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Abstract
Surrealism is a means of artistic expression that places automatism at the root of creation, and it has pursued thought that is entirely free of any 

preconceived notions or restraints. Art and science are seemingly incompatible with each other—one is emotional, the other rational—but here the author 
would like to consider the sort of thinking that could emerge if science met surrealism halfway. The author would also like to present the Yoshida effect, a 
physical phenomenon that was chanced upon serendipitously in which microbiology approaches surrealism. The Yoshida effect is the formation of a fusion 
body called a penetron when bacterial cells collide with a nano-sized acicular (needle-shaped) material in a hydrogel friction ϐield. The penetron as an 
intermediate was applied to the ϐinely detection method of asbestos, and gene transformation method by plasmid DNA.
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Review Article

Surrealism is unrestricted travel of the mind

Surrealism is an artistic form that developed in the 1920s. 
The assertion of Surrealism tends to be misunderstood as an 
unreality beyond reality, but in fact, it refers to reality that 
has been taken to excess, or super-reality. The surrealist 
artists aimed to create a greater, more profound surrealism 
by mixing reality and dreams. In his 1924 “Surrealist 
Manifesto,” the writer André Breton deϐined surrealism: 
“Pure psychic automatism, by which one proposes to express, 
either verbally, in writing, or by any other manner, the real 
functioning of thought. Dictation of thought in the absence 
of all control exercised by reason, outside of all aesthetic and 
moral preoccupation” [1]. 

The origins of surrealism may be seen in Dadaism [2], and 
its thinking is rooted in automatism. Surrealism proposes to 
bring into view an inner psychological world that humankind 
has so far not experienced. Is it possible to fully strip away the 
consciousness of the subject and thus make assertions through 
only the object? Can there be such a thing as unconscious 
consciousness? André Breton was aware of the uncanny ability 

of the human brain, and he attempted to apply this ability to 
art. Research to date has shown that surrealism can be found 
even before Breton’s discoveries in Renaissance paintings [3], 
novels [4], and poems [5], suggesting that Surrealism may 
perhaps be a human ability to generate creativity. 

Surrealists have been concerned with how to guide 
automatism, and they have carried out various experimental 
attempts to develop the unconscious, such as inner reϐlection 
when in a non-lucid state. They sought new beauty in art, 
esteeming chance encounters with objects or happenings, as 
well as states such as surprise, mental turmoil, or madness, as 
means to rescue the imagination from the tyranny of reason. 
In their art, they drew on automatist elements through 
experiments with techniques such as collage [6], frottage [7], 
decalcomania [8], and rayographs [9]. Breton saw the beauty 
generated in this way as a marvel that he called “convulsive 
beauty.” A frequent feature of surrealist expression is 
dépaysement, in which things are displaced from their usual 
context [10]. Rhymes that in reality would not be found 
together may appear suddenly, or space and time may be 
distorted, confounding, and unsettling the viewer. The object 
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outside its normal surroundings is not exactly unreal; this is 
a second reality that exists freely in the subconscious of the 
surrealist. True freedom, unbound by the rules, restrictions, 
and restraints that surround the artist, can be found in this 
second reality [11].

Microbiology approaching surrealism

Art and science are seemingly incompatible with each 
other—but, there is only one thought to bridge the gap 
between the artistic concept and the scientiϐic phenomenon. 
Both concepts are keen to meet serendipity to earn originality 
and creativity. 

Biology is the science that seeks to explain the mechanisms 
and principles of organisms and their environment through 
careful observation of nature. Microbiology, the study of 
organisms that are invisible to the naked eye, started in the 
17th century when Leeuwenhoek used microscopes that 
he built himself to show the world for the ϐirst time the 
existence of tiny animals that could not normally be seen 
[12,13]. Microorganisms are living beings, and the theoretical 
development of microbiology basically takes place within 
the system of biology. What, then, would happen if we tried 
to orient microbiology toward surrealism? Surrealism is the 
attempt to view reality taken to its limits. Biology starts with 
close observation of the natural world, but the researcher must 
not look at nature without life, the object of his or her study. 
Just as the surrealists did not believe in reality, microbiology 
denies nature—in this case, reality—to devise and make real 
environments that could not exist in nature. Present-day 
advances in reϐining and synthesis mean that we can create 
substances or their states that do not exist in nature. Thanks 
to the advance of technologies for physical devices that can 
generate and control the movement of different substances, 
we are now able to create environments that would be 
unthinkable in nature [14].

The move of microbiology toward surrealism begins with 
the question of which principles exist in microorganisms 
when they are exposed to conditions that could not exist on 
Earth. The ϐield of research that begins with this question is 
called “surrealistic microbiology.” This is the same as a purely 
automatic mental phenomenon, and it is a thought process 
that is far removed from any of the scientiϐic systems built 
up by our forebears. An environment that could not exist 
in the natural world can be put together in front of the eyes 
of the researcher, who can then use a variety of different 
techniques to observe the state of microorganisms in this 
environment. The state created by the researcher that would 
be impossible in the natural world does not exist in nature, 
but it undoubtedly exists before the eyes of the researcher—
it may be regarded as nature taken beyond its limits. One 
may consider that, just as the surrealists expressed a second 
reality, surrealistic microbiology sees a second nature. Like 

nature, this second nature is a phenomenon that occurs on 
Earth. The human brain is nature, and likewise, the second 
nature is also nature. Surrealistic microbiology is certainly 
included within the essential approach of science that seeks 
to answer the question of what is happening at a particular 
time. It ensures that the beginning is the true freedom of 
mind of the researcher, unbound by conventional rules, 
restrictions, and restraints. The important point here is that 
those who choose to express themselves through surrealistic 
microbiology should focus on the application of the new 
principles discovered through its pursuit. This is because the 
new principles will gain beauty through their application, 
becoming a glittering light for future generations. The 
author proposes microbiology that incorporates the ideas 
of surrealism—surrealistic microbiology—as a new way 
of scientiϐic thinking while stating that the new principles 
must be used for the well-being of humankind, and never as 
weapons to hurt or kill people; the author therefore announce 
the birth of surrealistic microbiology.

