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Abstract: DNA is one of the most important marcromolecules in biology. The double helix for DNA structure
was first proposed seven decades ago. However, an obstacle in the investigation of DNA replication is how the
topological difficulties can be reasonably answered for the untangling of its two tightly twisted complementary
strands, especially for the circular DNAs often found in nature. The author spent more than 4 decades in
independent experimental investigation trying to find the answer of this question and got some information
directly from plasmids. Combined with many findings from various laboratories around the world, it became
clear that the classic Watson-Crick Model of DNA needs modification. This article does not reveal any new
experimental results. It provides some more examples that cannot be explained by the classical double helix
model. Based on many known experimental results, we tried to give different interpretations of the information
obtained from various experimental facts. According to the ambidextrous DNA model, some definitions or
regulations in the old DNA topology should be changed. Two simple tests for distinguishing the different DNA
models are proposed for experimenters to try. Problems encountered in the conceptual transition from
plectonemic right-handed winding to ambidextrous winding of the two complementary strands are also
discussed.

Keywords: left-handed DNA; ambidextrous double helix model; topoisomerase; positive
supercoiling; DNA topology

It is reasonable and admirable that based on few evidences, the double helix was proposed in
1953[1]. At first, it was just an interesting hypothesis [2,3]. The potential ability of self-replication of
its chemical structure attracted the interest of many scientists. Eventually, most of the properties of
this DNA model were proven afterwards. Nowadays, it is believed that under physiological
conditions the double stranded DNA is mainly in the B-DNA form which is very much the same as
it was proposed in 1953. The Watson-Crick Model keeps as a leading DNA structure model in
molecular biology for many years. It seems few people doubting if the double helix model is true or
self- evident.

The double helix model holds that under physiological conditions, two antiparallel
complementary chains are bonded together by hydrogen bonds between corresponding base pairs
and are always completely and tightly wound in a right-handed direction.

Yet, solid evidence has proven that the two complementary strands in the DNA are not always
winding in one direction. The finding of zero linking number topoisomer provides a pivotal evidence
to refute the classical double helix model.[4,5]: The winding of the two paired DNA strands should
be amended from plectonemic to ambidextrous which can answer many questions that the old double
helix model could not.

The trouble is that there is no technique or instrument available that can clearly and directly
determine the detailed secondary structure of a plasmid or chromosome; even today's most advanced
electron microscopes cannot detect its detailed structure without ambiguity!

In general, X-ray crystallography can effectively determine the relative positions of atoms within
a molecule and is a reliable method for determining the tertiary structure of a pure sample. Many
scientists believe that the X-ray crystallographic evidence of 12bp short DNA undoubtedly proves
the validity of the Watson-Crick model.[6] However, as a microscopic study, this method has its
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limitations. It can only be applied to short DNA fragments, not to long DNA, such as entire plasmid
molecules or chromosomal DNA.

Many people do not realize that it is questionable to extrapolate the conclusions of short
fragments to long natural DNA. We know that people can only hold their breath for a few minutes
at most. We can build skyscrapers, but the height will not exceed 2 kilometers. Everything has its
limits. Even if the truth takes a small step forward, it will become a fallacy.

The discovery of DNA was one of the most interesting stories in the history of scientific
expedition. Starting from Miescher’s finding of “nuclein” in 1869, the secret of this biological
material has been repeatedly mis- understood or mislead by many great scholars of their times. After
many twists, setbacks and several unexpected findings by a lot of scientists, the structure of the
double helix was found by Watson and Crick. It was accepted by the science community. However,
many successive new findings from various laboratories all over the world indicated that the story
of DNA does not stop at 1953.

The unexpected verification of various small circular DNAs and the finding of circular
chromosome of E.coli raised a challenging question on the untangling of the double helix [7-9] In
order to relief the topological trouble, many new DNA models were proposed. [10-12]-

With the help of the magical power of topoisomerase, Crick and others wrote a review and
concluded that the double helix structure was generally correct with only one exception, that is, if
there was conclusive evidence to prove the existence of non-linked plasmids.[13,14]

It seems reasonable that the topological problems in DNA replication can be solved by
topoisomerase. However, in 1996, Ullsperger and Cozzarelli discovered that the reaction rate of
topoisomerase IV, which is responsible for unwinding the chromosomal DNA of Escherichia coli, is
very slow, only 6 times per minute.[15] The DNA replication rate in E. coli is very fast, about 1 kb per
second or 3000 rpm per replicator at each replication fork, which is incompatible with the slow
reaction rate of topoisomerase IV.

The secrets of DNA lie deep within nature. Unlike dark matter, UFOs, or ghosts, DNA exists
objectively. Although DNA cannot think or speak for itself, scientists can still obtain some
information through appropriate experiments. Unfortunately, this information is not written in any
readable language.

Correctly understand or interpret it is the most difficult task for scientists. The problem is that
the information obtained from nature may be interpreted differently or incorrectly, even based on
the same phenomenon or facts. Therefore, it is very important to find irrefutable and conclusive
evidence.

Plasmids, a special kind of extra-chromosomal DNA, are ideal proxy for the investigation of the
structure and function of DNA. Due to its relative small sizes, easy to get enough quantity of pure
sample, convenient to be examined by various physical-chemical methods, plasmids become the
main subject of many studies. The circular structure of plasmid provides an extraordinary benefit for
the survey of its secondary and tertiary structure.

In aqueous solution, the long circular strand of plasmid can pose in myriads ways. Once the
hydrogen bonds between the two strands were broken, the situation would be more complicated and
makes their behaviors difficult to predict. Fortunately, the two circular strands of a plasmid can
quickly respond to the changing conditions and always faithfully follow the law of topology. In a
closed circular DNA its linking number (Lx) is always the sum of total twist number (Tw) and writhing
number (Wr), i.e., Lk = Tw +Wh.

