic diseases - including those caused by
infectious agents and those resulting from host dysfunction like cancer, asthma or autoimmune
disorders," said David Perlin, executive director of Rutgers New Jersey Medical School's Public Health
Research Institute.

The procedure will be particularly useful in finding ways to help identify people who are predisposed
to developing tuberculosis, making it possible to treat them and help reduce the spread of the
disease. Nearly 2 billion people worldwide are afflicted with latent TB, but many never develop full-
blown TB. Currently, the only way to determine if latent TB is present is to study the immunological
response to TB antigens through skin tests and blood tests. However, treatment is not widely
offered to people with latent TB because of the prohibitive cost of treating them all.

"If you can have a method that helps you determine who among the people who are latently
affected by TB are predisposed to illness, you can target treatment of latent TB to those people and
the risk of spread is reduced," Gennaro said.

The FISH-Flow protocol combines flow-cytometry - a technology used to analyze particles in a fluid
as they pass through a laser and are fluorescently labelled so they emit light at varying wavelengths -
with a nucleic acid hybridization technology - originally developed for fluorescence microscopy - that
marks molecules of mRNA inside cells. Gennaro developed the method with senior colleagues Yuri
Bushkin, Richard Pine and Sanjay Tyagi at PHRI. [24]

Iodine ensures successful solution of biomolecule structures

An international team including researchers from MIPT has shown that iodide phasing—a long-
established technique in structural biology—is universally applicable to membrane protein structure
determination. Knowledge of these structures enables a molecular-level understanding of the
workings of eyesight and smell, as well as the nervous and cardiovascular systems.

The authors of the study, which was published in Science Advances, applied the established method
of iodide phasing to four membrane proteins representing different classes and discovered that
iodide (an ion of iodine) interacts with all four in the same way. This means the method is
guaranteed to be successful in uncovering new protein structures vital for pharmaceutics. Because
iodide phasing is easy and fast, it can accelerate computer-aided drug development and make it
cheaper.



Membrane proteins: the customs service of a cell

All living things are known to be composed of cells. The cells that make up any organism share a
common structure. In particular, all cells are surrounded by a protective cell membrane that blocks
the passage of the molecules of most substances. Enclosed by a membrane, a cell can maintain
internal conditions necessary for complex biochemical processes to run smoothly. However, the
survival of a cell also depends on its ability to monitor changes in its external environment and react
to them. This is why the genome of every cell encodes several hundred special proteins that are
responsible for the cell's interaction with its surroundings. Since these proteins are embedded in the
cell membrane, they are referred to as membrane proteins. Another of their functions is to allow
molecules into the cell that are blocked by the membrane cell but are nevertheless necessary for
nutrition or biochemical reactions.

Iodine ensures successful solution of biomolecule structures

lodide binding sites in various protein structures. Panels A, B, C, and D show different protein
structures with traces of iodide ions depicted in purple (on the left). The same structures are shown
embedded in the cell membrane (right). ...more

The biggest breakthrough in structural biology is associated with the Nobel Prize-winning discovery
of the double-stranded structure of DNA by Watson and Crick in 1953. The elegant model created by
the two scientists was based on prior structural research conducted by their colleague Rosalind
Franklin. The double-stranded structure of the DNA molecule (aka the double helix) successfully
accounted for the transfer of genetic information between cells and laid the foundation for modern
biology.

Crystallography is the chief method employed by structural biology. It enables researchers to
elucidate the structure of biomolecules (these are usually proteins) with atomic resolution. Such
precision means it is possible not only to look into protein operation at the basic level but also to
model protein behavior using physical laws.

Crystallography relies heavily on the physical phenomenon of diffraction. To collect diffraction data,
a protein crystal is exposed to an X-ray beam. Because molecules in the crystal are in a highly
ordered configuration, the X-ray beam diffracts into numerous directions with its intensity amplified
manyfold. These diffracted beams can then be picked up and interpreted as the signal whereby their
intensity is measured. However, only averaged signal values for a given direction are available, and
part of the information is lost. This is known as the phase problem: The lost phases, i.e., the delay of
one signal relative to another, are required for determining the structure of a molecule using
diffraction data. Picking up the signal that lacks phases is a little bit like looking at a black-and-white
copy of a color image—you can perceive the intensity of every individual point, but the colors are
absent, and so most of the information is lost.

Phase recovery

Because many crystal structures have already been solved, it is possible to recover the lost phases in
studies of new molecules using computer-aided techniques. This involves inferring phases from a
known structure and refining them by hand. However, this approach often yields no satisfactory
results, particularly in the case of low-resolution data typical for membrane proteins or completely
new structures that are not quite like anything that has been solved. Therefore, a different



technique is often preferred to deal with these crystals. It is based on the phenomenon of
anomalous diffraction, i.e., a certain asymmetry in the diffraction signals produced by heavy
elements such as iodine, gadolinium, bromine, and sometimes sulfu. For this method to work, the
heavy elements need to strongly bind to the protein molecules in the crystal. This ensures that their
atoms are as strictly ordered as the protein molecules themselves to produce a strong diffraction
signal. It often takes a long time before the right heavy element is found by trial and error, and many
valuable protein crystals are used up in the process.

The researchers showed that anomalous scattering is guaranteed to work if membrane proteins are
treated with iodide ions in solution. This is made possible by a common feature of every membrane
protein that exists in nature: They are all structured in such a way that there is an extra positive
charge on the membrane—solution interface, compensating the negative charge on the membrane
surface. lodide interacts strongly with these charges and is selectively attracted to very specific spots
on the protein called binding sites, ensuring the success of experimental phase recovery.

"In our study, we demonstrated a successful solution of the structures of four proteins already
known from earlier research. The proteins, which come from different organisms, are the following:
the light-driven sodium pump from the marine bacterium Krokinobacter eikastus, a fragment of
histidine kinase from the Escherichia coli bacterium, a human adenosine receptor, and the proton
pump from the marine Actinobacteria clade. With each of the four structures, it can be seen that
iodide ions actually bind to the positively charged amino acids at the sites where a protein protrudes
from the membrane. Compared to bromide, which is also sometimes used to address the phase
problem, iodide is more reliable, giving more precision in the diffraction measurements," says Igor
Melnikov of the European Synchrotron Radiation Facility, the first author of the study, an MIPT
graduate. [23]

Quantum biometric targets the retina

Scientists in Greece have devised a new form of biometric identification that relies on humans'
ability to see flashes of light containing just a handful of photons. The technique involves using very
weak laser pulses to measure how a person's sensitivity to light varies across their retina. According
to its inventors, such a quantum-based retinal map could provide a more powerful and secure form
of identif