Discovery of the Yoshida effect

During passage culture or single colony isolation, an 
appropriate quantity of bacterial cell suspension is dropped 
onto nutrient agar and spread across the surface with a streak 
bar; for researchers who regularly handle bacteria, this is an 
unremarkable operation that they probably give little thought 
to. The method of bacterial puriϐication has been followed 
since it was ϐirst devised by R. Koch [15]. If we attempt a 
physical interpretation of what happens, we can see that 
sliding friction occurs at the interface between the agar culture 
medium and the streak bar, so that a friction ϐield is formed. 
The friction of a hydrogel like agar varies greatly depending 
on whether the surface is wet or dry: there is less frictional 
force when the surface of the hydrogel is wet and more when 
the surface is dry [16]. The friction of a hydrogel is complex, 
and its interpretation is not as clear-cut as the friction of 
a solid. From a physical perspective, the bacterial cells are 
placed in a sliding friction ϐield at the interface between the 
agar medium and the streak bar. For the bacteria, this state 
of being placed in a friction ϐield on a hydrogel is a state that 
is not found in nature, and it can therefore be taken as being 
in the second nature. Nano-acicular materials are nano-sized, 
needle-shaped particles that exist in the natural world or 
are produced artiϐicially, their existence having no causal 
relationship with bacterial cells. However, when a nano-
acicular material and bacterial cells are brought together 
in a sliding friction ϐield on a hydrogel, they become able to 
manifest the physical phenomenon called the Yoshida effect, 
which has universality [17].

The Yoshida effect occurs in the gel friction field

The Yoshida effect is the phenomenon in which bacterial 
cells and nano-acicular materials in a hydrogel friction 
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ϐield collide with each other, forming fusion bodies called 
penetrons [18]. A penetron is a bacterial cell pierced by a 
particle of nano-acicular material. In order for the Yoshida 
effect to occur, the basic factors are the nano-acicular material 
and the bacterial cells, and the other essential factors are a 
hydrogel, a material forming an interface, sliding friction, 
and a source of energy to provide this friction. Hydrogels 
include agar, gellan gum, and κ-carrageenan, and a strength 
of 2.1 N or greater is required. Interface-forming materials 
include macromolecular substances such as polystyrene, 
polyethylene, and acrylic nitrile butane diene rubber. Nano-
acicular materials include multi-walled carbon nanotubes, 
γ-maghemite, and α-sepiolite. Energy sources for imparting 
sliding friction include rotational energy. A normal force of 40 
gf/cm2 is suitable for the interface-forming material. 

A colloidal suspension of bacterial cells and nano-acicular 
material is placed in the interface between the hydrogel and 
the interface-forming material, and a sliding friction stimulus 
is applied. If W is the normal force (gf/cm2) and μ is the 
coefϐicient of friction, the frictional force F may be expressed 
as

F = μW

[19]. The frictional force may be increased by increasing 
the normal force W, the coefϐicient of friction μ, or both. When 
sliding friction is applied with a constant normal force (40 
gf/cm2) for a time of 15 s to agar gel with a surface layer of 
water molecules, the coefϐicient of friction μ increases from 
0.081 to 0.233 with 5% agar gel and from 0.038 to 0.078 with 
2% agar gel. The coefϐicient of friction increases as the water 
on the surface of the agar gel permeates into the gel. A large 
coefϐicient of friction is needed for the Yoshida effect to occur, 
and when the coefϐicient of friction reaches its maximum, some 
unknown force is produced that causes the bacterial cells and 
the nano-acicular material to collide. The nature of this force, 
which gives rise to the formation of penetrons, is unclear. It is 
related not simply to the increase in the coefϐicient of friction, 
but rather to the rate of increase. It therefore appears that 
the unknown force depends on the rate at which the layer 
of water molecules present on the surface of the hydrogel 
permeates into the hydrogel. From this, the unknown force F’ 
in the sliding friction ϐield may be expressed as

F’ = (V0-Vs)Ws-2

Where s is the time of application of the sliding friction 
(s), V0 is the amount of water (ml) in the water molecule layer 
prior to application of the friction stimulus, Vs is the amount 
of water (ml) remaining in the water molecule layer after 
the friction ϐield has been generated for s seconds, and W is 
the normal force (gf/cm2) applied to the interface-forming 
material. The unknown force is generated when the water 
molecules surrounding the bacterial cells and nano-acicular 
material disappear rapidly.

The interesting properties of penetrons

Penetrons have uniquely fascinating properties. When 
penetrons are formed by the collision between bacterial cells 
and nano-acicular material onto which nucleic acid molecules 
have been adsorbed, transfer of the nucleic acid molecules 
takes place within the penetrons [20]. Since penetrons are 
intermediate bodies, they will release daughter cells to try 
to return to the stable, pre-penetron state if supplied with 
nutrients and placed in suitable conditions. If a self-replicating 
plasmid is selected as the nucleic acid molecule, the plasmid 
will be transmitted to the daughter cells. This property of 
penetrons has been used to develop technologies for detecting 
asbestos and for gene transfer to bacteria.

