Biochemistry &
Analytical Biochemistry

ISSN: 2161-1009

Sahni et al., Biochem Anal Biochem 2017, 6:3
DOI: 10.4172/2161-1009.1000338

Mechanism of Propofol’s Action on MAP Rich Tubulin and Actin - An In Vitro

Study

Sahni P, Kumar M? and Pachauri R®

'Department of Chemistry and Centre for Consciousness Studies, Dayalbagh Educational Institute, Delhi, India

2Department of Chemistry, JNU, New Delhi, India
SDepartment of Chemistry, Dayalbagh Educational Institute, New Delhi, India

Abstract

Despite a century of sustained research, brain scientists remain ignorant of the workings of the three pound organ
that is the seat of all conscious human activity. Many have tried to attack the problem by examining the nervous systems
of simpler organisms. The difficulty in establishing a link between biology and behaviour in humans is still more acute.
There are techniques which are used to record the activity of single neurons in living humans. Such breakthrough
methods could, in principle, begin to bridge the gap between the firing of neurons and cognition: perception, emotion,
decision making and ultimately, consciousness itself. Deciphering the exact patterns of brain activity that underlie
thinking and behavior will also provide critical insights into what happens when neural circuitry malfunctions in
psychiatric and neurological disorders-schizophrenia, autism, Alzheimer's or Parkinson's. Anesthetics are also known
to inhibit neuronal fast anterograde axoplasmic transport (FAAT) in a reversible and dose-dependent manner, but the
precise mechanism by which anesthetic prevent consciousness remains unknown largely because the mechanism by
which brain physiology produces consciousness is unexplained. In the present study we have used circular dichroism
spectroscopy and confocal laser scanning microscopy to see the effect of propofol on the assembly of neuronal tubulin

and actin together and probed into the changes of their secondary structures.
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Introduction

Despite a century of sustained research, brain scientists remain
ignorant of the workings of the three pound organ that is the seat of
all conscious human activity. Many have tried to attack the problem by
examining the nervous systems of simpler organisms. The difficulty in
establishing a link between biology and behaviour in humans is still
more acute. There are techniques which are used to record the activity
of single neurons in living humans. Such breakthrough methods could,
in principle, begin to bridge the gap between the firing of neurons
and cognition: perception, emotion, decision making and ultimately,
consciousness itself. Deciphering the exact patterns of brain activity
that underlie thinking and behavior will also provide critical insights
into what happens when neural circuitry malfunctions in psychiatric
and neurological disorders- schizophrenia, autism, Alzheimer's or
Parkinson's.

The current endeavor of neuroscience and indeed of philosophy,
is to discover how the material brain gives rise to conscious thought.
Now a day's many eminent scientist and researchers are involved in
decoding the mystery of consciousness. They are mapping brain of
Franciscan nuns, Buddhist monks and many others during prayer to
explain spirituality or consciousness. Now the question is can a powerful
brain imaging technology explain consciousness which is immaterial in
nature. Many eminent researchers believe that consciousness continues
even when the brain is not functioning. In other words, consciousness
is something separate from the physical brain and body. Also from a
scientific viewpoint, consciousness is a function of the brain. Since
the brain is a material entity, consciousness is subject to the study of
science. The human brain is a complex mass of tissue endowed with
extraordinary capabilities. There are about 100 billion neurons in the
human brain. Each neuron has synapses which are of the order of 1000
and then there are 100 operations or so per second per synapse. So the
capability of the human brain is 10'® operations per second. On the other
hand, a single neuron is credited by neural scientists, with capability as

close to something of the order of 10". However, neurological studies
have shown that there is a sub-neuronal structure, there are as many as
10® microtubules inside each neuron and these microtubules can operate
at speed of 107 per second. So each neuron has its capability increased
by way of computational capability by a factor of 10%, given 10® sub-
neuronal particles known as microtubules and each microtubule has
an operational speed of 107 per second. So it brings these speeds into
the realm of quantum theory. It becomes something of the order of 10*
operations per second in the human brain. So this has gone up by the
factor of 10" which is much farther than what has been achieved in
Artificial Neural Networks.

