Microb ial Population Dynamics

Scientists at the University of lllinois at:Urbar@hampaign have produced the most
precise;picture to/date of population,dynamics in fluctuating feastfamine
conditions.[21]

For planetary protection, this/indicates that:more stringent-cleaning steps:may be
needed formissions focused on life detection arghhghts the potential need.to use
differing and rotating cleaning reagents/that are.compatible with the spacecraft to
control the biological’burden/ [20]

Now an international team of researchers has found a new way: to investigate how Tb
bacteria inactivate an importantfamily of antibiotics: They:watched the process in
action for the first time:using:an'Xay free-electron laser;or"XFEL! [19]

A protein complex called facilitates chromatin transeription (FACT):plays-a-role)in'DNA
packing within @ nucleus, aswell:as in oncogenesis] [

An LMU: tean now reveals the/inner workings’ of a:molecularmotor:made, of proteins
which packs.and unpacks DNA.[17]

Chemist lvan Hug finds:the inspiration for -his work in-the: molecular principles: that
underlie biological:-systems. [16]

What makes particles sefissemble into.complex biologicatractures? [15]

Scientists from'Mascow: State University (MSU) working/with; an international team of
researchers haveidentifiedthe structure of one:of the key regions/of telomerassec
called "cellular immortality" ribonucleoprotein. [14]

Researchers from Tokyo Metropolitan:Univéxsused a lightsensitive iridium
palladium catalyst to:make 'sequential’ polymers; using visible light to.change how
building blocks:are combined.intopolymer chains./[13]

Researchers have fused living and rliving cells forthe first time inaway/ that allows
them to work together, paving the way for-new applicatiorfd2]

UZH researchers have discovered a previously unknown way in/which proteins
interact with oneanother.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 Priz@nning physicist Erwin Schrodinger 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 Australided 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 entanglent 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, orgamd 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 fimgs 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 WRuaeticle Duality
AT A OEA Al AAOOI T80 OPET Al O0ih AOEI AET C
Theories.

The Planck Distribution Law of the electromagnetic oscillators explaihs
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 satfiaintaining electromagnetic
potential explains also the Quantum Entanglement, giving it as a natural part of the
Relativistic Quantum Theory and making possible todanstand the Quantum
Biology.
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Preface

We define our modeled setfissembled 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 interactiaperated 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 withinldiving 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
independentlyg instead, a quantum statmay 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 dmcertainty.



High precision microbial population dynamics under cycles of feast and

famine
Scientists at the University of lllinois at Urba@hampaign have produced the most precise picture to
date of population dynamics in fluctuating feastfamine conditions. Professor Seppe Kuehn, a
biological physicist, and his graduate student Jason iifléound that bacterial population density is
a function of both the frequency and the amplitude of nutrient fluctuations. They found that the
more frequent the feast cycles and the longer a feast cycle, the more rapid the population recovery
from a famire state. This result has important implications for understanding how microbial
populations cope with the constant nutrient fluctuations they experience in nature.

The team's findings were made possible by extraordinarily precise measurements of population
dynamics in bacterial communities. The measurement, based on automated imaging of hundreds of
millions of single cells, allowed the team to captpmoulation dynamics over periods of more than
aweek with a temporal resolution of one minute. Those numbers and the extended duration of the
experiment couldn't have happened without Merritt's continuecislture systems, coupled to
automatedsampling fluorescence microscopes.

These findings are publiet in the August 28 issue Bhysical Review Letters

The experimental setup took about two years and many prototypes to develop. Merritt built six
identical systems for the experiment, each one automated to continuously pump in fresh media and
pump out baterial cultures for sampling. The samples were continuously imaged to track changes in
population density and structure. Software developed by Merritt automatically segments images to
count bacterial cells, producing massive data sets. The software aakesitage of machine learning

to resolve otherwise difficuto-solve problems in image recognition and processing.

Kuehn comments, "Scientists studying populations of bacteria typically take samples manually and do
their counting offline, in person. Whaason's systems do is automatically remove a sample, pass it in
front of a microscope to be imaged, and then put it back. And they do that once a minute, 24 hours a
day, with no input, for up to a month. His software counts the cells in the images, éxgract

information in real time."


https://phys.org/tags/population+dynamics/

Graph illustrating population density as a function of the frequency and amplitude of available
nutrients. Credit: Kuehn Lab, University of lllinois at Urb@hampaig

He continues, "So that's a big step forwarthis has nger been achieved before. Shdinescale
guantitative studies have been done using microfluidic devices, but these are limited to about three
days' runtime. We can run for 30 days, producing ongescale highly quantitative measurements.