Asbestos detection technology using penetrons

Asbestos is a natural ϐibrous clay mineral, comprised 
mainly of hydrated silicates. There is great demand for 
asbestos because it is used in about 3,000 types of industrial 
goods, including heat-insulating materials for houses and 
ϐire-resistant clothing [21]. However, it has been shown to be 
carcinogenic. As regulations grow more stringent in Europe, 
the US, and Japan, the importance of asbestos disposal is 
becoming a major issue [22]. Over 90% of asbestos is a clay 
mineral known as chrysotile. 

It was found that penetrons form when chrysotile and 
bacterial cells are made to collide in a gel friction ϐield, which 
led to the development of a method for detecting asbestos 
using penetrons. If chrysotile is present in a specimen, a 
penetron will invariably be formed. If the penetron is formed 
in the presence of a plasmid carrying an antibiotic resistance 
marker, the penetron will release daughter cells that have 
become resistant to the antibiotic. In other words, the 
presence of chrysotile can be estimated in terms of the extent 
to which the recipient bacteria have incorporated the plasmid 
and acquired antibiotic resistance [23,24].

The specimen must ϐirst be crushed in a device such as a 
pulverizer. The recipient bacterium for penetron formation 
is E. coli, and plasmids with ampicillin resistance as a 
marker, such as the pUC series, are relatively easy to handle. 
The procedure is actually very straightforward. A sample 
suspension is prepared by suspending the sample to 1 mg/
ml and pUC18 to 0.1 μg/ml in pure water. A 2% agar gel 
containing L broth nutrient source and ampicillin is prepared 
in 9-cm plates, and 50 μl each of the sample suspension and 
E. coli culture are dropped onto the surface. A sliding friction 
stimulus is applied for 30 s using a polystyrene spreader to 
complete the preparation. The cultures are kept warm for a 
suitable length of time, and depending on the concentration of 
chrysotile, ampicillin-resistant colonies appear. The number 
of ampicillin-resistant colonies that appear is compared to the 
number that appears when a standard chrysotile suspension 
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(1.0 μg/ml) is used. If the number of ampicillin-resistant 
colonies to appear from the test sample is greater than the 
number to appear from the standard chrysotile suspension, 
the test sample is assumed to contain 0.1% or more chrysotile 
and is therefore judged to be an asbestos product.

Previous asbestos detection technology involved passing 
a ϐixed amount of air through a ϐilter using a suction pump, 
making the ϐilter transparent, and counting the ϐibrous 
particles using a phase-contrast microscope. This method 
was unable to detect asbestos in soil. The asbestos detection 
technology based on the Yoshida effect has solved this 
problem. The asbestos detection technology using penetrons 
can demonstrate its potential when one wishes to determine 
whether asbestos is present in soil, rubble, or building 
materials that may be mixed with other minerals.

Technology for introducing exogenous genes into 
bacteria through penetron formation

Penetrons are formed by causing bacterial cells to collide 
with nano-acicular material that is coated in (made to 
adsorb) plasmids. If the penetrons are placed under suitable 
conditions, they release daughter cells that have acquired the 
plasmid. This means that a transformation of the bacterial 
cells has been brought about by the plasmids [25]. In the 
technology for introducing exogenous genes into bacteria 
through the mediation of penetrons, α-sepiolite, and chitin 
nanowhiskers have been conϐirmed as effective nano-acicular 
materials. For the hydrogel, agar gel is perfectly adequate for 
the purpose. Satisfactory results may be obtained by selecting 
the nano-acicular material to form penetrons according to the 
species of bacterial cell used and adjusting the strength of the 
agar gel.

The introduction of plasmids into Bacillus subtilis offers 
the versatility of transformation in a Gram-positive bacterium 
[18]. The donor plasmid (pHY300PLK), NaCl (to a ϐinal 
concentration of 200 mM), and vegetative cells of the recipient 
bacteria are suspended in that order in a colloidal suspension 
of α-sepiolite (1 mg/ml). The resulting colloidal suspension 
is dripped onto 5% agar gel containing an antibiotic 
(tetracycline) and LB medium components, and friction 
stimulation is applied continuously for 60 s with a polystyrene 
spreader. The gel surface must become dry within 10–20 s; 
this is critical because if the surface of the gel is still wet after, 
for example, a minute has passed, no transformants at all 
will be obtained. After the culture is kept warm for a suitable 
period, the appearance of antibiotic-resistant colonies can be 
conϐirmed.

The name “tribos transformation” has been proposed 
for the technique of gene transfer to bacteria through 
penetrons, since it is related to frictional force [18]. Unlike 
conventional methods, tribos transformation does not require 

the preparation of competent cells or administration of heat 
shock, and gene transfer and screening are both carried out on 
the surface of the hydrogel, thus easing some of the complexity 
[26]. Plasmid introduction has been conϐirmed regardless of 
whether the bacteria are Gram-positive or Gram-negative, 
and tribos transformation has attracted interest as a novel 
alternative to conventional gene transfer techniques. Tribos 
transformation has been shown to be reproducible by several 
researchers [27-44], indicating the infallibility of the Yoshida 
effect.

When a penetron is formed using nano-acicular material 
with DNA adsorbed, DNA is exchanged inside the penetron. If 
the DNA is replaced with antisense nucleic acid, the inhibition 
of bacterial gene expression can be easily observed from the 
penetron. The application of the artiϐicial antisense method to 
bacterial species in which gene introduction has been difϐicult 
until now is promising.

Does the Yoshida effect occur in the natural world?