The topology of covalently closed circular DNA tells us that there is only one special case,
namely Lk =0, in which the two circular strands of this topoisomer can be completely separated. This
makes it quite distinct from its entire sister topoisomers and can be detected experimentally.

The finding of zero-linking number topoisomer strongly disproves the idea that the two chains
are always coiled plectonemically. As a macroscopic study, this type of topological study can only
provide limited information about the entanglement of two circular DNA strands, that is, Tw = 0,
while the detailed information of each DNA section in the plasmid remains unknown.
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At first, we thought the Watson-Crick Model was absolutely correct and unable to realize that
the early evidence from X-ray analyzes of DNA fibers could be interpreted differently. We also fail
to realize that scientific knowledge is not only universal and objective, but it can also be provisional,
even the theories of Newton or Einstein can be wrong. On the other hand, the secret of DNA has so
deeply hidden thatits true nature can only be discovered when sufficient solid evidence is available.

After extensive reference reading and deep thinking, we found that a weakness of the B-DNA
model is that it claims that the two chains are always entangled plectonemically. During our review
of the literature, an electron microscope image showed that when supercoiled PM2 was denatured
by formaldehyde, its two circular chains were loosely entangled. The authors of this paper only
reported their observations but did not explain why they could be seen. [16]

It's such a Eureka moment when this unusual phenomenon pops up before our eyes. We feel
this is what the covalently closed circular DNA is trying to tell us. It triggered an exciting period of
preparation and testing. Our most surprising finding was that in the relaxed plasmid after careful
glyoxal denaturation, the two single- stranded circular DNAs of pBR322 DNA were loosely entangled
with each other and were clearly visible under electron microscope.

We were too simple and naive at that time, and believed in the idiom "seeing is believing". We
proposed our hypothesis: right-handed DNA and left-handed DNA can coexist in the same plasmid,
and published the results [17,18]. This serendipitous discovery surprised many experts, because the
two strands of this plasmid should be tightly entangled with each other and they are inseparable if it
is in the B-DNA form.

Although our evidence was rejected by many scientists as an artifact, we still believed that our
findings truly reflected the secondary structure of DNA. So we spent many years looking for more
evidence to support our hypothesis.

Later, our electron microscopy results were successfully repeated and improved: a) the two
circular single- stranded DNAs of purified relaxed topoisomers can be clearly seen, and the Lk of each
topoisomer is fixed and can be counted; b) ) The Lk of adjacent topoisomers differ by one; c) a Lk =0
topoisomer can be clearly located on agarose gels.[4]

Together with many other independent evidences, it was proven that the two strands of DNA
are not always winding plectonemically. As shown before, many experimental evidences to support
our hypothesis: [4,5]

1. The annealing product of two single stranded circular DNAs is a relaxed plasmid.

2. Examined by agarose gel electrophoresis, (AGE) a singly nicked plasmid can be quickly
denatured by sodium hydroxide to form two single stranded-circular DNA and two single
stranded linear DNA.

3. The annealing product of two phagemid M13mp9 molecules, each inserted with the
complementary 2Kb fragment from ADNA, is a Figure 8 structure.

4. After alkaline denaturation, the electro-mobility of relaxed plasmid moves fastest, while the
highly supercoiled plasmid moves slowest and moves as that of un-denatured supercoiled
plasmid.[19]

To avoid redundancy, interested readers are referred to the published articles for a more detailed
explanation. [4,5,19].

At present, most scientists have not realized that there is anything wrong with the double helix
structure. This is probably because the primary structure of DNA has been tested countless times,
and the results are always reliable and correct. The dazzling achievements of the Human Genome
Project and the successful application of the primary structure of DNA in forensic science, genetic
engineering and other fields have left a huge blind spot in the minds of many experts, making them
unaware that there is a huge mistake hidden in the structure of double helix.

First impressions are hard to change, especially for adults, just like a person who has been bitten
by a snake once will be afraid of ropes for many years. For many scientists, after years of education
from textbooks or mentors, as well as brainwashing by the media, the idea of the classic double helix
model has been deeply rooted. Most of them will give priority to information that conforms to their
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established ideas, and any information that does not conform will be automatically filtered or
ignored. Perhaps this is a major source of prejudice or stereotypes!

In fact, this is another kind of Dunning-Kruger effect. Some knowledgeable professors or experts
in the field are overconfident in their own experience and knowledge. They tend to ignore or dismiss
all evidence or phenomena that contradict their established concepts. This Dunning-Kruger effect can
occur at any time and in any field. Although scientists are more difficult to fool themselves or others,
they are still human and therefore not immune to bias and error.

Contrary to what many people think, scientific knowledge is not fixed or immutable. It must be
modified or revised to adapt to new findings. A good scientific theory or hypothesis should be able
to reasonably explain all relevant facts and correctly predict things that have not yet happened.
Scientific theories or hypotheses arise from reproducible facts or phenomena. When theory conflicts
with fact, the only thing we can do is to update the theory. Objective facts or truth are immutable
and unaffected by philosophy, religion, emotion and prejudice.

As our previous publications have shown, there are many examples that are not consistent to
the double helix model: [5,19]

1.  The two strands of A DNA can be gradually separated by single strand DNA-binding proteins.
[21]

2. A DNA can be stretched to twice its normal size. [22]

3. The sedimentation coefficient indicates that T7 DNA can be abruptly changed at elevated
temperatures. [23]

4. Point mutations indicate that PCR reactions can be performed on plasmids. [24]

5. The heat resistance of plasmid in hyperthermophilic strains. [25,26]

6. Supercoiled plasmids can transformed into relaxed form rings and some of the rings even carry
a 200-300 base single-stranded loop. [27]

7. The catabolite gene active protein (CAP) binds to left-handed DNA.[28]

8.  The slow reaction rate of topoisomerase IV cannot cope with the fast DNA replication of E.coli
DNA. [15]

9. The discovery of highly positively supercoiled plasmids raises a challenging question: do they
occur as z- DNA or the enantiomers of B-DNA? [29]

Among all these facts or observed phenomena, the hidden topological problem caused by the
plectonemic right- handed double helix is difficult to be noticed. The dogma of the double helix
prevents the authors of these papers from thinking deeper and getting to the root of the problem.
These indirect evidences provide additional reasons to refute the B-DNA model and support the
ambidextrous DNA model. If the DNA duplex is in an ambidextrous DNA model, there won't be any
topological problems in these experimental facts.