We can easilyun replicate experiments, reproducing the same results. Because of this, we were able
to use the system to test hypotheses about the underlying mechanisms governing the dynamics we
observed.”

Merritt comments, "The idea for the system grew out of previausk Seppe had done. The device |
built is basically a metal block with glass vials within it. The most important part of our system and the
part that was the most difficult to get to work reliably is the coupling to a fluorescence microscope."

The systentontinuously draws samples out of the liquid culture into flexible tubing and then into a
thin glass capillary in the path of the microscope. The bacteria pass through the capillary many at a
time, but are spaced apart from one another. The biggest chgdl@verall was on the software side,
doing proper image segmentation to convert the images to data.

The main finding, that populations apparently recovery faster from more frequent or larger pulses of
nutrients, puzzled the team at first. However, the geéan of the measurement allowed them to
uncover the mechanism.

Merritt continues, "What we found out is that the fast recovery rates for the planktonic population
are driven by dispersal from aggregated cells (biofilms) during feast conditions. Solypadieal
there's a lot of food, these cell aggregates start shedding cells rapidly, and the cells that shed off start


https://3c1703fe8d.site.internapcdn.net/newman/gfx/news/hires/2018/3-highprecisio.jpg

growing rapidly. But during famine conditions when there's not very much food, these cells start
coming back together and forming the aggates again. This is the mechanism driving the frequency
and amplitude dependence."”

Kuehn adds, "Variations in a natural population may be the result of any one or a combination of
many different variables the amount of nutrients, temperature, competiticend predation, eta. so

it's difficult to measure cause and effect. In the lab, we tightly control all of the parameters of our
experiment. And now we can make a really robust and reproducible quantitative measurement.
Going forward, we would like to moditiiese systems to study topics in evolutionary history. We also
plan to do studies in which we use feedback control of microbial communities, to see whether we can
push the communities back into a particular state. These are studies that wouldn't belpossib

without an automated system like the one we used in this stufi}

Team discover how microbes survive clean rooms and contaminate

spacecraft
Rakesh Mogul, a Cal Poly Pomona professor of biological chemistry, was the lead author of an article
in the journalAstrobiologythat offers the first biochemicavidence explaining the reason the
contamination persists.

Chemistry professor Gregory A. Barding, Jr., was a collaborator and second author on the paper. The
remaining 22 coauthors are all Cal Poly Pomona studeiMsundergraduates inhemistry, three
chemistry graduate students and five undergraduates in biological sciences.

"We designed the project to give students haraisexperience; and to support the lear#by-doing
philosophy of Cal Poly Pomona. Htedents did the research, mostly as thesis projects in the areas
of enzymology, molecular microbiology and analytical chemistry,” said Mogul.

In the clean room facilities, NASA implements a varieplafetary protection measures to minimize
biological contamination apacecraft. These steps are important because contamination by Earth
based microorganisms could compromise-tifstection missiondy providing false positive results.

Despite extensive cleaning procedures, however, molecular genetic analyses show that the clean
rooms harbor a diverse collection of microorganisms, or a spacecraft microbiome, that includes
bacteria, archaea and fungixplained Mogul. The Acinetobacter, a genus of bacteria, are among the
dominant members of the spacecraft microbiome.

To figure out how the spacecraft microbiome survives in the cleanroom facilities, the research team
analyzed several Acinetobacter straithat were originally isolated from the Mars Odyssey and
Phoenix spacecraft facilities.

They found that under very nutriesrestricted conditions, most of the tested strains grew on and
biodegraded the cleaning agents used during spacecraft assemblworkehowed that cultures
grew on ethyl alcohol as a sole carbon source while displaying reasonable tolerances towards
oxidative stress. This is important since oxidative stress is associated with desiccating and high
radiation environments similar to Mars


https://phys.org/tags/chemistry/
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The tested strains were also able to biodegrade isopropyl alcohol and Kleenol 30, two other cleaning
agents commonly used, with these products potentially serving as energy sources for the
microbiome.

"We're giving the planetary protection community adedine understanding of why these

microorganisms remain in the clean rooms," said Mogul. "There's always stuff coming into the clean
rooms, but one of the questions has been why do the microbes remain in the clean rooms, and why is
there a set of microorgaisms that are common to the clean rooms."

For planetary protection, this indicates that more stringent cleaning steps may be needed for missions
focused on life detection and highlights the potential need to use differing and rotating cleaning
reagents tlat are compatible with the spacecraft to control the biological burd2a]

X-ray laser scientists develop a new way to watch bacteria attack

antibiotics
Tuberculosis, a lung disease that spreads in the air through coughs or sneezes, now killsoplere
worldwide than any other infectious agent, according to the World Health Organization's latest global
tuberculosis report. And in hundreds of thousands of cases each year, treatment fails because the
bacteria that cause Th have become resistantritlaotics.