The essential factors for the Yoshida effect to occur are 
a nano-acicular material, a hydrogel, an interface-forming 
material, and a source of energy to form a friction ϐield. 
When penetrons are formed by the Yoshida effect, genetic 
transformation is established if the exchange of nucleic acid 
materials takes place within the particle and the plasmids or 
other exogenous molecules are passed on to daughter cells. 

A typical nano-acicular material seen in the natural world 
is chrysotile, which forms crystals in ϐissures in serpentinite 
strata [45]. To predict whether the Yoshida effect could occur 
in the natural world, experiments were carried out with 
chrysotile as the nano-acicular material, gellan gum as the 
hydrogel, serpentinite as the interface-forming material, and 
artiϐicial seismic motion as the energy source to generate the 
sliding friction ϐield. The frequency of genetic transformations 
due to plasmids in the daughter cells released by the penetrons 
was examined [46]. The recipient cells were Pseudomonas sp. 
and B. subtilis, and the colloidal suspension containing the 
donor plasmids and the chrysotile was placed on the surface 
of the gellan gum, which is a bioϐilm analog. A serpentine plate 
was brought into contact with the surface of the gellan gum 
and subjected to lateral vibrations simulating an earthquake 
(30–520 gals) to create a friction ϐield. The friction stimulation 
caused the uptake of the donor plasmid into the recipient 
cells, promoting transformation to antibiotic resistance. Hard 
gellan gum promoted plasmid uptake into Pseudomonas sp. 
and B. subtilis, while there was no uptake with soft gellan 
gum. With soft gellan gum, permeation of the layer of water 
molecules was noticeably slow. Uptake of the plasmids by 
the bacterial cells at the gellan gum interface required the 
presence of the acicular clay mineral chrysotile together 
with lateral vibration and the formation of a friction ϐield. 
The results of the experiment indicate that when bioϐilms 
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that form in ϐissures in serpentine are subjected to seismic 
motion, the Yoshida effect can readily occur with the result 
that bacteria on the surface of the bioϐilm become penetrons, 
and genetic changes due to exogenous genes take place. It has 
been hypothesized that seismic motion in serpentine strata is 
a driving force for bacterial evolution in bioϐilms in serpentine 
ϐissures (the earthquake-friction evolution theory).

Serpentine layers are not rare on the Earth’s surface 
and are common in the continental crust. Accumulating 
evidence showing that microbial genetic diversity is higher in 
serpentine layers than in other layers would provide strong 
support for these hypotheses.

A further leap forward

Based on a series of observations of the planet Mars, Perron, 
et al. suggested that the northern plains, which cover almost a 
third of the surface of the planet, may once have been an ocean 
[47]. It is believed that peridotite in the uppermost layer of 
the mantle reacted with water as Mars cooled, transforming 
it into hydrous minerals such as serpentine, and there are 
certainly many serpentized peridotites on the surface of the 
planet [48,49]. From this ϐinding, it may well be assumed that 
chrysotile is present in ϐissures in the serpentine.

The dust that frequently blows across the surface of Mars 
in vast storms that engulf the whole planet is from a mineral 
called maghemite [50]. This mineral is one of the nano-acicular 
materials that can cause the Yoshida effect. 

There is a theory that there were continual plate movements 
for a period during the early stages of the planet’s formation 
[51], in which case there would have been frequent quakes 
brought on by the shifting plates. Since there is presently no 
plate movement on Mars, frequent quakes caused by similar 
mechanisms to those on Earth are unlikely. Nonetheless, 
studies of the moon have suggested that gas emissions from 
the core may be responsible for moonquakes [52], and it is 
possible that the same thing occurs on Mars as well. Also, 
it is thought that massive meteorites rained down in great 
numbers on the ancient planetary bodies [53]. The energy 
from the impact of these massive rocks hitting the surface 
of the planet would surely be a sufϐicient source of energy of 
friction to trigger the Yoshida effect.

Mars thus has a nano-acicular material, an interface-
forming material, and an energy source such as quakes to 
apply sliding friction, which are essential factors for the 
Yoshida effect to occur. The conditions for the effect are 
therefore in place. Perhaps the Yoshida effect is induced by 
seismic motion, generating penetrons that are the precursors 
of genetic transformants; could this be a common principle 
underlying the evolution of life in the solar system?

Conclusion
When bacterial cells and a nano-acicular material are 

placed in the friction ϐield of a hydrogel, the two collide to 
form fusion bodies known as penetrons. Technologies for 
gene transfer in bacteria and asbestos detection have been 
deduced from this physical phenomenon. This method, 
called tribos transformation, is virtually impossible to 
derive through in-depth observation of nature; it can only be 
perceived as a possibility with the awareness that the bacteria 
are placed in a state that could not exist in the natural world. 
The Yoshida effect is a phenomenon that is mediated through 
extremely artiϐicial actions, but there is hope that he/she may 
be able to reach inductive conclusions by attempting to ϐind 
its signiϐicance in the natural world. The research ϐield that 
places microorganisms in states that could not possibly exist 
naturally on Earth is called surrealistic microbiology. This 
paper’s hope is that by creating unique states that would not 
be found on Earth and setting conditions that go beyond our 
normal assumptions, it may be able to share, at least to some 
small extent, a methodology that transcends conventional 
rules and restrictions.
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Abstract
Surrealism is a means of artistic expression that places automatism at the root of creation, and it has pursued thought that is entirely free of any 

preconceived notions or restraints. Art and science are seemingly incompatible with each other—one is emotional, the other rational—but here the author 
would like to consider the sort of thinking that could emerge if science met surrealism halfway. The author would also like to present the Yoshida effect, a 
physical phenomenon that was chanced upon serendipitously in which microbiology approaches surrealism. The Yoshida effect is the formation of a fusion 
body called a penetron when bacterial cells collide with a nano-sized acicular (needle-shaped) material in a hydrogel friction ϐield. The penetron as an 
intermediate was applied to the ϐinely detection method of asbestos, and gene transformation method by plasmid DNA.
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Review Article

