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ABSTRACT

As every life form is composed of cells, elements of consciousness, namely memory and sentience,
must be grounded in mechanisms that are integral to unicellular organisms. Earlier studies
indicated that cellular cytoskeletal structures consisting of excitable, flexible, and oscillating
polymers such as microtubules, along with quantum events, are potentially responsible for
information processing and thus consciousness. This work attempts to solve the unknown, that
is, how, at the spark of life, the phenomenon of cellular information processing first appears. This
study posits that the spatially distributed wave energy of the molecules of an incepting cell
interacts with space and generates a rotating bioinformation field, forming a vortex. This vortex,
the local energy maximum, whose inbound and outbound energy fluxes represent signal recep-
tion and dispersal, is a critical step in the spark of life responsible for information storage, and
with incremental wave superpositions, exhibits information processing. The vorticity of the rotat-
ing field is computed, and the obtained field characteristics indicated the emergence of
a prebiotic complex to initiate information processing. Furthermore, the developed system
model explains how perturbations from the environment are converted into response signals
for the emanation of sense, locomotion, nutrition, and asexual reproduction, the fundamental
evolutionary building blocks of prokaryotes. Further research directions include explaining how
the energy potential available in the bio-information field and the vortex leads to the first
formation of genetic material, emergence of cytoskeleton, and extension of bio-information
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field to multi-cellular organisms.

1. Introduction

Human existence is defined by consciousness. It enun-
ciates cognition, awareness, experience, feeling, percep-
tion, and awareness of awareness or self-awareness.
However, the basis or rationalization of consciousness
remains unknown. Several schools of thought regarding
its foundation were proposed by pioneers in the field.
Among them, biophysics research in general identifies
consciousness as an evolutionary sequel to the physical
and biological processes of the human system or lower
organisms and is manifested as a result of biological
computations during the evolutionary process [1-3].
Earlier views that consciousness belonged only to
higher-level organisms reformed when experiments in
unicellular organisms identified signs of memory and
cognition. In one study, the paramecium was made to
learn to associate a food-wire, demonstrating that at
least a minor proportion of the physiological machinery
that was essential for cognitive learning might be exe-
cuted not only through the neuronal activity of a higher
organism, but also by the individual cells themselves

[4]. Another study found that a prokaryotic organism
entering a nutrient-rich environment attains an inter-
nal state of satisfaction and assumes locomotion; how-
ever, when an unfavorable environment is encountered,
it reaches a negative subjective state exhibited with
backward movement to the one that is remembered
from memory [4,5].

Such studies led to an augmenting skepticism among
scientific researchers including physiologists, etholo-
gists, geneticists, and biologists that consciousness, cog-
nition and the mental state or collectively, the
‘sentience’ is an intrinsic characteristic traced back to
the origin of life. Although consciousness is
a fundamental occurrence in all life forms [6], how
consciousness emerges in life forms remains
a research question surrounded by speculative opinions
and ideas with no convergence. Although numerous
molecular and quantum events appear to be probable
candidates for explaining the association between con-
sciousness and the origin of life, the exact association
remains elusive.
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2. Relevant literature

2.1. Search for consciousness in cellular
components

Evidence from literature suggests three possible cellular
structures and concepts that are considered to play
a crucial role in such events. They are structurally
flexible proteins, excitable membranes, and vibrating
cytoskeletal polymers such as microtubules.

Cellular membranes possess a key fundamental
property to become excitable when stimulated by envir-
onmental signals [7-9]. In addition, the lipid bilayers
present in the cell membrane possess quasi-crystalline
properties that are considered probable sources of cel-
lular awareness [10]. These excitable cellular mem-
branes are not only present in eukaryotes but are also
believed to have been present in early prokaryotic spe-
cies [11,12].

Another probable source of sentience and memory is
the presence of oscillating cytoskeletal polymers such as
microtubules [13,14]. In addition, actin filaments are
believed to act as excitable media and are also involved
in transporting organelles and ionic waves [15]. The
oscillating cytoskeleton also bolsters highly ordered
groups of excitable membranes, the lipid rafts, which
possibly perform signal transduction [16].

Finally, certain special and flexible proteins with
quasicrystal properties and five-fold symmetry are
believed to be responsible for the emergence of sen-
tience. The flexible nature of these proteins suggests
that they contribute to subjectivity within single cells.
It has been suggested that these proteins utilize knowl-
edge acquired over the entire evolutionary process to
support the survival of living systems [16].

Hence, it is speculated that either one or any of the
combinations of the three potential structures discussed
above is responsible for the emergence of cellular and
subcellular sentience and memory.

2.2. Classical and quantum approaches to
consciousness

The cell of an organism has been shown to oscillate and
generate vibrations that flow throughout the cytoskele-
tal system and based on the resonance produced, the-
ories have suggested formative causation in
a developing organism. Accordingly, the resonating
fields generated by developing organisms aid in shaping
organisms. Several such fields interfere and associate
together in the formation of multicellular organism
[17]. Thus, resonance, a phenomenon in which
a vibrating system resonates with oscillations of another

system at particular frequencies and eventually elicits
a sequence of events that lead to energy transmissions,
is considered a potential means for information proces-
sing. Along similar lines, Orch-OR theory [18] pro-
posed that microtubules with their strong oscillations
act as signal amplifiers and filters, generating
a conscious moment, which can be annulled at the
collapse of the wave function in the space-time fabric
of general relativity, thus connecting quantum level
information processing with space-time.

Thermodynamic approaches to life propose the
Seebeck-Peltier-like transition in cell membranes as
the essential building block of how life works [19],
thereby connecting consciousness with the thermophy-
sical exchanges of a cell. Akin to microtubules’ con-
ductive resonant patterns [20], at the cell-level,
thermodynamic resonance linked to membrane heat
flux variations is posited as a phenomenon for explain-
ing cells as an adaptive thermal engine [19].