Scientists often get excited about discovering something new or extraordinary. It would be a pity
if they cannot figure out what their discovery actually means. However, once their findings are
published, their efforts are recorded and remembered. The deeper meanings hidden in these
publications may capture the imagination of people with extraordinary vision and may lead to
revolutions in certain fields. A striking example is the leap from Chargaff's rules to understanding
the structure of DNA in base pairing. The significance of Mendel's groundbreaking discovery was
rediscovered nearly forty years later, indicating that only a sensitive mind can penetrate the surface
phenomenon to understand the true meaning.

Limited by personal time, knowledge and ability, it is likely that there are many similar indirect
evidences buried in the literature that we have not found. In any case, all experimental results or
observed phenomena published by various scientists have established a series of strong evidence,
which is enough to wake up most slumbering individuals except those who are unwilling to wake
up. Unlike the side-by-side (SBA) model, the ambidextrous double helix model is no longer a fantasy
or pure imagination, but a reasonable scientific hypothesis.

Perhaps the finding of zero-linked topoisomer was so outlandish or heretical that no one seemed
to care or notice the release of our ambidextrous DNA model. Regardless, it represents a long-
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standing confirmation bias in the field and urges us to seek more evidence to convince the public and
experts that old ideas about DNA secondary structure must be updated.

In addition to previously published evidence refuting the Watson-Crick Model, this article is not
intended to replace or substitute previous evidence, but rather to provide supporting evidence that
will help readers view the secondary structure of DNA in a different way.

L. Bragg pointed out: "What is important in science is not so much the acquisition of new facts
as the acquisition of new ways of thinking".

This article also provides some new ideas for studying the secondary structure of DNA.

2. The Gaussian Distribution of Supercoiled Plasmid

Wikipedia states: “In probability theory, a normal distribution (also known as Gaussian, Gauss,
or Laplace— Gauss distribution) is a type of continuous probability distribution for a real-valued

random variable.”

The general form of probability density function is
1  (a-p)?
f@|po)=——Fe 2
o . Inthis Gaussian function, u represents the mean (measured)

values, and the square root of its variance or standard deviation is 0 which determines the magnitude
of the distribution. The total probability, or the integral of the Gaussian distribution should be: ff(x)
=1. When 0 =1 and x =1, 2 or 3, the integral of the curve, or the area under the curve, is 68%, 95%
and 99.7% of the total probability respectively, as shown in Figure 1.
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Figure 1. The Gaussian distribution curve.

The topological laws apply to the study of three basic properties of closed ribbon or circular
DNA duplexes, Lk = Tw + Wr. In this equation, Lk is always an integer, and the values of Tw and Wr
can be variables of arbitrary data. It is reported that the topoisomer peaks observed in experiments
follow a Gaussian distribution. A large number of publications have shown that the number of new
relaxed topoisomers generated after a gyrase or ligase catalyzed reaction is always less than 10.[30-
33]

Using the powerful resolution of AGE, Keller found that it was possible to study the supercoiled
plasmid, the separated peaks are distributed following Gaussian distribution.[30] However, why this
phenomenon can be found in various plasmids is still unclear. We are trying to analyze this
phenomenon and consider it as an exposure of DNA secondary structure.
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In the B-DNA model, there are 10 bases per turn. If a relaxed plasmid has N base pairs, the two
strands in the B-DNA should wind T times, Tw &~ N/10. For example, a PM2 phagemid has 10079
base pairs. In the relaxed PM2 DNA, W: =~ 0 £ 5, and Tw =L« - Wr=10079/10 £ 5.~ 1008 + 5.
That is, in relaxed PM2, its Tw should be bounded between 1003 and 1013. It is a very narrow
distribution for such a big plasmid and its Gaussian distribution should be a very sharp peak. Similar
peaks could be found from smaller plasmids from SV40, 5224 bp circular DNA, or a mini circle
carrying 336 bp [34].

As shown in the following schematic drawing of Figure 2, the three Gaussian distributions of
their relaxed DNA are very similar and the integral of each curve should be the same, i.e.,, J (x)=1.

P
Mini circle SV 40 PM2

0 100 500 1000 N/10

Three relaxed plasmids found in experiments. Each point represents the probability of a topoisomer.

Figure 2. The distribution of relaxed topoisomers of three kinds of plasmids.

This situation is similar but different from the distribution of the heights of newborn and adult
as shown in the schematic diagram of Figure 3.
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Schematic comparison of body height distribution
Figure 3. Schematic comparison of body height distribution.

Figure 3 shows the body height distributions of man, woman and baby in America. On this
figure, the average height is at the center of curve, for male is 176.94 cm and female is 163.32 cm. The
distribution curve of new born baby is made based on the reported data that their height is limited
in the range of 45.7 to 60cm. In this figure, the same scale is use for 3 distribution curves, the big
differences in 0 makes the three curves differ greatly.

The Gaussian distribution is suitable for studying the probability of randomly happened
independent incidences with no bias. A simple example is tossing a coin. The probability of a coin
landing either heads or tails is supposedly 50/50. However, if the coin is specially made with different
materials on each side, the tossing probability would be deviate from 50/50.

2.1. The Experimental Facts Fit to Gaussian Distribution
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Interestingly, all kinds of plasmids strangely follow the Gaussian distribution. Often, this
phenomenon is not recognized and cannot be explained by common sense. We believe the structure
and function of DNA must obey not only the laws of physics and chemistry, but also the laws of
mathematics. According to our understanding, this phenomenon reflects the classical B-DNA model
violates the fundamental law of probability. However, the ambidextrous model can explain this
phenomenon.