Surrealism is unrestricted travel of the mind

Surrealism is an artistic form that developed in the 1920s. 
The assertion of Surrealism tends to be misunderstood as an 
unreality beyond reality, but in fact, it refers to reality that 
has been taken to excess, or super-reality. The surrealist 
artists aimed to create a greater, more profound surrealism 
by mixing reality and dreams. In his 1924 “Surrealist 
Manifesto,” the writer André Breton deϐined surrealism: 
“Pure psychic automatism, by which one proposes to express, 
either verbally, in writing, or by any other manner, the real 
functioning of thought. Dictation of thought in the absence 
of all control exercised by reason, outside of all aesthetic and 
moral preoccupation” [1]. 

The origins of surrealism may be seen in Dadaism [2], and 
its thinking is rooted in automatism. Surrealism proposes to 
bring into view an inner psychological world that humankind 
has so far not experienced. Is it possible to fully strip away the 
consciousness of the subject and thus make assertions through 
only the object? Can there be such a thing as unconscious 
consciousness? André Breton was aware of the uncanny ability 

of the human brain, and he attempted to apply this ability to 
art. Research to date has shown that surrealism can be found 
even before Breton’s discoveries in Renaissance paintings [3], 
novels [4], and poems [5], suggesting that Surrealism may 
perhaps be a human ability to generate creativity. 

Surrealists have been concerned with how to guide 
automatism, and they have carried out various experimental 
attempts to develop the unconscious, such as inner reϐlection 
when in a non-lucid state. They sought new beauty in art, 
esteeming chance encounters with objects or happenings, as 
well as states such as surprise, mental turmoil, or madness, as 
means to rescue the imagination from the tyranny of reason. 
In their art, they drew on automatist elements through 
experiments with techniques such as collage [6], frottage [7], 
decalcomania [8], and rayographs [9]. Breton saw the beauty 
generated in this way as a marvel that he called “convulsive 
beauty.” A frequent feature of surrealist expression is 
dépaysement, in which things are displaced from their usual 
context [10]. Rhymes that in reality would not be found 
together may appear suddenly, or space and time may be 
distorted, confounding, and unsettling the viewer. The object 

Article Information
Submitted: July 22, 2024
Approved: July 30, 2024
Published: July 31, 2024

How to cite this article: Yoshida N. A New Physical 
Phenomenon Discovered When Microbiology Meets 
Surrealism: The Yoshida Effect has the Power to Fuse Bacteria 
and Nano-Acicular Materials. IgMin Res. July 31, 2024; 2(7): 
687-693. IgMin ID: igmin233; DOI: 10.61927/igmin233; 
Available at: igmin.link/p233

ORCiD: https://orcid.org/0000-0001-5298-0520

Copyright: © 2024 Yoshida N. This is an open access 
article distributed under the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is 
properly cited.

Keywords: Surrealism; Penetron; Tribos transformation; 
Plasmid; Asbestos; Sliding friction



July 31, 2024 - Volume 2 Issue 7

DOI: 10.61927/igmin2332995-8067ISSN

688BIOLOGY

outside its normal surroundings is not exactly unreal; this is 
a second reality that exists freely in the subconscious of the 
surrealist. True freedom, unbound by the rules, restrictions, 
and restraints that surround the artist, can be found in this 
second reality [11].

Microbiology approaching surrealism

Art and science are seemingly incompatible with each 
other—but, there is only one thought to bridge the gap 
between the artistic concept and the scientiϐic phenomenon. 
Both concepts are keen to meet serendipity to earn originality 
and creativity. 

Biology is the science that seeks to explain the mechanisms 
and principles of organisms and their environment through 
careful observation of nature. Microbiology, the study of 
organisms that are invisible to the naked eye, started in the 
17th century when Leeuwenhoek used microscopes that 
he built himself to show the world for the ϐirst time the 
existence of tiny animals that could not normally be seen 
[12,13]. Microorganisms are living beings, and the theoretical 
development of microbiology basically takes place within 
the system of biology. What, then, would happen if we tried 
to orient microbiology toward surrealism? Surrealism is the 
attempt to view reality taken to its limits. Biology starts with 
close observation of the natural world, but the researcher must 
not look at nature without life, the object of his or her study. 
Just as the surrealists did not believe in reality, microbiology 
denies nature—in this case, reality—to devise and make real 
environments that could not exist in nature. Present-day 
advances in reϐining and synthesis mean that we can create 
substances or their states that do not exist in nature. Thanks 
to the advance of technologies for physical devices that can 
generate and control the movement of different substances, 
we are now able to create environments that would be 
unthinkable in nature [14].