Microtubules serve not only as "bone-like" support and circulatory
system of living cells but also as their nervous system. The latter includes
information processing, signalling and regulating its environment,
for example MAP architecture and synaptic formation. Cellular
automata provide a broad range of possibilities for information
processing and signalling in microtubules [1]. Human consciousness
is non-computable (Godel's incompleteness theorem) [2]. Human
consciousness can perform “non-computable” function, furthermore
no computable theory can describe it (Penrose). Non-computability to
be provided by the collapse of the wave function driven by the quantum-
gravitational effect, the so called objective reduction [3]. According to
orchestrated objective reduction (Orch-OR) theory of consciousness
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given by Penrose and Hameroff, consciousness emerges from the brain
and focus particularly on complex computation at synapses that allow
communication between neurons. Neurons possess a highly organized
arrangement of microtubules due to a high number of specialized non-
motor microtubule associated proteins (MAPs) with nerve cells. MAP
1A, MAP 1B, MAP2 and Tau are localized within axons and dendrites
of neurons. It has been suggested that the different microtubule
organizations within axons and dendrites may play a role in neuronal
signalling. Evidences indicate that links exist between microtubule
activity and cognitive functions by showing that during the period
when the formation of synapses and visual learning occur at their
highest rates the visual cortex of the brain produces massive amounts of
tubulin [4]. Recently the link between microtubules and cognition has
been illustrated by studies involving patients with Alzheimer's disease
[5]. It has been shown that Alzheimer's compromises axonal transport
indicating a link to MTs since MTs are responsible for the transport of
material from the soma to the axon terminal. It has been suggested that
MTs can provide a non-selective mechanism for general anesthetics.
Microtubules are built of polarized proteins and are called electret
polymer. The tubulin heterodimers have a hydrophobic pocket at the
stitch between the two monomers. The monomers in a protofilament
are 4.0-4.2 nm apart. Tubulin heterodimers in a microtubule can exist
in two different conformational states: the alpha state and the beta
state. The energy of the beta conformation state is by 0.4 eV higher
than of the alpha state. Microtubules self-organize when it undergoes
a conformational change and during this process quantum vibrations
are also expected to be generated in microtubules from the MHz to
GHz region. Several experimental observations even suggest that
cytoskeleton might be involved in cognition. For example, MAP-2, a
dendritic specific, MT-cross linking MAP, has an important position in
models of learning and memory in mammalian hippocampal cortex.
There is also evidence that more directly links microtubules with
cognitive functions. For example, microtubule activity and tubulin
production correlate with peak learning, memory and experience in
baby chick brains. Selective damage of microtubules in animal brains
by the drug colchicine causes defects in learning and memory which
mimic the symptoms of Alzheimer's disease. Alzheimer's disease itself
is caused by entanglement of neuronal cytoskeleton which is suggested
to be a result of microtubule dysfunction. Anesthetics are known to
inhibit neuronal fast anterograde axoplasmic transport (FAAT) in a
reversible and dose-dependent manner, but the precise mechanism
by which anesthetic prevent consciousness remains unknown
largely because the mechanism by which brain physiology produces
consciousness is unexplained [6]. Propofol (an anesthetic) also changes
the cytoskeletal function in cultured neuron. In fact, true consciousness
is a meta-physical process i.e., the science of beyond physical material
plain which should not be confused with the science of biophysical
brain. Hence, it becomes important to evolve a science of consciousness
by understanding the quantum approaches and integrating eastern and
western perspectives of consciousness [7]. Propofol (an anesthetic) also
changes the cytoskeletal function in cultured neuron. Many scientists
have proposed different mechanism for the action of anesthetics [8-10].