Under the ambidextrous double helix DNA model, in a zero-linking number topoisomer, its Tw
should be equal to zero. Gaussian-like distributions from various plasmids can be expected if twist
Tw is taken as the variable x- axis and the probability of topoisomers as the y-axis. The distribution of
topoisomers following the laws of probability is a logical and reasonable solution for paired
complementary strands

A typical curve obtained from experiment, as shown in Figure 4 cited from reference 31, deviates
slightly from the standard Gaussian distribution.

Figure 4. Schematic red curves are placed outside the peaks of PM2 topoisomers relaxed at 29°C (copied from

ref. 31). A standard Gaussian distribution curve of # =0, 02=1.

There are a few points worth noting:

1. The observed curve is asymmetric. The center of the observed curve is not always the same as
the center of the standard distribution curve.

2. In a normal distribution, 99.7% of topoisomers should occur in the -30 to 30 region, this rule
has to be slightly modified to accommodate experimental results.

The linking number Lk should be an integer, and the Lk of adjacent topoisomers differs by one,
this ALk =1 should be closely related to the difference in their winding numbers, that is, ATw=1.

At first glance, the red curve looks very similar to the standard distribution with u =0 and o2 =
1. The observed distribution of relaxed topoisomers slightly deviates from the normal distribution,
which is not surprising, since each newly formed topoisomer is a pair of long DNA strands carrying
hundreds or thousands of base pairs, which is the result of nicks or linear DNA reunions.

Catalytic reactions in aqueous solution are very complex, and their results may be affected by
many factors that are not yet fully understood. The heterogeneity of the relaxed topoisomers formed
after the reaction is mainly due to the dynamic movement of the double-stranded DNA, the torsional
stress of the phosphodiester bonds, Brownian motion, or some other factors such as stacking
interactions or hydrophobic interactions between bases. The catalytic enzyme may also affect the
uneven distribution of the relaxed topoisomers.
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It is likely that, in aqueous solution, in a linear or nicked DNA, its two strands are constantly
twisting, moving and oscillating around the mean value p. There should be no tension or stress on
the DNA strand.

As soon as the circular DNA is sealed, a new topoisomer is produced, and its linking number is
immediately fixed. At the moment of closure, the new topoisomer should have no tension or stress
and its Wr should still be zero.

Then, a magical change happened!

As soon as the new topoisomer is formed, the paired strands will continue to twist keeping
themselves in the most favorable position, in effect, returning to their previous position, keeping Tw
at the mean p. According to the Watson-Crick Model, its p should be around N/10 or more accurately
N/10.4, but in the ambidextrous model, this p should be close to zero.

This topological transformation is perhaps the trickiest part of understanding the performance
of circular DNA. As a result of the reaction, only several topoisomers in different superhelical states
can be formed. Their properties can be detected experimentally, and their distribution represents
their probability after the catalytic reactions.

It should be noted that in the ambidextrous model, the new topoisomers can be divided into
three groups: the loosest with W: = 0; the slightly negative superhelical group with Wr <0, indicating
that there are more right- handed than left-handed; W: > 0; the slightly positive supercoiled group
which means that left-handed DNA has more turns than that of the right-handed DNA. This
explanation is very different from the theory written in almost all textbooks that negatively
supercoiled plasmids are caused by a smaller linking number than that of their relaxed counterparts.

2.2. Applying Gaussian Distribution to the Study of Secondary Structure of DNA

According to the ambidextrous double helix model, it should be able to find a very special
topoisomer hidden in the relaxed topoisomer, whose Wr =0, Tw =0, and Lk = 0. In the AGE test, if a
relaxed topoisomer is found in agarose gel in its most relaxed state, it should be located similar to
that of the nicked DNA, i.e., its Wr = 0. According to the Gaussian distribution, the mean twist value
of this topoisomer should be zero, that is, Tw = 0. This speculation provides us with clear information
to find a possible zero-linkage number topoisomer: Lk = Tw + Wr = 0.

For example, although we do not know where the zero linking number topoisomer can be found
in the plasmid of pBR322, but it could be found if appropriate method is available. Based on the
pattern of relaxed topoisomers of pBR322 on two different agarose gels after AGE, it can be roughly
located where it is, as shown in Figure 6. [35] However, based on B-DNA model, the linking number
of relaxed pBR322 DNA should be around 436, and the total twist number should be around 436.

It is interesting to point out that the total twist number of all topoisomers in this plasmid keeps
unchanged in both AGE tests. The data shown in Figure 5 is based on ambidextrous DNA model. To
make it more distinct, in AGE test A, the total twist of all topoisomers is zero, i.e., Tw = 0; in AGE test
B, the total twist number of all topoisomers is 4. The insertion of chloroquine into the double helix
turns the two strands unwinding 4 turns.
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Figure 5. Same amount of pBR322 DNA topoisomers relaxed by topoisomerase I at 30 °C were separated by
AGE in the (A) TBE buffer or (B) TBE buffer containing chloroquine 0.751g /ml. [35] All data in this figure are

numbers based on the estimated plasmid topological properties using the ambidextrous model.

As pointed out in Figure 5 A, the topological properties of each topoisomer has been clearly
marked. It is noteworthy that we can get more information from the observed phenomenon
published many years ago. If not supported by the law of mathematics, it is impossible to make such
an audacious claim.

Surely, at this moment, it is hard to say if this claim or assertion is correct or nonsense. Hopefully
the accuracy of this statement can be proven someday by experiment.

According to the classical B-DNA model, the linking number of a relaxed pBR322 should be
around 436. It is impossible to seperate the two circular strands.