The move of microbiology toward surrealism begins with 
the question of which principles exist in microorganisms 
when they are exposed to conditions that could not exist on 
Earth. The ϐield of research that begins with this question is 
called “surrealistic microbiology.” This is the same as a purely 
automatic mental phenomenon, and it is a thought process 
that is far removed from any of the scientiϐic systems built 
up by our forebears. An environment that could not exist 
in the natural world can be put together in front of the eyes 
of the researcher, who can then use a variety of different 
techniques to observe the state of microorganisms in this 
environment. The state created by the researcher that would 
be impossible in the natural world does not exist in nature, 
but it undoubtedly exists before the eyes of the researcher—
it may be regarded as nature taken beyond its limits. One 
may consider that, just as the surrealists expressed a second 
reality, surrealistic microbiology sees a second nature. Like 

nature, this second nature is a phenomenon that occurs on 
Earth. The human brain is nature, and likewise, the second 
nature is also nature. Surrealistic microbiology is certainly 
included within the essential approach of science that seeks 
to answer the question of what is happening at a particular 
time. It ensures that the beginning is the true freedom of 
mind of the researcher, unbound by conventional rules, 
restrictions, and restraints. The important point here is that 
those who choose to express themselves through surrealistic 
microbiology should focus on the application of the new 
principles discovered through its pursuit. This is because the 
new principles will gain beauty through their application, 
becoming a glittering light for future generations. The 
author proposes microbiology that incorporates the ideas 
of surrealism—surrealistic microbiology—as a new way 
of scientiϐic thinking while stating that the new principles 
must be used for the well-being of humankind, and never as 
weapons to hurt or kill people; the author therefore announce 
the birth of surrealistic microbiology.

Discovery of the Yoshida effect

During passage culture or single colony isolation, an 
appropriate quantity of bacterial cell suspension is dropped 
onto nutrient agar and spread across the surface with a streak 
bar; for researchers who regularly handle bacteria, this is an 
unremarkable operation that they probably give little thought 
to. The method of bacterial puriϐication has been followed 
since it was ϐirst devised by R. Koch [15]. If we attempt a 
physical interpretation of what happens, we can see that 
sliding friction occurs at the interface between the agar culture 
medium and the streak bar, so that a friction ϐield is formed. 
The friction of a hydrogel like agar varies greatly depending 
on whether the surface is wet or dry: there is less frictional 
force when the surface of the hydrogel is wet and more when 
the surface is dry [16]. The friction of a hydrogel is complex, 
and its interpretation is not as clear-cut as the friction of 
a solid. From a physical perspective, the bacterial cells are 
placed in a sliding friction ϐield at the interface between the 
agar medium and the streak bar. For the bacteria, this state 
of being placed in a friction ϐield on a hydrogel is a state that 
is not found in nature, and it can therefore be taken as being 
in the second nature. Nano-acicular materials are nano-sized, 
needle-shaped particles that exist in the natural world or 
are produced artiϐicially, their existence having no causal 
relationship with bacterial cells. However, when a nano-
acicular material and bacterial cells are brought together 
in a sliding friction ϐield on a hydrogel, they become able to 
manifest the physical phenomenon called the Yoshida effect, 
which has universality [17].

The Yoshida effect occurs in the gel friction field

The Yoshida effect is the phenomenon in which bacterial 
cells and nano-acicular materials in a hydrogel friction 
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ϐield collide with each other, forming fusion bodies called 
penetrons [18]. A penetron is a bacterial cell pierced by a 
particle of nano-acicular material. In order for the Yoshida 
effect to occur, the basic factors are the nano-acicular material 
and the bacterial cells, and the other essential factors are a 
hydrogel, a material forming an interface, sliding friction, 
and a source of energy to provide this friction. Hydrogels 
include agar, gellan gum, and κ-carrageenan, and a strength 
of 2.1 N or greater is required. Interface-forming materials 
include macromolecular substances such as polystyrene, 
polyethylene, and acrylic nitrile butane diene rubber. Nano-
acicular materials include multi-walled carbon nanotubes, 
γ-maghemite, and α-sepiolite. Energy sources for imparting 
sliding friction include rotational energy. A normal force of 40 
gf/cm2 is suitable for the interface-forming material. 

A colloidal suspension of bacterial cells and nano-acicular 
material is placed in the interface between the hydrogel and 
the interface-forming material, and a sliding friction stimulus 
is applied. If W is the normal force (gf/cm2) and μ is the 
coefϐicient of friction, the frictional force F may be expressed 
as

F = μW

[19]. The frictional force may be increased by increasing 
the normal force W, the coefϐicient of friction μ, or both. When 
sliding friction is applied with a constant normal force (40 
gf/cm2) for a time of 15 s to agar gel with a surface layer of 
water molecules, the coefϐicient of friction μ increases from 
0.081 to 0.233 with 5% agar gel and from 0.038 to 0.078 with 
2% agar gel. The coefϐicient of friction increases as the water 
on the surface of the agar gel permeates into the gel. A large 
coefϐicient of friction is needed for the Yoshida effect to occur, 
and when the coefϐicient of friction reaches its maximum, some 
unknown force is produced that causes the bacterial cells and 
the nano-acicular material to collide. The nature of this force, 
which gives rise to the formation of penetrons, is unclear. It is 
related not simply to the increase in the coefϐicient of friction, 
but rather to the rate of increase. It therefore appears that 
the unknown force depends on the rate at which the layer 
of water molecules present on the surface of the hydrogel 
permeates into the hydrogel. From this, the unknown force F’ 
in the sliding friction ϐield may be expressed as

F’ = (V0-Vs)Ws-2

Where s is the time of application of the sliding friction 
(s), V0 is the amount of water (ml) in the water molecule layer 
prior to application of the friction stimulus, Vs is the amount 
of water (ml) remaining in the water molecule layer after 
the friction ϐield has been generated for s seconds, and W is 
the normal force (gf/cm2) applied to the interface-forming 
material. The unknown force is generated when the water 
molecules surrounding the bacterial cells and nano-acicular 
material disappear rapidly.