Quantum consciousness, a body of hypotheses that
evolved, brought in the view that classical mechanics
alone cannot explain consciousness, and quantum-
mechanical events, such as coherence, entanglement,
and superposition, play a role in cell function. The
notable ones related to the evolution of life were (1)
Q-life-quantum replication of information, (2) DNA
expression as a quantum database search, (3) DNA
strands in quantum entanglement, and (4) Mutations
via proton tunneling etc [21,22].

Further, the recent efforts to evince consciousness
with super-fluid and Bose-Einstein condensate (BEC)
matter, have opened new directions in research. In one
pertinent research, the fabric of reality is supposed to
have resonating quantum states related to quantum
vacuum fluctuations of a super-fluidic quantum
space (SQS) [23]. Most of the biological matter, includ-
ing brain is made of 70% or more water and there is
a significant focus on explaining bio-physical events
with water. In one example, biologically structured
water is supposed to be capturing, storing, resonating,
amplifying, and transmitting a wide spectrum of elec-
tro-magnetic energy [24]. In another, brain is hypothe-
sized to undergo symmetry breaking like in condensate
matter reaching coherent states [25,26].

Although there are a handful of hypotheses connect-
ing unicellular structural elements and consciousness via
quantum and classical mechanics, scientific evidence-
based consensus has not yet been reached. In addition,
the relation to the prebiotic complex turning out as
conscious life is not addressed by these hypotheses.

The consciousness literature also leverages systems
theory, such as in the case of Integrated Information
theory, attempting to explain how conscious states



evolve because of past events and the present stimuli
governed by certain laws of nature [27]. Other views
have proposed constructal law as self-standing in phy-
sics, covering the optimality of a bio-system in terms
of entropy, energy flow, time, and physical forces [28].
Even in approaches that deal with premises such as
entropy and cause—-effect repertoire, the journey of pre
biotic complex to conscious life remains unexplained.

2.3. Origin of life, information processing and
proto-consciousness

Regarding the series of events associated with the spark
of life, the concept of consciousness remains elusive.
The microfossils discovered in the banded iron rocks as
early as 4.28 Gya are considered by researchers to be
the evidence of early life on earth. The genomic
approach to the bacteria and archaea branches, identi-
fied 355 common gene sets from 2,86,514 protein clus-
ters, arriving at the last universal common ancestor
(LUCA), the so far known best representative of early
life characteristics. The prevailing view however is that
the origin of life is far different from LUCA and is least
understood [29].

Abiogenesis, the process in nature by which life
emerges from inanimate matter, is characterized by
prebiotic synthesis of organic molecules, molecular self-
replication, self-assembly, autocatalysis and emergence
of cell membranes [30]. The renowned Miller experi-
ment demonstrated that the physical building blocks of
abiogenesis can be synthesized abiotically leading to the
prebiotic chemistry framework. Further suppositions
include triggering of these reactions by external energy
sources such as lightning, micro-meteors, radiation
etc [31].

The challenge with the prebiotic complex emergence
is two-fold: (1) Necessity of all parts for the system to
form independently (e.g. DNA and DNA polymeric
enzymes that need each other to produce themselves).
(2) Complex interlinking between the parts of the sys-
tem to enable the functions witnessed in early life forms
such as LUCA [32]. It is obvious that the flow of matter
and energy across the early molecular systems led to the
development of more ordered states, enabling interlink-
ing between the parts causing the emergence of the
systemic functions witnessed. The complex interlinking
must also have involved information flow between the
parts [33]. Thus, the inception of the first genetic
imprints was made possible by the matter, energy and
information flow across the molecular structures that
were independently capable of self-replication, self-
assembly and auto-catalysis.
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Furthermore, the information encoded in a genome
of any early life form such as LUCA, must have been
acquired as a sensory signal in the cytoplasm or mem-
brane. Genome is not known to be interacting directly
with any external prompt or sensory signals acquisition
does not have any direct involvement of the genome
[33]. Thus, a question of how a genome becomes
a system-level memory arises.

By and large, the flow of energy-information as
a necessary condition for emergence, is a juncture
where theories that deal with bio-fields bring in an
alternative but integrative perspective. The spectrum
of hypotheses includes, (1) Underlying bio-field at
coherent quantum level oscillation of molecules, (2)
Bio-electro-magnetic fields of coherent resonances
associated with cell membrane, (3). Bio-photonic com-
munication fields with information presence [34], (4)
Pervasive information field, a summary envelope of all
matter-energy interactions of a cell [35] etc.

In a nutshell, hypothesizing a primitive chemical
mixture as in prebiotic chemistry, to have the bio-
system-level characteristics of LUCA, without an infor-
mation processing means, certainly leads to gaps in
theory building. Thus, the memory and sentience asso-
ciated with the evolutionary steps of LUCA call for the
investigation of information processing capability
inception in the journey of prebiotic complex to
LUCA. Bio-energy or in specific bio-information fields
are an enabling theoretical means in this juncture.

Meanwhile, the information processing aspect dur-
ing the evolutionary steps of LUCA brings memory and
sentience (elementary stimuli-response) and thus traces
of primitive consciousness into the picture. Research
works based on the cognition signature in microbial
fossils opine that primitive consciousness began around
3.7 billion years or more ago and is coincident with life
[36,37]. The phenomenon of qualia, sentience, systemic
memory etc, if purely dependent on biochemical pro-
cesses, then their actual nature must be decipherable
[33]. The inability to deduce this emergence as
a function of its simple bio-molecular basis, implies
that certain fundamental elements are missing in the
main-stream evolutionary biology. The emanation of
bio-system-level ~ proto-sentience,  proto-memory,
proto-consciousness, and its connection to abiogenesis
is far from understood. Here again, bio-fields dealing
with information management, electro-magnetic reso-
nance, photonic information, quantum coherence etc,
have not been investigated for their relevance to the
steps between abiogenesis and LUCA.