Likewise, we can get new meaning from old experimental observation as shown in Figure 6.


https://doi.org/10.20944/preprints202503.2239.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 March 2025

10 of 21
B
fx=—=] = )
L T WI
1005 1008 -3

I 997 1008 -11 I
995 1008 -13I

993 1008 -15

1 1

37° 29° 21° 14°

Figure 6. The topological data of each PM2 topoisomer can be clearly marked. [31]

If the PM2 topoisomers formed at 37°C were detected by AGE at 37°C, they should appear as a
broad band tightly packed together like nicked DNA. However, the AGE in Figure 6 was performed
at room temperature (about 22°C). The authors Depew and Wang showed that a temperature drop
of 15°C could result in five turns of the double helix [31]. Therefore, the DNA of these topoisomers
should rotate 5 x 360° to the right.

We guess that the band c represents the Lx = 0 topoisomer. As shown in Figure 6, for all
topoisomers, their Tw =

2.3. A Reasonable Explanation for this Result Can be Derived from the Ambidextrous DNA Model

Based on the fact that after each step of enzymatic reaction, type-I topoisomerase alter one
linkage (AL« = 1) and type-II topoisomerase alter two linkages (A Lk =2) [36,37], it is possible to know
the exact topological property of each topoisomer.

In order to compare these data obtained from ambidextrous DNA model shown in box A with
that from B-DNA, a possible set of data are shown in box B by assuming topoisomer c as the most
relaxed band of Lk = 1008. Otherwise, there is no way to know which band Lk =1008 is, and there is
no way to know the data of each band.

While W: of the plasmid is determined by Lk in both DNA models, the exact meaning of Tw is
quite different. One might wonder why the total twist remains constant. The answer is that the two
circular chains of the plasmid should always keep their preferred structure under the same
conditions.

In the ambidextrous DNA model, at 37°C, all relaxed PM2 topoisomers have Tw = 0; at 22°C: the
two circular chains must rotate 5x360° to the right, resulting in their Tw = 5. In the B-DNA model, at
37° C the relaxed PM2 topoisomers maintain Tw = 1008.

At the moment, before confirmation, nobody can be sure if these marked values are rigorous
scientific data with certain precision or just our imagination since there is no standard answer can be
found from anywhere.

It is worth mentioning that we must be very careful in dealing with the secondary structure of
DNA. The classic double helix model should not be used as the exclusive criterion.

Real scientific knowledge comes from reproducible experimental results or signals directly from
nature, not from textbooks. As previously predicted, it is always possible to find a zero linking
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number topoisomer in any kind of plasmid. We believe this double helix conjecture can be
experimentally proven [2,3,16]. Using the Gaussian distribution of plasmids, it can greatly help
experimentalists to test it, because it is a prerequisite to know where to find zero linkage number.

2.4. The Old Convention Has to be Revised

In general, the two strands of DNA are assumed to be winding plectonemically in the right-
handed direction, by convention, the right-handed winding is orthodoxly taking as positive, that is,
in a plasmid, the linking number is normally assumed as positive or L > 0.

With the exception of extreme thermophiles, all the native plasmids are negatively supercoiled.
A simple explanation about the DNA topology can be found in the review of Schvartzman et al.[32]
or other textbooks in molecular biology.[47]

In topology, the linking number of any closed circular double helix should be the sum of all
crossing numbers

(C) divided by 2,i.e, L= £ (C) /2, asshown in Figure 7. Each crossing is either positive (+1)
or negative (-1) depending on the two oriented threads in three dimensional space. On the basis
of DNA structure, the two complementary strands are anti-parallel and winding in
right-handed direction, the sum of crossings of a negatively supercoiled plasmid
should be negative, ie, L =X (C) / 2<0. Therefore, most native plasmids are negatively
supercoiled DNA, their linking number should be less than zero, i.e., L <0, contrary to traditional
assumption.

As shown in Figures 5 and 6, the topological data of each topoisomer are clearly labeled. Clever
readers may notice that the meaning of Lk in the two DNA models is inconsistent. In the
ambidextrous DNA model, the Lk of the negative supercoiled plasmid is labeled as a negative
number, which is opposite to the Lk of the B-DNA model.

Thus, there is a discrepancy in the meaning of linking number. The differences of two kinds of
definition on the linking number can be visualized clearly in Figure 7.
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L=-2 L=-1 L=0 L=1 L=3
In traditional DNA topology

L=0
In anti parallel DNA strands

Lefi-handed

N\

Right-handed

__\

"'- | 4

Counter clockwise Clockwise

Figure 7. Definition of DNA linking number needs to be corrected according to experimental fact.

We are not sure if this disagreement or contradiction has ever been raised or recognized before.
The question is: should this old rule, established decades ago and widely accepted by the scientific
community, remain unchanged?

For the self-consistency of science, we think it is reasonable to follow the laws of mathematics
that is more basic and can never be changed due to any new discoveries.

In fact, the old rules and regulations were proposed when someone thought they were
appropriate at the time. When they become inappropriate or outdated, they should be revised. This
does not denigrate the glory of science. On the contrary, it is the self-correction of science and a special
ability and achievement of science.

2.5. Analysis of a Small Plasmid

As can be seen from the above discussion, different conclusions will be drawn from observing
the same phenomenon from different angles. We believe that all information obtained from plasmids
is important because it truly reflects the nature of DNA structure.

Applying the laws of probability to DNA topology has provided surprising insights that can
explain many experimental results in different ways, including phenomena from small plasmids
reported by the laboratory led by Lynn Zechiedrich. [34]

Here, we would like to analyze their comprehensive experimental report from our perspective
and show what information can be obtained from the phenomena they report.

Before proceeding with the detailed analysis, it needs to be clear that the superhelical density o
will be replaced by the superhelical index Si in this paper, as pointed out previously [38]: In general,
the supercoiled density o, is defined as the difference in the number of linkages between supercoiled
DNA (L) and relaxed DNA (Lo) divided by the number of linkages in the relaxed DNA, i.e., o= (L -
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Lo)/Lo. However, if the linking number of the relaxed DNA is zero, it is unreasonable to use zero as a
denominator for the supercoiled properties of a plasmid. The supercoiled index Si is proposed as a
convenient compromise to indicate the supercoiled properties of circular DNA. Si is only related to
two experimentally measurable parameters: the number of twists Wr and the number of base pairs
N of the plasmid, i.e. Si = Wr / (N/10.4). Si can be used as an indicator to show and compare the
supercoiling of different plasmid molecules in any DNA model. The reported o value can still be
used as Si value.