The interesting properties of penetrons

Penetrons have uniquely fascinating properties. When 
penetrons are formed by the collision between bacterial cells 
and nano-acicular material onto which nucleic acid molecules 
have been adsorbed, transfer of the nucleic acid molecules 
takes place within the penetrons [20]. Since penetrons are 
intermediate bodies, they will release daughter cells to try 
to return to the stable, pre-penetron state if supplied with 
nutrients and placed in suitable conditions. If a self-replicating 
plasmid is selected as the nucleic acid molecule, the plasmid 
will be transmitted to the daughter cells. This property of 
penetrons has been used to develop technologies for detecting 
asbestos and for gene transfer to bacteria.

Asbestos detection technology using penetrons

Asbestos is a natural ϐibrous clay mineral, comprised 
mainly of hydrated silicates. There is great demand for 
asbestos because it is used in about 3,000 types of industrial 
goods, including heat-insulating materials for houses and 
ϐire-resistant clothing [21]. However, it has been shown to be 
carcinogenic. As regulations grow more stringent in Europe, 
the US, and Japan, the importance of asbestos disposal is 
becoming a major issue [22]. Over 90% of asbestos is a clay 
mineral known as chrysotile. 

It was found that penetrons form when chrysotile and 
bacterial cells are made to collide in a gel friction ϐield, which 
led to the development of a method for detecting asbestos 
using penetrons. If chrysotile is present in a specimen, a 
penetron will invariably be formed. If the penetron is formed 
in the presence of a plasmid carrying an antibiotic resistance 
marker, the penetron will release daughter cells that have 
become resistant to the antibiotic. In other words, the 
presence of chrysotile can be estimated in terms of the extent 
to which the recipient bacteria have incorporated the plasmid 
and acquired antibiotic resistance [23,24].

The specimen must ϐirst be crushed in a device such as a 
pulverizer. The recipient bacterium for penetron formation 
is E. coli, and plasmids with ampicillin resistance as a 
marker, such as the pUC series, are relatively easy to handle. 
The procedure is actually very straightforward. A sample 
suspension is prepared by suspending the sample to 1 mg/
ml and pUC18 to 0.1 μg/ml in pure water. A 2% agar gel 
containing L broth nutrient source and ampicillin is prepared 
in 9-cm plates, and 50 μl each of the sample suspension and 
E. coli culture are dropped onto the surface. A sliding friction 
stimulus is applied for 30 s using a polystyrene spreader to 
complete the preparation. The cultures are kept warm for a 
suitable length of time, and depending on the concentration of 
chrysotile, ampicillin-resistant colonies appear. The number 
of ampicillin-resistant colonies that appear is compared to the 
number that appears when a standard chrysotile suspension 
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(1.0 μg/ml) is used. If the number of ampicillin-resistant 
colonies to appear from the test sample is greater than the 
number to appear from the standard chrysotile suspension, 
the test sample is assumed to contain 0.1% or more chrysotile 
and is therefore judged to be an asbestos product.

Previous asbestos detection technology involved passing 
a ϐixed amount of air through a ϐilter using a suction pump, 
making the ϐilter transparent, and counting the ϐibrous 
particles using a phase-contrast microscope. This method 
was unable to detect asbestos in soil. The asbestos detection 
technology based on the Yoshida effect has solved this 
problem. The asbestos detection technology using penetrons 
can demonstrate its potential when one wishes to determine 
whether asbestos is present in soil, rubble, or building 
materials that may be mixed with other minerals.

Technology for introducing exogenous genes into 
bacteria through penetron formation

Penetrons are formed by causing bacterial cells to collide 
with nano-acicular material that is coated in (made to 
adsorb) plasmids. If the penetrons are placed under suitable 
conditions, they release daughter cells that have acquired the 
plasmid. This means that a transformation of the bacterial 
cells has been brought about by the plasmids [25]. In the 
technology for introducing exogenous genes into bacteria 
through the mediation of penetrons, α-sepiolite, and chitin 
nanowhiskers have been conϐirmed as effective nano-acicular 
materials. For the hydrogel, agar gel is perfectly adequate for 
the purpose. Satisfactory results may be obtained by selecting 
the nano-acicular material to form penetrons according to the 
species of bacterial cell used and adjusting the strength of the 
agar gel.

The introduction of plasmids into Bacillus subtilis offers 
the versatility of transformation in a Gram-positive bacterium 
[18]. The donor plasmid (pHY300PLK), NaCl (to a ϐinal 
concentration of 200 mM), and vegetative cells of the recipient 
bacteria are suspended in that order in a colloidal suspension 
of α-sepiolite (1 mg/ml). The resulting colloidal suspension 
is dripped onto 5% agar gel containing an antibiotic 
(tetracycline) and LB medium components, and friction 
stimulation is applied continuously for 60 s with a polystyrene 
spreader. The gel surface must become dry within 10–20 s; 
this is critical because if the surface of the gel is still wet after, 
for example, a minute has passed, no transformants at all 
will be obtained. After the culture is kept warm for a suitable 
period, the appearance of antibiotic-resistant colonies can be 
conϐirmed.

The name “tribos transformation” has been proposed 
for the technique of gene transfer to bacteria through 
penetrons, since it is related to frictional force [18]. Unlike 
conventional methods, tribos transformation does not require 

the preparation of competent cells or administration of heat 
shock, and gene transfer and screening are both carried out on 
the surface of the hydrogel, thus easing some of the complexity 
[26]. Plasmid introduction has been conϐirmed regardless of 
whether the bacteria are Gram-positive or Gram-negative, 
and tribos transformation has attracted interest as a novel 
alternative to conventional gene transfer techniques. Tribos 
transformation has been shown to be reproducible by several 
researchers [27-44], indicating the infallibility of the Yoshida 
effect.

