
Chemical Effects on DNA 

  

University of Arkansas physics researchers have developed a simple, cost-effective 

method to study the effects of chemicals on DNA which has potential to improve the 

development and testing of life-saving treatments. [22] 

Scientists at the University of Sheffield studying ancient DNA have created a tool 

allowing them to more accurately identify ancient Eurasian populations, which can be 

used to test an individual's similarity to ancient people who once roamed the earth. 

[21] 

In new research, Hao Yan of Arizona State University and his colleagues describe an 

innovative DNA walker, capable of rapidly traversing a prepared track. [20] 

Just like any long polymer chain, DNA tends to form knots. Using technology that allows 

them to stretch DNA molecules and image the behavior of these knots, MIT researchers 

have discovered, for the first time, the factors that determine whether a knot moves 

along the strand or "jams" in place. [19] 

Researchers at Delft University of Technology, in collaboration with colleagues at the 

Autonomous University of Madrid, have created an artificial DNA blueprint for the 

replication of DNA in a cell-like structure. [18] 

An LMU team now reveals the inner workings of a molecular motor made of proteins 

which packs and unpacks DNA. [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] 

Scientists from Moscow State University (MSU) working with an international team of 

researchers have identified the structure of one of the key regions of telomeraseɂa 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] 

https://phys.org/tags/walker/


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 Schrödinger 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 

ÁÎÄ ÔÈÅ ÅÌÅÃÔÒÏÎȭÓ ÓÐÉÎ ÁÌÓÏȟ 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 ς 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.    

   

New method facilitates study of the effects of chemicals on DNA  
University of Arkansas physics researchers have developed a simple, cost-effective method to study 

the effects of chemicals on DNA which has potential to improve the development and testing of life-

saving treatments. 

Jack Freeland, an honors physics student in his junior year, worked with Yong Wang, assistant 

professor of physics, and Prabhat Khadaka, a post doctoral fellow, to create bent strands of DNA using 

a technique developed by Wang and colleagues at the University of California Los Angeles, where 

Wang was a doctoral student. 

By bending strands of DNA, the researchers can amplify the effects of chemical interactions so that 

the effects can be observed more easily. Their study, which demonstrated the concept using 

magnesium and silver ions, was recently published in the journal Physical Review E, and the 

researchers have filed for a patent for their method. 

In the study, the researchers demonstrated that their method could be used to observe interactions 

of DNA with metal ions using gel electrophoresis, a routine technique available in most chemistry 

and biochemistry labs. 

This provides an alternative to other methods of studying DNA interactions, which are less sensitive or 

require expensive equipment. DNA has a double helix structure that is formed from two strands of 

paired molecules, or bases. The researchers created their amplifiers from two single strands of 

synthesized DNA, one with 45 bases and one with 30, so one is longer than the other. The bases of 

the two strands pair up so the ends of the longer strand bend toward the middle of the shorter strand 

to form a circular construction. 

https://phys.org/tags/silver+ions/
https://phys.org/tags/metal+ions/
https://phys.org/tags/gel+electrophoresis/


The bending that results from this construction places stress on the molecular bonds. Because the 

bonds are stressed, the effects of the metal ions are easier to observe. The researchers tested their 

amplifiers using magnesium ions, which are known to have a stabilizing effect on DNA, and silver ions, 

which are known to damage DNA. 

When the bent DNA was exposed to magnesium ions, the researchers could observe that the 

stabilizing effect of the ions promoted the release of energy in the bent DNA, straightening them. 

When the researchers exposed the bent DNA to silver ions, they observed that the presence of silver 

ions affected the ability of the DNA bases to pair up, an effect that was too small to be observed on 

non-bent strands of DNA. 