The research questions that open in this juncture
are, (1) How and when the first ever bio-field capable
of information processing form in biological systems?
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(2) What mechanisms governed information registry,
transmission, processing, and retrieval in such informa-
tion fields? (3) How did the first forming information
field establish memory and sentience? (4) What degrees
of freedom such a proto-information-field possessed, so
as to perform system-level information management?
(5) How did the information management in the proto-
information-field lead to basic system functions such as
nutrition, locomotion, reproduction during the steps
between the prebiotic complex and LUCA? and many
more.

3. Hypothesis and system model

The background theories that this study leverages are
highlighted to set the context for the proposed
hypothesis.

Review works posit the bio-field as an encompassing
descriptor for the electromagnetic, mechanical, photo-
nic, and other types of spatially distributed energy fields
generated by living systems and is able to encode
information that governs organization and regulation
at the bio-system level [38]. Electromagnetic field the-
ories of consciousness propose that the electromagnetic
field generated by charge flow in cell processing enables
information integration and processing [39-41].
Similarly, chemical-physical processes and cell wall
vibrations are found to produce the emission of
mechanical waves of frequency bands up to 100 kHz
[42,43], and these waves can be correlated with the
information processing of the cell. One of the notable
hypotheses in this area is the pervasive information
field: Similar to Einstein’s space-time fabric of reality
in gravity, this field constitutes a self-referential space-
time matrix of information in biological matter,
encompassing all matter-energy interactions within
a cell. It coordinates the cell’s parts, which collectively
create the whole system [35,44].

Meanwhile, from a systems structure perspective, in
addition to numerous examples in astronomy, spiral-
helical shapes are witnessed in biological matter to
a significant extent, including hair whorls, fingerprints,
and DNA shapes. Oscillatory motions and excitations
have been found to cause spiral waves in heart tissues
[45-47]. This evidence suggests the likely presence of
an underlying unidentified wave field that oscillates and
spirals under excitation, functioning all the way from
LUCA to humans, participating in information
encoding.

With the above background details in place, the
following steps explain the hypothesis of bio-
information field formation during abiogenesis, and
the characteristics it develops.

Einstein, in general relativity, realized that space is
not nothingness and is of energy [48]. Wheeler
further integrated Planck scale vibrations, that is,
energy fluctuations in space, the fabric of reality.
Furthermore, Casimir effect, the vacuum experiment
where in quantum fields outside the plates push the
two plates toward each other suggested that the
energy fluctuations of the fabric of reality can have
a macroscopic impact on matter and other fields
[49-52].

In approaches called super-fluidic quantum space
(SQS) or Bose-Einstein condensate (BEC) vacuum, the
fundamental physical vacuum (non-removable back-
ground of cosmos) is treated as a superfluid or BEC.
Simply put, BEC is a unique state of matter where in
atoms or particles that are subjected to cooling to near
absolute zero, coalesce into a single entity that cannot
be differentiated as the interaction of its separate parts.
Frequently in BECs, the phenomenon of motion with
zero viscous force occurs. Called as super-fluidity, such
a state indicates matter movement with no loss in
kinetic energy. A unique matter where fundamental
particles or atoms coalesce into a single entity, retaining
its motion indefinitely (e.g., vibratory state) with no
loss in kinetic energy is of high interest in ‘beyond
standard model’ approaches, as it explains fabric of
reality in an altogether new way. In Planck length
(equal to 1.6 x 107° meter), the scale at which classical
gravity is no longer valid, and quantum mechanical
laws alone prevail, these approaches are leveraged to
explain fundamental forces such as gravity, electromag-
netism etc. In the BEC and super-fluids, it has been
experimentally observed that when subjected to stir-
ring, vortices spontaneously form and indefinitely
rotate. When a superfluid is imparted with force or
angular momentum, it is physically expressed by the
superfluid rotating as a whole, or as a number of
vortices. Owing to the zeroth viscosity, such rotations
continue indefinitely with a stable vortex. In such rotat-
ing flows, the velocities are inversely proportional to
the distance of the streamline from the vortex. Using
the Navier-Stokes equation, such a flow is expressed as
the curl of velocity proportional to the pressure differ-
entials across the superfluid. Further, theoretical mod-
els in cosmology and particle physics deal with
perturbations occurring in such a continuum, leading
to indefinitely rotating vortices. To add, in rotating
fields, the entering particles traversing to the vortex is
an experimentally observed phenomenon in fluid
dynamics, electromagnetic fields etc [53-56]. The fabric
of reality considered in this work is, space with internal
energy as a singular continuum in Planck-scale vibra-
tion with no loss in kinetic energy. This premise is



consistent with the essence of space-time, space foam,
and super-fluidic space theories discussed above.

The cytoplasm of an organism has been shown to
oscillate and generate vibrations, and it is experimen-
tally found that this phenomenon exhibits resonant
behavior, implying the same spatial frequency across
the cell membrane [20,57].

This work hypothesizes that such vibrations across
the prebiotic complex apply angular momentum to the
underlying space continuum. In effect, the space con-
tinuum of the internal energy exhibits a localized rota-
tion, similar to the experimental observations in the
BEC and super-fluids. Subsequently, a vortex, the
local energy maximum, develops in the rotating field.

Further, any externally induced perturbation in the
cytoplasm (e.g., physical force from the external envir-
onment applied on a particular point of the cytoplasm)
is received as a transient energy influx in this field and
traverses to the vortex as a wave. Thus, this field
encompassing the cytoplasm enacts the information
transfer, which means carrying all perturbations as
waves to the vortex. This process of perturbation tra-
versing the vortex as a wave from any part of the
incepting cell’s molecules is posited as the earliest
form of ‘signal transmission’ in life.