This paper is in continuation of my already published work [11].
In the present work, efforts have been made to understand the effect of
propofol (anesthetic) on complex behaviour of microtubule associated
protein (MAP) rich tubulin and actin together with the help of circular
dichroism spectroscopy and Confocal laser scanning microscopy. In
an attempt to understand how the role of microtubule and anesthetic
(propofol) action mechanism can evolve a science of consciousness,
we have carried out such experiments. For this study, we have chosen

propofol as an anesthetic. Chemically, propofol is 2,6- diisopropyl
phenol and has been proposed to have several mechanisms of action,
both through potentiation of GABAA receptor activity, thereby slowing
the channel-closing time, and also acting as a sodium channel Blocker.
EEG research upon those undergoing general anesthesia with propofol
finds that it causes a prominent reduction in the brain's information
integration capacity at gamma wave band frequencies. It has 95-99%
protein binding affinity and its half-life is 30-60 minutes [11].

Materials and Methods

MAP rich Tubulin, GTP, General Actin Buffer and General Tubulin
Buffer and fluorescent reporter buffer are supplied by Cytoskeleton Inc.
Denver, CO. USA.

Preparation of buffer T

GTP stock solution (100 mM) is added to General Tubulin
Buffer (80 mM PIPES pH 6.9, 2 mM MgClZ, 0.5 mM EGTA) at a final
concentration of 1 mM GTP. The buffer T will be stable for 2-4 hours
on ice.

Fluorescent reporter buffer

Fluorescent reporter buffer contains 80 mM Piperazine-N,N'-bis{2-
ethanesulfonic acid} seuisodium salt; 2.0 mM Magnesium chloride; 0.5
mM Ethylene glycol-bis (b-amino-ethyl ether) N,N,N',N'-tetra-acetic
acid, pH 6.9, 10 uM DAPI (4, 6-diamidino-2-phenyindole).

MAP rich tubulin reconstitution

1 pg of lyophilized MAP rich tubulin is resuspended in 200 ul
General Tubulin Buffer at 0-4°C. The reconstituted MAP rich tubulin
solution is not stable and needs to be used soon after its preparation.
Working solutions were prepared from the stock solution.

Non-muscle actin

25 ul distilled water was added to 250 pg of lyophilised non-
muscle actin protein. Propofol (2,6-di-isopropylphenol) (Anesthetic) is
supplied by MP Biomedicals, Mumbai. 100 mM Propofol was used in
the study.

General actin buffer

Procured from Cytoskleton Inc., USA. Throughout the experiments,
all solutions were prepared in MilliQ water. pH measurements were
carried out using EUTECH instruments-pH 510.

Circular dichroism (CD) measurements

The isothermal studies of Tubulin by CD measurements were
carried out with Chirascan, a polarimeter of Applied Photophysics
equipped with a QUANTUM N.O.RTH.WE.S.T.-TC125, a Peltier-
type temperature controller. The instrument was calibrated with d-10-
camphorsulfonic acid. All the isothermal CD measurements were
made at 25°C. Spectra were collected with 20 nm/min scan speed,
0.1 nm data pitch, and a response time of 2 s. Each spectrum was
the average of 10 scans. The Far-UV CD spectra (200-260 nm) were
taken at protein concentrations of 0.889 mg/ml in a cell of 0.1 cm path
length. All spectra were smoothed by the Savitzky-Golay method with
25 convolution width. CD values (0) in mdeg, were obtained from the
instrument readings. Polymerization of tubulin protein is carried out
using standard protocols with slight modifications [11-17]. Circular
dichroism study was carried out after the polymerization has taken
place.
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Confocal laser scanning microscopy (CLSM) TR RE =T
. . . . I nm nm nm Total
The polymerisation studies and effect of anaesthetic (propofol) 5 Helix 630% | 3A40% |  3.60%| 1330
on MAP-rich Tubulin, Non-Muscle Actin separately and MAP-rich i Antipara | 4340% | 45.50% | 46.90% | 135.80
Tubulin along with actin (complex system) were carried out with : et