"In addition to metal ions, it is likely that our bent DNA amplifiers can be used to investigate the 

interactions of DNA with other chemicals, including organic molecules and reagents," the researchers 

said in the paper. "In principle, it is even possible to develop our method into a convenient technique 

for screening DNA-targeting drugs." [22] 

 

 

DNA tool allows you to trace your ancient ancestry  
Scientists at the University of Sheffield studying ancient DNA have created a tool allowing them to 

more accurately identify ancient Eurasian populations, which can be used to test an individual's 

similarity to ancient people who once roamed the earth. 

Currently the study of ancient DNA requires a lot of information to classify a skeleton to 

a population or find its biogeographical origins. 

Now scientists have defined a new concept called Ancient Ancestry Informative Markers (aAIMs) - a 

group of mutations that are sufficiently informative to identify and classify ancient populations. 

The research, led by Dr. Eran Elhaik, from the University of Sheffield's Department of Animal and Plant 

Sciences, saw the identification of a small group of aAIMs that can be used to classify skeletons to 

ancient populations. 

Dr. Elhaik said: "We developed a new method that finds aAIMs efficiently and have proved that it is 

accurate." 

AIMs (Ancestry Informative Markers) have a long history in science and have been employed for the 

past decade by health and forensic experts. 

But Dr. Elhaik said that when his team applied traditional AIMs-finding tools to ancient DNA data, they 

were disappointed with their low accuracy. 

"Ancient populations are much more diverse than modern ones," he said. "Their diversity was 

reduced over the years following events such as the Neolithic revolution and the Black Death. 

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


"Although we have many more people today they are all far more similar to each other than ancient 

people. In addition, the ancient data themselves are problematic due to the large amount of 

degraded DNA." 

To overcome these challenges, Dr. Elhaik developed a specialised tool that identifies aAIMs by 

combining traditional methodology with a novel one that takes into account a mixture. 

"Ancient genomes typically consist of hundreds of thousands and sometimes millions of markers. We 

demonstrated that only 13,000 markers are needed to make accurate population classifications 

for ancient genomes and while the field of ancient forensics does not exist yet, these aAIMs can 

help us get much closer to ancient people." 

He added: "Until now you couldn't test people for ancient DNA ancestry because commercial 

microarrays, such as the ones used for genetic genealogy, don't have a lot of markers relevant for 

paleogenomicsτpeople could not study their primeval origins. 

"This finding of aAIMs is like finding the fingerprints of ancient people. It allows testing of a small 

number of markersτthat can be found in a commonly available arrayτand you can ask what part of 

your genome is from Roman Britons or Viking, or Chumash Indians, or ancient Israelites, etc. 

"We can ask any question we want about these ancient people as long as someone sequenced these 

ancient markers. So this paper brings the field of paleogenomics to the public." 

Researchers said to make the study's findings more accurate for identifying and classifying ancient 

people throughout the world, the framework and methods of the study should be applied again when 

more comprehensive ancient DNA databases are available. 

The full study Ancient Ancestry Informative Markers for Identifying Fine-Scale Ancient Population 

Structure in Eurasians is published in the journal Genes. [21] 

 

Built for speed: DNA nanomachines take a (rapid) step forward  
When it comes to matching simplicity with staggering creative potential, DNA may hold the prize. 

Built from an alphabet of just four nucleic acids, DNA provides the floorplan from which all earthly life 

is constructed. 

But DNA's remarkable versatility doesn't end there. Researchers have managed to coax segments of 

DNA into performing a host of useful tricks. DNA sequences can form logical circuits for 

nanoelectronic applications. They have been used to perform sophisticated mathematical 

computations, like finding the optimal path between multiple cities. And DNA is the basis for a new 

breed of tiny robots and nanomachines. Measuring thousands of times smaller than a bacterium, 

such devices can carry out a multitude of tasks. 

In new research, Hao Yan of Arizona State University and his colleagues describe an innovative 

DNA walker, capable of rapidly traversing a prepared track. Rather than slow, tentative steps across a 

surface, the DNA acrobat cartwheels head over heels, covering ground 10- to 100-fold faster than 

previous devices. 

https://phys.org/tags/ancient+genomes/
https://phys.org/tags/walker/


"It is exciting to see that DNA walkers can increase their speed significantly by optimizing DNA strand 

length and sequences, the collaborative effort really made this happen," Yan said. 