Furthermore, the reception by the vortex makes it
a signal storage. Interference between the signal enter-
ing and storage can result in a response wave. Such
a response wave can get radiated throughout the field.
This implies a new response signal is made available to
all molecules of the forming cell. Over long periods,
with countless incoming signals of specific frequencies,
superpositions occur continuously in the vortex,
enabling it to be an information repository that learns
the events that occur in the cell.

Such a vortex with the potential to receive and
radiate signals forms the basis of memory and sen-
tience, and thus represents consciousness in a forming
prebiotic chemical complex. The spark of life events is
always characterized by this information vortex forma-
tion, and without it, mere bio-molecular chemical reac-
tions cannot form conscious life.

Similar to the Casimir effect, the surrounding infi-
nite space with Planck-scale fluctuating energy acts on
this rotating field and makes it bounded. This under-
lying field is termed as ‘bio-information field’ in the
following sections of this paper.

At this point, highlighting two important aspects of
this hypothesis is essential.

(1) This work proposes a singular vortex for
a cytoplasm. This is owing to the resonant
cytoskeletal vibration, applying a uniform
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angular momentum, and in effect, leading the
forming information field to rotate as a whole.
In other words, cytoskeleton acts like
a resonator focusing the field to form a vortex.
(2) It is to be noted that vortex formation herein
referred is occurring and contained within the
proposed bio-information field. It does not
refer to any fluid dynamic vortices in cyto-
plasm, the non-Newtonian type of matter.

The flowchart in Figure la covers the sequence of events
that lead to information storage and processing.

The visualizations in Figure 1(b-d) show the unicel-
lular organism in fabric of reality, bounded rotational
field, information vortex, and signal transmission, in
steps.

Following this biological information field and its
vortex, we approach the first emergence of the basic
functionalities of unicellular organisms, namely sense,
locomotion, reproduction, and nutrition. Table 1 lists
the sequence of physical events that trigger perturba-
tions in the bio-information field that generates new
information in the vortex.

The system model shown in Figure 2 is a graphical
summary of the physical event sequences that lead to
the first appearance of sense, locomotion, nutrition,
and reproduction in evolution.

4. Theoretical estimations

By computing the vibrational energy of the cytoskeleton,
this section estimates the vorticity, which is a basic measure
of the vortex formation in the underlying field.
Furthermore, the vorticity variability as a function of the
cell dimensions and vibration characteristics is predicted.
Prior art in the super-fluidic space continuum deals with
vortex formation, indefinite rotation, and stability [53-55]
and these theoretical expressions are used to compute
cytoskeletal vibration and bio-field vorticity.

The mass m of the cytoplasm was calculated as
5.3X107'° kg using the theoretical sphere of diameter
d lum with a density of 10° kg/m’. Considering
a cytoskeleton vibration frequency f of 100kHz and
amplitude A of 1nm, the vibrational energy using
E, = imw*A* where w = 2nf [42,43] is calculated as
1.03X107% Joules.

Using the standard equation for zero-point energy

E, :%#ZXY [58], the resident energy of the space

continuum corresponding to the sample theoretical
sphere made of atoms is computed as 3.67X107*°
Joules. In the calculation, the atom count, intera-
tomic distance Ax and atomic mass m, are
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Pre-biotic complex vibration induced rotation of the underlying energy continuum

Bounded rotational motion, featuring as fractional field, surrounded by the fabric of reality*

A vortex, the local energy maximum develops in the rotating field

Cytoplasmic (cytoskeleon inclusive) mechanical - chemical - thermal - electromagnetic
events inducing transient perturbations in the rotating field

Perturbations in the field (signals) traversing to vortex as waveforms

The vortex, receiving signals, becoming information storage

Wave interference / superposition in the repository resulting in new waveforms generation
and propagation

*Fabric of reality: Space continuum of internal energy in Planck-scale vibration

Figure 1a. Sequence of events regarding information vortex.

approximated as 10'%, 1.49X107'% meter and 0.027 kg,
respectively. The Planck constant h is 6.63X107>*
Joules/sec.

With the theoretical assumption that 0.01% of the
cytoskeletal vibrational energy is imparted to the space
continuum, the overall energy of the bio-information
field is calculated as 1.03X107?* Joules. Further, with
E = h3, the velocity v is computed to be as high as
1.56X10° m/sec. This suggests that the perturbations
that enter this field can travel at near-light speeds, mak-
ing information available to the vortex instantaneously,
and vice versa. This is further converted to angular
velocity and vorticity using basic expressions,
v = (d/2)w and vorticity (VXv) = 2w. The graphs in
Figure 3(a-d), show the sensitivity of the cell diameter
and cytoskeleton vibrating frequency amplitude to the
vorticity of the rotating field.

Further, given a waveform of ¢(r,t) = Asin(kr + wt)
with characteristics k = 2/\—” where wavelength A =10"* m,
w = 27 f where frequency f = 10* Hz, and amplitude A =
107°, applying the governing principle of vorticity
r=-V? ¢, the field and vortex measures are as shown in
Figures 3e, and 3f below. These estimates on spatial coordi-
nates, velocity of the propagating wave and vorticity can

guide further experimental work and can possibly be cali-
brated by them.

The necessary condition for the vortex to form
would be cytoskeleton vibrations emerging from the
thermal-chemical-electromagnetic-mechanical activity
of the cytoplasm, and in the absence of this, the energy
infusion into the field ceases, implying no further infor-
mation storage or processing.

5. Discussion

While the implications for this work are numerous,
selected insights with respect to well-known prior
theories in science and philosophy are discussed
herein.

5.1. Implications to biophysics

5.1.1. Cell consciousness

In classical biophysics, information flow, exchange, and
storage are controlled by molecular-level interactions.
This proposition puts forth a system-level information
storage and processing means emerging during the spark
of life events, thereby resulting in a bio-organism-level
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Figure 1b. Unicellular organism with fabric of reality in the backdrop.

Figure 1c. Unicellular organism with bio-information field and vortex.

sentience and memory, or in other words, ‘cell
consciousness.’

