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Magnetic balls resemble DNA.
What is known of magnetic DNA In strong fields, In weak fields
Aromaticity in weak fields may be responsible
What is Magnetic may be mono, single-stranded DNA and RNA, double stranded, in vitro or in vivo.
Ring currents may be driven by enzymes, heat - phosphorus rocking, water
Ways to test - Direct measurements, Behaviors, Nanoparticles and dyes
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Kinetics and specificity.
Physical differences from Stacking - Hydrogen bonding and Electrostatic interactions.
Microtubules and other bio structures

Some of magnetic properties of DNA has been previously studied (Berashevich, 2008; Buchachenko, 2013;
Mizoguchi, 2008, 2016; Nakamae, 2005; Nikiforov, 2017; White, 2012; Yung, 2015), reviewed in (Mizoguchi,
2016). It has suggested that nucleotides in DNA behave like magnets in DNA replication and the shortening of
the telomere (Rojeab, 2013). Here we expand this idea using magnetic balls as a model.
Magnetic balls have recently become a popular toy. They are usually of 5mm diameter and sold as an
assembled cube of 216 balls. While making DNA structures with these balls, we noticed strikingly recognizable
behaviors of DNA and RNA strings.
MAGNETIC BALLS BEHAVE SIMILARLY TO DNA AND RNA STRINGS
1. Globule - strings, sheets, hollow surfaces like cones and cylinders, random globules but not into orderly
solids.
2. Single strands
a. Have polarity.
b. Prefer looping into a circle, the ends of the string are attracted to each other.
c. Form hairpin structures,
d. Form clover leaf structures
3. Double strands a. are antiparallel.
b. Loop into a circle
i.
While retaining polarity - each strand will loop to itself but not to another strand. Even
after several twists of the double helix.
ii.
Close into a circle with blunt or sticky ends.The ends are attracted to each other.
4. Primer annealing
a. The primer anneals in proper orientation (antiparallel)
5. Primer extension
6. Transcription bubble
7. Replication bubble
8. Shape of the bubble
9. Telomere looping
10. Forming a nucleosome structure.
11. Forming a nucleosomal solenoid structure.
DNA MAGNETISM IN THE LITERATURE
Textbook types of magnetism include diamagnetism, paramagnetism, ferromagnetism, antiferromagnetism,
ferrimagnetism and antiferromagnetism. Diamagnetic substances repel magnets, paramagnetic substances
become magnetic only while in the magnetic field, ferromagnetic substances are stable magnets,
antiferromagnetic substances have layers of ferromagnetic units facing and canceling each other and
ferrimagnetic substances have layers of ferromagnetic units facing and partly canceling each other. The known
magnetic behavior of DNA depends many factors and doesn't fall into the above textbook subtypes especially
because these subtypes usually describe solid inorganic substances with small molecular units. DNA is a long
organic polymer, heavily ionized, it's natural environment is physiological, in well buffered salt-protein solution,
the negative charges of DNA are balanced by hydrated sodium and magnesium ions, DNA is packed on

positively charged histone octamers. Internal structure of DNA is complex, DNA is electrically conductive and
semiconductive and has in its core a unique double helical base stack structure composed of single and fuzed
double aromatic heterocycles with a unified system of pi-electron clouds.
-

DNA MAGNETISM IN STRONG MAGNETIC FIELDS

Best studied is DNA magnetism in electron paramagnetic resonance (EPR) spectroscopy experiments (Arter,
1976; Giessner-Prettre, 1976). EPR is similar to nuclear magnetic resonance (NMR), except, EPR studies
splitting of electron spins while NMR studies splitting of nuclear spins. There are many papers published on
EPR spectroscopy of DNA: Pubmed search shows 274 hits for the search of "DNA" and "EPR spectroscopy" in
the title or abstract. In these experiments, the DNA is often a dried or dissolved oligonucleotide subjected to a
strong magnetic field from 1 to 16 Tesla. This magnetic field induces so called ring currents in aromatic DNA
bases as it does in any aromatic structures. The mechanism of the induction of the ring currents is quantum
(Fox, 2010; Rai, 2012) and can simplistically be explained that the external magnetic field preferentially slows
down ring currents in one direction over another due to the right hand rule. This secondary magnetic field
created by the ring current blocks immediately adjacent hydrogens from the initial field thus affecting splitting of
their spins and this produces unique spectral signatures. This phenomenon is utilized by the EPR
spectroscopy for analytical purposes.