According to their report, each relaxed topoisomer from the 336 bp minicircle could be clearly
separated by polyacrylamide gel electrophoresis (PAGE) and studied by electron cryo-tomography.
(34]

The table below lists the topological data and their different meanings based on the B-DNA
model or ambidextrous DNA model.

In this gel, M represents the DNA marker, L as linear DNA; N as nicked DNA; a, b, ¢, d, e, £, g,
h, I j, and k represents different purified topoisomers respectively.

In large plasmids, those with thousands of base pairs or more, left-handed DNA in the positively
supercoiled DNA may not usually be detected by conventional AGE. However, they can have a
significant impact on small plasmids, such as in this 336 minicircle. As shown in Figure 8 and Table
1, the properties of the positively supercoiled topoisomers are significantly different from those of
the negatively supercoiled topoisomers.

Table 1. Comparing two different DNA structure models.

ALk Lk si(o) w L name
3 35 0.094 3 3 j
2 34 0.062 2 2 i
1 33 0.031 1 1 h
0 32 0 0 0 g
-1 31 0.031 -1 -1 f
-2 30 0.062 -2 -2 -
-3 29 0.094 -3 -3 d
-4 28 0.125 -4 -4 c
-5 27 0.156 -5 -5 b
-6 26 0.187 -6 -6 a
B-DNA model Ambidextrous model
M L | N a b ! c d = f g h I j
Wells 4=« | | | | B ]
. |
i |
! — ——
16174 — | | | ‘
10004 = | | L - ;
700 o |
600 - ‘ j ecd —— |
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Figure 8. The relaxed 336 minicircle topoisomers appeared on polyacrylamide gel after electrophoresis[34]-

The unusual electrophoretic mobility of topoisomers on PAGEs shown in Figure 8 is very
interesting. The law of causality tells us that every change in nature should have some reasons. We
believe that the experimental results obtained from this 336 plasmid reveal many secrets of DNA
structure that most people may unable to notice. With the help of ambidextrous DNA model, the
strange phenomenon in Figure 8 can be explained reasonably.

For the convenience of further discussion, the electrophoresis mobility of each sample shown in
Figure 8 and Table 1 would be labeled as "ux .The head note n indicates the linking number of the
DNA; and the foot note x represents the name of that DNA. Since there is no linking number for
linearized DNA and nicked DNA, their electrophoresis mobility can simply be marked as P | and W

Evidently, in Figure 8, all negatively supercoiled plasmids are line up according to their
superhelicity:

IR TP R TSR TR TRD TR L Th

Likewise, all positively supercoiled plasmids are line up in the order of their superhelicity.

3‘uj>2p.i>1p.h>°pg.

The unusual electrophoretic mobility of the topoisomers on PAGEs shown in Figure 8 is very
interesting. With the help of ambidextrous DNA model, the strange phenomenon observed in Figure
8 can be reasonably explained.

All these plasmids are appeared reasonable because, during the PAGE, their electrophoresis
mobility is closely related to their resistance that is determined by their superhelicity. Only the zero
linking number topoisomer is free of superhelicity and there is no tension in this kind of plasmid,
hence during the PAGE, it appeared similar to nicked plasmid, i.e., J \ = .

However, a strange phenomenon seen in Figure 8 is that the electrophoresis mobility of all pairs
of plasmids with the same absolute supercoiled index is different:

n <<ty
Wi > T,
W,

Left-handed Z-DNA is significantly different from right-handed B-DNA. There is evidence
indicating that the structure of left-handed DNA in plasmids is also different from that of right-
handed DNA, with a helical repeat of 12. [26]

This may help us understand why 336 minicircle topoisomers with the same absolute supercoil
index behave so differently on PAGE. Obviously, the structure of the left-hand plasmid is not the
enantiomer of the corresponding right-hand plasmid with the same absolute value of W.

Clever readers may have noticed the main point in this section is that the abnormality of this
phenomenon contradicts two closely related concepts in DNA topology, i.e., the two strands of DNA
are always winding plectonemically in right-handed direction in that of B-DNA and the negatively
supercoiling is caused due to the linking number less than that of the relaxed plasmid.

Just as the authors of the paper found large differences in the response of Bal 32 cleavage to
positively or negatively supercoiled topoisomers, it reflects that the tertiary structure of positively
supercoiled plasmids is quite different from that of negatively supercoiled plasmids. This
phenomenon requires more detailed and careful investigation. Attributing this to the Pauling
structure or P-DNA is questionable.[39]

It is generally assumed the negatively supercoiled plasmid is caused by its linking number less
than that of its relaxed counterparts, or simplified as under winding, and the linking number of

d0i:10.20944/preprints202503.2239.v1
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positively supercoiled plasmids is more than that of relaxed counterparts, or simplified as over
winding.

This kind of conception is hard to change for most experts in this field. However, the finding of
highly positively supercoiled pBR322 in E.coli raised a challenging problem. It is hard to know how
the over winding structure in that kind of plasmid is. [29]

Based on the discovery of zero-linking number topoisomer, it is clear that left-handed DNA
predominates over right-handed DNA in positively supercoiled plasmids. For most experts, this
concept is difficult to accept. They cannot imagine the left-handed DNA can be found in normal DNA.