5.1.2. Orch OR

Orch OR theory, while connecting consciousness with
the nature of reality via differently curved space time
[18], relies on microtubules in the cytoskeleton for
biological computation. Questions such as (1) What
intelligence forms the first cytoskeleton? and (2) Is
bio-system-level memory and sentience part of the
cytoskeleton formation? are yet to be answered.
Nevertheless, in terms of field characteristic, assuming

a curl-shaped space-time in ORCH-OR will accom-
modate the vortex hypothesis in there. To equate
further, the ripples in space-time, so called gravita-
tional waves will be the equivalent of the perturbations
mentioned in this work.

5.1.3. Microtubule quantum effects

In addition, while quantum field theories detail quan-
tum computing in the brain and neural networks [20],
they do not touch upon the spark of life phenomenon.
In this concept, while information transmission may be
initiated in the microtubules of the cytoskeleton,
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Figure 1d. Perturbations traversing to the vortex in the bio-information field.

Table 1. Physical events triggering perturbation in the bio-information field (Annexure 1. Figures 4a—4d).

First appearance
of Physical events in a unicellular organism

Resulting wave events in the cell Bio-information field

Sense External physical force exerted from the
environment on the cell wall

Localized relative motion within the cytoplasm
owing to the gravitational field

Localized relative motion within the cytoplasm —

Locomotion

Reproduction

Mechanical waves generation

Corresponding perturbations in
the underlying field traversing
to vortex

Each event generating mechanical waves of

shear between such moving layers — rupture in the different order

cytoplasm
Particle diffusion through cell wall — molecular
reactions releasing energy

Nutrition

Mechanical waves release in diffusion;
Electro-magnetic/thermal wave emissions in

chemical reactions

storage, and processing as per this proposition occur in
the vortex.

5.1.4. Cell response time

Researchers have found experimental evidence con-
necting the proper time of cell response with the
thermal exchanges it undergoes [19]. In our informa-
tion vortex hypothesis, the learning process is depen-
dent on the physical and chemical process timescales
of the cell. For example, for sense, a membrane
mechanical deflection event, and locomotion,
a gravitational slip event is of less duration than
nutrition, which may be of higher duration owing
to the reaction times. The corresponding thermal
exchanges are a good proxy indicator for estimating
the learning timescale of the information vortex.

5.1.5. Information integration theory
Furthermore, theories such as information integration
(IIT) that deal with the premise of cause-effect

repertoires [27] do not state what causes such reper-
toires, all the way from the spark of life. In this work,
cause and effect are seen as the interaction between
stimuli, a traversing perturbation wave to the vortex,
and the release of the deterministic response wave
conditioned by historical information storage.

5.1.6. Constructal theory

Constructal theory [28] holds that design patterns in
nature, such as tree rings, thumbprints, hair whorls, and
flower petals, are phenomena of physics. The rotating bio-
field and the energy cum-information vortex that devel-
ops in biological systems is a key underlying physical
mechanism that contributes to such designs, in addition
to the thermodynamic, potential, kinetic, electrical, and
entropy-related flows that co-exist. To add, in inanimate
systems, the underlying energy continuum must be get-
ting  perturbed by any mechanical-chemical-
electromagnetic-thermal event from matter, and in turn
would have waves traversing. However, as per the
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Figure 3a. Perturbation velocity as a function of cell diameter.
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Figure 3c. Vorticity as a function of cytoskeleton vibration frequency.

boundary conditions discussed in the above sections, in
systems lacking resonation, a centralized vortex forma-
tion cannot be occurring. Inanimate matter is of this type,
without a dedicated information storage. Nevertheless,
they leave information traces of their events (e.g. forma-
tion, annihilation etc) as waveforms in the fabric of

reality.

5.1.7. Electromagnetic (EM) field theories of
consciousness

Bio-magnetism approaches propose that electrical charge
flow across neuronal cells generates an electromagnetic

field that enables information transmission and proces-
sing. Thus, the mind is a conceptual entity referring to
the global EM field of the brain [39,40]. According to
our work, the electric signals of a cell cause transient
perturbation in an underlying rotating field. This field is
the basis of information storage and processing and is
therefore associated with the conceptual entity mind.

5.2. Implications to consciousness philosophy

The ontological position of this biophysics research is
that ‘cell consciousness’ arises out of the information
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Figure 3d. Vorticity as a function of cytoskeleton vibration amplitude.
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Figure 3e. Velocity of the signal(s) traversing to vortex.

vortex, a spark of life phenomenon, whose formation
and functioning are grounded in physical laws.

5.2.1. What is mind

Philosophers of multiple disciplines propound on ‘what
is mind’ [59,60], a very basic research question that
remains unaddressed in bio-physical theories. In higher
order organisms the concept ‘thought’ refers to the
information produced by the neuron cells. As per this
work, the other cells do involve in chemical-thermal-
EM-mechanical events which produce waveforms in
the bio-information field. However, such wave forms
are not construed as ‘thought’ although they are units

of information. Going by the established conception
‘mind is the envelope of all thoughts’, in organisms
where neural network is evidently present, mind is
a subset of the aforesaid bio-information field, referring
only to those perturbations caused by neural activity.
The unicellular mind however is not the same. Every
event that produces information can lead to a function
therein. Such functions include (1) Locomotion - grav-
ity induced motion in cytoplasm triggering a signal in
the field reaching vortex, (2) Sense - external force (e.g.
atmospheric air pressure) on cell membrane triggering
a signal in the field, (3) Reproduction - gravityinduced
local slips in the cytoplasmic matrix led to local shear
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Figure 3. Spatial coordinates and vorticity of the signal(s).

and in turn rupture, triggering signals in the field, (4)
Nutrition - the diffusion of particulates into the porous
wall, and subsequent bio-chemical reactions releasing
energy, triggering signals in the field. Thus, the unicel-
lular mind draws no clear distinction between thought
and information. Therefore, in early organisms where
the neurons haven’t fully developed, bio-information
field is the unicellular mind.