Yan is the Milton D. Glick Distinguished Professor of Chemistry and Biochemistry at ASU and director 

of the Biodesign Center for Molecular Design and Biomimetics. 

The study was led by Nils G. Walter, Francis S. Collins Collegiate Professor of Chemistry, Biophysics & 

Biological Chemistry, founding director of the Single Molecule Analysis in Real-Time (SMART) Center 

and founding co-director of the Center for RNA Biomedicine at the University of Michigan, and his 

team, along with collaborators from the Wyss Institute, the Dana Farber Cancer Institute and the 

Department of Biological Chemistry at Harvard (all in Boston, Massachusetts). 

"The trick was to make the walker go head over heels, which is so much faster than the hopping used 

beforeτjust as you would see in a kung fu action movie where the hero speeds up by cartwheeling to 

catch the villain," says Walter. 

The improvements in speed and locomotion displayed by the new walker should encourage further 

innovations in the field of DNA nanotechnology. 

The group's findings appear in the advanced online issue of the journal Nature Nanotechnology. 

Building with DNA  
Nanoarchitects build their DNA structures, motors and circuits using the same basic principle as 

Nature. The four nucleotides, labeled A,T,C and G, bind to each other according to a simple and 

predictable rule: Cs always pair with Gs and As always pair with Ts. Thus, varying lengths of DNA may 

be programmed to self-assemble, snapping together to form an unlimited variety of two- and 3-

dimensional nanostructures. With clever refinement, researchers have been able to outfit their once-

static nano-creations with dynamical properties. 

One of the more innovative applications of DNA nanotechnology has been the design of robotic 

walking devices composed of DNA strands that successively move in a stepwise fashion across a path. 

The method enabling DNA segments to stroll across a defined area is known as strand displacement. 

The process works like this: One leg of the robotic device is DNA strand 1, which is bound to 

complementary strand 2, through normal base pairing. Strand 1 contains an additional, unpaired 

sequence dangling from its end, which is known as the toehold. 

Next, DNA strand 3 is encountered. This strand is complementary to DNA strand 1 and includes a 

toehold sequence complementary to DNA strand 1. Once the toehold of strand 3 binds with the 

toehold of strand 1, it begins sequentially displacing each strand 2 nucleotide, one by one, until 

strand 2 has been is completely replaced by strand 3. Strand 2 then dissociates from strand 1 and the 

process can begin again. (See figure 1). 



 

Hao Yan is the Milton D. Glick Distinguished Professor of Chemistry and Biochemistry at ASU and 

director of the Biodesign Center for Molecular Design and Biomimetics. Credit: Biodesign Institute at 

Arizona State University 

Toehold-mediated strand displacement, which forms the basis of other DNA nanodevices, allows DNA 

structures to move from one complementary foothold on the walking surface to the next. As each 

DNA strand is displaced by a new strand, the nano-creature takes a step forward. 

Race walking  
Successful DNA walkers of various kinds have been designed and have demonstrated the ability to 

ferry nano-sized cargo from place to place. Until now, however, the strand displacement reactions 

they rely on have been slow, generally requiring several minutes to move a short distance. This is 

much slower than naturally occurring processes in living systems like protein motors, which can 

perform feats of dissociation similar to strand displacement in much faster time frames. 

While theoretical calculations suggest that individual operations by such nanodevices should occur in 

seconds or less, in practice, such operations typically require minutes or even hours. (A recently 

designed cargo-sorting walker for example required 5 minutes for each step, with foothold spacings 

just 6 nm apart. This speed was on a par with similar strand-displacement walkers.) 

https://3c1703fe8d.site.internapcdn.net/newman/gfx/news/hires/2018/1-builtforspee.jpg

























