200 210 220 230 240 250 260 : - - B

FLUOVIEW FV1o0oo CONFOCAL LASER SCANNING BIOLOGICAL ssehrol o) o T 7 W Ty =
MICROSCOPE. The samples were made into permanent glass slides Tun %
. . . . . Random. 36.40% 34.90% 35.30% | 106.60
by pouring the sample on the glass slide and mounting with glycerine Coil %
and covering with a cover slide. For this experiment, a LASER having soul TL00% | 107:90% 1 110.30% | 32940

its central wavelength at 375 nm was used as the source for exciting
the DAPI (4, 6-diamidino-2-phenyindole) present in fluorescent
buffer. Emission was subsequently collected at 440 nm through a single
monochromator with a 5 nm band pass over a total time range (TAC) of
100 ns for all samples. Emission polarizer was set at 55.4 degree magic
angle to exclude rotational anisotropy lifetime decay to simple decay
life time data. Emission decays were fit with appropriate instrument
response functions (IRF) collected using a scattering solution. The
FWHM (full width at half-maximum) of the IRFs collected was
typically in the range of ~120 ps.

In order to understand the chemistry of MAP-rich Tubulin binding
and changes in its secondary structure & tertiary structure, we carried
out our studies using standard protocol and methods reported in the
literature as general with slight modifications [11,12,14-16]. Here we
have not considered conditions ideal for quantum brain structure
relevant to consciousness but our future endeavour would be to do
experiments under conditions ideal for quantum brain structure
relevant to consciousness.

In human brain neurons, actin proteins are also present along
with intermediate filaments and microtubules, so in the present study
we have also probed into the secondary structure of actin protein and
action of propofol on actin and MAP rich tubulin polymerisation.
Effect of propofol on individual proteins (simple system) and when
taken together (complex system) also reflected the mechanism of
anesthetic action.

Results and Discussion

The reported total composition of the secondary structure in a,-
tubulin is a-helices (40.5%), B-sheets (13%) and random coil (46.5%)
and other secondary structures (parallel P-strands, antiparallel
B-sheets). In the conformation of tubulin, the a-helices are responsible
for nucleation and the rate of polymerization while antiparallel 3-sheets
serve to regulate these functions as well as attribute to the stability of
such a dynamic protein [17-23].

Secondary structures of MAP rich tubulin and actin proteins were
studied using Circular Dichorism measurements. We took tubulin glycerol
buffer and general actin buffer as control for various reaction sets.

Sample 1 data show the CD data for the sample containing MAP-
rich tubulin without propofol. The a - helix and p - turn in this reaction
condition (MAP rich tubulin in presence Guanosine Tri Phosphate
(GTP) and Tubulin Glycerol Buffer) were found to be 13.30% and
57.50% respectively. On adding propofol to this reaction conditions
(Sample 2), the increase in the values of a — helix and p - turn were
found to be from 13.30 to 13.40% and 57.50- 57.60% respectively. And
there is also reduction in antiparallel content from 135.80 to 135.60%.

From these data, it is interfered that propofol binds with the
hydrophobic pockets of the tubulin heterodimer via weak van der
Waals’ forces and changes the secondary structure of MAP rich tubulin
protein [24-26].

Sample 1: CD spectra and data of secondary structures content for MAP rich
Tubulin in 1 mM GTP without propofol.

Sample IT | 200-260 205-260 210-260

COiSpectrimn nm nm nm Total
c \ Helix 6.30% 3.40% 3.70% | 13.40%
%. W Antiparalle 43.30% 45.40% 46.90% | 135.60
o \ 1 %
8 . o Parallel 5.60% 5.20% 5.30% | 16.10%
= Beta-Turn 19.30% 19.00% 19.30% | 57.60%

200 20 250 | 230 | 2 260

Wavelength (nm) Random. 36.40% 34.90% 35.30% 106.60
Coil %
Total Sum 110.90% 107.90% 110.40% 329.20

%

Sample 2: CD spectra and data of secondary structures content for MAP rich
tubulin in 1 mM GTP with 100 mM propofol.