Interestingly, most people thought that Z-DNA was correct because it had been proven by X-
ray crystallography. However, many biologists still doubted whether this left-handed DNA existed
in nature. It took Professor Rich and his team a lot of time and effort to prove that it does exist in
living cells. In any case, Z- DNA with alternative purine and pyrimidine sequences occurs relatively
rarely.. [40,41]

According to the canonical double helix model, the linking number of sample h and f should be
32 +1 and 32 - 1, there is only one linkage differences relative to the most relaxed topoisojmer. It is
difficult to explain why the electrophoretic mobility of such a pair of topoisomers with the same
absolute superhelical index appeared so differently. It is plausible that the topological tension just
turning them in opposite directions and forming a pair of enantiomers, causing them to have
the same 3un = 31y . Similarly, *ui="p and *u =2y , but that is not what

the experiment had revealed.

The detailed mechanism of electrophoresis mobility of circular DNA has not been well studied,
it is difficult to answer why the linear DNA of this 336 mini circle moves fastest in this PAGE, similar
to the sample with Si = 0.187, that is much higher than the value normally found in native plasmids
(5i = 0.05-0.07).[42] Whereas, many agarose gel electrophoresis (AGE) tests on plasmid indicted the
linearized plasmid DNA moves slower than their native supercoiled counterparts. Even the hyper-
supercoiled plasmids are moving similarly on the agarose gel after electrophoresis.[43] Perhaps the
path of linear DNA during PAGE is a straight trajectory, like that of a flying arrow with least
resistance, rather than the path during AGE, which follows the twisted track of a moving worm.

The huge morphological differences among the various topoisomers reported in the paper only
tell us that 336 small circles of DNA strands can move freely in solution, and the snapshots of many
topoisomers only show that their shapes may be different under normal conditions. However, we
believe that each topoisomer with the same number of linkages should have a similar shape, accept
the same resistance and migrate at the same rate during electrophoresis. Since electrophoretic
mobility is closely related to the topology of the plasmid, slight modifications in the molecular
structure even the insertion of a single base pair, can affect the electrophoretic mobility of the
topoisomer. [44]

2.6. How to Solve the Debate?

The debate on DNA secondary structure is long-standing. The parallel DNA model (SBS) was
proposed in the late 1970s to prevent topological problems caused by rapid replication of Escherichia
coli chromosomal DNA. However, the SBS model of a 5 bp right turn followed by a 5 bp left turn is
purely a theoretical design; it does not have any experimental support. Based on experimental results,
our ambidextrous DNA model is slightly different from the SBS model because its two chains can be
flexibly wound together in both directions.

In the Watson-Crick Model, the twist number (T) of two circular strands in a supercoiled or
relaxed plasmid is Tsupercoited = L - W = N/10.4 - 0.05xN/10.4 = 0.95N/10.4 or Treaxea = L =~ N/10.4.
Usually a plasmid consists hundreds or thousands of base pairs, after the denaturation the two
strands are still tightly tangled with each other. Whereas, estimated from ambidextrous model, their
total twist number of supercoiled or relaxed plasmid should be much smaller than 0.95 N/10.4. The
two single stranded strands are loosely tangled. Hence, we predict:

d0i:10.20944/preprints202503.2239.v1
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2.7. The Melting Curve of Plasmid Varies with Its Superhelicity.

It is well documented that the melting point of linear DNA duplexes in solution is related to GC
content percentage, solvent, salt, and pressure. It is also worth noting that supercoiled plasmids do
not melt readily at temperatures above the Tm of their linear counterparts. [45-47]

In the light of the Watson-Crick Model, the melting curve of supercoiled plasmid should not be
affected by its superhelicity, since their two circular strands are always tightly tangled with each
other. However, judging by the ambidextrous DNA model, the melting curve of the relaxed plasmid
should be different from that of the native supercoiled plasmid, as shown in Figure 10 curve B.

Depending on the supercoiled index (Si) or supercoiled density (o), the position of curve B can
vary between A and C. The melting curve of zero linkage topoisomers may be similar or identical to
that of their single nicked or linear counterparts, as shown in Figure 9, curve A.

Additionally, the two tangled single strands of highly supercoiled plasmid (Si >> -0.05) should
be more difficult to be separated when temperature is raised. It has been proven by alkaline denature
test with agarose gel electrophoresis[19], the melting curve of highly supercoiled plasmid should be
move to higher temperatures, as expected of the curve D.

So far, no one knows what the melting curve of a relaxed plasmid looks like. Anyone interested
in answering this argument can check it easily and quickly in most biochemical laboratories.

Az

40 60 80 100 120
Temperature (“C)
Figure 9. Schematic melting curves of plasmid. A) linear or singly nicked plasmid; B) relaxed plasmid;. C)

supercoiled plasmid; D) highly supercoiled plasmid.

Our second prediction is:

1. The two tangled strands of relaxed plasmid in acid form can dissociate in pure water at room
temperature.

To our surprise, most DNA studies are performed using the sodium salt of DNA. We found that
no one had studied the acidic form of naked DNA. This sparked our imagination to wonder what
would happen if the plasmid in DNA-H was in pure water or a solvent that did not contain any metal
ions.

Based on a rare observation that supercoiled plasmid, pPGM 1, under the EM, most of the
molecules can be seen in relaxed from, some of them even carry a 200-300 bp single stranded loop.[27]
Further investigation confirms their finding and lead us to realize the idea that in the DNA, there are
two kinds of antagonistic forces, namely, the binding force of hydrogen bonds and the repelling force
of negatively charged phosphate atoms. Normally, the repelling force is almost invisible when DNA
is in its salt form. Our test indicates that the two strands of supercoiled pBluscript can be denatured
at temperature much lower than the Tm of their linear counterparts. [35]
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In the light of B-DNA, it is impossible to let the two tightly coiled circular DNA separated.
However, we believe that the relaxed plasmid in its acid form could be completely denatured in pure
water or a suitable solvent free of metal ions at room temperature. Depending on the hyperchromicity
of DNA duplex, this dissociation can be tested by OD2so.