Fig. [RCU]. An example of ring currents in a purine induced by a strong magnetic field.
When a strong magnetic field is applied to the DNA in solution, the DNA turns perpendicular to the incident
field. This was reported to have been utilized for orienting and drying DNA molecules in parallel orientation.

The reason the DNA turns perpendicular to the strong incident field, is that the induced fields in DNA bases
strive to flip over and align their field in the same direction as the incident field, but if they flip over, the effect
would reverse. So the best position for them is to align the rings along the incident lines. Accordingly, the DNA
axis will be aligned perpendicular to the incident field (Alam, 1990). Yet, the fact that DNA double helices align
parallel to each other is likely to their magnetic interaction with each other.
The first report on the magnetism of DNA was made based on electron paramagnetic resonance (EPR). At that
time, Bliumenfeld (Bliumenfeld, 1959) was exploring free radical products induced by high energy irradiation on
the nucleic acids where unirradiated, bare DNA was used as the control specimen. Surprisingly, they found
(Fig. 47) that the bare DNA induced huge EPR signals centered at the near zero magnetic field. At the same
time, clear ferromagnetic responses were also noticed in the magnetization measurements. The same
phenomena were subsequently observed for RNA and bacteriophages.(Müller, 1961)
Strong magnetic field inhibits growth of cancer tumors (Tatarov, 2011), likely because it interferes with DNA
replication.
DNA MAGNETISM IN NATURAL WEAK MAGNETIC FIELDS
While the magnetism of DNA induced by strong magnetic fields is well established, it is normally assumed that
DNA is not magnetic in normal (weak) magnetic fields of Earth and technological environment. Yet, there are a
few tens of experimental papers which investigate the magnetism of DNA in weak magnetic fields.
Many of those study dry DNA or DNA in other nonphysiological conditions, and barely any of the papers
experimentally test the magnetism of DNA in water solutions with salt and temperature conditions close to
physiological.

Water is moderately diamagnetic, XXXX
A real chinese mess (Wang, 2011)
A real russian mess (Irkhin, 2017)
A real Adnan Y. Rojeab mess (Rojeab, 2013)
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What is known of magnetic DNA In strong fields, In weak fields
Aromaticity in weak fields may be responsible
What is Magnetic may be mono, single-stranded DNA and RNA, double stranded, in vitro or in vivo.
Ring currents may be driven by enzymes, heat - phosphorus rocking, water
Ways to test - Direct measurements, Behaviors, Nanoparticles and dyes

Proposed experiments - nanoparticles as was used for magnetic nanoparticles that were aligned along the
DNA strands and visualized - (Kinsella, 2008; Liu, 2017; Pershina, 2014)
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Kinetics and specificity.
Physical differences from Stacking - Hydrogen bonding and Electrostatic interactions.
Microtubules and other bio structures

=============================
OTHER BIOLOGICAL STRUCTURES
In addition to DNA, assemblies of magnetic balls resemble other biological structures such as microtubules
(FIG), strings of cells (FIG), cones, cylinders made of proteins (FIG) or cells (FIG), neural crest (FIG) and
proteins (FIG).
Magnetic balls exceptionally well self-assemble into microtubule-like structures. Magnetic balls self-assemble
into honeycomb sheet which easily warps into a cylinder resembling formation of a neural tube.
Self-assembled conical structures of magnetic balls resemble some of plant structures.
Magnetic properties of some of cell types (Zborowski, 2007)

EXTRAS
Magnetic forces direct this process making many steps of above mentioned assemblies error-proof and
attracting the ends of matching structures and repelling unmatching structures.
Also behavior of magnetic balls resembles self-assembly of living structures since (unlike atoms in crystals)
magnetic balls resist being shaped into orderly solids and prefer self assemblage into linear, sheet, tubular
and conical structures. This strikingly distinguishes them from non-magnetic balls and from atomic structures of
inorganic crystals.
Based on these observations, I hypothesize that DNA, chromatin, microtubules and tissues are magnetic and
their corresponding units are magnetic.
I also hypothesize that the magnetic properties of those are created by heat-fueled spinning electron
pi-orbitals of asymmetrical aromatic heterocycles such as purines and tryptophan.
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