When a penetron is formed using nano-acicular material 
with DNA adsorbed, DNA is exchanged inside the penetron. If 
the DNA is replaced with antisense nucleic acid, the inhibition 
of bacterial gene expression can be easily observed from the 
penetron. The application of the artiϐicial antisense method to 
bacterial species in which gene introduction has been difϐicult 
until now is promising.

Does the Yoshida effect occur in the natural world?

The essential factors for the Yoshida effect to occur are 
a nano-acicular material, a hydrogel, an interface-forming 
material, and a source of energy to form a friction ϐield. 
When penetrons are formed by the Yoshida effect, genetic 
transformation is established if the exchange of nucleic acid 
materials takes place within the particle and the plasmids or 
other exogenous molecules are passed on to daughter cells. 

A typical nano-acicular material seen in the natural world 
is chrysotile, which forms crystals in ϐissures in serpentinite 
strata [45]. To predict whether the Yoshida effect could occur 
in the natural world, experiments were carried out with 
chrysotile as the nano-acicular material, gellan gum as the 
hydrogel, serpentinite as the interface-forming material, and 
artiϐicial seismic motion as the energy source to generate the 
sliding friction ϐield. The frequency of genetic transformations 
due to plasmids in the daughter cells released by the penetrons 
was examined [46]. The recipient cells were Pseudomonas sp. 
and B. subtilis, and the colloidal suspension containing the 
donor plasmids and the chrysotile was placed on the surface 
of the gellan gum, which is a bioϐilm analog. A serpentine plate 
was brought into contact with the surface of the gellan gum 
and subjected to lateral vibrations simulating an earthquake 
(30–520 gals) to create a friction ϐield. The friction stimulation 
caused the uptake of the donor plasmid into the recipient 
cells, promoting transformation to antibiotic resistance. Hard 
gellan gum promoted plasmid uptake into Pseudomonas sp. 
and B. subtilis, while there was no uptake with soft gellan 
gum. With soft gellan gum, permeation of the layer of water 
molecules was noticeably slow. Uptake of the plasmids by 
the bacterial cells at the gellan gum interface required the 
presence of the acicular clay mineral chrysotile together 
with lateral vibration and the formation of a friction ϐield. 
The results of the experiment indicate that when bioϐilms 
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that form in ϐissures in serpentine are subjected to seismic 
motion, the Yoshida effect can readily occur with the result 
that bacteria on the surface of the bioϐilm become penetrons, 
and genetic changes due to exogenous genes take place. It has 
been hypothesized that seismic motion in serpentine strata is 
a driving force for bacterial evolution in bioϐilms in serpentine 
ϐissures (the earthquake-friction evolution theory).

Serpentine layers are not rare on the Earth’s surface 
and are common in the continental crust. Accumulating 
evidence showing that microbial genetic diversity is higher in 
serpentine layers than in other layers would provide strong 
support for these hypotheses.

A further leap forward

Based on a series of observations of the planet Mars, Perron, 
et al. suggested that the northern plains, which cover almost a 
third of the surface of the planet, may once have been an ocean 
[47]. It is believed that peridotite in the uppermost layer of 
the mantle reacted with water as Mars cooled, transforming 
it into hydrous minerals such as serpentine, and there are 
certainly many serpentized peridotites on the surface of the 
planet [48,49]. From this ϐinding, it may well be assumed that 
chrysotile is present in ϐissures in the serpentine.

The dust that frequently blows across the surface of Mars 
in vast storms that engulf the whole planet is from a mineral 
called maghemite [50]. This mineral is one of the nano-acicular 
materials that can cause the Yoshida effect. 

There is a theory that there were continual plate movements 
for a period during the early stages of the planet’s formation 
[51], in which case there would have been frequent quakes 
brought on by the shifting plates. Since there is presently no 
plate movement on Mars, frequent quakes caused by similar 
mechanisms to those on Earth are unlikely. Nonetheless, 
studies of the moon have suggested that gas emissions from 
the core may be responsible for moonquakes [52], and it is 
possible that the same thing occurs on Mars as well. Also, 
it is thought that massive meteorites rained down in great 
numbers on the ancient planetary bodies [53]. The energy 
from the impact of these massive rocks hitting the surface 
of the planet would surely be a sufϐicient source of energy of 
friction to trigger the Yoshida effect.

Mars thus has a nano-acicular material, an interface-
forming material, and an energy source such as quakes to 
apply sliding friction, which are essential factors for the 
Yoshida effect to occur. The conditions for the effect are 
therefore in place. Perhaps the Yoshida effect is induced by 
seismic motion, generating penetrons that are the precursors 
of genetic transformants; could this be a common principle 
underlying the evolution of life in the solar system?

Conclusion
When bacterial cells and a nano-acicular material are 

placed in the friction ϐield of a hydrogel, the two collide to 
form fusion bodies known as penetrons. Technologies for 
gene transfer in bacteria and asbestos detection have been 
deduced from this physical phenomenon. This method, 
called tribos transformation, is virtually impossible to 
derive through in-depth observation of nature; it can only be 
perceived as a possibility with the awareness that the bacteria 
are placed in a state that could not exist in the natural world. 
The Yoshida effect is a phenomenon that is mediated through 
extremely artiϐicial actions, but there is hope that he/she may 
be able to reach inductive conclusions by attempting to ϐind 
its signiϐicance in the natural world. The research ϐield that 
places microorganisms in states that could not possibly exist 
naturally on Earth is called surrealistic microbiology. This 
paper’s hope is that by creating unique states that would not 
be found on Earth and setting conditions that go beyond our 
normal assumptions, it may be able to share, at least to some 
small extent, a methodology that transcends conventional 
rules and restrictions.
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