Dissociation of DNA-H is likely to be a slow process at room temperature; we predict that the
kinetics of relaxed plasmid dissociation can be obtained, as shown in Figure 10. Additionally, the two
strand of a supercoiled plasmid may be partially dissociated.

AZW
15
Relaxed

14

13

12

1.1 Supercoiled

L9 EB==== ] | ]

Figure 10. Schematic dissociation kinetics of DNA-H of plasmid in different superhelicity.

Once some kind of relaxed plasmid in the DNA-H form is obtained, this test can be performed
easily in the hands of any experienced scientist. The results of this test may tell us which DNA model
is closer to the truth.

Based on the Watson-Crick Model, the two complementary strands of a relaxed or supercoiled
plasmid in acid form are always tightly tangled with each other and they are inseparable. Whereas,
according to the ambidextrous DNA model, this prediction should be correct and can be proven by
this simple test.

3. Discussion

All predictions or statements in this review are subject to verification to prove or refute the
hypotheses about DNA secondary structure. Once the ambidextrous DNA model is confirmed, it will
become a treasure in the repository of science and open a new chapter in the history of DNA
discovery.

Knowledge is power. It helps us fight against ignorance, superstition and prejudice. Just because
the sun rises in the east doesn't mean we are the center of the world. The heliocentric theory was
announced to the public in 1543, but has been questioned and debated for many years. When
Foucault's pendulum provided simple direct evidence of the Earth's rotation in 1851, Copernicus'
theory was finally accepted. What we can learn from this history is that to convince experts or the
public on some argument, a conclusive, repeatable test result must be obtained.

More than five centuries later, the Pope, who represented the Church's strongest opposition to
heliocentrism, acknowledged the crimes of his predecessors against Bruno, Galileo and many others.
It clearly tells us that old ideas or dogmas in people's minds are difficult to change, and we cannot
expect that the ambidextrous double helix model will be easily accepted.

Scientific knowledge is non-competitive and non-exclusive, whereas different claims or
hypotheses may be competitive and exclusive. During the debate, our statements were direct and
pointed. Perhaps there are words that might hurt our opponent's feelings. In the interest of truth, we
never say anything that is not supported by evidence, and we are willing to share our hard-won
knowledge of DNA topology with the public.
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However, real knowledge is hard to come by. A clear vision is needed first to identify the
problem. Gathering clues or evidence to find the real reason no one knows is not an easy job. In the
process of investigation, sometimes unexpected and lucky opportunities may arise, but this only
makes sense to a prepared mind. For anyone exploring uncharted territory, just like the work of a
criminal detective, he/she must first collect all clues, whether meaningful or meaningless, and
eliminate wrong clues to ultimately hunt down the criminal suspect.

In fact, not every new idea or concept is a good one. Most of them are not good, even bad or
completely wrong. How to distinguish which one is worth pursuing and which one should be
abandoned is a very real problem for all organizations or individuals.

Presently, the ambidextrous double helix model is closer to the truth and can explain almost all
the phenomena found by different scientists. Limited by experience, knowledge and perspective,
such explanation may still be incorrect. Nobody can always make correct judgement about the
observed phenomena. Scientific progress requires the cooperation of many of the best minds.

As Lao Tzu's pointed: “To know that you do not know is the best. To think you know when you
do not is a disease. Recognizing this disease as a disease is to be free of it.”

History repeatedly taught us old knowledge or traditional practices are not always correct.
Facing the unknown field, our knowledge or recognition is very limited. Unfortunately, most people
believe that knowledge of DNA structure is already fully understood and there is nothing new to
discover.

Today, no one can cope with the numerous publications or master the different methods
associated with DNA research. Since the discovery of the double helix, countless scientists have
joined the research, each of them an expert in his/her field, but he/she may be a layman in all other
subjects. Therefore, it is very important to carefully collect all information to determine and judge
what DNA actually is.

Maybe someone will ask Al to help us to explore the secondary or tertiary structure of DNA,
because no one can compete with Al in terms of memory, speed, accuracy and resilience. However,
Al also has its limitations, and it always requires humans to input the correct data and formulate
rules. If presented with logically incompatible dilemmas or contradictory information, it will become
confused and helpless. For example, it cannot determine whether light actually a particle or a wave
is. In the final analysis, no matter how powerful artificial intelligence is, it cannot completely replace
human creativity!

Relying on all the available experimental findings, experience, intuition, imagination,
independent deep thinking is crucial to dealing with the complex secondary structure of DNA.

We feel that the most important thing in DNA secondary structure research is not the huge
financial and human investment like the Human Genome Project, the Manhattan Project, etc., but the
smart people who dare to find new ways to explore DNA secondary structure, and those visionaries
who can find or identify valuable new methods. In any case, in this kind of research, evidence,
wisdom and courage are more important than dogma.

It is hoped that with a small investment, the outcome of this investigation may bring significant
progress in the better understanding of the structure and function of this important molecule in
biology.

The future is unpredictable. We don't know whether the brainpower, time, and money invested
in studying the secondary or tertiary structure of DNA will yield some return or profit in the near
future. This situation is similar to the DNA research in the 1950s, 1960s, and 1970s. At that time,
no one knew that the study of the primary structure of DNA could create so many new careers, lay
the foundation for many multi-billion dollar companies, and have such a huge impact on modern
society.

In recent years, the study of extrachromosomal circular DNA (eccDNA) in eukaryotic cell nuclei
has become a new hot spot in cancer research. As a circular double-stranded DNA, eccDNA has the
same topological properties as plasmids. New knowledge of DNA secondary structure and
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properties discovered from plasmids may provide some assistance in better understanding the
various functions of eccDNA. [48]

Now, it is time to combine the facts and evidence accumulated over the years and find
reasonable reasons to correctly understand the characteristics of DNA secondary structure.

As people's understanding of DNA continues to improve, the unlimited potential of DNA
secondary structure research may encourage and inspire some scientists or organizations to join this
research. If this article can bring some new discoveries, it will surely be of great benefit to the progress
of science.
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