Py Sample 11 | 200260 | 205260 | 210-260 | Total
N nm nm nm
s Helix 630% | 340% | 360%| 1330%
g ool Antiparallel | 43.30% | 45.50% | 46.90% | 135.70%
sooa Parallel 560% | 520% | 530% | 16.10%
t Beta-Turn 19.30% 19.00% 19.30% | 57.60%
8 . 9307 9.00% | 19307
T T Random, 3640% | 3490% | 35.30%
Wavngn (o Coil 106.60%
Towl Sum | 11050% | 107.00% | 110.50% | 329.30%

Sample 3: CD spectra and data of secondary structures content for non-muscle
actin in general actin buffer without propofol.

CD Spectrum Sample 200-260 | 205-260 210-260 Total
ootf v nm nm nm

g | Helix 6.30% 3.40% 3.70% 13.40
R %
5 L = : Antiparal | 43.20% | 45.40% |  46.80% | 135.40
3, \ _ lel %
o Parallel 5.60% 5.20% 5.30% 16.10
200 2l 220 250 240 250 260 %
Wavelength (nm) Beta- 19.30% 19.00% 19.30% | 57.60
Turn %
Random. 36.40% 34.90% 35.30% | 106.60
Coil %
Total 110.90% 107.80% 110.40% | 329.10
Sum %

Sample 4: CD spectra and data of secondary structures content for non-
muscle actin in general actin buffer with 100 mM propofol.

Since human brain is a complex system and each neurons in human
brain contains microtubule, actin, intermediate filaments along with
other biomolecules. Attempt has been made to understand the effect of
anesthetic on individual actin protein (simple system) and a little more
complex system (i.e., actin and tubulin together).

Sample 3 data show the CD data of the Non-muscle Actin without
Propofol. The changes in secondary structure of actin protein were
observed when propfol was added to actin protein. The helix and
B - turn contents in actin protein without propofol were found to
be 13.30% and 57.60% respectively. The antiparallel content in this
reaction condition was found to be 135.70%. On adding propofol to
this reaction condition (Sample 4), the increase in the helix content was
found to be from 13.30 to 13.40% but there is no change in beta -turn
content. There is reduction in antiparallel content on adding propofol
from 135.70-135.40%.

From these data it is inferred that the polymerisation of actin is also
affected in the presence of propofol.
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Sample 6 data show the CD data for MAP rich Tubulin and Non
Muscle Actin without Propofol. The helix, f - turn and antiparallel
contents were found to be 13.30%, 57.50% and 135.80% respectively.

On adding propofol to the above reaction conditions (Sample 6),
the increase in the helix content was found to be 13.40% but there is
no change in beta-turn content. The antiparallel content on adding
propofol has decreased from 135.80- 135.50%.

From these data it is inferred that the polymerisation behaviour
in a complex system is also affected in the presence of propofol. There
is slight increase in the helix content when propofol binds to tubulin
hydrophobic pockets in the presence of actin protein [27-29].

Circular dichroism data interpretation was carried out by using
CDNN 2.1 program to get the quantitative data of secondary structures

CD Spectrum Sample V 200-260 205-260 210-260
nm nm nm Total
Helix 6.30% 3.40% 3.60% | 13.30%
Antiparallel 43.40% 45.50% 46.90% | 135.80%
Parallel 5.60% 5.20% 5.30% | 16.10%
Beta-Turn 19.30% 18.90% 19.30% | 57.50%
2 - shw‘fng”m ‘"mf G 22 Random. 36.40% 34.90% 35.30%
Coil 106.60%
Total Sum 111.00% 107.90% 110.50% | 329.40%

Sample 5: CD spectra and data of secondary structures content for MAP-rich
tubulin and non-muscle actin in general tubulin and actin buffer without propofol.

cospectum | [Sample VI | 200260 | 205260 | 210260 | Total
nm nm nm

7 Helix 6.30% 340% | 370% | 1340%

iparallel 4330% | 4540% | 46.80% | 13550%

\ S Parallel 5.60% 520% | 530% | 16.10%

0 I Beta-Tum 19.30% | 18.90% | 19.30% | 57.50%
BT 20 g T # #0 [Random. 3640% | 34.90% | 35.30%

Coil 106.60%

Total Sum 110.90% | 107.80% | _110.40% | 329.10%

Sample 6: CD spectra and data of secondary structures content for MAP-rich
tubulin and non-muscle actin in general tubulin and actin buffer with 100 mM
propofol.