There is another angle to this. In a physical bound-
ary perspective, all perturbations whether they make
up neural thoughts are not, disperse in the same
information field and revolve. In a physical entity-
based notation, one would have to point the bio-
information field to indicate mind, as all neural
induced perturbations traverse in the same field
along with other perturbations (e.g., mechanical action
of a heart valve inducing a periodic rhythmic pertur-
bation in the bio-information field). Thus, in
a physical boundary perspective, bio-information
field is not discernible from mind, in our view.

5.2.2. Sentient meaning

To establish sentient meaning, according to this
hypothesis, there are two combinations necessary. (1)
Information representation, (2) Transducing circuitry.

<108

To explain, EM theory of consciousness in simple
terms would treat the electromagnetic field of the neu-
rons as the representations of the information. ORCH-
OR in simple terms would treat the space-time curva-
tures (at superposition) that correspond to the micro-
tubule resonant frequencies as the representations of
the information. On similar lines, as per this scheme,
the waveforms in the rotating bio-information field are
the representations of information. Super-fluidic quan-
tum space allows the waveforms to retain their char-
acteristics (amplitude, frequency etc) for long periods
without any dampening owing to the zeroth viscosity.

Further, representations of information transduced
as visual, auditory, pressure and other forms is even
demonstratable in machines, thanks to the advance-
ment in technology. In our view, the challenge in con-
sciousness theory is not the transducer circuitry, but
rather is the ‘information representation’ with respect
to fabric of reality. Artificial brain prototyping efforts in
neuroscience research are indeed addressing the trans-
ducer circuitry, but without a clarity of this actual
information representation. To summarize, the mea-
surements of a sentient meaning translate to the wave-
form characteristics such as frequency, amplitude,
energy etc., of the perturbations in the bio-
information field. To add, it’s a likely possibility that



subjectiveness unique to each organism arises from the
signal characteristics and interference patterns between
signals in the vortex.

5.2.3. Awareness of awareness

Consciousness is marked by awareness of awareness or
the self-awareness. This is represented in simple terms
as ‘T know that I know’.

5.2.4. T or self

As per this work, the waveforms that traverse to the
vortex from all parts of the cytoplasm, give rise to
several derivative waveforms in the vortex owing to
constructive-destructive interferences. The waveform
T is one such derivative: It indicates the learning of
the vortex to infer all waves within the boundary, as
one aggregated or cumulative entity. We suppose that
any energy loss or gain in the bio-field owing to exter-
nal environment interventions, must have affected the
vortex energy characteristics, and the signals that car-
ried such events must have undergone interferences in
the vortex, that resulted in the derivative waveform
which constituted the information ‘aggregated single
entity’, the self.

To explain the subjective nature of this wave form
T, the following thought experiment is recommended.
Let’s assume the bio-information field is in coherence
or superposition with the underlying fabric of reality,
the Planck-scale vibrating continuum. In such a state
the waveform T in the vortex would reflect as ‘I, the
infinite energy’; ‘I, the vibration’; ‘I, the boundless con-
tinuum’ etc. Experiential literature in consciousness
often deals with this profound statement T am the
nature of reality’, claimed to be reached in electro-
encephalogram frequencies of 1-3Hz in humans.
With this phenomenological correlation, we believe
the waveform T is subjective and changes with the
characteristics of the signals (frequency, amplitude,
energy, boundary etc) received by the vortex.

5.2.5. | know that | know

As per this work, ‘know’ is a derivative waveform that
develops in the vortex. Let’s imagine a scenario where
in a ‘sense’ waveform entering a vortex is superposing
with the same signal stored earlier owing to a similar/
same molecular level event. This is where the derivative
waveform ‘knowing’ must be emanating. Knowing is
vortex learning a similar event recurring and further
being able to discern a similar event from a dissimilar
one. T know that I know’ will be a higher order deri-
vative waveform at some stage in evolution where two
or more ‘know waveforms interfere with the ‘self
waveform.
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The complex decision-making observed experimen-
tally in unicellular organisms, suggests at least the
‘know’ waveform has appeared, implying early stages
of cognition in protists.

5.2.6. Free will

One of the free will theories, causal determinism suggests
that every event is necessitated by preceding events
together with the laws of nature. This work would con-
sider the vortex information history as the base for gen-
erating the deterministic outcomes. In other words, the
so-called cause-and-effect mechanism is influenced by
the historical information storage present in the vortex
along with laws of nature. Further, the neuronal correlate
of 14-30Hz in electro-encephalogram, represents the
recurrent thought patterns, tied to the historical stimuli-
response pairs of the field. Freewill is the state where in
such usual stimuli-response pairs are interfered or super-
posed with alternate wave patterns, usually seeded via
mindfulness practices.

6. Limitations of the work, and means for
testability

It is to be noted that even the most renowned experi-
ment of Miller on abiogenesis could get to only the
physical aspect of life and not the information archi-
tecture. Similar to it, all the experiments done on
Einstein’s space-time could detect the impact of the
fabric of reality on matter (light bending, gravitational
waves etc) but never the fabric itself. As this hypothesis
relies on information architecture of the fundamental
fields that are fractions of the fabric of reality itself, it is
not an easy ordeal to devise an experiment. Keeping
this in mind, a two-fold experimentation strategy has
been proposed.

Before stepping into the experimentation proposal,
we would like to highlight that the proposed hypothesis
has its elements experimentally proven.

(1) Super-fluid rotating as a whole or forming vor-
tices when perturbations are induced.

(2) In classical and electro-magnetic waves, vor-
tices formation is experimentally seen.

(3) Encoding information as waveforms in classical
and EM spectrum has also been experimentally
accomplished.