Now an international team of researchers has found a new way to investigate how Tb bacteria
inactivate an important family of antibiotics: They watched the process in action for the first time
using an Xay freeelectron laser, or XFEL.

In exgeriments at the Department of Energy's SLAC National Accelerator Laboratory, they mixed an
antibiotic with an enzyme called betactamase that Tb bacteria use, and then watched in real time
as the enzyme attacked the antibiotic to deactivate it.

The reseechers' method, called mignd-inject serial crystallography, takes advantage of the brilliant,
ultrafast pulses produced by SLAC's Linac Coherent Light Source (&)} Shagshots taken 30
milliseconds to 2 seconds after the reaction began showednzasa binding to the antibiotic,
ceftriaxone, and bursting one of its chemical bonds.

The results of the experiment were published todaMC Biology

"This proofof-concept study shows that we're able to see the shape and intermediate stages of the
moleaules during the process," says Marius Schmidt, a University of Wisconsin Milwaukee professor
who led the experiment. "After decades of trying other techniques in the field of crystallography, the
technology is here."
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In a liquid droplet (represented bfaé¢ light blue circle), an antibiotic disperses through a crystallized
protein, betalactamase, and binds to it-rdy snapshots of the bound pair allowed researchers to
create maps of the electroKmore

In crystallography, scientists form a crystal from many copies of a protein and hit the crystat with X
rays to produce a diffraction pattern on a detector, which reveals the protein's atomic structure. This
structure is key to understanding how enzymes and other proteins function.

In the past this only worked with relatively large crystals, which have limited value in this method
because the solution containing the antibiotic would take a long time to diffuse lt@tystal and

react with the enzyme. It is important that the diffusion is faster than the reaction, so that the many
protein molecules in the crystal start the chemical process together.

But LCLS and other XFELs have such intense beams that they cae défsaction patterns from
much tinier crystals, a millionth of a meter across or less, Schmidt said, so the antibiotic can get to the
enzyme quickly, and the reaction can be recorded withys.

"While there have been elegant studies to observe proteiotions with lightinduced changes, our

work illustrates that a larger class of proteins, namely enzymes, can be investigated inragoived

fashion at LCLS and other XFELSs," says Jose Olmos, a doctoral student at Rice University who is one of
the principal authors of the publication.


https://phys.org/news/2018-06-x-ray-laser-scientists-bacteria-antibiotics.html
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In this study, the research team delivered tiny crystals of dettamase while mixing them with the
antibiotic just fractions of a second before they were hit withe){ pulses.

F

Credit: CCO Public Domain

The team to& millions of Xay snapshots during the reaction and stitched them together to create a
map that shows changes in the thrdémensional structure of the antibiotic as it interacts with
the enzyme at room tempeature.

"For structural biologists, this is how we learn exactly how biology functions," says Mark Hunter, staff
scientist at SLAC and-aathor on the study. "We decipher a molecule's structure at a certain point in
time, and it gives us a better idealodw the molecule works."

In future experiments, taking even more snapshots during the course of the reaction could provide
greater detail of the structure and chemical behavior of lactamase. With more information scientists
could manipulate the design ohtibiotics to prevent such attacks. The experimental method could
also be applied to learn the fine details of other types of biological processes where enzymes initiate
or steer reactions.


https://phys.org/tags/enzyme/
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"There's a large amount of excitement building over this meth@taose it opens up this new time
realm for structural biologists," Hunter says. Previous work using this technique captured the flipping
of an RNA "switch," important for studies into retroviruses and cancer.

The scientists plan to use the method to lodkadditionalantibiotics. They also intend to take
advantage of higher repetition ratesmore rapid firing of Xay pulses; expected at a future upgrade

to LCLS and at the recently opened European X will allow scientists to capture the data they
need in just minutes, compared to days. They could also take more closely spaced snapshots of the
reactions, which could give an even more complete picture of the swift chemistry as it hafiiins.

Molecular biologists compared human and yeast FACT
A protein complex called facilitates chromatin transcription (FACT) plays a role in DNA packing within
a nucleus, as well as in oncogenesis. A team of scientists from MSU, working in cooperation with
foreign colleagues, have reported similarities between the work of this complex in humans and yeast.
This discovery led to the prediction that a new protein assists the FACT complex in humans. An article
about the study was published dournal of Biological @mistry.