Figure 1: Confocal microscope image for MAP rich tubulin with 1 mM guanosine
tri-phosphate in tubulin glycerol buffer at 40X (Sample 1).

Figure 2: Confocal microscope image of MAP rich tubulin with 1 mM GTP and
100 mM propofol in tubulin glycerol buffer at 40X (Sample II).

Figure 3: Confocal microscope image for MAP-rich tubulin and non-muscle
actin with 100 mM propofol and 1 mM GTP in tubulin glycerol buffer and general
actin buffer at 40X (Sample Ill).

Figure 4: Confocal microscope image for MAP-rich tubulin and non-muscle
actin with 1 mM GTP in tubulin glycerol buffer and general actin buffer at 40X
(Sample V).

content. In order to understand the effect of anesthetic on proteins,
Sample 1 (without propofol) is compared with Sample 2 (with propofol),
Sample 3 (without propofol) with Sample 4 (with propofol) and Sample
5 (without propofol) with Sample 6 (with propofol).

Confocal laser scanning microscopy (CLSM)

Confocal Laser Scanning Microscopy (CLSM) for the same reaction
sets were carried out to validate our results of circular dichroism
measurements.

Figure 1 shows the confocal microscopic Figure of the sample
containing MAP Rich Tubulin in presence of Guanosine Tri-Phosphate
and Tubulin Glycerol Buffer. It shows assembly of MAP rich tubulin into
microtubules but upon adding propofol to the same reaction condition,
the disassembly of the microtubules into tubulin occurs (Figure 2).

This finding further confirms that the propofol binds to the tubulin
hydrophobic pockets and it inhibits the assembly of tubulin into
microtubules.

Almost similar trends were observed in Figures 3 and 4. CLSM
figure showed a very complex polymerization behaviour when
actin and MAP rich tubulin proteins were taken together (complex
system) (Figure 4). On adding propofol to this complex system, the
polymerization behaviour is significantly changed.

From the above observations, it is inferred that propofol affects the
tubulin and actin polymerisation via weak vander waals’ forces and it
blocks the endogenous london dispersive forces which are necessary
for clinical responsiveness. Propofol also affects secondary structures
content like helix, strands, sheets, radom coil etc. when it binds with
proteins (tubulin and actin). The present study also reflects that when
propofol binds to the hydrophobic pocket of the protein, the secondary
structures content of the protein changes which remarkably supports
Hameroft's hypothesis for anesthetic mechanism. But the exact
mechanism for the anesthetic action has not been reported so far which
could lead us to the actual cause of cognitive behaviour/consciousness.
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Conclusion

Circular dichoirism measurements show that propofol affects the
secondary structures of tubulin and actin which was further confirmed
by confocal laser scanning microscope (CLSM). Studies show that
there is not a single mechanism for anesthetic action. Propofol hinders
the propagation of conformational changes along protofilaments
and perhaps along helical pathways within the microtubule lattice.
Microtubule population in presence of propofol is not capable of
carrying out collective action. Propofol also affects actin polymerization.
There is not a single mechanism by which anaesthetic acts. Anaesthetics
seem to cause physical unconsciousness or clinical unresponsiveness
when they block the brain’s ability to integrate information.

Our future endeavour would be to determine conformational
states available in tubulin molecule experimentally and what happens
when neural circuitry malfunctions in patients suffering from
neurodegenerative disorders.
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