(4) Effect of quantum fields (vacuum fluctuations
of space) exerting force on macroscopic objects
resulting in motion (pushing the two plates
together, in the order of micro-meters) is
proven.
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The first stage is a large-scale equivalent test bed to
establish physical architecture. The test bed to consist,

(1) Peripheral resonator: A mechanical resonator
that mimics cell wall, inducing vortex flow in
the superfluid medium.

(2) A transient perturbation inducer: An EM or
mechanical type perturbation gun for wave-
form generation in the superfluid.

(3) Sensors for observing the vortex (radio, laser,
ultrasonic, etc.): (1) Observing the vortex for-
mation and stability conditions; (2) Observing
the wave form characteristics (frequency,
amplitude, etc.) in the superfluid.

This test bed could confirm that with cell membrane
resonant frequencies (in the order of kHz), a super-
fluidic continuum would form a vortex and such
a vortex can receive waveforms.

The second step would be investigating information
architecture. Using the set up above, if the resonator or
the inducer can act as a modulator to embed a data
onto the pressure waves it generates in the superfluid,
then the wave characteristics can be measured at any
spatial and temporal instance to see if the modulation is
maintained. Presence of the modulated wave is a sign of
information carrying. To add, experimental investiga-
tion of this at a cell scale (micrometers) is clearly not
easy. Therefore, attempting the experiments in an
equivalent large-scale mimic and extending findings to
cell scale is a pragmatic way.

Further for testing with the above with fabric of
reality, looking for measurement methods used to
monitor ripples in space-time, is a potential direc-
tion. In the recent past, using laser interferometry
(LIGO), ripples in space-time were actually mea-
sured. The waveforms (or information units) this
work deals with, are also ripples in the fabric of
reality and the field akin to it. While the scale of
LIGO is suited for capturing grand cosmic events, is
there a possibility to leverage laser interferometry for
the cell scale? The present-day answer is unlikely.
However, future experimental physics may find
a means to suit laser interferometry or other related
measurement methods to identify the ripples in the
bio-information field and the local energy peak, the
information vortex.

Despite the experiments, one may note that direct
observation of information field and vortex right at
abiogenesis is almost not possible and therefore, this
would be limitation of the work.

7. Conclusion and future directions

Earlier theories connecting consciousness with cellular
cytoskeletal structures consisting of excitable, flexible,
and oscillating polymers such as microtubules are not
fully adequate to explain the spark of life phenomenon
and the intelligence integrated therein. This work the-
orizes a rotating bio-information field with a vortex
forming at the spark of life as the causal means for
proto-consciousness in life.

The salient scientific aspects of this study include the
following: (1) space of internal energy as the governing
principle of the spark of life, causing information pro-
cessing and storage means; (2) explaining the origin of
sense, self-replication, nutrition, and locomotion events,
and (3) connecting the bioinformation field with the
emergence of cellular consciousness in life forms.

7.1.1. Molecular registry as genome

One of the important directions is to detail out how the
information stored in the vortex is registered in the
genome.

To explain, information encoded in a genome of
any early life form, must have been acquired as
a sensory signal in the cytoplasm or membrane.
Genome is not known to be interacting directly
with any external prompt or acquisition of sensory
signals does not have any direct involvement of the
genome. Thus, a question of how a genome becomes
a system-level memory arises. As we know, indivi-
dual molecular chains can store data, but the data
content is limited to the particular molecular chain
level, not up till the entire bio-system. As per this
scheme, the protein molecular chain incidentally
located in the vortex region must have caught up
with the information storage of the vortex, and
thereby emerging as the first bio-system-level hard
memory. Quantum field theory (QFT) is a good
candidate to further explain the interaction between
a molecular chain and the field vortex. Particles in
QFT are excited states of their underlying fields.
This underlying field of a molecular chain can be
interacting with the bio-information field proposed
in this work. Such an interaction (a broad term to
include interference, superposition, etc.) can result
in the information in the vortex to be transferred to
the molecular chains of the strands that happen to
be in that locality. Such molecular chains, carrying
bio-system-level information are the so-called
genomes.



7.1.2. Genome spiral shaping

The Casimir effect, wherein, the fluctuations of quan-
tum fields exerting a physical force on macroscopic
objects causing motion, presents an interesting possibi-
lity. The proposition is that the helical shape obtained
by the first ever forming genome is influenced by the
bio-information field’s directional (radial and axial)
force components at the vortex. This force along with
other forces such as gravity, surface tension and ther-
mal dilation, could have resulted in the helical shape.
To experimentally analyze, using the test set-up (per-
ipheral resonator, perturbation inducer and vortex
observer) discussed in the previous section, an ‘organic
strand sample’ can be kept in the vortex region (just
like the Casimir plate) and can be studied for the
motion and forces it undergoes while submerged in
a super-fluidic medium. Further, in vacuum, the
experiment can be repeated with artificially generated
quantum fields to see the effects on the sample kept in
the vortex region.

7.1.3. Extending to multi-cellular organisms

As one may notice, this hypothesis argues for a singular
vortex for a cytoplasm. This is owing to the resonant
cytoskeletal vibration, applying a uniform angular
momentum, and in effect, making the forming field to
rotate as a whole.

However, the possibility of more than one vortex
forming, cannot be ruled out especially in the journey
between prebiotic complex and LUCA. We would
assume vibration unevenness between parts of cyto-
plasm, especially when the cell membrane was devel-
oping. Such differential vibrations shall apply varying
angular momentum, implying multiple vortices
forming.