In eukaryotes, hereditary information is encoded in DNA, which is about one meter long, but is
packed within the nucleus. The DNA molecule is extremely thin, and if it were chaotically crumpled, it
would be impossible to detangle it without damade order to read the genetic code, it has to be
unpacked. Histones, the proteins that bind to DNA, help to pack the genome in the cell nuclei. This
complex is called chromatin. A minimal unit of chromatin is called a nucleosome; chromatin looks like
a s@uence of sewing spools (nucleosomes) with two DNA loops tightly wrapped on each of them.

However, the work of this system also includes lots of other proteins. One of the protein complexes
that control this process is FACT . It secures more effectiverédding from the DNA template
packed in chromatin.

"On the molecular level, yeast FACT can both stabilize nucleosomes in the genome during RNA
reading and unfold nucleosomes," said studyacthor Vasily Suditsky, the head of the laboratory for
the regulaton of transcription and replication of the Faculty of Biology, MSU. "The balance between
these two functions is determined by the presence of the yeast protein Nhp6, which helps FACT
unfold nucleotides. Until recently, the second function was unknowmfmnan FACT, despite the
considerable similarity of the structure of these protein complexes in yeast and humans."

Surprisingly, FACT straightens the DNA looped around the spools without expending energy.
Previously, such studies were conducted using yeeserial. In the new article, Vasily Suditsky and

his colleagues analyzed the mechanism of operation of this complex in humans. They were the first to
prove that the Nhp6 protein from yeast in combination with human FACT complex is able to unfold
nucleosones.

"The critical data were obtained at the Faculty of Biology, MSU using a modern biophysical
approach singleparticle FRET (spFRET is a method that allows the measurement of the interatomic
distance within one DNfrotein complex," said Studitsky. "Thdarmation we received led to the
assumption that humans may possess a homologue of the yeast protein Nhp6 helping FACT unfold
nucleosomes and regulate gene transcription.”


https://phys.org/tags/antibiotics/

The team also found important differences between human and yeast FACT comiexet the

activity of both varieties appeared to be relatively similar. The scientists found that in vitro yeast FACT
cannot work without Nhp6, but in vivo (in cells), it functions. However, in this case, the functions of
the FACT complex may be compensatgth other proteins. Therefore, it is still unknown whether

yeast FACT can function without Nhp6. On the contrary, human FACT is not stably associated with
nucleosomes without additional proteins that haven't been studied in humans yet.

FACT complex ivelutionarily conserved. Scientists tried addirepst Nhp6 to human FACT
complex, and it functioned. Therefore, it can be assumed that humans also have a still unknown
protein that helps FACT function.

"In the future, we plan to search for this hypothetical Nhji#lée human protein and to determine the
role of nucleosome unfolding by FACT in gene regulation and detection of regions with damaged
chromatin structure in the genome," said Studitsky8]

Study reveals the inner workings of a molecular motor that packs and

unpacks DNA
DNA is tightly packed into the nucleofa cell. Nevertheless, the cellular machinery needs to
constantly access the genomic information. An LMU team now reveals the inner workings of a
molecular motor made of proteins which packs and unpacks DNA.

The genomic DNA of higher organisms is corgghin a highly condensed form known as chromatin.

The DNA is tightly wound around a myriad of tiny histone spools called nucleosomes. A single human
cell, for instance, accommodates in this manner about two meters of DNA. However, genes must be
constantlytranscribed into messenger RNAs to direct protein synthesis. Moreover, the entire DNA
must be replicated before cell division and DNA damage needs to be repaired. Thus, there must be
way to actively grant access to the genome.

This is when chromatin remetkers come into play. Chromatin remodelers have an essential role as
they are molecular machines: they unpick and unpack segments of the DNA by
slidingnucleosome spools back and forth, replacing individh&tones, freeing up the DNA for
transcription, and finally compacting it again, when the job is done. Since all of this happens in a
highly dynamic fashion, chromatin remodelers enal#és to react rapidly ¢ alterations in their
environment¢ and this holds for brewer's yeast as well as for human cells. In mediating gene
accessibility, chromatin remodelers are vital for development and cell differentiation; cell types are
defined by the sets of genes theypegss, remodelers help to determine cell identity.

So far, however, very little is known about what remodeling proteins look like and how they go about
doing what they do. In molecular terms, functional remodelers are often very large complexes
comprisingmany different protein components, whose coordinated action makes them akin to
molecular machines. These features also make it very difficult to determine their detailed structure.
But a team led by Professor k&eter Hopfner, who holds a Chair in Sturel Molecular Biology at
LMU's Gene Center, has now used ej@ctron microscopy to reconstruct the thremensional
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