Similar boundary conditions apply to multi-cellular
organisms. Let’s consider a unicellular organism col-
ony. The gap junctions, intercellular channels that
possibly evolved owing to the mechanical and thermal
forces across the cell wall, enable direct diffusion of
ions between adjacent cells. Such sites where adjacent
cell walls meet, is where the bio-information fields of
the individual cells interfere or superpose, with ionic
flow resulting in EM transient perturbations in the
energy continuum, leading to information transfer
between cells. Further, the physical bonding between
cell walls, passes the cytoskeletal vibration across adja-
cent cells, thereby reaching an equilibrium state. Such
an equilibrium state of vibration would mean the
same uniform angular momentum at a colony level
(applied from the macro-level to the underlying
energy continuum). This boundary condition would
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mean the superposed fields would rotate as a whole,
forming a centralized singular vortex. Thus, both field
superposition and central vortex are the likely out-
comes in cell colonies. Further, collective conscious-
ness or the shared mind of a cell colony, a systemic
emergence that makes a cell cluster to execute
a common goal, is an outcome of such superposition
and centralized vortex. This way emergentism, as
observed all along in evolution is possibly explicable
with centralized vortex with superposed bio-
information fields.

7.1.4. Cytoskeleton emergence

Also, this work posits that formation of cytoskeleton
itself is an outcome of information processing in the
vortex, occurring during the steps between prebiotic
complex and LUCA. Cytoskeleton elements are experi-
mentally found to be reaching from one part of the
cytoplasm to another, usually covering distances in the
order of micrometers. While assembling and disassem-
bling of individual protein molecules into filaments and
vice versa can be an innate property of molecular
structures, the trigger to disassemble, navigate and
reassemble in another location is opined to be governed
by the information vortex. The first appearance of this
event is explained with the sequence below.

(1) A filament molecular chain self-assembling in
a cytoplasm site, incidentally, could have pre-
vented the matter leakage, and in turn, energy
loss from the bio-field. The information vortex
learns of this event via the signals generated in
the bio-information field.

(2) The natural movement of protein molecules
owing to the mechanical (e.g., gravity, viscous
etc), and thermal forces in the cytoplasm also
generate signals and become part of vortex’s
information history.

(3) In the event of matter-energy leakage in
a cytoplasm site, a derivative waveform
(formed out of the above 2 events) from the
vortex must have propagated in the field, which
triggered the cycle, (1) disassembly of the fila-
ment elsewhere, (2) navigation and (3) assem-
bly at site. The navigation must have been
strongly guided by the mechanical and thermal
forces in the cytoplasm.

The above is the likely process, where in forces of
nature (viz., gravity, surface tension, heat, etc.),
molecular level self-assembling property, and signals
from the vortex must have coordinated to produce
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the cytoskeleton and its elements such as

microtubules.

7.1.5. Boundary of the bio-information field

A cell is an open system. The energy release from the
events in the cell will reach beyond the physical bound-
ary cell membrane. For example, the cell membrane
vibration will cause mechanical waves in the immediate
air (or saline water) that surrounds it. The heat release
from the chemical reactions will impart thermal energy
via conduction, convection and radiation into the sur-
rounding near atmospheric air (or saline water). This
way, the energy boundary of the cell is slightly beyond
the physical boundary cell membrane. Bio-information
field is produced by the energy dissipation from physi-
cal-chemical-thermal-mechanical-EM  events, and
hence corresponds to the energy boundary of a cell.
Quantifying the extent of this boundary with first prin-
ciples (thermo-dynamic, mechanical, electrical, etc.) is
a work in progress.

7.1.6. Towards a unified bio-field theory

In connection with the other bio-field approaches, we
opine that the underlying energy continuum always
receives the magnetism of an electrical charge, quan-
tized energy of a bio-photon etc., and therefore the
term bio-information field is an overarching envelope
to represent any form of subtle energy flow (especially
massless quanta) in the cytoplasm. Also, the informa-
tion architecture of the pervasive information field,
when expressed in a matrix of four dimensions (x, y,
z, t) can start to represent rotation, energy peak like
vortex, local waveforms etc as in Lagrangian scheme.
This way, we believe that the bio-field and information
field hypotheses by and large can have common math-
ematical representations.

To summarize, the future work involves explaining
(1) Genome emergence, (2) Cytoskeleton emergence,
and (3) Information processing in multi-cellular organ-
isms. In addition, (4) Experimental verification and (5)
Building a unified bio-information field theory would
also be essential.

Glossary

Bio-information field: Terms used in this work

Bio- A field, associated with the energy of a bio-
information system, forming as a fraction of underlying
field energy continuum, that performs informa-

tion storage and processing

o In rotation, caused by the uniform angu-
lar momentum from the cytoplasmic
resonant vibration

Field
Characteristics

« Rotating field forming vortex; Containing
the perturbations as wave forms

Fabric of Super-fluidic quantum space at Planck-scale

reality vibration

Degrees of Rotary around an axis; bio-system scale

freedom rotation caused by the uniform angular
momentum from the cytoplasmic resonant
vibration

Information Perturbations in the bio-information field;

units or signals Caused by the transient energy release from
mechanical-electromagnetic-chemical-
thermal events of a cell

Information Waveform traversing to the vortex of the

storage rotary field and retained there in

Information Interference or superposition events of the

processing waveforms — occurring in the vortex as well
as in the field

Information Resultant waveforms out of the interfer-

retrieval ences in the vortex

Means of con-
nection with
genome

Vortex wave complex interfering with the
quantum fields of the molecules in that
locality, in turn making them as hard infor-
mation registry or genome

Biological resonance at a cellular matrix
level, enabling a superposed field with
a centralized vortex;

Wave coherence in the perturbations that
meet at gap junctions between cells
enabling information sharing

Likely possibility is that subjectiveness
arises from the signal characteristics and
interference patterns between signals in
the vortex

Extending to
multicellular

Subjective
experience
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Annexure

Perturbation in bio-
information field

Rotational bio-
information field

Space with inherent
Plank-scale energy
fluctuations

Figure 4a. Bio-information field with perturbation.

Figure 4b. Signal trigger for emergence of motion.
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Figure 4c. Signal trigger for emergence of nutrition.

Figure 4d. Signal trigger for emergence of asexual reproduction.
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